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Purpose: This study, aimed to report the rates and trends of the prevalence, incidence, and years lived with disability caused by neck
pain in the general population of China from 1990 to 2021 and forecast the incidence, prevalence, and disability-adjusted life Years
(DALYs) from 2022 to 2042.

Methods: We used data from the Global Burden of Diseases Study (GBD) 2021. The annual percentage change (APC) and average
APC between 1990 and 2021 were calculated using joinpoint regression analysis. An autoregressive integrated moving average
(ARIMA) model was used to forecast the incidence, prevalence, and DALY rates between 2022 and 2042.

Results: From 1990 to 2021, the disease burden of neck pain in China showed a clear upward trend, with age-standardised incidence
rate (ASIR), age-standardised prevalence rate (ASPR), and DALY rates being significantly higher in females than in males. Especially
in terms of DALY, Aging has had the largest impact, contributing 61.88% of the increase, while population growth has accounted for
32.43%. Joinpoint regression analysis showed that the incidence and prevalence of neck pain in China increased gradually from 2000
to 2021. Data from 2021 showed that individuals aged 45-59 years are the most affected by neck pain, regardless of sex. The
prediction results of the ARIMA model indicate that China’s ASIR and ASPR for neck pain are projected to continue increasing over
the next 20 years.

Conclusion: Neck pain is a serious public health problem in the general Chinese population. This may be related to changes in
people’s lifestyles and work patterns due to improvements in societal well-being and technology. Raising awareness of the risk factors
for neck pain in the general population could help reduce the future burden of neck disorders, and neck pain should be a priority for
future research on prevention and therapy.
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Introduction

Neck pain (NP) is a significant public health challenge and a major concern in contemporary society.' It is the foremost
cause of disability and poses considerable economic and medical burdens in high-income nations while gaining
recognition as a pertinent issue in low- and middle-income countries, particularly among middle-aged and older
adults.>* The Global Burden of Disease (GBD) Study 2021, and research on the epidemiology of NP identified neck
and back pain as the fourth leading cause of disability-adjusted life years (DALYs). Based on the existing literature,
a particular study estimated the 1-year incidence of NP to range from 10.4% to 21.3%.” Given the rapid technological
advancements and the ageing population in China, the prevalence and incidence of NP are expected to continue to
increase. In specific occupational sectors, annual prevalence rates of 54%-76% have been reported.*> A comprehensive
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understanding of the impact of NP on individuals is essential for developing targeted lifestyle interventions across diverse
populations and fostering the implementation of effective national health policies.®

Additionally, NP is categorised as a musculoskeletal condition,” and substantial evidence indicates a correlation
between musculoskeletal conditions and chronic diseases.® Individuals suffering from musculoskeletal conditions exhibit
a 17% increased risk of developing chronic diseases.” On 11 May 2021, China unveiled the main findings of its seventh
national population census, which indicated that the total population of the mainland had reached approximately
1.3 billion in 2020, an increase from 1.33972 billion in 2010.'%'" In pursuit of the ambitious objectives outlined in
the Healthy China 2030 blueprint,'? it is imperative to incorporate the most recent data concerning the burden of NP from
the GBD 2021 estimates.'® This included an examination of the prevalence, incidence, and years lived with disability
(YLDs) attributable to NP, as well as the changes observed from 1990 to 2021.'* A comprehensive analysis of these data
could significantly enhance our understanding of the current prevalence and impact of NP across various developmental
stages in China, thereby providing a valuable basis for etiological research and evaluation of the healthcare system.

The GBD 2021 offer a standardised methodology for evaluating the burden of NP in China.'” This study aimed: (1) to
investigate the incidence, prevalence, and YLDs attributable to NP within the general population of China from 1990 to
2021, with stratification by age and sex; (2) to examine the independent influences of age, period, and cohort on the
incidence of NP during the same timeframe, including a sex-based analysis of influences; and (3) to apply the
autoregressive integrated moving average (ARIMA) model to forecast the overall incidence, prevalence, and DALYs
rates from 2022 to 2042. The results of this study may provide valuable insights for health policymakers in China,
enhance their understanding of the burden of NP, and facilitate the formulation of timely and effective preventive
measures.

Resources and Methods

Overview

The GBD 2021 study offers an extensive analysis of all-cause and cause-specific mortality, in addition to disabilities
linked to significant diseases and injuries. This study incorporates data from 204 countries, from 1990 to 2021,
categorised by age, sex, and demographic factors. Our investigation specifically focused on the prevalence, incidence,
and YLDs of NP in China.'®

Definitions and Data Sources
Case definition for NP (ICD-11 code: ME84.2, ICD-10 code: M54.2) was defined as discomfort or pain localised in the
cervical spine region, which may radiate to the arms and persist for a minimum duration of 24.*'7

Information regarding the incidence, prevalence, DALY, and age-standardised rates (ASRs) was obtained from the
GBD 2021 study (https://www.healthdata.org/research-analysis/gbd).

The GBD database is an extensive repository curated by global health research institutions and spearheaded by the
Institute for Health Metrics and Evaluation at the University of Washington.'®!'” The GBD 2021 initiative systematically
quantifies approximately 369 diseases and injuries across 204 countries from 1990 to 2021. The data are categorised by

age, sex, year, and geographical location, thereby facilitating comparisons of disease burden across a diverse array of
conditions.”® The research team used the DisMod-MR 2.1 Bayesian meta-regression methodology to estimate the
prevalence, incidence, and DALY's outcomes across various age and sex demographics in all provinces of China.*' In
our analysis, the incidence and population data were categorised into consecutive 5-year intervals from 1990 to 2021.
Age groups were defined by successive 5-year increments, ranging from “<5” years to “95+”, resulting in 20 distinct age
categories. This methodological framework enabled a thorough examination of the trends and identification of different
risk groups. Additionally, According to Article 32, Items 1 and 2 of Chapter III of the Measures for Ethical Review of
Life Science and Medical Research Involving Human Subjects, which was issued by the Central People’s Government of
the People’s Republic of China on February 18, 2023, the following types of life science and medical research involving
human subjects that utilize human information data or biological samples may be exempted from ethical review if they
do not cause harm to human bodies, involve sensitive personal information, or involve commercial interests. This
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exemption aims to reduce unnecessary burdens on researchers and promote the development of life science and medical
research involving human subjects.”?

(1) Research conducted using legally obtained public data, or data generated through observation without interfering
with public behavior. (2) Research conducted using anonymized information data.

This study relied on publicly accessible data, thus ethical approval was not required.

Research Methods
Prevalence and Disease Burden Analysis of NP
Using data from the GBD 2021 database, the prevalence of NP can be determined using publicly accessible metrics,
including incidence rates (crude rates), incidence numbers, prevalence rates (crude rates), and prevalence numbers.*® The
burden of NP can be assessed using crude DALY rates,** which quantify the total years of healthy life lost from the onset
of the disease until death. This encompasses the years of life lost (YLLs) attributable to premature mortality and YLDs
associated with disease-related impairments. In accordance with the current age classifications in the GBD database, the
study segmented the population into 20 distinct 5-year age intervals. The specified age groups are as follows: <5, 5-9,
10-14, 15-19, 2024, 25-29, 30-34, 35-39, 4044, 4549, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, 85-89,
90-94, and >95 years. This systematic framework enabled a comprehensive analysis of the trends and patterns across
various life stages. The overall trend in NP development was assessed using the rate of change and estimated annual
percentage change (EAPC).25

The EAPC was derived using a linear regression model using ASRs in conjunction with the calendar year. In contrast
to the estimates produced by DisMod-MR 2.1, we included a 95% confidence interval (95% CI) for each EAPC.
Correlation analysis was performed using the Spearman rank-order correlation method, with statistical significance at
P<0.05.%° Comprehensive data analysis and visualisation were performed using the R software (version 4.3.3) and SPSS
Statistics (version 29.0).

ARIMA (p, d, q) Model

The ARIMA model serves as a tool for forecasting future values based on the historical values of the variable.?” This model
comprises three primary components: Autoregressive (AR), moving average (MA), and integration (I). Its standard notation
is ARIMA (p, d, q), where “p” denotes the order of autoregression, “d” signifies the order of differencing, and “q” represents
the order of the moving average.”® The AR (p) model is a p-order autoregressive model, whereas the MA (q) model
corresponds to a g-order moving-average process.”’ The underlying principle of the ARIMA model is to conceptualise the
data generated by the target variable over time as a stochastic sequence. This methodology uses a mathematical framework to
characterise the inherent autocorrelation in sequences. By capitalising on the relationship between historical and current

values within a sequence, the model endeavours to accurately predict future values.*

Detailed Steps for Building the Model

(1) Conduct stationarity tests on time series data. If a series does not satisfy the conditions for stationarity,
differencing transformations were applied to convert it into a stationary series.

(2) The parameters were estimated using graphs of the autocorrelation function (ACF) and partial autocorrelation
(PACF). By determining the order of differencing, we obtained the parameters p, d, and q.

(3) The fitting effect was observed using visualisation methods, and the significance of the parameters was assessed.

(4) SPSS software was used for modelling, the results of the fitting parameters were compared, and the final model
was selected.

(5) A white-noise test is conducted on the residual sequence of the fitted model.

(6) Predicted data.

Statistical Analysis
The R software (version 4.3.3) was used to analyse and organise the data pertaining to the incidence, prevalence, and
DALYs associated with NP, to elucidate the disease burden of NP in China. Joinpoint software (version 4.9.0.1; National
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Cancer Institute, Rockville, MD, USA) was used to develop the linear statistical models.*’ The objective of this study
was to identify the optimal model and examine the temporal trends in the disease burden of NP in China, as indicated by
the estimation of the average annual percent change (AAPC). Statistical significance was set at P< 0.05. Furthermore,
SPSS Statistics (version 29.0) will be used to construct an ARIMA model to project the incidence, prevalence, and
DALYs of NP in China from 2022 to 2042, maintaining a significance level of a = 0.05.

Decomposition Analysis

Decomposition analysis was used to provide a visual representation of the contributions of the three factors affecting
variations in DALYs from 1990 to 2021, which pertain to the underlying age-and population-adjusted mortality and
morbidity rates.*?

Results
Overall Burden of NP in China from 1990 to 2021

Disease burden and the trends of NP in China are represented in Tables 1 and 2. In 2021, the number of NP cases in
China was 10,292,099 (95% CI: 8062750, 13,039,595), representing a 66.21% increase compared with 1990. The age-
standardised incidence rate (ASIR) increased from 558.53 per 100,000 in 1990 to 567.23 per 100,000 in 2021,
representing a change rate of 1.56%. The EAPC was 0.08% (0.06, 0.11) (P<0.05). In 2021, there were 48,377,403
(95% CI: 37665090, 60063295) prevalent cases of NP in China, marking an increase of 82.35% since 1990. The age-
standardised prevalence rate (ASPR) increased from 2,479.42 per 100,000 in 1990 to 2,549.87 per 100,000 in 2021,

Table | Disease Burden of Neck Pain in China, 1990-2021

Category Prevalence (Number) Incidence (Number) DALYs (person-year)
(95% UI) (95% UI) (95% UI)
1990 2021 1990 2021 1990 2021
Both 26530054 48,377,403 6,192,332 10,292,099 2,675,172 4,807,593
(20,347,966,32,917,308) (37,665,090,60,063,295) (4,778,922,7,748,853) (8,062,750,13,039,595) (1,740,002,3,911,198) (3,155,339,6,903,309)
Female 14885765 28,277,014 3,405,745 5,810,879 1,490,376 2,793,902
(11,515,444,18,433,543) (21,872,002,35,243,385) (2,615,618, 4,251,513) (4,580,451,7,341,714) (977,310,2,174,460) (1,844,448,3,931,333)
Male 11644288 20,100,389 2,786,587 4,481,219 1,184,795 2,013,690
(8,887,146,14,697,208) (15,686,712,25,117,319) (2,139,156, 3,487,342) (3,481,377,5,687,594) (774,026,1,719,942) (1,329,395,2,863,368)

Table 2 Disease Burden and the Trends of Neck Pain in China, 1990-2021

Category 1990 2021 Rate of Change(%) | EAPC (95% CI)(%)

Incidence Rate
(per 100,000)

Both 558.53 (441.06,693.01) 567.23 (448.50,699.80) 1.56 0.08 (0.06, 0.11)*
Male 491.91 (385.24,609.50) 495.84 (388.22,612.99) 0.80 0.06 (0.02, 0.09*
Female 630.29 (494.87,782.65) 641.37 (513.62,789.56) 1.76 0.09 (0.06, 0.11)*

Prevalence Rate
(per 100,000)

Both 2479.42 (1942.66,3042.93) | 2549.87 (2007.89,3141.64) 2.84 0.13 (0.10, 0.16)*
Male 2123.91 (1673.28,2638.36) | 2148.84 (1700.57,2623.78) 1.18 0.07 (0.04, 0.11)*
Female 2855.52 (2245.42,3512.27) | 2957.42 (2302.40,3672.13) 3.57 0.16 (0.13, 0.18)*
DALYs rate
(per 100,000)
Both 248.00 (163.93,353.44) 254.77 (166.89,357.93) 2.36 0.13 (0.10, 0.16)*
Male 214.03 (142.11,307.82) 216.09 (144.90,307.55) 0.93 0.07 (0.03, 0.10)*
Female 284.09 (188.02,405.92) 294.19 (193.52,414.36) 3.52 0.16 (0.13, 0.18)*

Note: “indicates P < 0.05.
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representing a change rate of 2.84%. The EAPC was 0.13% (0.10, 0.16) (P<0.05). In 2021, the DALY's for NP in China
amounted to 4,807,593 person-years, reflecting an increase of 79.71% compared with 1990. The DALY rate increased
from 248.00 per 100,000 in 1990 to 254.77 per 100,000 in 2021, representing a change rate of 2.36%. EAPC was 0.13%
(0.10, 0.16) (P<0.05).

The Disease Burden of NP Among Different Sexes in China from 1990 to 2021

When comparing males and females in 1990 vs 2021 (Tables 1 and 2), or when comparing males and females at either
study time point, we observed a gradual increase in age-standardised incidence and prevalence rates. Furthermore, the
number of incident cases, prevalent cases, incidence rates, and prevalence rates among females from 1990 to 2021 were
significantly higher than those among males. The detailed analysis is as follows.

In 2021, the number of NP incident cases among males in China was 4,481,219 (95% CI: 3481377,5,687,594),
representing an increase of 60.81% compared with 1990. The ASIR increased from 491.91 per 100,000 in 1990 to
495.84 per 100,000 in 2021, with a change rate of 0.80%. The EAPC was 0.06% (P<0.05). In 2021, the number of NP-
predominant cases among men in China was 20,100,389 (95% CI: 15686712, 25,117,319), representing an increase of
72.62% compared with 1990. The ASIR increased from 2123.91 per 100,000 in 1990 to 2148.84 per 100,000 in 2021,
representing a change rate of 1.18%. The EAPC was 0.07% (P<0.05). In 2021, the DALYs for NP among men in China
totalled 2,013,690 person-years, reflecting an increase of 69.96% compared with 1990. The DALY rate increased from
214.03 per 100,000 in 1990 to 216.09 per 100,000 in 2021, resulting in a change rate of 0.93%. The EAPC was 0.07%
(P<0.05), Figures 1 and 2.

In 2021, the number of NP incidence cases among females in China was 5,810,879 (95% CI: 4580451, 7,341,714),
representing an increase of 70.62% compared with 1990. The ASIR increased from 630.29 per 100,000 in 1990 to
641.37 per 100,000 in 2021, representing a change rate of 1.76%. The EAPC was 0.09% (P<0.05). In 2021, the number
of NP prevalent cases among females in China was 28,277,014 (95% CI: 21872002,35,243,385), marking an increase of
89.96% compared with 1990. The ASPR increased from 2855.52 per 100,000 in 1990 to 2957.42 per 100,000 in 2021,
representing a change rate of 3.57%. The EAPC was 0.16% (P<0.05). In 2021, the DALY's for NP among males in China
was 2,793,902 person-years, reflecting an increase with 87.46% compared to 1990. The DALYs rate increased from
284.09 per 100,000 in 1990 to 294.19 per 100,000 in 2021, resulting in a change rate of 3.52%. The EAPC was 0.16%
(P<0.05), Tables 1 and 2.

30000000 VTTTHHHH 3000

E sl { { ‘ S 1 Nmf.
T e e

0 | & R/ R/ R % 2 8 '8 % 8 R R R/ R _HR G %/ 8% R R B R _ R _§ B R . R R R R R |

000°001 Jod ajes 9ousjersid pazipiepue)s-aby

o

1990 2000 2010 2020
Year

Figure | Age-standardized Incidence (per 100,000 population) and number of prevalent cases of females and males in China from 1990 to 2021.
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Figure 2 Age-standardized prevalence (per 100000 population) and number of prevalent cases of females and males in China from 1990 to 2021.

The Disease Burden of NPs Across Different Age Groups in China from 1990 to 2021

Figure 3 shows the prevalence, incidence numbers, and ASRs of NP among different age groups in 2021. The national
age-standardised incidence of NP initially increased from the 30-34 age group to the 55-59 age group before declining in
the older age groups in 2021. NP is more prevalent among individuals aged 30—34 years and shows a rapid increase
between 30 and 49 years. Similar trends were observed regarding the incidence, with a significant increased observed
after 30 years of age. The highest incidence peaks occurred between 45 and 59 years of age. Women exhibited higher
prevalence rates, incidence rates, and numbers of both incident and prevalent cases than men.
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Figure 3 (A) 2021 Age-specific incidence number. (B) 2021 Age-standardized incidence rate. (C) 2021 Age-specific prevalence number. (D) 2021 Age-standardized
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In 2021, the incidence rate of NP in China reached its peak at 1,129.81 per 100,000 individuals aged 5559 years.
This figure indicates an 11.9% increase for this cohort compared with data from 1990. The EAPC for this age group was
0.42% (P<0.05). In the same year, the prevalence of NP in China reached its highest level of 5,901.49 per 100,000
individuals aged 60—64. This indicates a significant increase of 15% for this age group compared with 1990, with an
EAPC of 0.57% (P<0.05). Additionally, in 2021, the DALY's rate of NP in China peaked at 576.69 per 100,000 for the
age group of 60—64 years, This represents an increase in this age group compared with 1990, with a change rate of 15%.
The EAPC was 0.56 (P<0.05), Tables 3.

Joinpoint Regression Analysis
The joinpoint regression analysis of the sex-specific age-standardized incidence and prevalence rates of NP in China
from 1990 to 2021 is shown in Figure 4. During this timeframe, both male and female populations exhibited a rapid
increase in the ASIR of NP between 2006 and 2009, with an annual percentage change (APC) of 0.80 (95% CI: 0.76,
0.83) for males and 0.75 (95% CI: 0.74, 0.76) for females. Significant changes were observed in 2006. Following 2009,
the incidence trend showed a moderate for both sexes (Figure 4A—C). Nevertheless, the incidence continued to rise
annually, and the prevalence rates exhibited a similar upward trajectory (Figure 4D—F). The AAPC for males and females
from 1990 to 2021 was calculated to be 0.03 (95% CI: 0.02, 0.03) and 0.06 (95% CI: 0.05, 0.06), respectively, as
represented in Table 4.

Figure 4 illustrates the AAPC in the incidence and prevalence rates of NP over 3 decades. From 1990 to 2021, age-
standardised incidence and prevalence rates of NP in China increased by 0.05 (95% CI: 0.04, 0.05) and 0.09 (95% CI:
0.08, 0.09), respectively. It is noteworthy that females displayed higher AAPC incidence and prevalence rates than males.

Decomposition Analysis of Age-Standardized DALY Rates

Over the past 3 decades, there has been a significant increase in the number of DALY in China, with the most substantial
increase being observed in the female population. Aging has had the largest impact, contributing 61.88% of the increase,
where population growth has accounted for 32.43%, as illustrated in Table 5 and Figure 5. The effect of epidemiological
changes increase in DALY's was 5.96%, with a more significant effect observed in females, reaching 6.83%.

Results and Test of the Forecasting Model
The results of the Augmented Dickey-Fuller (ADF) test conducted on the time series data for NP in both male and female
participants revealed that all series were nonstationary. Consequently, the time series of NP must be differentiated to
obtain a steady-state sequence. According to the ADF test results (using the Unit root-test function), the incidence and
prevalence of NP after applying a first-order difference, were stable in both male and female participants (male
participants, P<0.001; female participants, P<0.001; both participants, P<0.001). This suggests that d=1 for both sexes.
The ACF and PACF were used to estimate other parameters. The ARIMA (2, 1, 1), ARIMA (3, 1, 0), and ARIMA (2,
1, 1) models were identified as optimal for forecasting the trend of NP incidence in both male and female individuals, the
model parameters are detailed in the Supplementary Tables S1-S3 and Supplementary Figures S1-S9. Similarly. the
ARIMA (2, 1, 1), ARIMA (3, 1, 0), and ARIMA (2, 1, 1) models were deemed optimal for forecasting trends in NP
prevalence in both male and female individuals, the model parameters are detailed in the Supplementary Tables S4-S6

and Supplementary Figures S10-S18.

The P-values associated with the parameters were <0.05. The values fitted and predicted according to the ARIMA (2,
1, 1) and ARIMA (3, 1, 0) models are shown in Figure 6. The forecasting outcomes for 20222042 are represented in
Table 6. From 2021 to 2042, the incidence and prevalence rates of NP will exhibit upward trends across all individuals.
According to the predicted results, female individuals experienced rapid increases, whereas only slight increases were
observed in male individuals. The ASIR of NP in female individuals is expected to rise to 647.49 per 100,000, whereas
that in male individuals is expected to reach 497.47 per 100,000 by 2042. The ASPR of NP in female individuals is
anticipated to rise to 3,020.40 per 100,000, whereas that in male individuals is projected to reach 2,161.46 per 100,000 by
the same year.
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Table 3 Disease Burden and the Trends of Neck Pain in Different Age

Groups in China, 1990-2021

Age group Incidence Rate(per 100,000) Prevalence Rate(per 100,000) DALYs rate(per 100,000)
(years) 1990 2021 Rate of Change EAPC (95% CI) 1990 2021 Rate of Change EAPC (95% CI) 1990 2021 Rate of Change EAPC (95% CI)
(%) (%) (%) (%) (%) (%)
<5 0.00 0.00 0.00 0 (0,0)a 0.00 0.00 0.00 0 (0,0)° 0.00 0.00 0.00 0 (0,0)
5-9 46.56 46.11 -0.97 -0.04 (-0.05,-0.04)* 61.43 60.88 -1.00 -0.04 (-0.05,-0.03)* 6.59 6.55 -1.00 —0.04 (-0.04,-0.03)*
10-14 134.86 134.43 -0.32 -0.02 (-0.02,-0.01)* | 329.10 327.92 0.00 -0.02 (-0.02,-0.01)* | 34.72 34.76 0.00 0 (0,0.01)*
15-19 267.35 265.37 —0.74 -0.03 (-0.03,-0.03)* | 752.77 750.71 0.00 -0.01 (-0.02,-0.01)* | 79.03 78.87 0.00 —-0.01 (-0.01,0)*
20-24 422.90 407.65 —-3.61 —0.13 (-0.15,-0.11)* | 1405.90 | 1382.59 —-2.00 —0.05 (-0.06,-0.05)* | 146.70 | 144.67 -1.00 —0.04 (-0.05,-0.04)*
25-29 561.90 506.32 -9.89 -0.36 (-0.45,-0.27)* | 2107.13 | 1980.34 —6.00 -0.21 (-0.26,-0.16)* | 217.97 | 205.51 —6.00 —0.19 (-0.24,-0.15)*
30-34 694.33 604.74 -12.90 -0.49 (-0.61,-0.38)* | 2831.87 | 2526.40 -11.00 —0.4 (-0.51,-0.3)* 291.36 | 260.89 -1.00 —0.39 (-0.49,-0.29)*
35-39 839.43 777.76 -7.35 —0.26 (-0.34,-0.19)* | 3528.42 | 3152.20 -11.00 -0.4 (-0.5,-0.3)* 360.61 | 323.37 -1.00 —0.38 (-0.48,-0.29)*
40-44 989.48 1019.65 3.05 0.11 (0.08,0.13)a 4238.85 | 4091.42 -3.00 —0.12 (-0.16,-0.08)* | 431.25 | 417.62 -3.00 —0.11 (-0.15,-0.06)*
45-49 968.84 1062.82 9.70 0.32 (0.23,041)* 4787.68 | 5055.02 6.00 0.19 (0.15,0.23)* 484.90 | 512.48 6.00 0.2 (0.15,0.24)*
50-54 948.38 1056.17 11.37 0.38 (0.28,0.47)* 4904.81 | 5452.48 11.00 0.39 (0.31,0.46)* 494.63 | 549.43 11.00 0.38 (0.31,0.46)*
55-59 1009.66 | 1129.81 11.90 0.42 (0.35,0.49)* 5149.21 | 5883.52 14.00 0.5 (0.41,0.58)* 51246 | 584.79 14.00 0.49 (0.41,0.58)*
60-64 941.96 1047.33 .19 0.46 (0.4,0.52)* 512641 | 5901.49 15.00 0.57 (0.51,0.63)* 501.80 | 576.69 15.00 0.56 (0.5,0.63)*
65-69 1068.76 | 1149.80 7.58 0.41 (0.25,0.58)* 5132.77 | 5808.21 13.00 0.55 (0.47,0.64)* 494.56 | 558.55 13.00 0.55 (0.46,0.63)*
70-74 1226.11 | 1261.16 2.86 0.25 (0.06,0.44)* 5881.02 | 6363.92 8.00 0.43 (0.27,0.58)* 554.24 | 599.12 8.00 0.42 (0.27,0.58)*
75-79 1166.92 | 1185.50 1.59 0.16 (0.02,0.3)* 6001.50 | 6233.90 4.00 0.27 (0.1,0.43)* 554.75 | 574.89 4.00 0.26 (0.1,0.42)*
80-84 1017.05 | 1030.78 1.35 0.1 (0.03,0.17)* 5627.00 | 5783.96 3.00 0.21 (0.08,0.33)* 511.29 | 522.50 2.00 0.19 (0.06,0.31)*
85-89 796.41 797.75 0.17 0.01 (0.00,0.02)* 4795.56 | 4873.87 2.00 0.11 (0.05,0.18)* 42747 | 429.38 0.00 0.08 (0.02,0.15)*
90-94 697.32 706.14 1.27 0.04 (0.03,0.05)* 3956.21 | 4038.77 2.00 0.09 (0.08,0.11)* 34480 | 346.46 0.00 0.06 (0.04,0.08)*
295 696.99 696.77 -0.03 -0.02 (-0.04,0.01)* | 3580.52 | 3628.54 1.00 0.04 (0.02,0.06)* 303.36 | 301.00 -1.00 0 (-0.02,0.01)*

Notes: DALYs= Disability-Adjusted Life Years; * indicates P < 0.05.
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Figure 4 Joinpoint regression analysis of the sex-specific age-standardized incidence rate and prevalence rate for NP in China from 1990 to 2019. (A) Age-standardized
incidence rate for females. (B) Age-standardized incidence rate for males. (C) Age-standardized incidence rate for both. (D) Age-standardized prevalence rate for females.
(E) Age-standardized prevalence rate for males. (F) Age-standardized prevalence rate for both.

Discussion

This study examined the trends associated with the prevalence of NP in China over the past 3 decades. To our knowledge,

this is the first analysis of the epidemiological trends of NP in China, using joinpoint analysis combined with the APC
model, which was used fit the rate of patients with NP from 1990 to 2021 and to predict the rate of patients with NP in
China from 2022 to 2042. NP poses a significant public health challenge to the general Chinese population and has

demonstrated an upward trajectory over the last 30 years. The findings indicate that both the number and incidence rates

Table 4 Joinpoint Regression Analysis: Trends in Age-Standardized Incidence, Prevalence Rates (per 100,000
Persons) Among Both Sexes, Males, and Females in China, 1990-2021

Gender ASIR ASPR
Period APC (95% CI) AAPC (95% CI) | Period APC (95% CI) AAPC (95% CI)
Both 1990-1995 | 0.02(0.01,0.02) 0.05(0.04,0.05) 1990-1996 | —0.00(—0.00,-0.00) | 0.09(0.08,0.09)
1995-2000 | —0.24(—0.24,-0.23) 1996-2000 | —0.13(—0.14,-0.12)
20002006 | 0.05(0.04,0.05) 20002006 | 0.05(0.05,0.06)
2006-2009 | 0.74(0.72,0.77) 2006-2009 | 0.92(0.90,0.94)
2009-2012 | 0.07(0.05,0.09) 20092012 | 0.10(0.08,0.12)
2012-2021 | —0.01(-0.01,-0.01) 2012-2021 | —0.00(—0.00,-0.00)
Female | 1990-1995 | 0.01(0.01,0.01) 0.06(0.05,0.06) 1990-2006 | 0.03(0.02,0.04) 0.12(0.11,0.13)
1995-2000 | —0.15(-0.15,-0.15) 2006—2009 | 0.99(0.87,1.12)
20002006 | 0.03(0.02,0.03) 2009-2021 | 0.01(0.00,0.02)
2006-2009 | 0.75(0.74,0.76)
2009-2021 | 0.01(0.01,0.01)
Male 1990-1995 | 0.02(0.01,0.02) 0.03(0.02,0.03) 1990-1995 | 0.02(0.01,0.02) 0.04(0.03,0.04)
1995-2000 | —0.39(—0.40,-0.38) 1995-2000 | —0.39(—0.40,-0.38)
2000-2006 | 0.03(0.02,0.04) 2000-2006 | 0.04(0.03,0.05)
2006—2009 | 0.80(0.76,0.83) 2006—2009 | 0.92(0.89,0.94)
2009-2021 | 0.01(0.01,0.01) 2009-2021 | 0.01(0.00,0.01)

Abbreviations: AAPC, average annual percent change; APC, annual percent change; Cl, confidence interval.
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Table 5 Changes in DALYs Number According to Population-Level Determinants and Causes From 1990 to 2019

Gender | Overall Difference * | Change Due to Population-Level Determinants (% Contribute to the Total Changes)
Aging ® Population © Epidemiological Change
Both 2132421 1,319,597.766 691,438.347 121,385.143
(61.88%) (32.43%) (5.96%)
Male 828895 522,065.415 284,863.942 21,965.82
(62.98%) (34.37%) (2.65%)
Female | 1303526 802,866.507 411,598.701 89,060.874
(61.59%) (31.58%) (6.83%)

Notes: *Change in DALYs number between year 2021 and 1990. ®Change in DALYs number due to change in the age structure. “Change in DALYs number due
to change in population number. dChange in DALYs number due to epidemiologic changes. Epidemiologic changes refer to the YLDs number change when age
structure and population hold constant.

of patients with NP in China have been increasing since 1990, particularly among middle- aged and young adults,
specifically those aged 35-60 years, across both sexes. This study illustrates that the incidence of NP in 2021 exhibited
a general increase with advancing age in males and females. The ASIR of NP was higher in females than in males.
Additionally, in all age groups, the incidence of NP was higher in females than in males, corroborating the findings of
previous research.™

As shown in Figures 1 and 2, the disparity in incidence and prevalence rates between men and women has increased
significantly between 1990 and 2021. In 2021, the incidence rate of neck pain among Chinese women was 29.4% higher
than that of men, with a 27.3% higher prevalence rate. Multiple factors may contribute to this disparity. Women exhibit
a greater cervical spine range of motion, however, their neck muscles typically have a smaller cross-sectional area,
weaker strength, and lower endurance compared to men, resulting in reduced cervical stability.** Research indicates that
women with a forward head posture exceeding 20° face a 2.19-fold higher risk of neck pain compared to men (OR =
2.19). Postmenopausal estrogen decline accelerates bone loss and intervertebral disc degeneration in women.>> Chinese
women have a high labor force participation rate, primarily in the education and healthcare sectors,’® where prolonged
neck flexion or repetitive movements are required. Additionally, Chinese women spend significantly more time daily on
household chores than men, maintaining their neck muscles in a tense state. They also experience heightened social and
psychological stress stemming from the dual pressures of career advancement and family responsibilities, accompanied
by more pronounced anxiety and depression symptoms. Psychological stress exacerbates muscle tension by activating the
sympathetic nervous system.>’ However, women are more likely to seek medical treatment proactively, while men tend

Male - ]
g — varname
g ® Aging

I e Epidemiological change

)
* Population

Both 1 L ]
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Figure 5 Changes in neck pain DALY according to population-level determinants of population growth, ageing, and epidemiological change from 1990 to 2021 in China. The
black dot represents the overall value of change contributed by all three components. The magnitude of a positive value indicates a corresponding increase in neck pain
DALYs attributed to the component.
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Figure 6 Forecast of neck pain incidence and prevalence rates (per 100,000) from 20202030 through ARIMA. (A) Neck pain incidence in both individuals; (B) Neck pain
incidence in male individuals; (C) Neck pain incidence in female individuals; (D) neck pain prevalence in both individuals; (E) neck pain prevalence in male individuals; (F) neck
pain prevalence in female individuals.

to rely on non-medical methods (such as massage and rest) to relieve symptoms, which may contribute to the observed

statistical disparities.
Joinpoint regression analysis showed that the incidence and prevalence rates of NP sharply increased from 2005 to

2009, followed by a gradual deceleration in this growth trend. Several factors may have contributed to this observation.

First, with the implementation of the reform and opening-up policy in China, there has been a significant increase in

Table 6 Prediction of NP Incidence and Prevalence in China for the Next 20 years According to ARIMA Models With 95%

Confidence Interval (per 100,000 Population)

Year ASIR(95%Ul) ASPR(95%UI)
Both Female Male Both Female Male
2022 567.09 641.31 495.86 2549.52 2957.56 2148.94
(566.34,567.84) (640.52,642.10) (494.98,496.73) (2545.53,2553.52) (2952.77,2962.36) (2144.78,2153.10)
2023 567.02 641.34 495.90 2549.87 2958.83 2149.20
(564.53,569.52) (638.75,643.94) (493.28,498.52) (2536.83,2562.96) (2943.45,2974.28) (2136.74,2161.69)
2024 567.09 641.51 495.96 2551.15 2961.38 2149.64
(562.40,571.78) (636.67,646.36) (491.08,500.85) (2526.88,2575.60) (2933.10,2989.86) (2126.45,2172.93)
2025 567.28 641.81 496.05 2553.19 2964.83 2150.19
(560.37,574.18) (634.72,648.89) (488.87,503.22) (2517.79,2588.97) (2924.15,3005.95) (2116.18,2184.42)
2026 567.54 642.17 496.14 2555.66 2968.68 2150.79
(558.68,576.41) (633.13,651.21) (486.97,505.31) (2510.55,2601.38) (2917.59,3020.45) (2107.36,2194.57)
2027 567.85 642.56 496.23 2558.24 2972.50 2151.39
(557.36,578.34) (631.93,653.20) (485.41,507.04) (2505.26,2612.08) (2913.30,3032.60) (2100.25,2203.01)
2028 568.15 642.95 496.31 2560.74 2976.07 2151.98
(556.35,579.95) (631.05,654.84) (484.12,508.51) (2501.51,2621.03) (2910.68,3042.57) (2094.36,2210.20)
2029 568.44 643.31 (630.4,656.22) 496.40 2563.07 2979.36 2152.58
(555.58,581.30) (482.95,509.86) (2498.81,2628.58) (2909.05,3050.96) (2089.05,2216.83)
2030 568.70 643.64 496.50 2565.25 2982.46 2153.20
(554.95,582.46) (629.87,657.41) (481.80,511.20) (2496.72,2635.19) (2907.94,3058.43) (2083.87,2223.39)
2031 568.95 643.96 496.60 2567.33 2985.48 2153.85
(554.40,583.50) (629.42,658.50) (480.64,512.55) (2494.98,2641.26) (2907.08,3065.48) (2078.65,2230.06)
2032 569.19 644.27 496.70 2569.37 2988.51 2154.52
(553.89,584.48) (629.01,659.54) (479.49,513.90) (2493.41,2647.08) (2906.34,3072.44) (2073.48,2236.74)
(Continued)
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Table 6 (Continued).

Year ASIR(95%UI) ASPR(95%UI)
Both Female Male Both Female Male
2033 569.42 644.59 496.80 2571.42 2991.60 2155.21
(553.41,585.43) (628.62,660.55) (478.39,515.22) (2491.96,2652.8) (2905.68,3079.44) (2068.54,2243.23)
2034 569.66 644.90 496.90 2573.50 2994.75 2155.90
(552.95,586.36) (628.24,661.56) (477.35,516.46) (2490.6,2658.49) (2905.11,3086.49) (2063.92,2249.40)
2035 569.89 645.22 497.01 2575.61 2997.95 2156.59
(552.52,587.27) (627.89,662.55) (476.39,517.63) (2489.33,2664.15) (2904.65,3093.52) (2059.64,2255.23)
2036 570.14 645.54 497.11 2577.75 3001.17 2157.27
(552.10,588.18) (627.56,663.53) (475.48,518.74) (2488.17,2669.76) (2904.32,3100.47) (2055.62,2260.79)
2037 570.38 645.87 497.21 2579.90 3004.39 2157.96
(551.70,589.06) (627.25,664.49) (474.61,519.82) (2487.13,2675.28) (2904.12,3107.29) (2051.78,2266.17)
2038 570.63 646.19 497.32 2582.05 3007.61 2158.65
(551.32,589.93) (626.96,665.43) (473.76,520.87) (2486.19,2680.70) (2904.04,3113.97) (2048.08,227 1 .44)
2039 570.87 646.52 497.42 2584.20 301081 2159.35
(550.97,590.78) (626.69,666.35) (472.95,521.90) (2485.35,2686.01) (2904.06,3120.52) (2044.49,2276.6)
2040 571.12 646.84 497.53 2586.34 3014.01 2160.05
(550.63,591.60) (626.44,667.24) (472.15,522.90) (2484.6,2691.23) (2904.18,3126.98) (2041.02,2281.64)
2041 571.36 647.16 497.63 2588.48 3017.2 2160.76
(550.32,592.41) (626.21,668.12) (471.39,523.88) (2483.93,2696.36) (2904.37,3133.35) (2037.69,2286.55)
2042 571.61 647.49 497.74 2590.62 3020.4 2161.46
(550.01,593.20) (625.99,668.99) (470.66,524.82) (2483.33,2701.41) (2904.63,3139.66) (2034.5,2291.32)

Abbreviations: ASIR, age-standardised incidence rate; ASPR, age-standardised prevalence rate; Ul, uncertainty interval.

mechanisation and automation. During this period, the Chinese population experienced increased income levels and
heightened health awareness, which resulted in a preference for less physically demanding occupations. This transition
may explain the rapid decline in the incidence of NP in China between 1995 and 2000. Second, as China’s economy has
developed and transformed, a growing proportion of the working-age population spends most of their time in front of
computers,”® frequently looking down at electronic mobile devices and maintaining sustained postures. This trend
contributes to the increased incidence of NP. Third, many individuals begin working with their cervical spine in flexion
for prolonged periods. The most affected occupations include those that require continuous work with the hands above
the head or elbows above the shoulders, such as teachers, dentists, and painters. Long-term desk work, such as that
performed by office and computer workers; and high-intensity jobs that place stress on the cervical spine, such as pilots
and competitive athletes. Additionally, obesity, sleep problems, lifestyle choices, psychosocial stress, awkward or
sustained postures, psychological factors (including stress, anxiety, and cognitive issues),’® and poor overall healthcare
risk factors for NP.

DALYs are widely recognised as the standard metric for assessing the burden of disease, which is determined
by aggregating YLLs due to premature mortality and YLDs. Given the absence of evidence indicating that mortality is
directly attributable to NP, we opted to use YLDs to measure the burden of NP. The ASPR of NP exhibited only a modest
increase, from 2479.42 per 100,000 in 1990 to 2549.87 per 100,000 in 2021, representing a change rate of 2.84%;
however, the population increase and ageing contributed to the growth of YLDs. Specifically, the YLDs associated with
NP increased by 79.71%, from 2675.17x10° (95% UI: 1740.00, 3911.20) in 1990 to 4807.59x10° (95% UI: 3155.34,
6903.31) in 2021.

Decomposition analysis was performed to assess the impact of population growth, ageing, and epidemiological
transitions on the burden of disease. In China, it was reported that 32.43% of the increase in DALY's was attributed to
population growth, whereas population aging accounted for 61.88%, and epidemiological changes contributed 5.96%.
Population growth and ageing are the two primary drivers of changes in DALY's. Females exhibit greater vulnerability to
the effects of ageing than males. Menstrual cycle-related biological fluctuations and hormonal factors may significantly
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influence the aectiology and pathophysiology of various musculoskeletal degenerative diseases. However, women in
China have a considerably longer life expectancy than men.***!

NP is a significant personal and socioeconomic burden in society. Unlike fatal diseases, such as cancer, diabetes, and
cardiovascular diseases, NP is non-fatal. NP does not directly lead to death; ** however, it significantly affects the YLD.
In China, NP remains a pressing public health concern. Achieving a thorough understanding of the epidemiological
trends and influencing factors related to the burden of NP in China, as well as accurately forecasting its future trajectory,
can serve as a valuable reference for health departments conducting epidemiological research on conditions such as NP.
Furthermore, it can provide essential data to support the formulation of prevention and control strategies for NP in China,
while offering theoretical support for proactive prevention and control efforts.

The ARIMA model forecasts that both the incidence and prevalence of NP among female and male individuals in
China will increase over the next 20 years. This represents the inaugural application of the ARIMA model for forecasting
the incidence and prevalence of NP in China, thereby rendering direct comparisons with previous studies infeasible.
Nevertheless, the actual incidence curve has thus far aligned with the predicted curve, with all observed values remaining
within the 95% CI of the forecast figures. This alignment indicated that the chosen models exhibited a strong fit and were
suitable for predicting the incidence of NP in China over the next 20 years. The findings imply an increased risk of NP.

Medical insurance policies and healthcare-seeking behaviors are interrelated factors that jointly influence the
prevalence and incidence of neck pain. Following the launch of the “Healthy China 2030 initiative in 2016, basic
medical insurance coverage for urban and rural residents increased from 89% to 97%. Neck pain was classified as both
a chronic disease and a condition prioritized for traditional Chinese medicine (TCM) interventions. Concurrently,
outpatient reimbursement rates rose from 50% to 70%, reaching 80% in eastern provinces. These measures reduced
financial barriers to healthcare access, thereby improving the diagnosis rate of neck pain.

The majority of existing research has concentrated on the diagnosis and treatment of NP and related musculoskeletal
disorders; however, with a relative scarcity of studies addressing preventive measures for NP. Recently, a three-arm
cluster randomised controlled trial demonstrated that interventions aimed at increasing active breaks or postural shifts
significantly reduced the incidence of new-onset NP in high-risk office workers.*> According to a systematic review and
meta-analysis of randomised controlled trials, exercise interventions can effectively reduce NP risk within 12 months.

Improving people’s awareness of taking physical activity is an important part of Healthy China 2030 plan.** Physical
Activity Guidelines for Chinese People (2021)*° provide detailed guidance on the types and time of exercises for
different groups of people.

To prevent neck pain, a multidimensional “socioecological-behavioral-psychological-biomechanical” intervention
framework should be established. First, the vicious cycle of sedentary lifestyles and musculoskeletal compensation
must be disrupted. Implementing active workstations (including standing desks and intermittent neck-shoulder stretches)
can help limit daily sitting time to under six hours. Second, precision health strategies should be prioritized. For women
experiencing neck muscle hypertonicity linked to anxiety, redirecting stressors through music therapy and group sports is
recommended. Collaborative efforts between teachers and parents are needed to improve adolescents’ reading/writing
postures and electronic device ergonomics. Older adults should focus on strengthening deep cervical stabilizers through
resistance training (such as elastic band exercises). Employers must optimize workplace ergonomics by minimizing
prolonged repetitive tasks and excessive physical strain. Additionally, they should provide training on proper biomecha-
nical techniques and tailor work tasks to individual capabilities through adaptive exercises. Notably, combining sleep
environment modifications (such as cervical curvature-supporting pillows) with cognitive-behavioral interventions
synergistically alleviates chronic neck muscle strain. Targeted neck-strengthening regimens, including cervical stabiliza-
tion exercises, yoga, and Pilates, can improve muscular strength and biomechanical stability. This study underscores that
multi-sectoral collaboration—spanning families, schools, healthcare systems, employers, and governments—is essential
to transition public health strategies from “pain management” to “proactive prevention”, thereby advancing population-
wide cervical health literacy.

This study describes the most extensive estimates of the prevalence, incidence, and DALY's associated with NP in
China; however, it has certain limitations. First, the data used in this study were obtained from the GBD 2021, with some
findings derived from the models rather than direct measurements of the original data. Second, the analysis
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predominantly focused on population-level trends, which may have resulted in ecological fallacies when interpreting
individual-level outcomes. Third, our study only provide a statistical description of the burden of NP in China and did not
provide comparative analyses with other countries and provinces. For instance, comparisons between Chinese and
European individuals are insufficient because focusing solely on the NP when addressing spinal pain is inadequate.
Besides what’s mentioned above, it’s necessary to think about Limitations of predictive models, The current ARIMA
model, relying solely on historical population structure data, may fail to account for structural shifts (such as government
policy interventions and accelerated population aging), leading to potential overestimation of long-term trends. Future
studies should adopt multivariate predictive frameworks (such as ARIMAX or machine learning-based time series
models) incorporating covariates such as medical insurance penetration rates, aging indices, and GDP per capita growth
rates to improve prediction accuracy.
Future research should aim to fill this gap and develop more effective NP prevention strategies.

Conclusions

NP has emerged as a significant public health concern in the general Chinese population. From 1990 to 2021, there was
a consistent increase in the age-standardised prevalence, incidence rates, and DALY's associated with NP. Population
growth and ageing are the two primary factors driving changes in DALYs. The findings suggest that the relative burden
of NP has increased over the last 3 decades. Therefore, NP should be prioritized in future research focusing on its
prevention and treatment, particularly considering the increasingly ageing population in China.
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