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Abstract: Objectives: The long-term trends in crude mortality rates (CMRs) and age-standardized mortality rates 
characterized by Segi’s world standard population (ASMRWs) of DMSCT in Pudong New Area (PNA), Shanghai, 
were evaluated from 1973 to 2019, and the role of demographic and non-demographic factors in the mortality of 
diseases of the musculoskeletal system and connective tissue (DMSCT) was explored. Methods: The PNA district 
has the largest population and area in Shanghai. Therefore, the mortality registration system of the PNA district was 
used to calculate and verify the number of deaths. Then, the Joinpoint Regression Program was used to analyze the 
time trend of mortality. The difference decomposition method was used to visualize the mortality of population and 
non-population factors, and GraphPad Prism was used for image visualization. Results: A total of 2260 deaths from 
DMSCT occurred from 1973 to 2019. The CMR and ASMRW of DMSCT were 2.56/105 person-years and 1.57/105 
person-years, respectively. The number of people aged ≥80 (696 deaths) who died of DMSCT was the highest 
among total deaths, the highest number of years of life lost (YLL) was observed in the 45-59 age group, and the 
YLL rate in the ≥80 age group was the highest. The CMR and YLL rates of DMSCT showed upward trends in the total 
population from 1973 to 2019. Conclusion: The CMR and YLL rates of DMSCT showed upward trends in the total 
population from 1973 to 2019 in PNA, Shanghai, and age was closely related to the occurrence of DMSCT. Similarly, 
demographic factors played a role in this process.
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Introduction

Diseases of the musculoskeletal system and 
connective tissue refer to diseases caused  
by various reasons with bone, ligament, ten-
don, muscle and connective tissue as the 
lesion site or caused by musculoskeletal dis-
eases. Because of the wide range of diseases 
involved, such as arthritis, osteoporosis, cervi-
cal spondylosis, and systemic lupus erythema-
tosus, these diseases have a very high inci-
dence worldwide [1]. In recent years, there has 
been a growing worldwide awareness of these 

diseases, and studies have shown that in the 
Russian Federation and elsewhere, there is a 
marked tendency of these diseases, including 
those with a vertebrogenic pathology [2]. 
Analysis of statistical indices of annual state 
accounts by the Kirgizia Ministry of Public 
Health for 1995-2000 showed an increase in 
musculoskeletal disease morbidity of nearly 
one-third. In the field of paediatrics and obstet-
rics, degenerative diseases of the joints and 
spine account for a relatively high proportion 
[3]. In 2021, following standardized procedur- 
es, the European League against Rheumatism 
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(EULAR) made recommendations for the man-
agement of gout, vasculitis, systemic sclerosis 
(SSC), myositis, mixed connective tissue dis-
ease (MCTD), systemic lupus erythematosus 
(SLE), and antiphospholipid syndrome (APS)  
[4]. The aim was to guide clinical practice and 
future research for improving management in 
rheumatic and musculoskeletal diseases. Both 
demographic and non-demographic factors 
play a role in these diseases. Demographic fac-
tors refer to indicators that describe the popu-
lation, including age, the number of people, 
etc., while non-demographic factors include 
environmental factors, living habits, air pollu-
tion, dietary preferences, and other factors. All 
these factors indicate that research in this field 
is continuously increasing and that these dis-
eases continue to cause problems. Therefore, 
there is still need for further research.

In recent years, China’s economy has grown 
exponentially, and Shanghai, as one of the 
most densely populated cities in China, is at 
the forefront in the field of health care as well 
as the economy [5]. As China becomes an age-
ing society, the medical system of Shanghai is 
increasingly being improved. As the first city in 
China to establish a death information registra-
tion system covering the whole population, 
Shanghai can provide reliable guidance for the 
analysis of death data [6]. Especially in regard 
to the summary and collation of death data 
such as those for diseases of the musculoskel-
etal system and connective tissue (DMSCT), 
the large population base of Shanghai increas-
es the credibility of the results. The Shanghai 
Pudong New Area (PNA) is the largest and most 
populous area among the 16 districts in 
Shanghai, with its population accounting for 
one-fifth of the total population of Shanghai [6]. 
PNA has witnessed a fast changes in humani-
ties, sciences, and the environment in China in 
recent years, which can provide full support  
for our research, enhancing the credibility and 
persuasiveness of our results. Generally, the 
Shanghai PNA is an ideal representative of  
the epidemiological characteristics and time 
changes of DMSCT.

Materials and methods

Data source

In the PNA of Shanghai, the mortality data on 
DMSCT from 1973 to 2019 were derived from 

the Mortality Registration System. On the basis 
of the previous death registration system, the 
total number of deaths was collected from all 
medical institutions, and professionals from 
community sanitary service centres collected 
the relevant data. The final figures were 
checked against local population registries 
(Household Registration Authority) to ensure 
their accuracy. Our study covered nearly 50 
years of data, and death data were divided into 
three components based on the different cod-
ing methods. According to the International 
Classification of Diseases, 8th revision, 9th revi-
sion and 10th revision (ICD-8) (ICD-9) (ICD-10) 
[7], especially the ICD-10, all causes of DMSCT 
were coded by highly trained clinicians, and 
each record was further validated by profes-
sionals at the Centers for Disease Control and 
Prevention (CDC). Finally, the research data 
were obtained. People who had a household 
registration in the local area and had not lived 
in other places for more than one year were 
included in our research.

Statistical analysis

The crude mortality rates (CMRs) and age-stan-
dardized mortality rates characterized by Segi’s 
world standard population (ASMRWs) were the 
commonly used indicators and are expressed 
as per 100,000 person-years (/105) [5]. To 
compare the CMRs and ASMRWs between 
sexes, we used the Poisson approximation 
method [8]. We also divided the death cases 
into 8 groups based on age: 0-4 years, 5-14 
years, 15-29 years, 30-44 years, 45-59 years, 
60-69 years, 70-79 years, and >80 years. Age-
specific mortality rates were calculated. Years 
of life lost (YLL) was used to investigate the bur-
den of DMSCT according to previous studies 
[9]. Using the Joinpoint Regression Program 
(version 4.3.1.0, National Cancer Institute, MD, 
USA), the average annual percent change 
(AAPC), temporal trends in mortality, YLL, and 
YLL rate from 1973 to 2019 were examined 
with corresponding 95% confidence intervals 
(CIs) and used as indicators [10]. The Z test  
was employed to analyze whether the annual 
percent change (APC) was significantly different 
from zero [11]. The changes in mortality over 
each five-year period from 1980 to 2019 were 
compared with the changes in mortality over 
the period from 1973 to 1979. The quantitative 
contribution of demographic and non-demo-
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graphic factors to the changes in the mortality 
rate during 1973-2019 was evaluated by the 
difference decomposition method [11]. SPSS 
21.0 (SPSS, Inc., Chicago, IL) was used to con-
duct other data analyses. A P value of <0.05 
was considered to indicate statistically signifi-
cant differences.

Results

Basic information and burden of death from 
DMSCT

From 1973 to 2019, 807 males and 1,419 
females died from the diseases. The average 
age at death from DMSCT was 68.08 ± 18.86 
years, and the median age at death was 72.58 
years. The CMR and ASMRW of DMSCT were 
26.73/105 person-years and 15.72/105 per-
son-years, respectively. The CMR and ASMRW 
were 2.03/105 person-years and 1.25/105 per-
son-years, respectively, in males, while the cor-
responding rates were 3.48/105 person-years 
and 1.87/105 person-years for females. The 
highest CMR and ASMRW were associated with 
arthropathies, and the lowest CMR and ASMRW 
were associated with soft tissue disorders 
(Table 1). From 1973 to 2019, the YLL due to 
premature death from DMSCT was 28115.69 
years, and the YLL rate was 34.91/105. The YLL 
and YLL rate for females (18925.64 years and 
177/105) were significantly higher than those 
for males (9190.05 years and 23.10/105). In 
terms of different diseases, the highest YLL 
and YLL rate were for systemic connective tis-
sue disorders (12146.63 years and 15.08/105) 
(Table 1).

Age-specific mortality and burden of prema-
ture death

The number of people aged ≥80 (696 deaths) 
who died of DMSCT was the highest among the 
age groups, followed by those aged 60-69 
years (528 deaths) and 70-79 years (376 
deaths). The CMR was low among those young-
er than 60 years, and it increased rapidly from 
60 years and peaked after 70 years. The high-
est YLL were observed in the 45-59, 60-69, 
and 70-79 age groups, which were 6430.08 
years, 5410.30 years, and 5024.22 years, 
respectively. The YLL rate in the ≥80 age group 
was the highest (154.03/105), followed by the 
70-79 (103.89/105) and 60-69 (62.31/105) 
age groups (Table 2).

Trends of the mortality and burden of DMSCT

The CMR and DMSCT rate showed significant 
upward trends among males, females, and the 
total population from 1973 to 2019 (all P<0.05); 
however, the ASMRWs of DMSCT showed down-
ward trends (all P<0.05). The trend of the CMR 
by age group was relatively stable, but the trend 
of decline by age group was more obvious 
between 70 and 79, while the trend of decline 
in the YLL rate by age group was more obvious. 
There was a small increase in the YLL of other 
age groups (Figure 1). When we combined ten 
years of data, it was found that the CMR 
increased by 1.30% (95% CI = 0.70%~1.90%, 
P<0.001), the ASMRW decreased by 1.19% 
(95% CI = -0.56~-1.90%, P<0.001), and the  
YLL also increased by 5.56% (95% CI = 
4.72%~6.40%, P<0.001) (Table 3).

Table 1. Baseline characteristics of deaths and the burden of DMSCT by sex and period from 1973 to 
2019

Characteristic Deaths (n, %) Age in years 
(Mean ± SD)

Age in years 
(Median)

CMR 
(/105)

ASMRW 
(/105)

YLL 
(years)

YLL rate 
(/105)

Sex

    Male 807 (36.25) 69.34 ± 17.53 73.08 2.03 1.25 9190.05 23.11

    Female 1419 (63.75) 67.36 ± 19.55 72.08 3.48 1.87 18925.64 46.42

Type

    Arthropathies (M00-M25) 1040 (46.72) 75.27 ± 12.86 77.52 1.29 0.62 10217.05 12.69

    Systemic connective tissue disorders (M30-M36) 671 (30.14) 54.52 ± 18.50 55.99 0.83 0.58 12146.63 15.08

    Dorsopathies (M40-M54) 170 (7.64) 71.56 ± 15.19 73.12 0.21 0.11 1890.34 2.35

    Soft tissue disorders (M60-M79) 125 (5.62) 60.05 ± 20.13 62.76 0.16 0.10 1932.31 2.40

    Osteopathies and chondropathies (M80-M94) 220 (9.88) 77.26 ± 20.87 83.54 0.27 0.15 1929.35 2.40

Total 2226 (100.00) 68.08 ± 18.86 72.58 2.76 1.57 28115.69 34.91
ASMRW, age-standardized mortality rate by Segi’s world standard population; CMR, crude mortality rate; SD, standard deviation; YLL, years of life lost.
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Quantitative contribution of demographic and 
non-demographic factors to changes in the 
CMR

The change trend of the CMR value caused by 
demographic and non-demographic factors in 
the last 40 years is shown in Figure 2. Overall, 
the mortality rate due to population factors 
showed an upward trend [APPC (95% CI) = 
47.96% (38.16~58.46), P<0.001], and non-
demographic factor-related changes showed a 
significant downward trend [APPC (95% CI) = 
-33.83% (-17.49~-46.94), P = 0.004]. Similarly, 
in the classification criteria for males and 
females, more women were affected [APPC 
(95% CI) = 30.71% (15.16~43.41), P = 0.004]. 
Notably, the impact of non-demographic fac-
tors and the CMR tended to decrease during 
2014-2019 but did not affect the overall trend.

Discussion

As a city with large population in China, 
Shanghai is at the forefront of medical care  
and health management in China [12]. Also, 
Shanghai provides accurate research results 
on the evolution of the trend of DMSCT mortal-
ity and the assessment of the medical burden 
[12], which can be used to evaluate the impact 
of this field on human health.

In our study, we found that there were signifi-
cantly more women died of DMSCT than men, 
and this was closely related to the pathogene-
sis of DMSCT. Studies have confirmed that oes-
trogen is closely related to the occurrence of 
these diseases among many pathogenic fac-
tors [13]. Sex is a key factor affecting the prog-
nosis of patients. Similarly, our studies on YLL 
and YLL rates have also confirmed that wom-

en’s health is more susceptible to being 
affected.

At the same time, we found that the highest 
CMR and ASMRW were associated with joint 
diseases, of which the representative disease 
was hip osteoarthritis. In recent years, a study 
confirmed that hip osteoarthritis is an indepen-
dent risk factor for cardiovascular mortality, 
resulting in a very high mortality rate [14], and 
that patients with this disease are prone to a 
variety of accidents while in bed due to their 
highly restricted physical activity. This necessi-
tates research on complications caused by 
DMSCT in the future [15]. In terms of age-spe-
cific mortality, the ≥80 age group had the larg-
est number of deaths (696 deaths), followed  
by the 60-69 age group (528 deaths) and the 
70-79 age group (376 deaths). This also sug-
gests that the risk of death due to DMSCT 
increases with age, and elderly patients are at 
risk of mortality. Therefore, as with most dis-
eases, it is important to strengthen health edu-
cation, medical care, and health screening for 
elderly people [16]. Similarly, the group with the 
highest YLL rate (154.03/105) was also the 
≥80 age group, indicating that DMSCT played a 
crucial role in the longevity of elderly patients 
compared to younger patients, and this result  
is consistent with the higher mortality rate of 
elderly people with these diseases.

We found that, from 1973 to 2019, the CMR of 
DMSCT for males, females and the total po- 
pulation showed a significant upward trend 
(P<0.05); however, the ASMRW of DMSCT 
showed a downward trend (P<0.05). Although 
there was a difference in mortality between the 
CMR and ASMRW, the overall YLL rate increas- 
ed significantly enough to warrant our atten-

Table 2. Age-specific mortality and burden of premature death from DMSCT during 1973-2019
Age group (years) Deaths (N) Proportion (%) CMR (/105) YLL (years) YLL rate (/105)
0-4 7 0.31 0.20 211.59 6.08
5-9 19 0.85 0.24 558.46 6.97
15-29 86 3.86 0.54 2368.35 14.76
30-44 183 8.22 0.94 4481.37 23.13
45-59 331 14.87 1.86 6430.08 36.22
60-69 376 16.89 4.33 5410.30 62.31
70-79 528 23.72 10.92 5024.22 103.89
≥80 696 31.27 29.52 3631.33 154.03
Total 2226 100.00 2.76 28115.69 34.91
ASMRW, age-standardized mortality rate by Segi’s world standard population; CMR, crude mortality rate; YLL, years of life lost.
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Figure 1. The trends of CMR, ASMRW, and YLL rate of people with DMSCT by sex and age groups in Pudong New Area, Shanghai, from 1973 to 2019. A. CMR and 
ASMRW by sex. B. YLL rate by sex. C. CMR by age group. D. YLL rate by age group. ASMRW, age-standardized mortality rate by Segi’s world standard population (per 
100,000); CMR, crude mortality rate (per 100,000); YLL, years of life lost (per 100,000).
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tion, and when we pooled the results over the 
last ten years, the YLL rate increased by 5.56 
(95% CI = 4.72%~6.40%, P<0.001). This has 
implications for the field. In our analysis, the 
rise in the YLL rate was closely related to the 
following two aspects: the first is that with the 
improvement in living standards, the average 
life expectancy of Chinese people has increas- 
ed [17], while the mortality rate of DMSCT has 
not decreased significantly. The deeper reason 
behind this may be that society has paid little 
attention to this field in recent years.

and the mortality rate caused by demographic 
factors increased, while the mortality rate 
caused by non-demographic factors decrea- 
sed. However, the correlation between non-
demographic factors and mortality has re- 
bounded in the last five years, so DMSCT 
remains as a challenge.
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    70-79 years 2010-2019 -0.06 (-0.97, 0.87) 0.71
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Deaths are affected by both demographic 
factors and non-demographic factors. Wi- 
th changes in non-demographic factors, 
including the human economy, medical 
treatment, environment, behaviour, and 
other aspects [18, 19], large-scale chang-
es have taken place. In this study on the 
death of patients caused by DMSCT, we 
found that the death rate caused by de- 
mographic factors showed an upward 
trend, while the change related to non-
demographic factors showed a significant 
downward trend. This suggests that older 
women are still predominantly affected by 
these diseases. In contrast, the negative 
correlation between non-population fac-
tors and the death rate declined from 
2014 to 2019. This also indicates that fac-
tors such as economic, medical, environ-
mental and normal factors have recently 
played a role. Therefore, more attention 
should be given to the changes in non-
population factors in the future.

Although there are some shortcomings in 
our study, such as relying on a single data 
source and not accounting for changes in 
the sex and age of the population, this 
sample still provides a reasonable expla-
nation for the death of patients caused by 
these diseases to a certain extent, which 
is helpful for the diagnosis, prevention and 
treatment of these diseases in the future, 
contributing to improvements in health.

Conclusions

Our results suggest that older women 
were more vulnerable to DMSCT, and in 
the last half century, there has been no 
significant change in the CMR or ASMRW 
of these diseases. However, in the past 
ten years, YLL has increased significantly, 
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of changing values of crude mortality rate caused by demographic and non-demographic factors by sex. APPC, aver-
age period percent change; CI, confidence interval.
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