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STUDY DESIGN: Systematic review.

OBJECTIVES: We aimed to provide a comprehensive overview of the English and Chinese literature reporting epidemiological data

on spinal cord injury (SCI) in China.

METHODS: 3 English and 3 Chinese language electronic databases were searched from the earliest record to 15 March 2020.
Sociodemographic characteristics, incidence rates, etiology and lesion characteristics, in-hospital mortality, and secondary health
conditions and complications were extracted from included reports.

RESULTS: A total of 51 studies were included, 32 in the Chinese language. Forty-seven studies were based on hospital records.
Mean age of incident cases ranged from 34 to 55 years and male-to-female ratios ranged from 0.35:1 to 15.3:1. SCl incidence varied
from 14.6 to 60.6 per million. Thirty-five studies reported only on traumatic SCI with traffic accidents, high falls, low falls and being
hit by objects being the most common causes. Specific causes for non-traumatic SCl were poorly reported. Proportions with
tetraplegia and complete injury ranged from 37.4% to 82.0% and 14.1% to 73.9%, respectively. Reported in-hospital mortality
attributed to SCI varied from 1.1% to 18.4%. Leading cause of in-hospital mortality for acute SCI was respiratory problems;
respiratory problems, urinary tract infections and pressure sores were the most common complications.

CONCLUSION: Epidemiological data on SCI in China are only available for a limited number of provinces and mostly outdated.
Updated data on incidence with accurate geographical information and etiology across all Chinese provinces are needed for
targeted implementation of preventive strategies. Research on community outcomes needs to be developed in China.

Spinal Cord (2022) 60:1050-1061; https://doi.org/10.1038/5s41393-022-00826-6

INTRODUCTION
Regularly updated epidemiological data on spinal cord injury
(SCI) are important for tracing case numbers and causes,
identifying prevention targets and risk factors for poor health
outcomes or premature mortality after onset, as well as for
public health and clinical resource allocation [1-4]. More
specifically, having sound data on the epidemiology of SCI
enables the optimization of targeted preventive interventions
as well as the development of rehabilitation services and
ultimately health policy planning. China is an interesting case
for studying the epidemiology of SCI because of its rapid
economic growth, urbanization, and an aging population.
Growth in private car ownership and in traffic volume since
early 2000 has led to a significant increase in traffic accidents
[5]. This likely impacts on traumatic SCl incidence. Moreover,
population ageing has led to an increase in non-communicable
diseases and disability, with an increase in non-traumatic SCI
being a possible consequence [6].

Two systematic reviews of the epidemiology of SCI in China
have been conducted. Yuan and colleagues [7] reviewed 17 studies
published until January 2018 and Chen and colleagues [8]

reviewed 32 studies from January 1978 to August 2017. Both
reviews used narrow inclusion criteria. Yuan and colleagues
restricted their review to four cities and four provinces, including
only publications in English, while Chen and colleagues
solely reviewed studies that focused on the treatment costs of
traumatic SCl and ignored other data. A non-systematic, narrative
review by Reinhardt and colleagues [9] on epidemiological data
solely covered the English literature as indexed in PubMed up
to 2016.

The present study aims to address these gaps by system-
atically reviewing the English and Chinese literature reporting
epidemiological data on SCI in China, extracting data on study
methodology, demographic and injury characteristics, inci-
dence and prevalence rates; and outcomes including in-
hospital mortality, and secondary health conditions and
complications.

METHODS
Design
This is a systematic review of the literature.
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Eligibility criteria

We included original articles written in Chinese or English that
reported epidemiological data on: (1) demographic characteristics
of the studied SCI populations; (2) incidence and/or prevalence
estimates; (3) injury characteristics; and/or (4) outcomes including
in-hospital mortality for incident SCI as well as readmissions and
secondary health conditions and complications for traumatic or
non-traumatic SCl in China. As a minimum requirement, included
studies needed to report on patient source and sample size, age
and gender, and basic etiology of SClI (traumatic vs. non-
traumatic). Included were only studies that reported data for
defined populations/cohorts based on hospital records or
population-based registries and surveys. No restrictions regarding
year of publication were imposed.

Studies on populations with spinal fractures that did not report
separate data for those with SCI, those focusing on a specific
etiology such as traffic accidents or neoplasms, or on a specific
lesion type (complete or incomplete only) or lesion level
(paraplegia or tetraplegia only) were also ineligible. If studies
reported the same data in Chinese and English, the English
language version was selected for data extraction. Comments,
reviews, proceedings, conference abstracts, case reports, letters
and editorials were excluded

Retrieval of records and search strategy

We searched the following databases for original peer-reviewed
studies from the earliest record to 15 March 2020: Web of Science,
PubMed, Embase, Wan Fang Data, China Science and Technology
Journal Database (VIP) and China National Knowledge Infrastruc-
ture Database (CNKI). The search strategy combined relevant
epidemiological terms and terms related to SCl in a free text
search of all fields of database records, with the exception of
PubMed where the search was restricted to title and abstract as
otherwise too many irrelevant records were retrieved. An example
for Embase was: ((“spinal cord” or “spinal cord injury” or
“paraplegia” or “tetraplegia”) and (“epidemiology” or “incidence”
or “etiology” or “prevalence”) and “China”). The full search strategy
can be found in the Supplementary Appendix (Table S1). In order
to capture all relevant reports, the reference lists of all included
studies and relevant systematic reviews were also screened.

Study selection

All references from the six electronic databases were uploaded
into EndNote (X9), and duplicates removed. Two authors (CC and
WL) independently screened titles and abstracts based on the
eligibility criteria. Full texts of relevant articles were then obtained,
and both of the reviewers assessed these independently for
eligibility. Conflicts were resolved by discussion among the
reviewers, or where necessary by involvement of a third
researcher (JR).

Data extraction and synthesis
Two authors (CC, and WL or XQ) independently completed data
extraction. For each study, we extracted the following data into an
Excel spreadsheet: (1) basic study characteristics, including first
author, region of study, study period, data source (e.g. hospital
records, database of community organization), case type (incident
vs. prevalent), and sample size; (2) sample demographics: age
range, mean age, modal age group, male-female ratio, employ-
ment status and type of occupation if employed; (3) incidence and
prevalence estimates; (4) lesion characteristics: etiology, lesion
level and severity; (5) duration of inpatient hospitalization (for
hospital-based studies, separated by acute vs. rehabilitation and
first admissions vs. readmissions if this information was available),
secondary health conditions and complications (occurrence and
leading cause), and in-hospital mortality (rate and leading cause).
Data were synthesized narratively using a synthesis without
meta-analysis (SWiM) [10] approach.
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Quality assessment

Quality assessment was performed by two authors (CC and WL)
using the Appraisal tool for Cross-Sectional Studies (AXIS tool) [11].
The AXIS tool has 20 items (see Supplementary Appendix Table S2)
that relate to the overall quality of reporting (7 items), study
design (7 items), and sources of bias (6 items). ltems were
summed, with higher scores (range 0-20) indicating better quality.

RESULTS

The study selection process is presented in Fig. 1. The initial
database search yielded 1,108 records, with 386 from Web of
Science, 55 from PubMed, 300 from Embase, 237 from Wan Fang
Data, 55 from VIP and 77 from CNKI. Five additional records were
identified from reference lists of papers included in full text review
as well as the three previous reviews [7-9].

Study characteristics

Fifty-one relevant studies (¥*1-*51, see Supplementary Appendix
for the reference list) were identified; their general characteristics
are detailed in Table 1. Quality scores ranged from 5 to 17
(Median: 14, IQR: 13-15); details are given in Supplementary
Appendix (Table S3). Regarding sources of bias, only 3 studies
reported measures used to address non-responders/missing data
and less than half of the studies (20) discussed the limitations of
the study.

Forty-eight (94%) studies were based on reviews of hospital
records, two were based on information from community surveys,
and one extracted information from a database of a community
organization providing services to people with SCI. Thirty-five
studies reported on incident cases (all based on admissions to
hospital with new SCl in a given period), three studies reported on
prevalent cases, and for 13 studies this was unclear. Of the three
studies reporting on prevalent cases, two were community
surveys: one (Chan *1) was based on samples of people with SCI
registered as outpatients at various rehabilitation centers or as
users of a community resource center in Hong Kong (average time
since injury 13.3 years, (standard deviation [SD] 10) and the other
one (Wang *30) reports results from a mailed survey of members
of a Taiwanese SCI patient organization and users of community-
based outpatient rehabilitation centers with a range of time since
SCI from 6 months to over 10 years (no average given). The third
study (Chang *2) analyzed data on people with SCI who had
received services from community-based outpatient rehabilitation
centers. These data were extracted from the management system
of the Disabled Persons Federation of Shanghai (time from injury
to service 12.8, SD 10.6). Epidemiological data reported covered
the period from 1978 to 2017; only one study from Hong Kong
(Chan *1) did not report the study period. Maximum sample size
was 3,832, and minimum was 35. The data were from 21
provinces, representing a total of 956 million population (census
2010): Tianjin, Guangxi, Guangdong, Shanxi, Fujian, Beijing, Jilin,
Shaanxi, Liaoning, Hunan, Hubei, Jiangsu, Shanghai, Chonggqing,
Heilongjiang, Taiwan, Sichuan, Guizhou, Shandong, Hong Kong
and Anhui. Over 50% of the studies investigated SCI populations
from only five provinces/cities, namely: Tianjin (10 studies), Beijing
(6 studies), Shanghai, Guangdong, and Shanxi (4 studies from
each). Three studies did not report the geographical area of data
collection. No studies were found for 13 provinces: Xinjiang, Tibet,
Gansu, Qinghai, Neimenggu (inner Mongolia), Henan, Hebei,
Yunnan, Jiangxi, Hainan, Macao, Zhejiang and Ningxia (Fig. 2),
representing a population of 407 million (census 2010).

Demographic characteristics

Of the studies included in this review, one reported on children
only (Wang *32) and one on elderly persons only (Yu *48). When
we exclude these two studies, the mean age of incident cases
investigated ranged from 34-54 years, and the mean age of
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Fig. 1 Flow diagram of study selection in the review. Adapted from Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).

prevalent cases was 45.2 years. Ten studies did not report details
on the age range. The largest age group in most studies
comprised people aged 30-60 years; only three studies (Jiao
*34, Feng *12, Chen *3) reported that the largest age group was
under 30 years. A study from Beijing (Wang *32) reported the
lowest male-to-female ratio (0.35:1) and a study from Shanxi (Jiang
*18) the highest (15.3:1). There were only two studies in which the
male-to-female ratio was below 1, the one from Beijing (0.35:1)
(Wang *32) and one from Sichuan (0.94:1) (Liu *23). Twelve articles
reported on the rate of people with SCI who were not employed
at injury which ranged from under one (Yang *43) to 87% (Wang
*30). Studies showed a high proportion of persons not in
employment before 2010, which declined in 2010-2014 and was
lowest in the last five years (2015-2019) (Table 2). Less than half of
the studies reported on the type of occupation of people with SCI
who were employed at the time of the injury. The most common
occupational groups were unskilled worker and small farmers/
farmhands.

Incidence and prevalence

Incidence rates, that is the number of cases with new SCl in a
defined area during a specific time period divided by the total
population at risk during the same time period, were reported in
nine studies (see Table 2, Fig. 2). Incidence rates for traumatic SCI
varied from 14.6 per million per year in Taiwan in 1985 (Chen *3) to
60.6 per million per year in Beijing in 2002 (Li *21). Only one study
drew on data collected after 2010 (Ru *28), and only one study
conducted in 2005 (Wei *34) included non-traumatic SCI. The latter
study estimated the combined incidence rate for both traumatic and
non-traumatic SCl but did not provide numbers for the etiology
subgroups. An increasing trend in incidence rates over time was
found in two studies from Taiwan (Chen *3, Chen *4) and two from
Tianjin (Ning *24, Yu *46). Two studies from Beijing conducted at
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different time points (Li *21, Wei *34) showed similar incidence rates.
However, the latter study (Wei *34) also included an unspecified
proportion with non-traumatic SCI (Fig. 2).

Prevalence rates were not reported in any study.

Injury characteristics: Etiology, lesion level and lesion severity
Thirty-five (69%) studies reported on traumatic SCl only and
16 studies on both traumatic and non-traumatic SCI; none of the
studies focused on non-traumatic SCl only. In the studies reporting
on both traumatic and non-traumatic SCl, only three (18%) reported
proportions for different etiologies; traumatic SCl accounted for 58%
(Chang *2), 72% (Yuan *50), and 90% (Wei *34), respectively. Modal
age groups (average age was only reported by Wei *34) differed
between those studies; the younger the modal age group was, the
higher was the reported proportion of traumatic SCI. Trauma was
the leading cause of SCl among those aged 16-60 years, while non-
traumatic causes were more common in people who were older.
The following specific causes were reported for traumatic SCl in at
least one of the reviewed studies (Table 2): traffic accidents, falls at
ground level (low falls), falls from a height (high falls), crush injury
(mostly resulting from falling objects), work-related injury, sport-
related injury, and surgical complications. Among these causes,
traffic accidents, high falls, low falls and being hit by falling objects
were the leading causes in all reports apart from one 2012 study
from Shanxi (Jiang *19) which listed coal mine work-related injuries
as the most frequent cause of SCI, and one 2000 report from Hong
Kong (Chan *1) which noted that work-related injuries and surgical
complications were the most common causes. Specific causes for
non-traumatic SCI were not reported in any study.

Twelve studies (Chan *1, Chen *3, Chen *8, Feng *13, Li *22,
Ning *24, Ning *25, Ru *28, Wang *30, Yang *41, Yi *44, Zhou *51)
reported on lesion level and lesion severity, while 16 studies
(Chang *2, Chen *5, Chen *6, Hao *14, Hua *16, Huang *17, Jiang

Spinal Cord (2022) 60:1050- 1061
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Fig. 2 Map of SCI research across China. The figure shows the distribution of studies (A) and reported SCI incidence (B) across various
provinces and territories of China. The numbers of studies from each province and SCl incidence in each province of China where data was
available are presented in these two maps of China highlighting the relevant provinces and cities and using shading to indicate the number of

studies reporting relevant data. Pop Population size, mio Million.

*¥18, Niu *26, Wang *32, Wei *34, Yang *39, Yang *40, Yang *43, Yu
*46, Yu *47, Yuan *50) reported only on lesion severity. The
proportion with tetraplegia was higher than that with paraplegia
in nine studies (Chen *8, Feng *13, Li *22, Ning *24, Ning *25, Ru
*28, Yang *41, Yi *44, Zhou *51), while three studies (Chan *1,
Chen *3, Wang *30) reported the opposite.

In-hospital mortality and complications

Eleven studies (21.6%) reported the average length of stay in the
hospital, all for a first admissions for acute SCI; the duration ranged
from 13.7 to 100 days. Two studies (Chen *3, Chen *4) reported
length of stay by lesion level and lesion severity. In both, length of
stay was longest for people with complete tetraplegia. Reported
in-hospital mortality attributed to SCI in studies of incident cases
varied from 1.1% (Yang *41) to 18.4% (Chen *9); 31 studies did not
provide mortality figures. A comparison of eight studies con-
ducted in Tianjin from 2010 to 2019 and two performed in
Guangdong in 2011 and 2017 shows decreasing in-hospital
mortality. Eighteen studies (35%) reported the leading cause of
death, which were respiratory problems in all studies except one
from Tianjin conducted in 2016 (Zhou *51). (Table 3).

Most studies reported a high occurrence of secondary health
conditions and complications, ranging from 25 to 88% in studies
of prevalent cases and from 6 to 97% in studies of incident cases.
Only two studies reported a rate of secondary health conditions
and complications below 10%, one from Liaoning performed in
2014 (Ru *28) (8%) and one from Tianjin performed in 2016 (6%)
(Zhou *51). In the 25 studies that reported on the occurrence of
complications in hospital, on average 26% of the patients treated
experienced any complications (weighted by sample size; 95%
confidence interval: 19% to 34%). The three most common
complications were respiratory problems, urinary tract infections
and pressure sores. In the only study (Wang *30) that reported on
secondary health conditions and complications in community-
dwelling persons with SCI, prevalence was 88% with urinary tract
infections, pain, and pressure ulcers being the most frequent
conditions (Table 3).

DISCUSSION
This systematic review provides an update on the epidemiology of
SCl in China, and is the first that includes epidemiological data

Spinal Cord (2022) 60:1050- 1061

from all provinces of China, where available. We reviewed
51 studies from 21 provinces; none reported national epidemio-
logical data. Notably, the absence of any research related to SCI
epidemiology in 13 provinces and cities with provincial status, and
the existence of a single study only from another 13 provinces
severely limits the derivation of epidemiological data for the entire
country. This issue is even more severe when it comes to
estimates of incidence rates, with relevant data being available
only for six out of 34 provinces/territories and cities (Fig. 2). In
addition, data are outdated: only one study reported on incidence
rates after 2010. While the number of studies conducted in
different provinces roughly reflects economic development, with
more studies conducted in the better developed east and south of
China, it is unclear why epidemiological research on SCI, and in
particular attempts to estimate SCl incidence, have significantly
declined in the last decade. One possible explanation is the
increased competitiveness of research grants in China over the
last decade, with studies solely reviewing hospital records
generally not funded any longer.

The range of incidence rates for SCl reported in the studies was
similar to estimates from a previous systematic review focusing on
the Asian region [12] that found incidence rates for traumatic SCI
ranging between 12.06 and 61.6 per million persons; the range
was slightly lower than figures from North America (27.1 to 83.0
per million) [13]. However, incidence rates were only estimated for
traumatic SCl, and only one study from Liaoning (Ru *28) was
available from the last decade. At time of writing, data on the
prevalence and incidence of non-traumatic SCI had not been
collected in China.

A trend towards an increasing age at SClI was seen when
comparing studies from the same province conducted at different
time points, most likely owing to population ageing. In our review,
there were significant gender and occupational differences
between reports, with a higher proportion of men than of women
incurring SCI, and a higher proportion of small farmers/farmhands
and unskilled workers than of other occupational groups. High
male-to-female ratios in traumatic SCl are well known from
previous reviews [7, 14]. One possible reason for this finding in
China is that men are more likely to work in high-risk occupations
such as taxi or truck driver, construction worker or miner. For
example, one report from Shanxi (Jiang *19) studied patients with
SCl who had been working in coal mines and reported the highest

SPRINGER NATURE

1055



C. Chen et al.

1056

(%)

4N 4N 4N 4N
¥'s8 vl 65 It
4N 4N 4N 4N
908 6l 4N 4N
£09 £6€ 67S 94
8L TSt 9LL ¥'8T
LS 6Tk 4N UN
€9/ L€T 629 L'ze
4N 4N dN 4N
4N 4N 4N 4N
dN 4N dN 4N
9%S v'sy UN dN
658 L'yl UN 4N
1'0S 6'6% 4N 4N
4N uN dN 4N
(334 £'95 4N 4N
SiL 58T 8 8l
4N 4N 4N 4N
4N dN dN 4N
4N 4N 4N 4N
4N dN dN 4N
618 L'l €9/ L€T
4N 4N 4N 4N
8'8¢ L9 4N 4N
6L (W4 UN 4N
4N 4N 4N 4N
44 85 891 (43
€€ L9 4N 4N
6t 195 vy 95
1d (%) @19]dwo)y (%) eibajdenal (%) elbajdeseq
fy1anss uoisa |9A3] uoisaT

(%£T1) Kanfur ysnid “(9%£°1T)
sliey ybiy ‘(9%0°8€) sauSpIde dyyel]

(%9'T2) slies YbY (%1 '82)
S8} MO| “(%S°ZE) SIUSPIdIE dyjel]

(4N) Aanfur [eyuapidde
“(YN) sauspidde dygeld ‘(dN) siies YbiH

(%ETL) smpPAw (%t'61)
S1uSpIdde dyjel) ‘(%0°£7) Sliey YBIH

(%v'€1) s1fqo g 1y (%8'17)
S1USPIDIE dUJel) ‘(%6°0S) Sie YbIH

(%€61) slles YbIY ‘(%1 E)
SJUSPIDOR dyjei) ‘(%9'LE) SI[e) MO

(%6'T2)
siiey uby ‘(%€ v£) s123fqo Aq uH

(9%6°€) s193[qo Aq 401 (%Z'SS)
S||ey MO| ‘(%%6'9€) SIUSPIdL dujel|

(%9°81) 5199[q0 Aq 9x0ns (%€"CT)
SjuapIdde dYjell ‘(%E’ L) S|e} YBIH

(%L'S1) slies By “(%0'9€)
S||e} MO| “(%9°LE) SIUSPIDDL dujel|

(%001) Pa1ejaI->jIoM dulW [e0D)

(9%5°6) SIuspIdde dyjel) (%Z'El)
siley YbIy ‘(%" L9) P1e|2-34oM

(%9'%1) s199(q0 Aq MY “(%6°C2)
syuapIde dusei ‘(%L 'LE) siiey YBIH

(%9'8) Buidwiel (%6°€7)
siley UBIY ‘(%¢°LS) uSpIdde duyjel|

(95°7T) swuapidde dyjesy
‘(%t'62) Slle) UblY ‘(%8'LE) Sllej moT

(%Z¥1) $199(q0 Aq 1Y (%8°12)
slley UbIY ‘(%€ vb) sIuspIde dyjel]

(%£°91) slies YBIY ‘(%T S€)
[B} MOJ “(%1"'9€) S3USPIdL dujel]

(%€ 1) s13[qo Aq 1Y “(%t'LL)
SIuSpIdde dyjell ‘(%6°29) Sliey YBIH

(%1°02) slIe} MO| “(%9'£2)
SJUSpIdOe duJel) ‘(9%0°Zh) Slies YbiH

(%8°01) s1alqo Aq 1Y ‘(%t'82)
SJUSPIDE dYJe) (%9'ES) S|[e} MO

(%9°G1) Pa1R[RISHOM “(%Z°0T)
S|ey MOJ ‘(%€ L) JUSPIdE dyjel]

(%8°€1) slies YbIY “(%t'z2)
s|[e} MO| “(%L'Th) SIUSpIde dujel|

4N

(%'61) S13[qo A Uy ‘(%L°LE)
SIUSpIddE dyjel) ‘(%L 'SE) Slle) YBIH

(%L°61) Sl1e} moj ‘(%1'62)
sjuspIpde dyjen ‘(%9'¢) sifes YbIH

4N

(%9%1) S13[q0 Aq 1Y ‘(%S5'87) SIley
Y1y pue moj ‘(%S 'tt) SIUBpIRdE dyjell.
(%0°Z¥) sesned dijewnes)

-uou ‘(%08S) Ainful onewnes|

(9%0°17) suonedijdwo> |esibins
'(%0°'67) 95e3SIp (%0'67) P1e|24-310M

q(s®sne> urew) Kbojonz

‘suone|ndod Apnis papnpaul jo sansusldeieyd Ainful pue ‘sales aduapidul ‘sonsiialdeIeyd diydeibowaqg

4N

SS'LS

14

4N

4N

L'€C

4N

4N

909

4N
4N

4N

4N

4N

4N

4N

4N

S€

4N

4N

4N

4N
4N

4N

4N
88l

9L

4N

4N

(uoyiu
1ad)
aduapnu|

pakojdwa-jjas
“19yI0Mm ‘uesesq

dN
juesead ‘syiD
2dLJ0 USHIOM

juesead “4sxIom

SYI3[> dYjo
IDIOM ‘Juesedq

4N

dN

painai
I2I0M ‘Jueseaq

la)10M ‘Juesead

ICTRICRITTT]
uesead ‘193I0Mm

4N

juesead
“4aulw (o)

4N

4N

JMIOM ‘Juesead

4N

pa413a4
‘19}I0M ‘Juesesd

IYI0M ‘Juesead

dN

N

J940m “uesead
‘Painay
JUBAISS IAD
‘painal ‘quesesd
N

uepluyda}
uesead ‘19310

dN
4N

dN
4N
dN

.sdnoib
Jeuonednado
ureyy

4N
4N
4N
4N
(474
4N
4N
(A4
4N

€h
4N

4N
4N
4N
4N
4N
S8y
4N
4N
4N
4N

4N
4N

4N

4N
4N

4N
4N

€LL

(%) pakojdwaun

LE9

we

S8'T

(344

€€V

€9'S

6'0

L6'C

€Le

159
|lew ||y

€6l

96'¢

Ly

86'€

144

SLL

€0C

YL

80'8

{4
Sl

'L

8r'€
Lo'e

68

80°C

onel sjewsy
03 ajey

6€-0€

05—l

dN

670

Sh-LE

09-9%

4N

65-St

6€-0€

0s<
6€-0¢

6€-0€

60

4N

6v-0€

6€-0€

S-S

0€-0C

60t

6€-0€

69-09

09-9%
4N

6€-0€

05-0€
T4

6¢-0C

09-9%

dN

dnoub abe
1epo

€8¢

L'0S

Sy

Sy

9's

o

8¢

L'6v

Ly

14
or

or

L'o¥

LyE

S'ly

6'7E

14°14

6'E€E

SS9

(444

L'€S

1414
8¢

€9¢

v'or
Loy

4N

4N

[414

abe ueapy

€L-CL

68-€

L8Pl

S8-0L

L8-¥

0691

€LVL

Si<

08-9

06-LL
09-Gl

08-Sl

8-€

£9-0

£8-0C

£€8-1

dN

89-0C

08-¢€

6-C

dN

8-8l
85-CC

68-8L
4N

dN

4N

dN

abues aby

(saeak) aby

62« Buey
87+ NY
oLTx Ued
92« NIN
ST« BuIN
T« BUIN
€2 NI
T
12« N

02 o®lf
61y Buelr

81y Buelr
L1y Bueny
9lx BNH
Slx OBH
¥y OBH
€1 Buay
Tl Bua4
L1« Buaq
0Ol Buayd
6% U3YD

8, U3YD
Lx UYD

9% UsYD

S« UBYD
s UBYD

€ UYD
T Bueyd

Lx ueyd

Apms

‘c 9lqel

1050-1061

Spinal Cord (2022) 60

SPRINGER NATURE



C. Chen et al.

1057

"paniodai 10N YN ABojons uo elep dypads 1iodai 1ou piq, ‘pakeldsip aie sasned Jusnbaly 1sow 931y 3y L, ‘pake|dsip ale suonednddo panodal Apusnbay 1sow a1ys Ay,

L'6L 60T /L9 8C¢
Sve $'59 4N 4N
4N UN 4N 4N
4N 4N 4N 4N
Ty 85 4N uN
9L 79z 4N 4N
4N dN 4N 4N
S8L Sz 8%S (4%
9€L 9T dN dN
4N 4N 4N dN
¥'/9 9Ce S 98¢
€78 yaas UN UN
129 x43 dN uN
4N 4N 4N 4N
4N uN dN 4N
4N 4N 4N 4N
dN uN dN 4N
69 8'se 4N UN
4N UN UN 4N
1'9z 6L 4N UN
4N uN UN 4N
£0L L6T v'LE 979
(%) @131dwodu| (%) @31dwod (%) eibajdenay (%) eibsjdesed
[9A3] uoisaT

(%S°L2) slies YBIY ‘(%9°€E)

S||e} MO| ‘(%6°SE) JUSpIdde dujel|
(%86°£T) s9sned dnewnesy

-Uou ‘(%z#'zL) S9sned onewned)
(%9°5) sliey YbIYy ‘(%' L2)
sjuapIidde dujell ‘(%t°0S) S||es Mo
(%1°5) sliey YbIYy ‘(%9°Z€)
SjuapIdde dyjel) ‘(9%5°9S) S||ey Mo
(%L°€1) 539900 A MY “(%E"€€)
sjuspIe dyjen ‘(% 6€) sliey YbIH
(%5°S) sliey YbIY ‘(%9'GE)
SjuapIdde dyjel) ‘(%/°0S) Sliey Mo
(%T°91L) B|quInd (%T'TT)

S||ey MOJ “(%G°Z€E) Sauapidde dyjel|
(%1°12) slie} ublY ‘(%5°67)
SjuapIdde dyjel) ‘(% EE) S|ley Mo
(%8'8) $193[q0 Aq 1Y ‘(%8'LE)
sjuspIdde duyjel) ‘(%0°L) siie} YbiH
(%0%1) $193[qo Aq UY (%0'82)
slles by ‘(o€ LE) udpIode duyjel)
(%E°Z1) sllej mo| ‘(%TT€)

1uapIdde duyjei ‘(%'6€) sie) YbIH
(9%1°S1) Kanfur ysnid ‘(%s°61) s1alqo
AQ uY ‘(%L°1T) syuspIOe dyjei]
(%£°61) Sl|e} MOJ “(%€°97)

slley ybly ‘(%8°0) sauspIde dijel|
"(%1'62) Slley MOJ ‘(%6'0€)
syuappe duyjei ‘(%EvE) siiey YbIH
(%9°9) siiey Y1y ‘(%8'8) siuspide
Jyje1} ‘(%0'6£) Ainfur 3ud
(%6°£1) Slles YBIY ‘(%t'tE)
SjuUdpIdde dyjel} ‘(%/°8E) S|ley Mo
(%6'%) s193[d0 Aq 24015 ‘(%t'9€)
S1uspIdde dyjel) ‘(%L '6Y) S||ey Mo

(%8'6) S9sned dnewnes)

-uou ‘(9°06) S9sned dnewnel|
(%z'S1) s1afqo Aq 1Y (%9'87)
SjuapIdde dyjell ‘(%8'0) S|e} YbIH
(%8°S) sliey YBIY ‘(%T'6¢) sauspiade
Jyjen (%0°0S) paiejai-suods
(%L£°Z1) sllej mo| ‘(%T'LT)
SjuapIdde dyjell (%9ZS) s|e} YbIH
(%) s13[qo Aq 1Y “(%8'61)

sllej Mo ‘(%t'8Y) SauspIade duyjel)

4N

4N

4N

4N

4N

6LL

4N

4N

4N

4N

4N

4N

4N

4N

4N

4N

4N

09

4N

4N

4N

4N

(uoyiu
1ad)
aduapnu|

painai
IIOM ‘Juesedq

4N

dN

4N

1) 10M ‘Juesead

4N

4N

juapnls
uesead ‘49y10M

Jaydea) ‘quesead
quapnis

4N

FEVNITOENTIOIYY
“Jueseaq

painal
uesead ‘49xI0M

dN

painal
“I2x1om ‘Juesead

4N

4N

13)IoM ‘painai
“Jueseaq

Sy9> dYo
“uesead
JUBAIDS |IAID
juapnis
“uesead 49yI0M

4%10M “Jueseaq
N

<sdnoib
Jeuonednddo
e

691
4N
4N
4N
61
4N
4N
4N
SL0
4N
4N
6€L
4N
(24
4N
4N

4N

L'Ey
4N
4N
4N

898

(%) pakojdwaun

veT

€8¢

€L9

9L'€

L9V

9G°€

891

4%}

St

8G'€

vS'e

80'€

13474

(4474

[4 %4

LLS

96t

veT

€Sy

S€0

L0'S

ones ajeway
03 ajepy

09-9%

S-Sl

uN

4N

Sh-LE

650

0s-LY

65-0S

09-Lt

4N

607

09-L¥

dN

S-S

670

09-9%

¥9-SS

0e-LT

670

4N

St-LE

6€-0€

dnoib abe
1epon

L'0S

4N

8'0S

8'/9

9LE

€1ls

8

8'€S

9Ly

Sty

VA 44

444

9%

6'LY

9EY

4N

9vS

8E

4N

St

4N

abe ueap

S§8-Gl
4N
06-8L
06-09
S/-SL
£8-1C
¥8-L
6491
¥8-1

€81

8T

18-S

4N

abues aby

(s4eak) aby

p=nunuod

LS oYz

06 Ueni

6% NA

87« NA

Lvs NA

O« NA

Shx NA

142Y

€ Buep
Tt Buey
Lx Buex
O« Buep
6€x Buep
8€x NX
LEx NX
9Ex NN

SEx NM

SPEx 1PM
€€« buem
T€x Buem
LEx Buem

0€x Buem

Apms

‘T ?|qelL

SPRINGER NATURE

1050-1061

Spinal Cord (2022) 60



C. Chen et al.

1058

$210s 2inssaid ‘uonounysAp Jsppe|q ‘suoiidajul 1desy Aleuun 765
4N 4N
sa10s ainssaud ‘uled ‘suoidajul 1oe4) Aleuun 6°/8
swa|qoid Aiojeiidsal ‘saios aunssaid ‘suoiidajul 1desy Aleuun /'SS
$910s 2inssaud ‘saduequnisip 914|01109)9 ‘swiajqoid Aiolesdsay '8
4N 4N
s210s ainssaid ‘swajqoid Aiojesidsas ‘suondayul 1oe Aleunn 433
s9duequnisip 9140419313 ‘salos aunssaid ‘swiajqoid Aiolesidsay ozl
4N 4N
4N 4N
4N 4N
4N 4N

sadueqInsip
914041233 ‘saseasip Jejndseolipied ‘swajqoid Aiolesidsay 78T
swa|qoid Aiojesidsal ‘saios aunssaid ‘suoiidayul 1oes) Aleuun 6'€T
swa|qoid Aiojesidsal ‘saios aunssaid ‘suoiidayul 1oes) Aleunn '8l
uonounysAp Jsppe|q ‘sa10s ainssaid ‘suoidsjul 1oely Aieuun Loy
4N 4N
s210s ainssaid ‘ejwaneuodAy ‘swajqoid Aiojelidsay 59¢
uodUNYSAp Jsppe|q ‘salos ainssaid ‘suoiidayul 10en Aleunn 6'8C
4N 4N
4N 4N
4N 4N
4N 4N
sa10s ainssaid ‘swajqoid Aiojesidsal ‘seduequnisip 93£|04133|3 UN
4N 4N
4N 4N
uted ‘swsjqoid Aiojesidsal ‘suondsyul 1oely Aieuun 596
4N 4N
s210s ainssaid ‘suoidayul 10esy Aleunn ‘uondunysAp Jsppelg UN
4N 4N
4N 74
4N 4N

suonedidwod urey (%) @>ua1inddo

suonedijdwod pue suonRipuod Yjjeay Aiepuodas

4N 4N
4N 4N
4N 4N
4N 4N
swo|qoid Aiojesidsay gL
4N 4N
4N 4N
4N 4N
swa|qoid Aiojesidsay 6l
4N 4N
swa|qoid Aiojesidsay 8L
4N 4N
swa|qoid Aiojesidsay (2%
swa|qoid Aiojesidsay 8T
swa|qoid Aiojesidsay 4
4N 4N
4N 4N
4N 4N
4N 4N
swa|qoid Aiojesidsay as
4N 4N
4N 4N
4N 4N
swa|qoid Aiojesidsay 8l
4N 4N
4N 4N
swa|qoid Aiojeiidsay 891
4N ¥'C
4N 99
swa|qoid Aiojesidsay 09
4N 4N
4N 4N

asne> Huipea (%) @1ey

Ayjeyiow jeydsoy-uj

4N
L1
4N
4N
4N
4N
4N
€8¢
4N
4N
4N
68l

(434
6¢€
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
4N
/9 eibsjdenay

919|dwo) gg e1bajdesay o19|dwiodu|
/¥ eibsjdesed a1 dwod
L€ eibajdesed a19|dwodu)

00l eiba|desysy

919|dwo) 06 e1b3|dentsy a13|dwodu)

L8 eibajdesed 919|dwiod

1 eiba|desed 213|dwodu|

4N
4N

(sAep) Ke3s jo yibua| abesany

T€x Buepm
LEx Buepm
0€x Buem
62+ Bue|
82« NY
LTx Ued
92« NIN
GCx BUIN
¥Tx BUIN
€Tx NN
T 1

LT« 1T

0T« oelf
615 Buelr
8Ly buelr
/1 Bueny
9Ly eNH
Slx OBH
1% OBH
€1 Buag
Tlx Buayg
LLx Buag
OLx Buayd
6% U3YD
8x U3YD
Lx U3YD
9% U3YD
Gx UYD

Y« USYD

€% UYD
T Bueyd
Lx ueyD

Apms

‘suone|ndod Apnis papnjaul ui suonedijdwod pue suonipuod yijeay Aiepuodss pue Ajljerow [endsoy-ul ‘Aeis [endsoy jo yibus ¢ 3jqey

Spinal Cord (2022) 60:1050- 1061

SPRINGER NATURE



C. Chen et al.

1059

‘pariodal JoN YN ‘paAe|dsip aie suonedidwod pue suoipuod yieay Alepuodas uanbaiy 1sow 931yl ay) pue asned Ayjerow buipes| ayl Aluo

s210s ainssaid ‘suofidapul 1oesy Ateuun ‘swajqold Kiojelidsay
uted ‘uodunysAp Jappe|q ‘uoldUNSAP [enxas

4N

4N

s210s ainssaid ‘suoidajul 1oesy Aleuun ‘swajqoid Kiolesidsay

sadueqINISIp
31£]04109J3 ‘suofdaul 1oely Ateuun ‘swajqold Kiojelidsay

suod3ul
10e1) Aleuun ‘seduequnisip 9140110919 ‘swajqoid Aiojelidsay

s9dUeqINISIP
91£]0112399 ‘suondajul 1oes) Areunn ‘swajqoid Aiojelidsay

s210s ainssaid ‘suondayul 1oes) Areuun ‘swajqoid Aiojelidsay
suoidajul 1oesy Aleuun ‘swajqoud Aiojelidsal ‘s910s ainssald
s910s ainssaid ‘suondayul 1oesy Areunn ‘swiajqoid Aiorelidsay
s910s ainssaid ‘suondayul 1oesy Areunn ‘swiajqoid Aiorelidsay
N

s210s ainssaid ‘suoindayul 1oes Areunn ‘swajqoid Aiojelidsay
4N

ejwaieuodAy ‘suonosyul 1oes) Areuun ‘swajqoid Aiojelidsay
swa|qoid Aiojesidsas ‘suondsjul 1oes) Areunn ‘elwalyeuodAy
suondajul 1oes Aleuun ‘swiseds ajpsnw ‘uondunysAp |omog
sw|qoid A1ojeadsal ‘se10s ainssaid

suonedjdwod urepy

9
4N
4N
4N
4N

L'0E

4N

veL
L's¢
vlc
991
8¢l
N
8'€L
N
0ce
€0S
4N
S'8¢
(%) @ua.unddQ

suonesijdwod pue suonIpuod yjesy Aiepuodas

ain|iey uebio sdnny
4N
4N
4N
4N

swa|qoid Aiojesidsay

swa|qoid Aiojesidsay

4N

swa|qoid Aiojeiidsay
swa|qoid Aiojesidsay
swa|qoid Aiojesidsay
4N

4N

swa|qoid Aiojesidsay
4N

4N

swo|qoid Aiojesidsay
4N

4N

asned Huipea

L'l
4N
4N
4N
4N

4N
vl
S'9
L'l
4N
4N
9C
4N
4N
(474
4N
4N
(%) @3ey

fyjjeyiow jeydsoy-uj

4N
4N
4N
4N
4N

4N
4N

L'EL
89t
4N
4N
4N
4N
§'9¢C
4N
v'ce
4N
4N
4N

(sAep) Keys jo yibua| abeitany

LGx NOYZ
0Gx UenA
61 NA
8bx NA
Lyx NA

I« NA
SPx DA

rix 1A
€% Buep
Thx Buex
Ly« Buex
O« Buey
65« Buey
8€x NX
LEx NX
9€x N
SEx N
YEx 19
€€x buep

Apms

panupuod> ‘g 3jqel

SPRINGER NATURE

Spinal Cord (2022) 60:1050- 1061



C. Chen et al.

1060

male to female ratio. Insufficient safety provisions at work, unsafe
transportation such as motorcycles and motorized tricycles and
limited affordability of health care for treatment of non-traumatic
conditions that may cause spinal cord lesions may be responsible
for higher rates of SCl in peasants and unskilled workers. Efforts of
the government of the People’s Republic of China to improve
safety at work and on the road need to be intensified.

In the current study, traffic accidents and falls (including high
falls and low falls) were the main causes of SCI, a finding already
reported by earlier reviews [7, 9]. Increasing numbers of private
cars and an increase in traffic volume due to urbanization may be
important contributors to traffic-related injuries. Lack of safety on
construction sites (Jiang *19) and an increasing numbers of suicide
attempts [15] may play important roles in high falls. In contrast,
low falls are more common in the elderly. Low falls may have
become more pronounced due to a growing number of elderly
people in China who live alone and not within the household of
their children as it traditionally was the case. Being hit by falling
objects is a cause we do not frequently see in other countries with
data on SCI etiology. This type of mechanism may result from
natural disasters (e.g., earthquakes and storms) but also from
construction and mining accidents. It is further of note that studies
including cases with non-traumatic SCI did not report any specific
etiology. As a result, non-traumatic SCl in China remains a largely
unknown issue.

Only a few studies reported on hospital mortality and an
unknown number of patients with SCI may have died on site or
while being transported toa hospital.

One consequence of increased survival after SCI is the high
number of reported complications. We found that respiratory
problems, urinary tract infections and pressure sores were the
main complications, which is consistent with results from other
countries and underlines the global importance of research into
the prevention and treatment of these conditions after the onset
of SCI [16, 17]. However, we observed striking differences in the
prevalence of secondary health conditions and complications
across studies (ranging from 97% [Chen *6] to below 10% [Ru *28,
Zhou *51]). It remains therefore unclear whether the data are
comparable as it is highly likely that secondary conditions and
complications were defined and assessed differently in these
studies.

Several limitations of this review should be noted. First, our
search strategy did not specify medical subject headings (MeSH)
and the PubMed search was limited to the title and abstract only.
This strategy was chosen to avoid the retrieval of too many
irrelevant records. In contrast to studies with a primary epidemio-
logical purpose which were likely to be captured by our search,
we may have missed studies that had another main focus
but nevertheless reported relevant epidemiological data. Second,
most studies were reviews of hospital records and community-
based research was very limited, making it impossible to draw
any conclusions about community outcomes. However, hospital
records might allow for more reliable conclusions, as non-response
bias is less of concern than in community-based studies. Third,
time series data are lacking and any time trends reported here are
based on a comparison of cross-sectional studies from the same
province conducted at different time points, often employing
different methodology. This makes it impossible to disentangle
longitudinal developments from variations in the selection of
samples and the methodology used. Fourth, epidemiological data
on SCl were variably defined in the included studies, for example
with regard to level and completeness or lesion, precluding meta-
analysis. It is desirable that future studies adhere to common data
collection standards such as the international SCI Core Data Set
[18], ICF (International Classification of Functioning, Disability and
Health) Core Sets for SCI [19], and those suggested by the IPSCI
(International Perspectives on Spinal Cord Injury) [20] to enable
better comparability between studies.

SPRINGER NATURE

CONCLUSIONS

Epidemiological data on SCI in China are sparse, especially for
incidence, and are non-existent for prevalence. The available
data were mostly extracted from hospital records and commu-
nity studies were limited. Research has mainly concentrated on
a few better-resourced provinces in the East and South of China,
and for unknown reasons interest in the epidemiology of SCI
seems to have declined in the past decades. As SCl is oftentimes
preventable, epidemiological data on incidence with accurate
geographical information and etiology across all Chinese
provinces is a necessary requirement for a targeted implemen-
tation of preventive strategies. To this end, better collaboration
between units for SCI rehabilitation and university-level public
health institutes and governmental public health departments
such as the Chinese Center for Disease Control and Prevention
is suggested. Furthermore, SClI is not a death sentence and
living a full life with SCI in the community is possible; to
promote the latter, research on community outcomes and
related factors needs to be developed in China. We hope that
this review can serve as a wake-up call for all stakeholders
involved in SCI prevention, treatment, rehabilitation, and
support in China.
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