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The prevalence and factors associated i

with neck and low back pain in patients
with stroke: insights from the CHARLS

Sigiang Ren'", Xue Jiang'", Siya Wang', Arnold Yu Lok Wong?, Xia Bi* and Xuegiang Wang**"

Abstract

Background Although stroke is prevalent among Chinese, individuals with stroke may become more disabling

if they have concomitant neck pain (NP) and low back pain (LBP). However, the prevalence and factors associ-

ated with post-stroke spinal pain among Chinese remain unknown. The current study used the 2018 cohort data
from the China Health and Aged Care Tracking Survey (CHARLS) to determine the prevalence and factors associated
with increased post-stroke NP and LBP in China.

Methods The CHARLS study was conducted on four cohorts of nationally representative samples of individu-

als aged 45 years and above from 30 provincial-level administrative units in China. We used data from the 2018

cohort of the CHARLS survey to determine the prevalence and factors associated with NP and LBP in the non-stroke
and post-stroke populations. Participants aged 45 years or older who reported to have NP, and/or LBP were identified.
The study was statistically analyzed using t-test, and ANOVA analysis of variance. A multiple logistic regression model
was used to identify factors significantly associated with NP and/or LBP in the non-stroke and post-stroke populations.

Results A total of 19,816 individuals participated in the 2018 survey. The final inclusion of 17,802 subjects who met
the criteria included 16,197 non-stroke and 885 stroke participants. The prevalence of NP and LBP in non-stroke
population was 17.80% (95% Cl: 17.21-18.39) and 37.22% (95% Cl: 36.47-37.96), respectively. The prevalence of NP
and LBP in the target stroke population was 26.44% (95% Cl: 23.53-29.35) and 45.42% (95% Cl: 42.14-48.71), respec-
tively, and the difference was statistically significant (p < 0.05). Factors associated with increased post-stroke NP
included female, short sleep duration, long lunch break, physical dysfunction, and depression. Factors associated
with increased post-stroke LBP included female, comorbidities of two or more chronic diseases, physical dysfunction,
and depression.

Conclusion The current study highlighted the high prevalence of post-stroke neck pain (26.44%) and LBP (45.42%)
in China. While slightly different associated factors were found to be associated with a higher prevalence of post-
stroke NP and LBP, female and individuals with more physical dysfunction or depression were more likely to experi-
ence post-stroke spinal pain. Clinicians should pay more attention to vulnerable individuals and provide pain man-
agement measures.
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Introduction

Stroke is one of the non-communicable diseases causing
massive economic and medical burdens in China. Stroke
has been the leading cause of death in China since 2015
[1], and it accounts for almost one-third of all stroke
deaths worldwide [2]. As a major cardiovascular dis-
ease, stroke poses a major threat to the physical health
of Chinese people. With the intensification of popula-
tion aging in the past 30 years, the overall incidence of
stroke in China has been on the rise [3]. The incidence
of cerebrovascular disease events in China is projected
to increase by approximately 50% by 2030 as compared
to the percentage in 2010 [4]. Stroke is known to cause
chronic pain and physical dysfunction in these patients,
which seriously affects their quality of life, and increases
the medical burden on individuals and the society [5-8].
As the course of stroke prolongs and the condition pro-
gresses, the risk of complications in patients with stroke
greatly increases [9-14].

Pain is a common post-stroke complication that leads
to high morbidity, with approximately 10%-45.8% of
stroke survivors experiencing some form of pain [15,
16]. The prevalence of pain in the subacute (42.73%) and
chronic (31.90%) phases is higher than that in the acute
phase (14.06%) [17]. However, pain is often overlooked
by clinicians because of patients’ cognitive impairment
or suboptimal communication skills. A retrospective
study found that more than one-third of stroke patients
with pain did not receive pain treatment [18]. Post-stroke
pain can hinder the rehabilitation process and reduce
the quality of life of stroke survivors [19-22]. Given the
high prevalence of post-stroke pain, a growing number of
researchers have studied post-stroke shoulder pain and
central post-stroke pain [23, 24]. However, post-stroke
can also affect other body parts, such as neck and low
back, although the prevalence and factors associated with
these pain remain uncertain in China. As such, a nation-
wide population-based study is warranted to investigate
the prevalence and factors associated with NP and LBP in
the stroke population in China, which may help identify
high risk individuals for timely intervention. Using data
from the 2018 China Health and Retirement Longitudi-
nal Study (CHARLS), this study aims to: (1) estimate the
prevalence of NP and LBP in Chinese stroke populations
aged 45 and above; (2) assess the associated factors of
NP and LBP in Chinese stroke populations aged 45 and
above.

Methods

Study participants

This study used data from the CHARLS Project, which
is sponsored by the National School of Development of
Peking University and jointly implemented by the China
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Social Science Survey Center of Peking University and
the Communist Youth League Committee of Peking Uni-
versity. CHARLS adopts strict random sampling. The
sampling process involved four stages [25]. At the first
stage, a random sample of 150 districts and counties was
selected using the probability proportional to size (PPS)
method and stratified by regions, urban and rural areas,
counties nationwide (excluding Tibet), and GDP per
capita. At the second stage, three village level units were
randomly selected from each county-level unit using the
PPS method. At the third stage, a sample of 24 house-
holds was randomly selected based on geographic loca-
tions and each PSU list. At the fourth stage, one resident
at least 45 years old was randomly selected from a family
and interviewed together with their spouse. In consid-
eration of the complexity of the CHARLS survey design
and the lack of response rate, weighted values were con-
structed based on sampling and response probabilities,
which were provided by the CHARLS database.

The national baseline survey began in 2011, and follow-
up surveys were conducted in 2013, 2015, and 2018. As of
2018, the CHARLS sample had a total of 19,816 respond-
ents from 12,400 households. The present study was a
secondary analysis of data from CHARLS. The National
Institute of Development Studies at Peking University
keeps all data collected by CHARLS, and the dataset is
available at http://charls.pku.edu.cn/pages/data/111/zh-cn.

This study analyzed data from 2018 CHARLS cohort.
The inclusion criteria were : (1) aged 45 years and above,
(2) having information on NP and LBP, and (3) having
information on stroke. The exclusion criteria were those
with missing other covariates. Of the 19,816 participants
included in the 2018 CHARLS cohort, 17,082 (16,197
non-stroke patients and 885 stroke patients) were ulti-
mately included after excluding covariates with missing
values. The detailed screening process is shown in Fig. 1.

Measures of demographic characteristics

Trained interviewers used a structured questionnaire to
collect participants ’ date of birth, sex, area of residence
(rural or urban), and level of education (illiterate, primary
school and below, and secondary school and above).

Measures of health status and functioning

The interviewers used a structured questionnaire to col-
lect information on the participants’ sleep duration,
nap duration, drinking status (no or yes), physical dys-
function (no or yes), disability (no or yes), impairment
in activities of daily living (ADL; no or yes), impair-
ment in instrumental activities of daily living (IADL; no
or yes), and physical activity and chronic diseases. In
addition, the interviewers asked the participants if they
used the following ways to treat or manage post-stroke
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2018(n=19816)

Participants interviewed at CHARLS

Excluded participants:
No information on pain(n=79)

No weight information(n=1812)
Less than 45 years(n=147)

Participants(n=17778)

Excluded participants with missing value
in the following variables:
Stroke data:437

Residence:228
Sleep data:2
Others:29

Participants(n=17082)

Non-stroke participants(n=16197)

Stroke participants(n=_885)

Fig. 1 Study flowchart

complications: taking Chinese medicine, taking Western
medicine, physical therapy, acupuncture, and rehabilita-
tion therapy.

Measures of cognition and health insurance use

The interviewers collected the participants * depression
status (no or yes) and health insurance information (no
or yes). CHARLS used the Center for Epidemiological
Studies Depression Scale (CESD- 10) to measure the psy-
chological status of middle- aged and older people, and
those with a total CESD- 10 self-assessment score of 11
and above were classified as having depression [26].

Outcome measures

Stroke event was assessed by the following question:
“Have you been diagnosed with stroke by a doctor?”. Par-
ticipants who reported stroke were defined as having
stroke. Pain event was assessed by the following ques-
tions: “Are you often troubled with any body pains?” and
“What part of your body do you feel pain?” Participants
were defined as having NP and LBP if they answered NP
and LBP.

Statistical analysis

Descriptive statistics were used to report the demo-
graphic data. Categorical variables were represented by
numbers and percentages, and the continuous variables

were represented by means and standard deviations. Fur-
ther, demographics and covariates of the stroke and non-
stroke populations with and without NP and LBP were
compared. Comparisons between groups were made
using independent samples t-tests or analysis of variance
(ANOVA). The test level a=0.05, P<0.05 indicates that
the difference is statistically significant. Individual factors
associated with NP and LBP were determined using one-
way logistic regression analysis. Covariates with p-values
< 0.2 in the univariate analysis were entered into the
multiple logistic regression model with stepwise reverse
exclusion. The significance level was set at 0.05 to inves-
tigate factors associated with NP and LBP in stroke and
non-stroke populations. The odds ratio (OR) and the cor-
responding 95% confidence interval (CI) was calculated.
Sampling weights were applied to the study population to
represent the Chinese population without bias. All analy-
ses were conducted using Stata/MP17 software.

Results

The characteristics of participants are shown in Table 1.
There were 885 stroke patients, accounting for 5.18%
of the total. Their average age was 67.1 (9.1) years. As
shown in Table 2, the prevalence of NP and LBP in non-
stroke population was 17.80% (95% CI: 17.21-18.39) and
37.22% (95% CI: 36.47-37.96), respectively. The preva-
lence of NP and LBP in the target stroke population
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Table 1 Baseline characteristics of the distribution of all participants by stroke status in Charls 2018

All study participants (1=17,082) No stroke (n=16,197) Stroke (n=885)

Participants distribution 100% 94.82% 5.18%
Mean age, years 62.57(9.85) 62.32(9.83) 67.11(9.11)
Age, years

45-54 4352(25.48%) 4270(26.36%) 82(9.27%)

55-64 5795(33.92%) 5535(34.17%) 260(29.38%)

65-74 4683(27.41%) 4332(26.75%) 351(39.66%)

>75 2252(13.18%) 2060(12.72%) 192(21.69%)
Gender

female 9024(52.83%) 8567(52.89%) 457(51.64%)

male 8058(47.17%) 7630 (47.11%) 428(48.36%)
Residence

rural 13,077(76.55%) 12,424(76.71%) 653(73.79%)

urban 4005(23.45%) 3773(23.29%) 232(26.21%)
Education

illiterate 4040 (23.65%) 3795 (23.43%) 245 (27.68%)

elementary school or below
secondary school and above

Disability
no
yes
Chronic Disease
0
1
2
Low back pain
no
yes
Neck pain
no
yes
Sleep Time
<6h
6-8h
>8h
Nap Time
<30min
31-60min
>61Tmin
Dyspraxia
no
yes
Depressive
no
yes
Drink
no
yes
Insurance
no

7361 (43.09%)
5681 (33.26%)

14,984 (87.72%)
2098 (12.28%)

9993 (58.5%)
4637 (27.15%)
2452 (14.35%)

10,652 (62.36%)
6430 (37.64%)

13,965(81.75%)
3117(18.25%)

9347(54.72%)
6096(35.69%)
1639(9.59%)

9494(55.58%)
4287(25.1%)
3301(19.32%)

5090(29.8%)
11,992(70.2%)

11,268(65.96%)
5814(34.04%)

11,366(66.54%)
5716(33.46%)

512(3%)

6982 (23.43%)
5420 (33.46%)

14,356 (88.63%)
1841 (11.37%)

9643 (59.54%)
4355 (26.89%)
2199 (13.58%)

10,169 (62.78%)
6028 (37.22%)

13,314(82.2%)
2883(17.8%)

8838(54.57%)
5821(35.94%)
1538(9.5%)

9039(55.81%)
4087(25.23%)
3071(18.96%)

4986(30.78%)
11,211(69.22%)

10,762(66.44%)
5435(33.56%)

10,683(65.96%)
5514(34.04%)

499(3.08%)

379 (42.82%)
261 (29.49%)

628 (70.96%)
257 (29.04%)

350 (39.55%)
282 (31.86%)
253 (28.59%)

483 (54.58%)
402 (45.42%)

651(73.56%)
234(26.44%)

509(57.51%)
275(31.07%)
101(11.41%)

455(51.41%)
200(22.6%)
230(25.99%)

104(11.75%)
781(88.25%)

506(57.18%)
379(42.82%)

683(77.18%)
202(22.82%)

13(1.47%)
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All study participants (n=17,082)

No stroke (n=16,197)

Stroke (n=885)

yes
Number of pain
None
One
Two
Three
Four or above
ADL
no
yes
ADL_ins
no
yes
Activity_intensive
Less than 10 min
10 min to 30 min
30minto 2 h
2hto4h
More than 4 h
Activity_moderate
Less than 10 min
10 min to 30 min
30minto2h
2hto4h
More than 4 h
Activity_light
Less than 10 min
10 min to 30 min
30minto2h
2hto4h
More than 4 h
Taking Chinese traditional medicine
no
yes
Taking Western modern medicine
no
yes
Physical therapy
no
yes
Acupuncture and moxibustion
no
yes
Occupational therapy
no
yes
Other treatments, please spcify
no
yes

16,570(97%)

6669(39.04%)
2062(12.07%)
1520(8.9%)
1278(7.48%)
5553(32.51%)

13,905(81.4%)
3177(18.6%)

12,987(76.03%)
4095(23.97%)

11,600(67.91%)
168(0.98%)
1001(5.86%)
1249(7.31%)
3064(17.94%)

8705(50.96%)
1025(6%)
3425(20.05%)
1946(11.39%)
1981(11.6%)

2980(17.45%)
1650(9.66%)
6923(40.53%)

99(18.73%)
2330(1 3.64%)

16,895(98.91%)
187(1.09%)

16,541(96.83%)
541(3.17%)

17,042(99.77%)
40(0.23%)

17,013(99.6%)
69(0.4%)

17,037(99.74%)
45(0.26%)

16,997(99.5%)
85(0.5%)

15,698(96.92%)

6414(39.6%)
1966(12.14%)
1453(8.97%)
1210(7.47%)
5514(31.82%)
13,397(82.71%)
2800(17.29%)

12,561(77.55%)
3636(22.45%)

10,895(67.27%)
157(0.97%)
955(5.9%)
1219(7.53%)
2971(18.34%)

8146(50.29%)
967(5.97%)

3276(20.23%)
1876(11.58%)
1932(11.93%)

2769( 1%)
567(9.67%)

6574(40 59%)

3044(18.79%)
(

2243(13.85%)

16,197(100%)
0(0%)

16,197(100%)
0(0%)

16,197(100%)
0(0%)

16,197(100%)
0(0%)

16,197(100%)
0(0%)

16,197(100%)
0(0%)

872(98.53%)

255(28.81%)
96(10.85%)
67(7.57%)
68(7.68%)
399(45.08%)

508(57.4%)
377(42.6%)

426(48.14%)
459(51.86%)

705(79.66%)
11(1.24%)
46(5.2%)
30(3.39%)
93(10.51%)

559(63.16%)
58(6.55%)
149(16.84%)
70(7.91%)
49(5.54%)

211(23.84%)
83(9.38%)
349(39.44%)
155(17.51%)
87(9.83%)

698(78.87%)
187(21.13%)

344(38.87%)
541(61.13%)

845(95.48%)
40(4.52%)

816(92.2%)
69(7.8%)

840(94.92%)
45(%)

800(90.4%)
85(9.6%)




Ren et al. BMC Public Health (2024) 24:2362 Page 6 of 14
Table 1 (continued)
All study participants (1=17,082) No stroke (n=16,197) Stroke (n=885)
None treatment
no 16,850(98.64%) 16,197(100%) 653(73.79%)
yes 232(1.36%) 0(0%) 232(26.21%)

was 26.44% (95% CI: 23.53-29.35) and 45.42% (95% CI:
42.14-48.71), respectively, and the difference was statis-
tically significant (p<0.05) (See appendix tables S1,S2).
In addition, in different age groups, depressed and non-
depressed people, the NP and LBP in the stroke popu-
lation were still higher than those in the non-stroke
population. The prevalence of post-stroke NP was higher
in females (33.70%, 95% CI: 29.35—-38.05) than in males
(18.69%, 95% CI: 14.98-22.40). The prevalence of post-
stroke LBP was higher in females (57.33%, 95% CI: 52.78—
61.88) than in males (32.71%, 95% CI:. 28.25-37.17).
Significant between-sex differences in prevalence rates
of post-stroke NP and LBP existed in all age groups. The
rural residents had a lower prevalence of post-stroke NP
(26.19%, 95% CI: 22.81-29.57) than the urban counter-
parts (27.16%, 95% CI: 21.39-32.92), although the rural
residents had a higher prevalence of post-stroke LBP
(46.40%, 95% CI: 42.57-50.24) as compared to the urban
residents (42.67%, 95% CI: 36.26—49.08).

In addition, the prevalence of NP (35.36%, 95% CI:
30.52-40.19) and LBP (58.58%, 95% CI: 53.59-63.56) in
the stroke population with depression was significantly
higher than that in the non-depressed population (for
NP: 19.76%, 95% CI 16.28—23.24; for LBP: 35.57%, 95%
CI 31.39-39.76). The prevalence of NP and LBP was also
significantly higher in the females with depression. Those
with physical disability (30.35%, 95% CI: 24.69-36.01),
comorbidities with other chronic diseases (33.20%, 95%
CIL: 27.36-39.04), short sleep duration (33.99%, 95% CI:
29.86-38.12), physical dysfunction (28.55%, 95% CI:
25.38-31.73), ADL impairment (32.63%, 95% CI: 27.87—
37.38), and IADL impairment (30.50%, 95% CI: 26.27—
34.73) had a high prevalence of post-stroke neck pain.
Similar results were found in the post-stroke LBP popula-
tion. The prevalence of neck pain (16.86%, 95% CI 12.29—
21.43) and low back pain (32.18%, 95% CI 26.48-37.89)
was significantly lower in the stroke population with
higher education (secondary school and above; Table 2).
The relationship between stroke participants’ differ-
ent levels of education, different residential areas, and
depression status and their NP or LBP status is detailed
in Tables S3, S4, and S5 in the Appendix.

The significant factors associated with NP in the
stroke participants identified by logistic regression
modeling are shown in Fig. 2. Female (OR=1.76,

95% CI: 1.14-2.74), sleep duration of less than 6 h
(OR=2.15, 95% CI: 1.41-3.29), lunch breaks for more
than 60 min (OR=1.79, 95% CI: 1.03-3.13), physi-
cal dysfunction (OR=2.31, 95% CI: 1.04-5.12), and
depression (OR=1.54, 95% CI: 1.07-2.23) were fac-
tors associated with the presence of NP in the stroke
population. Sleeping less than 6 h (OR=2.30, 95% CI:
1.29-4.08) and depression (OR=1.75, 95% CI: 1.07-
2.85) were factors associated with NP in the female
stroke population. ADL disorder (OR=2.42, 95% CI:
1.19-4.91) was an independent factor associated with
NP in males with stroke, whereas high education level
(junior high school and above; OR =0.35, 95% CI: 0.14—
0.87) was associated with less likelihood of having NP.
The detailed results of subgroup multifactorial regres-
sion analyses based on the area of residence, number
of comorbidities, depressive symptoms, and education
level are presented in the Appendix (Figures S1-S4).

The significant factors associated with LBP in par-
ticipants with stroke identified by the logistic regres-
sion model are shown in Fig. 3. Female (OR=2.48,
95% CI: 1.71-3.59), comorbidities of two or more
chronic diseases (OR=2.08, 95% CI: 1.38-3.12), physi-
cal dysfunction (OR=3.52, 95% CI: 1.79-6.95), and
depression (OR=2.33, 95% CI: 1.66-3.30) were fac-
tors associated with the presence of LBP in the stroke
population. The subgroup of sex showed that physical
dysfunction (OR=4.22, 95% CI: 1.27— 14.01), depres-
sion (OR=3.40, 95% CI: 2.16-5.36), and IADL disorder
(OR=1.87, 95% CI: 1.07-3.25) were factors associated
with LBP in female participants with stroke. Comorbid-
ities with two or more chronic diseases (OR =3.03, 95%
CI: 1.65-5.58), physical dysfunction (OR=3.04, 95%
CI: 1.36-6.77), depression (OR=1.81, 95% CI: 1.08—
3.02), and ADL disorder (OR=2.70, 95% CI: 1.35-5.42)
were factors associated with the presence of LBP in the
male stroke population. The results of the subgroup
multifactorial regression analyses based on the area
of residence, number of comorbid chronic diseases,
depressive symptoms, and education level are displayed
in Figures S5-S8 in the Appendix.

The factors associated with NP and LBP in the
non-stroke population are detailed in Appendix
Figures S9-S18.
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Fig. 2 Forest plot of risk factors for neck pain in the general Chinese population aged 45 years and above with stroke in China, 2018
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Fig. 3 Forest plot of risk factors for low back pain in the general Chinese population aged 45 years and above with stroke in China, 2018

Discussion
To our knowledge, this is the first and the largest survey
on the prevalence of NP and LBP in Chinese stroke popu-
lations aged 45 years and above. Our results showed that
26.44% and 45.42% of middle-aged and older individuals
with stroke in China experienced NP and LBP, reaching
the epidemic level. Our findings revealed that female
with stroke had significantly higher prevalence of NP and
LBP than the male counterparts, which highlights the
importance of paying more attention to post-stroke pain
in females. Further, chronic diseases, sleep problem and
depression are the major modifiable factors for NP and
LBP among Chinese stroke survivors.

The current study found no significant association
between medical insurance and NP or LBP in the stroke

population. The lack of association may be related to
the unique Chinese basic medical insurance system that
covers the entire population in 2009. Statistical data
indicated that the Chinese basic medical insurance cov-
erage rate exceeded 95% in 2018, and it has remained
unchanged till now [27]. This situation is consistent with
the situation in the current study where nearly 98% of the
participants with stroke had health insurance.

Females with stroke display a higher prevalence of NP
and LBP than male counterparts, which concurred with
previous studies [28—30]. This finding may be attributed
to the fact that females have a higher pain sensitivity
than males [31]. Our study also found that depression
was associated with NP and LBP in the stroke popula-
tion. This finding is consistent with prior studies [32, 33].
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Two previous Japanese studies revealed that poor mental
health is associated with severe pain [34, 35]. Although
the current study cannot confirm the causal relation-
ship, it underscores the importance of proper assessment
and management psychological well-being in individuals
with stroke, especially for those with pain, so that timely
psychological counselling and advice can be provided. In
addition, women with comorbid depression were more
likely to experience NP and LBP. This result suggests that
clinicians and relevant health authority should pay more
attention to the psychological construction of the female
stroke population. The high prevalence of depression
(42.82%) in the stroke population found in the current
study could be ascribed to the retrospective nature of the
survey and the diagnosis of depression based on a self-
reported questionnaire rather than the clinical diagno-
sis of depression by physicians. The connection between
depression and pain is still unclear and requires further
investigation.

Stroke participants with activity limitations resulting
from physical dysfunction were two times more likely
to experience frequent NP and almost three times more
likely to experience frequent LBP as compared to those
without activity limitations (Appendix). Limitations
in movement caused by physical dysfunction are com-
mon clinical symptoms of stroke. Approximately 80% of
patients with stroke experience motor dysfunction [36],
while motor dysfunction is highly associated with post-
stroke pain [37]. Suboptimal physical activity may be one
of the possible causes of post-stroke pain, as shown in
this study. Further, the presence of NP and LBP second-
ary to activity limitation or physical dysfunction was sig-
nificantly higher in the stroke population in rural areas
than in the stroke population in urban areas. A possible
explanation is that people in rural areas have a low eco-
nomic base and lack of systematic rehabilitation train-
ing, leading to increased physical dysfunction. Regular
exercise has been proven to decrease pain intensity,
improve independence from daily activities, and allevi-
ate depression symptoms [38-40]. The current study
showed that participation in physical activity of different
intensity were related to the presence of NP and LBP in
some stroke populations. Therefore, personalized physi-
cal activity programs are important in the pain manage-
ment of individuals with stroke. Our study has also found
that the presence of two or more chronic diseases are
associated with the presence of LBP in the stroke popu-
lations, which may affect allostatic load and cause pain
through the dysregulation of physiological mechanisms;
however, these mechanisms remain to be confirmed [41].
The stroke populations with other chronic condition
were likely to experience frequent NP or LBP due to the
limited ability to perform ADL. This finding is consistent
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with the finding that activity limitation due to physical
dysfunction is an explanatory factor for pain because
the ADL scale represents mobility capacity. This finding
emphasizes the importance of considering other chronic
conditions in the pain management in individuals with
stroke.

In the stroke population with higher education, the
prevalence of NP was associated with female and sleep
problem. These findings are similar to previous stud-
ies [42, 43]. In the current study, more educated partici-
pants were more likely to engage in sedentary lifestyles
with concomitant psychological problems and sleep
problem as compared to less educated participants. Fur-
ther, females with a high level of education had a high
prevalence of NP. This observation may be due to the
sedentary lifestyle and poor posture contribute to the
occurrence of NP [44]. Sleep problems are known to be
linked to or increase musculoskeletal pain [45]. A cohort
study in Northern Finland found that sleep deprivation
is an independent risk factor for NP and LBP in women
[46]. Both NP and LBP may increase due to increased
pain sensitivity and pain-related biomarkers following
sleep deprivation [47]. Interestingly, prolonged napping
after lunch was associated with NP in our stroke popula-
tion. Although speculative, it is possible that prolonged
napping leads to delayed nighttime sleep, which impairs
circadian rhythms and leads to sleep problem. Our study
also reported a high prevalence of LBP in stroke popula-
tions with low education levels. Female, depression, and
comorbidities with other chronic diseases may be impor-
tant factors in the development of LBP in stroke popula-
tions with low levels of education. However, due to the
limitations of cross-sectional studies, although an associ-
ation exists among sleep duration, the female gender, and
neck pain, the causal relationship remains unclear.

Strengths and limitations

This study has multiple strengths. First, it used the
national CHARLS database, which contains big data. The
strict sampling design and data screening process ensure
the reliability and validity of our research results. Second,
this study comprehensively analyzed the prevalence and
factors associated with NP and LBP in the Chinese stroke
population. Third, this study has laid the foundation for
developing prevention and intervention strategies for NP
and LBP in the Chinese stroke population.

However, our study had some limitations. First, the
current cross-sectional study could not determine the
causal relationships between post-stroke NP or LBP
and their associated factors. Second, this work was
based on retrospective reports from the participants,
and the information might have been subject to recall
bias. Third, the database did not distinguish between
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populations with different types and severity of stroke.
Therefore, our findings study should be interpreted
with caution and may not be generalized to the whole
Chinese stroke population. In addition, the baseline
survey of the database did not include residents of
nursing homes. However, this is unlikely to cause a
major problem because the proportion of nursing home
residents is very small in China.

Conclusions

This is the first population-based study to investigate the
prevalence of NP and LBP in the Chinese stroke popu-
lation. Short sleep duration, prolonged napping after
lunch, physical dysfunction, and depression were asso-
ciated with the presence of NP in the stroke population.
Comorbidities of two or more chronic diseases, physical
dysfunction, and depression were associated with LBP in
the stroke population. Additionally, clinicians should pay
more attention to female stroke survivors because they
are more vulnearable to experience NP and LBP. Our
findings provide policy makers and clinicians with empir-
ical data to formulate more effective prevention and
management strategies of spinal pain in stroke survivors.
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