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ARTICLE INFO ABSTRACT

Keywords: Background: From 1990 to 2019, low back pain (LBP) was the leading cause of years lived with disability (YLDs)

China in China. However, the change patterns of LBP and its risk factors in China remain unclear.

Global burden of disease study Methods: Data from the Global Burden of Disease Study 2019 were used. We used the join-point regression model

Low ba_Ck pam - and age-period-cohort analysis to evaluate the time trends of attributable risk factors on the burden of LBP.

Years lived with disability . . . . . a1 .
Results: In 2019, the risk factors included in this analysis accounted for 4.36 million YLDs of LBP, representing
42.2% of all YLDs of LBP in China, with 2.86 million due to occupational ergonomic factors, 1.74 million due to
smoking, and 0.46 million due to high body mass index (BMI). The age-standardized YLD rates of LBP showed
downward trends during 1990-2019, while there was a faster decline between 1990 and 1994. The curves of
local drifts, which reflected the average annual percentage change across age groups, showed an increasing trend
with age for high BMI and smoking, and a downward trend for occupational ergonomic factors. The YLD rates for
LBP increased dramatically with age for high BMI, while it reached a peak at 40-60 years old for occupational
ergonomic factors, and 65-80 years old for smoking. The period and cohort rate ratios of LBP YLD decreased in
the past 3 decades for occupational ergonomic factors and smoking, while increased for high BML
Conclusions: Our results provided strong evidence that there were diverse changing patterns for different risk
factors, highlighting the need for risk-specific strategies.
The translational potential of this article: China has the largest senior population and the fastest aging population in
the world. Given that LBP typically occurs in the senior population, there would be an increasing LBP burden on
China’s health system. This suggests that effective strategies for LBP prevention should be strictly implemented
in China, particularly in the senior population, which is of crucial translational potential.

1. Introduction governments. According to the Global Burden of Disease (GBD) studies,

568.4 million cases and 63.7 million years lived with disability (YLDs)

Low back pain (LBP) encompasses a range of nonspecific pain,
stiffness, or muscle tension located typically between the margin of the
lower rib and the buttock creases, with or without sciatica [1]. LBP is a
common musculoskeletal symptom that seriously limits activity and
work capacity, and affects the quality of life and productivity, thereby
inducing a substantial burden on individuals, families, and

for LBP were estimated globally in 2019, much higher than diabetes
(459.9 million cases and 36.7 million YLDs), chronic obstructive pul-
monary disease (212.3 million cases and 19.8 million YLDs), and
ischemic stroke (77.2 million cases and 13.1 million YLDs) [2]. With
increasing life expectancy, China has become the country with the
largest senior population and the fastest aging population in the world.
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The percentage of people aged 65 years or older in China increased
substantially from 2012 (9.4%) to 2022 (14.2%) [3]. Given that LBP
typically occurs in the senior population, there would be an increasing
LBP burden on China’s health system.

Currently available guidelines recommended for treatment in LBP,
such as physiotherapy, pharmacological therapy, interventional ther-
apy, and surgery, cannot completely cure the pain, rendering it partic-
ularly important to investigate risk factors that could be targeted by
prevention and intervention [4]. Modifiable health factors, including
occupational ergonomic exposure, smoking, and high body mass index
(BMI), are strongly associated with LBP. Substantial exposure to ergo-
nomic factors, such as lifting, forceful movements, awkward postures,
and vibration, has been established as a risk factor for LBP [5,6]. For
people with high BMI, there are higher risks of LBP due to higher me-
chanical forces exerted on the lumbar intervertebral disc in both normal
and mechanical loading conditions [7]. Additionally, previous studies
have suggested a potential association between smoking and disc
degeneration [8]. Given the increased risk of LBP from these modifiable
risk factors, priority setting for public health and clinical interventions
requires information on the burden of LBP and its associated risk factors
in China.

Over the last 20 years, China has implemented numerous national
programs to control the burden of LBP and its associated risk factors. In
2003, China implemented universal health insurance coverage to all
people, and in 2009, the government initiated a major health reform
aimed at providing all citizens with equal access to basic health care of
reasonable quality [9]. The Healthy China 2030 Strategy further
expanded on the 2009 reform goals by emphasizing the importance of
improving population health for long-term economic and social devel-
opment objectives [10]. These policies targeted LBP and its associated
risk factors. In this context, there is an urgent need to assess the
long-term trends in LBP and the attributable risk factors in China.

Previous studies have reported the LBP burden in China, focusing on
the incidence using the GBD 2019, and showed decreasing trends in both
male and female individuals [1], but the time trends in the YLD of LBP
and its associated risk factors in China are still unclear. Thus, our study
aimed to explore and compare temporal trends in the burden of LBP and
associated risk factors in China from 1990 to 2019 using the join-point
regression and age-period-cohort methods.

2. Method
2.1. Overview

The Institute for Health Metrics and Evaluation conducted the GBD
2019 study to quantify the health losses, which is the most recent and
comprehensive study available to understand the epidemiological levels
and trends of diseases and injuries worldwide. Among the GBD studies,
GBD 2019 study analyzed data from more countries, included additional
causes that contribute to LBP, enhanced measurement methods and
redistribution algorithms, increased coverage of uncertainty intervals
(Uls), improved processing of clinical informatics data, adopted new
standard locations, and increased available data sources, etc. Detailed
information about these improvements was provided in a previous
publication at https://vizhub.healthdata.org/gbd-results/ [11].

LBP burden and its associated risk factors in GBD 2019 were deter-
mined through following steps: (1) identifying risk-LBP pairs based on
research studies, (2) estimating relative risks according to systematic
reviews, (3) assessing the age-sex-location-year specific occupational
ergonomic exposure, smoking, and high BMI levels and distributions, (4)
determination of the counterfactual level of exposure; the level of
exposure with minimum risk called the theoretical minimum risk
exposure level, (5) computing population-attributable fractions and
attributable YLD, and (6) estimating the mediation of different risk
factors through other risk factors to compute the burden attributable to
various combinations of risk factors.
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All data were presented as counts and age-standardized rates per
100 000 individuals with Uls. The GBD study was approved by the
University of Washington Institutional Review Board, and de-identified
aggregated data were available with a waiver of informed consent.

2.2. Data sources

In our study, we obtained age-specific YLDs, YLD rates, and age-
standardized YLD rates (ASYRs) of LBP. Successive 5-year age groups
in China were conducted, with 15-19 years to 80-84 years for occupa-
tional ergonomic exposure, 30-34 years to 95 years for smoking, and
20-24 years to 95 years for high BMI. The ASYRs were standardized
using the global age structure of 2019.

Data on LBP in the GBD 2019 were obtained from the World Health
Survey and National Health Survey. PubMed, Embase, CINAHL, and
Ovid Medline electronic databases were searched until the end of
October 2017, and additional studies encountered during the data re-
view were added for GBD 2019 [11]. Reported estimates of prevalence
were split by age and sex using the Bayesian meta-regression model
(DisMod-MR 2.1). The MR-BRT network crosswalk adjustment method
was used to correct for bias among different definitions. Data with a
median absolute deviation of 1.5 or more above the mean were
considered outliers. The evaluation of disability weight in GBD was
based on lay descriptions of sequelae, with a focus on major functional
symptoms and consequences. The severity distributions were derived
from an analysis conducted on the Medical Expenditure Panel Survey in
the United States. In Table S1, the lay descriptions and disability weights
for the LBP severity levels are presented. YLDs were estimated based on
prevalence and disability weights. Moreover, as no evidence of mortality
associated with LBP was found in the GBD study, the values of
disability-adjusted life years and YLDs were equal. In this study, the term
YLDs was used [12].

The associated risk factors in GBD 2019, including occupational er-
gonomic exposure, smoking, and high BMI, were estimated primarily
from the International Labor Organization, cross-sectional nationally
representative household surveys, and systematic reviews [13,14]. For
high BMI, sex-specific MR-BRT models were fitted to the logit difference
between the measured and self-reported data with a fixed effect on the
super-region. For smoking, the supply side was estimated and used to
rescale the estimates of cigarettes per smoker per day to the cigarette
consumption envelope. After splitting the aggregated data into 5-year
age-sex groups, spatiotemporal Gaussian process regression was used
to generate estimates for all years and locations for the primary inputs.

2.3. Case definition

LBP is defined as acute or chronic pain in the back region of the body,
spanning from the lower edge of the twelfth rib to the lower folds of the
buttocks. LBP sometimes may extend to one or both lower limbs, and
should last for at least one day. The International Classification of Dis-
eases, Tenth Revision (ICD-10) codes for LBP are M54.3, M54.4, and
M54.5.

Occupational ergonomic factors were defined as the proportion of
the working population exposed to work that causes LBP based on
population distributions across nine occupational categories. A high BMI
for adults (age 20+ years) was defined as a BMI greater than 20-25 kg/
m?. Smoking was defined as current or former smoking of any tobacco
product.

2.4. Statistical analysis

The join-point regression model was utilized to evaluate the time
trends in ASYRs for LBP and the associated risk factors from 1990 to
2019. It segmented the long-term trends of the ASYRs and subsequently
identified statistically significant trends within different segments [15].
To indicate the direction and magnitude of the trends, we calculated the
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average annual percentage change (AAPC), along with annual percent-
age change for each segment, and 95% confidence intervals (CIs).

The age-period-cohort analysis was utilized to assess the age, period,
and cohort effects on associated risk factors contributing to YLDs of LBP.
This approach disentangled the three trends and yielded relatively
efficient estimation results [16]. The age effect refers to the biological
and social processes of aging. The period effect reflects changes in YLDs
of LBP and its associated risk factors over time that are simultaneously
experienced by all age groups. The cohort effect is attributed to distinct
risk factors and environmental exposures affecting a group of in-
dividuals (cohorts) over time [17]. In our research, we primarily
concentrated on the estimation of local drift, longitudinal age curve,
period, and cohort rate ratios (RRs) [18]. The number of YLDs and the
population were organized into consecutive 5-year periods from 1990 to
2019 and successive 5-year age groups. As all individuals aged >95
years were combined into a single group in the GBD 2019 database, they
were excluded from the age-period-cohort analysis.

Additionally, a log-linear model was utilized to evaluate the esti-
mated annual percentage change (EAPC) of the age-standardized mor-
tality rate: AMSR = exp (B, + Pyear), where year stands for the
calendar year, and 100 x (exp(p;) — 1) represents the EAPC [19]. The
join-point analysis was carried out using the JoinPoint software, version
5.0.2 (May 2023), developed by the National Cancer Institute (Rock-
ville, MD, USA). The age-period-cohort web tool (Biostatistics Branch,
National Cancer Institute, Bethesda, MD, USA; https://analysistools.nci.
nih.gov/apc/) was utilized for the age-period-cohort analysis. Further
analyses were conducted using R version 4.2.1 (R Foundation for Sta-
tistical Computing, Vienna, Austria) and SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA). All statistical tests were two-sided, and statistical
significance was set at P < 0.05.

3. Result

In 2019, the total number of YLDs for LBP attributable to all
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estimated risk factors was 4.36 million (95%UI, 3.07-5.96), accounting
for 42.2% of all YLDs for LBP. There were 2.41 million (95%UI,
1.68-3.29) risk-attributable LBP YLDs in men and 1.95 million (95%UI,
1.35-2.74) risk-attributable LBP YLDs in women. We estimated that
2.86 million (95%UI, 1.99-3.96) YLDs of LBP were attributable to
occupational ergonomic factors, 1.74 million (95%UI, 1.10-2.49) YLDs
of LBP were attributable to smoking, and 0.46 million (95%UI,
0.18-0.90) YLDs of LBP were attributable to high BMI in 2019 (Table 1).
Occupational ergonomic factors were the leading risk factors of LBP
from 1990 to 2019; however, smoking became the leading risk factor in
men after 2009 (Fig. 1).

From 1990 to 2019, we observed upward trends in the number of
YLDs and downward trends in ASYRs, both in China and globally. The
global YLDs for LBP increased by 37.89% from 18.37 million (95%UlI,
12.76-24.83) in 1990 to 25.33 million (95%UI, 17.60-34.20) in 2019,
while ASYRs declined by 23.13% from 397.70 per 100 000 (95%UI,
277.01-537.16) in 1990 to 305.69 per 100 000 (95%UI,
213.05-412.06) in 2019. China has a lower LBP burden and faster
decline rate than the global level. The YLDs for LBP in China increased
by 1.92% from 4.28 million (95%UI, 2.95-5.77) in 1990 to 4.36 million
(95%UI, 3.07-5.96) in 2019, while ASYRs declined by 41.71% from
394.71 per 100 000 (95%UI, 272.87-535.10) in 1990 to 230.07 per 100
000 (95%U1I, 160.80-315.80) in 2019 (Table 1, Fig. 1A). The EAPC of
ASYRs for YLD was —1.50 (95% UI, —1.67 to —1.33) in China (Table S2).

The ASYRs of LBP showed downward trends from 1990 to 2019 in
China, with an average annual percentage change of —1.86 (95% CI,
—1.90 to —1.82) for all estimated risk factors, —2.37 (95% CI, —2.41 to
—2.33) for occupational ergonomic factors, —1.47 (95% CI, —1.52 to
—1.41) for smoking, and 1.48 (95% CI, 1.43 to 1.53) for high BMI
(Table 2). Specifically, the smoking-related LBP burden showed a similar
trend to the LBP burden attributable to all estimated risk factors
(increased by 35.81% in YLDs and decreased by 34.76% in ASYRs). The
occupational ergonomic factor-related burden showed decreasing trends
from 1990 to 2019 (decreased by 17.98% in YLDs and 49.92% in the

Table 1
YLD and Age-standardized YLD rate for LBP and associated risk factors in China and the world.
China Global
Numbers of Age-standardized Percentage Percentage Numbers of Age-standardized Percentage Percentage
YLD (million), rate per 100 000, change in change in ASR, YLDs (million), rate per 100 000, change in change in ASR
2019 2019 number, 1990-2019 (%) 2019 2019 number, 1990-2019 (%)
1990-2019 (%) 1990-2019 (%)
Low back pain attributable to all estimated risk factors
Both 4.36 230.07 1.92 —41.71 25.33 305.69 37.89 —23.13
sexes (3.07-5.96) (160.80-315.80) (17.60-34.20) (213.05-412.06)
Male 241 254.02 5.04 —40.55 13.59 333.25 37.36 —23.58
(1.68-3.29) (176.44-343.93) (9.51-18.39) (233.66-451.91)
Female 1.95 207.85 -1.69 —43.49 11.74 279.54 38.52 —23.00
(1.35-2.74) (143.76-287.72) (8.31-15.91) (197.19-379.24)
Low back pain attributable to occupational ergonomic factors
Both 2.86 155.30 —17.98 —49.92 15.31 185.08 29.92 —24.61
sexes (1.99-3.96) (108.11-213.30) (10.54-20.76) (127.57-250.55)
Male 1.31 141.85 —20.49 —50.70 8.05 195.58 28.49 —25.19
(0.90-1.81) (96.49-195.70) (5.53-10.94) (134.07-265.83)
Female 1.55 169.10 —15.72 —49.63 7.26 (5.01-9.87) 174.77 31.55 —24.21
(1.07-2.15) (116.63-236.32) (120.66-236.59)
Low back pain attributable to smoking
Both 1.74 86.48 35.81 —34.76 9.97 119.49 28.78 —32.45
sexes (1.10-2.49) (54.83-122.89) (6.44-14.04) (77.12-167.97)
Male 1.48 149.23 28.44 —36.92 6.76 (4.35-9.53) 166.09 32.29 -30.72
(0.95-2.12) (95.21-209.97) (107.29-233.95)
Female 0.26 25.00 102.03 -12.78 3.21 (2.07-4.53) 75.10 21.97 —36.37
(0.16-0.39) (15.45-37.09) (48.35-105.97)
Low back pain attributable to high body mass index
Both 0.46 23.37 (9.16-45.50) 196.29 52.23 4.24 (2.25-7.10) 51.15 1335 24.57
sexes (0.18-0.90) (27.08-85.55)
Male 0.19 19.57 (7.46-38.53) 200.75 64.94 1.69 (0.85-2.90) 41.65 145.12 32.83
(0.07-0.36) (21.02-71.11)
Female 0.27 26.96 193.33 42.66 2.55(1.39-4.21) 60.03 126.38 20.30
(0.11-0.54) (10.71-52.33) (32.73-99.20)
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Figure 1. Trends in age-standardized YLD rates of low back pain attributable to different risk factors from 1990 to 2019. YLD, years lived with disability.

ASYR). Contrary to occupational ergonomic factors, high BMI-related In contrast, we also observed that smoking-related ASYR continued to be
burden showed obvious upward trends (increased by 196.29% in YLDs significantly higher among men than women from 1990 to 2019,
and 52.23% in ASYRs) (Table 1). For occupational ergonomic factors although the gap narrowed.

and high BMI, women had significantly higher ASYR for LBP than men. Our results demonstrated that the greatest decline occurred during
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Table 2
Trends of Age-Standardized YLD Rates of LBP and associated risk factors from 1990 to 2019 in China Using join-point Regression.
Both sexes Men Women
Segment Period APC(95%CI) Segment  Period APC(95%CI) Segment Period APC(95%CI)
All estimated risk factors 1 1990-1994 —6.32 (-6.60,- 1 1990-1994 —5.72 (-6.00,- 1 1990-1994 —7.22 (-7.49,-
6.02) 5.42) 6.90)
2 1994-2004 —0.52 (-0.63,- 2 1994-2003 —0.51 (-0.65,- 2 1994-2004 —0.46 (-0.59,-
0.39) 0.36) 0.34)
3 2004-2011 —2.11 (-2.50,- 3 2003-2011 —1.78 (-2.25,- 3 2004-2012 —2.34 (-2.58,-
1.87) 1.62) 2.14)
4 2011-2019 —1.03 (-1.21,- 4 2011-2014 —0.67 (-1.25,- 4 2012-2019 —0.48 (-0.70,-
0.79) 0.31) 0.17)
5 — — 5 2014-2017 —2.52 (-2.97,- 5 — —
1.97)
6 — — 6 2017-2019 0.27 (-0.59.0.99) 6 — —
AAPC 1990-2019 —1.86 (-1.90,- AAPC 1990-2019 —1.77 (-1.82,- AAPC 1990-2019 —1.94 (-1.98,-
1.82) 1.72) 1.90)
Occupational ergonomic 1 1990-1994 —6.78 (-7.07,- 1 1990-1994 —5.91 (-6.30,- 1 1990-1994 —7.67 (-7.94,-
factors 6.48) 5.51) 7.38)
2 1994-2004 —1.05 (-1.17,- 2 1994-2004 —1.26 (-1.56,- 2 1994-2004 —0.86 (-0.96,-
0.92) 1.08) 0.74)
3 2004-2012 —2.86 (-3.10,- 3 2004-2010 —3.03 (-3.70,- 3 2004-2012 —2.84 (-3.04,-
2.67) 1.02) 2.67)
4 2012-2019 —1.10 (-1.32,- 4 2010-2017 —2.03 (-3.06,- 4 2012-2019 —0.71 (-0.91,-
0.82) 1.71) 0.49)
5 — — 5 2017-2019 —0.28 5 — —
(-1.75.0.43)
AAPC 1990-2019 —2.37 (-2.41,- AAPC 1990-2019 —2.40 (-2.48,- AAPC 1990-2019 —2.34 (-2.38,-
2.33) 2.35) 2.30)
Smoking 1 1990-1994 —5.00 (-5.44,- 1 1990-1994 —5.37 (-5.85,- 1 1990-1994 —2.55 (-86,-2.22)
4.51) 4.85)
2 1994-2002 0.39 (0.14.0.67) 2 1994-2002 0.05 (-0.19.0.36) 2 1994-2000 2.96 (2.76.3.18)
3 2002-2019 —1.49 (-1.58,- 3 2002-2019 —1.44 (-1.53,- 3 2000-2005 0.29 (-0.03.0.64)
1.41) 1.35)
4 — — 4 — — 4 2005-2012 —2.10 (-2.42,-
1.89)
5 — — 5 — — 5 2012-2019 —0.98 (-1.18,-
0.69)
AAPC 1990-2019 —1.47 (-1.52,- AAPC 1990-2019 —1.58 (-1.64,- AAPC 1990-2019 —0.45 (-0.49,-
1.41) 1.52) 0.41)
High body mass index 1 1990-1994 —4.91 (-5.30,- 1 1990-1994 —4.19 (-4.58,- 1 1990-1994 —5.36 (-5.69,-
4.55) 3.69) 5.11)
2 1994-2001 3.02 (2.82.3.49) 2 1994-2014 3.00 (2.95.3.07) 2 1994-2001 2.96 (2.80.3.36)
3 2001-2014 2.54 (2.36.2.64) 3 2014-2017 0.14 (-0.36.0.96) 3 2001-2010 2.28 (2.13.2.59)
4 2014-2017 1.14 (0.81.2.55) 4 2017-2019 4.14 (2.98.5.08) 4 2010-2019 1.96 (1.60.2.06)
5 2017-2019 3.04 (1.89.3.74) 5 — — 5 — —
AAPC 1990-2019 1.48 (1.43.1.53) AAPC 1990-2019 1.76 (1.69.1.83)) AAPC 1990-2019 1.25 (1.21.1.28)

1990-1994 in occupational ergonomic factors, smoking, and high BMI.
Although there was a general decrease in smoking-related ASYR for LBP
from 1990 to 2019, we observed an increase from 1994 to 2002, espe-
cially among women. After 1994, high BMI-related ASYR for LBP
increased continuously. Similar trends were observed in both men and
women, while men showed greater changes (greater declines in occu-
pational ergonomic factors and smoking-related ASYR as well as greater
increases in high BMI-related ASYR) than women (Table 2).

We further calculated local drifts using age-period-cohort analysis to
estimate the average annual percentage change of LBP YLD in China
attributable to associated risk factors across age groups, as shown in
Fig. 2. The local drifts for LBP generally increased with age, with fluc-
tuations in the age group of 45-74 years old. These fluctuations were
significantly greater in men than in women. There were evident differ-
ences between the three associated risk factors. The curves showed a
high and slowly increasing trend with age for high BMI, an increasing
trend with age for smoking, and an evident declining trend for occu-
pational ergonomic factors. The curve of local drifts for LBP attributable
to smoking in women was U-shaped across the age groups, with the
greatest increase observed before 39 years of age. Furthermore, high
BMI was the fastest-growing risk factor regardless of sex and age.

The longitudinal age curves for LBP in China are shown in Fig. 3. The
curve of the YLD rate for LBP was inverted U-shaped across age groups,
with the highest YLD rate in the age group of 45-54 years. The YLD rate
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for LBP due to high BMI increased drastically with age, while it reaches a
peak at 40-60 years for occupational ergonomic factor and 65-80 years
for smoking. Among the three associated risk factors for both sexes, the
first leading risk factor was occupational ergonomic factors before 65
years of age, followed by smoking. Smoking had a greater effect on LBP
in men than in women. The leading risk factors were smoking after 40
years of age in men and after 80 years of age in women.

Figs. 4 and 5 show the estimated period and cohort effects of the YLD
on LBP and its associated risk factors in China. The period RRs of the LBP
YLDs decreased from 1990 to 2019. The RRs of smoking and occupa-
tional ergonomic factor decreased over the past three decades, while the
RRs of high BMI increased. The results for cohort effects were similar to
those for period effects.

4. Discussion

Using the data from GBD 2019 study, we estimated the time trends of
the LBP burden and its associated risk factors between 1990 and 2019.
We found that China had much lower ASYRs and faster rates of decrease
in attributable LBP burden than the global level. There were obvious
downward trends in the ASYRs, period, and cohort RRs for LBP attrib-
utable to all estimated risk factors from 1990 to 2019 in China, with the
greatest decline for occupational ergonomic factors and the increase for
high BMI. Notably, there was a rapid decline between 1990 and 1994.
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Figure 2. Local drift for YLD rates of low back pain attributable to different risk factors in China. YLD, years lived with disability.

Age is one of the most significant demographic factors associated with
LBP. The age-period-cohort effect analysis showed a continuously
increasing local drift with increasing age among men and women.
Additionally, women had a significantly higher ASYR for LBP than men
for occupational ergonomic factors and high BMI, while smoking-related
ASYR for LBP continued to be significantly higher in men than in
women.

In this study, there was a 41.71% decrease in the percentage change
in ASYR for LBP attributable to all estimated risk factors from 1990 to
2019 in China. During the same period, a global decrease of 23.12% was
observed. Previous studies have shown that China had the largest YLD
for LBP, and the fastest decline in ASYR for LBP was attributed to all
estimated risk factors among 204 countries and territories [11]. Given
that the crude YLD rate in China is relatively low among countries and
territories in the world, the absolute YLD of China is in line with its large
population. For the decline in ASYR of China, it was likely that exercise
alone or in combination with education contributed to the decline over
time [4]. Previous study showed an example strategy in villages in rural
Tibet, where 34% of people reported LBP, which consisted of training in
back pain prevention and management in combination with a stand to
support water containers. It evidently eased the burden of collecting
water with the potential to also reduce back pain prevalence and asso-
ciated disability [20]. Furthermore, developments in athletics facilities
coverage, increased health awareness, and improved public health ini-
tiatives in LBP and associated risk factors prevention have also
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contributed to the decline [21]. The decrease in ASYR for LBP due to
occupational ergonomic factors was the main component of the decline
in China. The decreases in occupational ergonomic factors over time
primarily reflected a proportional decrease in employment in high-risk
occupations, such as agricultural and labor-intensive jobs [22]. Before
the 1980s, the degree of automation and mechanization of industrial
and agricultural production in China was inadequate. Manual labor and
manual operations were the main occupational modes, resulting in a
large number of patients with LBP caused by occupational ergonomic
factors. China’s emphasis on development, mechanization, and auto-
mation has shifted from an occupational model based on manual labor
to one based on mechanical automation. There was evidence that the
share of routine manual jobs declined from 57% in 1990 to 32% in 2015
[23]. Moreover, the promotion of national programmes such as smoking
bans and Healthy China 2030 Strategy might have influenced the
decrease in YLD for LBP [24-26].

Although there was a decrease in ASYR in YLD attributable to all
estimated risk factors from 1990 to 2019, we observed a faster decrease
between 1990 and 1994, which was generally consistent with the
findings of LBP incidence at particular time points [21]. Specifically, the
decline was significant in the ASYR for LBP attributable to occupational
ergonomic factors, smoking, and high BMI between 1990 and 1994,
regardless of sex. There are two possible reasons for this observation.
First, the reform of state-owned enterprises (SOEs) and the relaxation of
the restrictions on population mobility contributed to occupational
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Figure 3. Longitudinal age curves for YLD rates of low back pain attributable to different risk factors in China. YLD, years lived with disability.

transitions in the late 1990s in China. From 1995, and especially after
the Fifteenth Communist Party Congress, the government implemented
a privatization policy of “retaining the large and letting go of the small,”
to privatize small and medium-sized SOEs. According to the official data,
an estimated 34 million workers were laid off from the state sector to
reduce redundant labor from 1995 to 2001 [27]. This has turned large
numbers of workers with comfortable, secure jobs into unstable and
manual work. Another biggest shock came from the relaxation of the
restrictions on population mobility. Around 1995, the unique
house-hold registration system to identify a person as a resident of a
particular area of China, known as hukou, began to relax [28]. Since
then, a large number of rural migrants flow into prosperous areas, taking
on more routine manual jobs and low-paid jobs, which also increased the
risk of low back injuries caused by occupational factors after 1995 [23].
Census data showed that the decline rate of agricultural-related pro-
duction personnel in China after 1994 was less than half of that before
1994 [29]. Second, with the advent of the Internet era, desk work had
become the main way of life for urban workers. The increasing pro-
portion of the working-age population who spent most of their time in
front of a computer and always sustained postures contributed to the
increased LBP-related burden [21]. Moreover, the low awareness of
serious LBP-related potential consequences created therapeutic inertia,
which could further hinder the implementation of LBP prevention in a
timely and effective manner.

Substantial gaps were apparent by sex in LBP burden. In this study,
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we observed a heavier LBP burden attributable to all estimated risk
factors in men than in women, which is consistent with previous findings
[11]. However, women had a heavier LBP burden than men. The main
reason for this is that the estimated risk factors were limited and
insufficient to fully represent the total LBP burden. Of the three risk
factors identified thus far, we observed that women had a significantly
higher ASYR for LBP than men for occupational ergonomic factors and
high BMI, while smoking-related ASYR for LBP continued to be signifi-
cantly higher among men than among women. There was a large dif-
ference in the YLD for LBP attributable to smoking between men and
women, resulting in a higher YLD for LBP attributable to all estimated
risk factors in men than in women. Probable explanations for sex dif-
ferences could be physiological characteristics, disease risks, diagnosis,
and management in different life stages between men and women [30].
Specifically, lower muscle content of the lower back, menstrual cycle
fluctuations, and special hormonal factors in women may play an
important role in the etiology and pathophysiology of LBP. Higher
sensitivity to pain among women and a perceived greater willingness to
report painful symptoms may also explain it [21]. Additionally, the
lower smoking-related YLD for LBP in women than in men may be due to
the lower prevalence of smoking. Nevertheless, the 102% increase in
smoking-related YLD in women from 1990 to 2019 requires continued
attention.

Age is one of the most significant demographic factors associated
with LBP. A previous study demonstrated that older adults had a higher
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Figure 4. Period rate ratio for YLD rates of low back pain attributable to different risk factors in China. YLD, years lived with disability.

prevalence and poorer functional recovery than young adults, which
resulted in higher YLD rates in the senior population [1,31]. In this
study, age-period-cohort analysis showed a continuously increasing
local drift with increasing age among men and women. Several factors
may contribute to the effect of age on YLD for LBP. On the one hand,
intervertebral disc degeneration is an important risk factor for LBP, and
the degree of degeneration increases with age. A higher degree of
intervertebral disc degeneration in older adults directly leads to a higher
LBP burden. On the other hand, there is a vicious cycle of pain and
inactivity that could be catalyzed by age. Aging is associated with pain.
Clustering of musculoskeletal pain restricted physical activities. Insuf-
ficient physical activity accelerates deterioration of the musculoskeletal
system, which is vulnerable to pain. In addition, the highest YLD rates of
LBP were observed in the group aged 45-49 years in men, while in
women, it was observed in the group aged 50-54 years. This indicates
that these populations are vulnerable to LBP in China, directly impacting
clinical practice and policy. Preventive and educational approaches
targeting these specific groups should be encouraged.

The cohort effects of LBP showed monotonically decreasing trends
between 1915-1919 and 2000-2004 birth cohorts in both men and
women, which suggests that the population born in early birth cohorts
had higher risks than those born in later birth cohorts. The downward
trends in cohort effects may have been caused by economic development
and environmental and educational improvements. A poor
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environment, low socioeconomic status, and early childhood malnutri-
tion may have profound adverse effects on health status, leading to
higher risks in adulthood. With the development of socioeconomic and
healthcare systems, later generations, having better nutrition, aware-
ness of physical activity, and healthy dietary patterns, might associated
with lower risks of LBP [21].

To our knowledge, this is the first study to systematically investigate
the time trends in YLD for LBP and its associated risk factors according to
sex in China, which has remarkable public health implications. Using
comparable data across time, we elaborated on the temporal trend in the
attributable LBP burden in China from 1990 to 2019 and identified
different changing patterns for LBP-associated risk factors. Although the
LBP burden in China has decreased drastically over the past 30 years,
China still has the highest YLD worldwide. Therefore, strategies for LBP
prevention should be comprehensively implemented in China. Further-
more, these results may be valuable for identifying vulnerable sub-
populations and improving LBP management in other countries or
regions with similar conditions.

This study illuminated the temporal trends in YLD for LBP and
associated risk factors in China using the GBD 2019 study, which pro-
vided the latest data and internally consistent estimates of age-sex-
location-year-specific burden and had satisfactory quality to reduce
the possibility of misclassification of outcomes [2,11]. However, there
were a few limitations. First, data sources in the present study were
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Figure 5. Cohort rate ratio for YLD rates of low back pain attributable to different risk factors in China. YLD, years lived with disability.

obtained from modeled data through processes in DisMod-MR 2.1,
rather than direct measurements, resulting in an inevitable bias, as
described previously [2,11]. The accuracy of the findings relies heavily
on modeled data. It is important to emphasize that the estimates should
serve as a complement rather than a substitute for the public health
work to improve directly observed data in China. However, many
adjusted methods were used to reduce bias in the GBD 2019, and the
reliability of this source has been confirmed by previous literature and
the IHME annual report. Second, most of the studies that contributed to
the RR measures in the GBD 2019 study were based in developed
countries rather than in developing countries such as China. Its appli-
cability in China is worth discussing. Third, this study adopted a national
perspective to analyze the burden of LBP and its associated risk factors in
China. We only highlighted the benefits at the national level, which
might not be guided at the individual level. Further research is necessary
to confirm the new findings based on individual-level studies. Last, the
age-period-cohort analysis in this study was based on estimated
cross-sectional data of the GBD from 1990 to 2019, which was not a
cohort study. Despite these limitations, this study is the first to
comprehensively assess the time trends of attributable LBP burden in
China and provide strong support for the need to identify, develop, and
implement effective interventions, primarily by decreasing exposure to
causative occupational ergonomic factors and smoking. These results
can serve as a baseline for relevant policies and follow-up studies.
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In conclusion, our results provided strong evidence that ASYRs and
the risk of LBP attributable to all estimated risk factors in China have
been declining over the past three decades, with different changing
patterns for different associated risk factors. This suggested that effec-
tive strategies for LBP prevention should be strictly implemented in
China, particularly in the senior population, which is of crucial trans-
lational potential.

The use of AI and Al-assisted technologies in scientific writing
We declare no Al or Al-assisted technology was used.
Funding

This work was supported by the National Natural Science Foundation
of China (82272540).

Data sharing statement

Data used for the analyses in our study are publicly accessible from
http://ghdx.healthdata.org/gbd-results-tool.


http://ghdx.healthdata.org/gbd-results-tool

J. Zhang et al.
Acknowledgments

We acknowledge the GBD Collaborators who prepared the publicly
accessible data. And we also acknowledge funding by the National
Natural Science Foundation of China (82272540).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jot.2024.02.006.

References

[1] Knezevic NN, Candido KD, Vlaeyen JWS, Van Zundert J, Cohen SP. Low back pain.
Lancet 2021;398:78-92.

[2] GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet 2020;396:1204-22.

[3] CpsGoTPsRo China. Communique on the development of the national cause for
aging in 2021. 2022. Available at, https://www.gov.cn/xinwen/2022-10/26/c
ontent 5721786.htm. [Accessed 15 October 2023].

[4] Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention
and treatment of low back pain: evidence, challenges, and promising directions.
Lancet 2018;391:2368-83.

[5] Hoogendoorn WE, van Poppel MN, Bongers PM, Koes BW, Bouter LM. Physical load
during work and leisure time as risk factors for back pain. Scand J Work Environ
Health 1999;25:387-403.

[6] Jin K, Sorock GS, Courtney T, Liang Y, Yao Z, Matz S, et al. Risk factors for work-
related low back pain in the People’s Republic of China. Int J Occup Environ
Health 2000;6:26-33.

[7] Zhou J, Mi J, Peng Y, Han H, Liu Z. Causal associations of obesity with the
intervertebral degeneration, low back pain, and sciatica: a two-sample mendelian
randomization study. Front Endocrinol 2021;12:740200.

[8] Battié MC, Videman T, Gibbons LE, Fisher LD, Manninen H, Gill K. 1995 Volvo
Award in clinical sciences. Determinants of lumbar disc degeneration. A study
relating lifetime exposures and magnetic resonance imaging findings in identical
twins. Spine 1995;20:2601-12.

[9] Yip W, Fu H, Chen AT, Zhai T, Jian W, Xu R, et al. 10 years of health-care reform in
China: progress and gaps in Universal Health Coverage. Lancet 2019;394:
1192-204.

[10] National Health Commission of the People’s Republic of China. Healthy China:
start a new journey of happiness. 2015. Available at, http://www.nhc.gov.cn/
xcs/wzbd/201503/bed5272e72824491812b004eb1aa0bf6.shtml. [Accessed 9
March 2015].

[11] GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204
countries and territories, 1990-2019: a systematic analysis for the Global Burden of
Disease Study 2019. Lancet 2020;396:1223-49.

[12] Safiri S, Kolahi AA, Smith E, Hill C, Bettampadi D, Mansournia MA, et al. Global,
regional and national burden of osteoarthritis 1990-2017: a systematic analysis of
the Global Burden of Disease Study 2017. Ann Rheum Dis 2020;79:819-28.

265

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Journal of Orthopaedic Translation 45 (2024) 256-265

International Labour Organization. Statistics and databases. Available at: https
://www.ilo.org/global/statistics-and-databases/lang-en/index.htm. [Accessed 14
August 2023].

GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative
risk assessment of 84 behavioural, environmental and occupational, and metabolic
risks or clusters of risks for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet 2018;392:1923-94.
Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for Joinpoint
regression with applications to cancer rates. Stat Med 2000;19:335-51.

Clayton D, Schifflers E. Models for temporal variation in cancer rates. II: age-
period-cohort models. Stat Med 1987;6:469-81.

Yang Y, Land KC. Age-Period-cohort analysis: new models, methods, and empirical
applications. 2013.

Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort analysis
of cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prev 2014;
23:2296-302.

Zheng Y, Yu Q, Lin Y, Zhou Y, Lan L, Yang S, et al. Global burden and trends of
sexually transmitted infections from 1990 to 2019: an observational trend study.
Lancet Infect Dis 2022;22:541-51.

Hoy DG, Morgan C, Toole M, Beyer H. The back happy tap-stand. J Water Supply
Res Technol - Aqua 2005;54:261-3.

Wei J, Chen L, Huang S, Li Y, Zheng J, Cheng Z, et al. Time trends in the incidence
of spinal pain in China, 1990 to 2019 and its prediction to 2030: the global burden
of disease study 2019. Pain Ther 2022;11:1245-66.

Driscoll T, Jacklyn G, Orchard J, Passmore E, Vos T, Freedman G, et al. The global
burden of occupationally related low back pain: estimates from the Global Burden
of Disease 2010 study. Ann Rheum Dis 2014;73:975-81.

Ge P, Sun W, Zhao Z. Employment structure in China from 1990 to 2015. J Econ
Behav Organ 2021;185:168-90.

Zhang J, Astell-Burt T, Seo DC, Feng X, Kong L, Zhao W, et al. Multilevel evaluation
of *China Healthy Lifestyles for All’, a nationwide initiative to promote lower
intakes of salt and edible oil. Prev Med 2014;67:210-5.

National Health Commission of the People’s Republic of China. Healthy China:
start a new journey of happiness. 2015. Available at: http://www.nhc.gov.cn/
xcs/wzbd/201503/bed5272e72824491812b004eblaa0bf6.shtml. [Accessed 10
March 2023].

Health Ministry of the People’s Republic of China. Detailed rules for the
implementation of the health Management Regulations in public places. 2011.
Available at: https://www.gov.cn/flfg/2011-03/22/content_1829432.htm.
[Accessed 3 October 2023].

Giles J, Park A, Cai F. How has economic restructuring affected China’s urban
workers? China Q 2006;185:61-95.

Cai F, Park A, Zhao Y. The Chinese labor market in the reform era. In: Brandt L,
Rawski TG, editors. China’s great economic transformation. Cambridge:
Cambridge University Press; 2008. p. 167-214.

National bureau of statistics. China statistical yearbook 2022. 2022. Available at:
http://www.stats.gov.cn/sj/ndsj/2022/indexch.htm. [Accessed 26 September
2023].

Jin Z, Feng X, Wang D, Zhu Y, Liang J, Zhang H, et al. Global, regional and national
trends in sex- and age-specific disability-adjusted life years of musculoskeletal
disorders, 1990-2019. Rheumatology 2022;61:2978-86.

Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic review of
the global prevalence of low back pain. Arthritis Rheum 2012;64:2028-37.


https://doi.org/10.1016/j.jot.2024.02.006
https://doi.org/10.1016/j.jot.2024.02.006
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref1
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref1
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref2
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref2
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref2
https://www.gov.cn/xinwen/2022-10/26/content_5721786.htm
https://www.gov.cn/xinwen/2022-10/26/content_5721786.htm
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref4
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref4
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref4
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref5
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref5
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref5
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref6
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref6
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref6
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref7
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref7
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref7
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref8
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref8
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref8
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref8
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref9
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref9
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref9
http://www.nhc.gov.cn/xcs/wzbd/201503/bcd5272e72824491812b004eb1aa0bf6.shtml
http://www.nhc.gov.cn/xcs/wzbd/201503/bcd5272e72824491812b004eb1aa0bf6.shtml
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref11
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref11
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref11
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref12
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref12
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref12
https://www.ilo.org/global/statistics-and-databases/lang--en/index.htm
https://www.ilo.org/global/statistics-and-databases/lang--en/index.htm
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref14
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref14
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref14
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref14
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref15
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref15
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref16
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref16
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref17
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref17
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref18
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref18
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref18
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref19
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref19
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref19
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref20
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref20
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref21
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref21
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref21
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref22
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref22
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref22
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref23
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref23
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref24
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref24
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref24
http://www.nhc.gov.cn/xcs/wzbd/201503/bcd5272e72824491812b004eb1aa0bf6.shtml
http://www.nhc.gov.cn/xcs/wzbd/201503/bcd5272e72824491812b004eb1aa0bf6.shtml
https://www.gov.cn/flfg/2011-03/22/content_1829432.htm
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref27
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref27
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref28
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref28
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref28
http://www.stats.gov.cn/sj/ndsj/2022/indexch.htm
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref30
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref30
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref30
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref31
http://refhub.elsevier.com/S2214-031X(24)00022-6/sref31

	Time trends in the burden of low back pain and its associated risk factors in China from 1990 to 2019
	1 Introduction
	2 Method
	2.1 Overview
	2.2 Data sources
	2.3 Case definition
	2.4 Statistical analysis

	3 Result
	4 Discussion
	The use of AI and AI-assisted technologies in scientific writing
	Funding
	Data sharing statement
	Acknowledgments
	Appendix A Supplementary data
	References


