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Abstract: Background: Knee osteoarthritis (KOA) provides many challenges on the healthcare
system. However, few studies have reported the epidemiology, particularly in a large population.
Our study aimed to estimate the prevalence, incidence, trends, and patterns of diagnosed KOA in
China. Methods: This was a longitudinal study. We used health insurance claims of 17.7 million
adults from 2008–2017 to identify people with KOA. Trends in prevalence and incidence were
analyzed using joinpoint regression. Results: We identified 2,447,990 people with KOA in Beijing,
60% of which were women. The 10-year average age-standardized prevalence and incidence of KOA
was, respectively, 4.6% and 25.2 per 1000 person-years. Prevalence increased with age, surging after
55 years old. The average crude prevalence was 13.2% for people over 55 years old. The prevalence
showed an increasing trend from 2008 to 2017, including a period of rapid rise from 2008 to 2011
(p < 0.05); the increase in prevalence was greatest in people under 35 years old (p < 0.05). Conclusion:
Our analyses showed that the annual prevalence rate of KOA increased significantly from 2008 to
2017 in China. We need to increase our attention to women and the elderly over 55 years old, and
also be alert to the younger trend of incidence of KOA.

Keywords: knee osteoarthritis; prevalence; trends and patterns

1. Introduction

Knee osteoarthritis (KOA) is a common chronic degenerative joint disease, which
mainly manifests as knee pain, stiffness, functional limitation, and can even lead to dis-
ability [1]. KOA affects approximately 250 million people worldwide, and it is estimated
that 10.0–16.0% of older adults over 60 years old have symptomatic knee osteoarthritis
worldwide [2–5]. The years lived with disability (YLDs) caused by osteoarthritis ranked
tenth in China in 2016 [6], and the growth rate of YLDs due to osteoarthritis ranked fifth
in Nordic countries [7]. Knee osteoarthritis was the first leading among osteoarthritis,
accounting for 87% YLDs of osteoarthritis. In China, the number of total knee arthroplasty
cases in 2018 was 249,000, and the total cost was about 12.948 billion yuan [8]. Therefore,
the disease burden caused by knee osteoarthritis is huge.

Many western countries have conducted epidemiological studies of KOA, including
large-scale cross-sectional studies and longitudinal cohort studies [9–11]. However, due
to the heterogeneity of the population and regional differences, the research in western
countries may not be suitable for China. In addition, the existing epidemiological studies
of KOA in China have had limited resources and have used relatively small sample
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sizes [12,13], which could not adequately assess the prevalence and incidence of KOA or
its trends and patterns in recent years.

The aim of the present study was to estimate the prevalence, incidence, trends, and
patterns of diagnosed KOA from 2008 to 2017 in Beijing, using the large-scale longitudinal
data. It is hoped that the results of this study can provide reference for the prevention,
prediction, and rehabilitation management of KOA in China.

2. Patients and Methods
2.1. Data Sources

Data were obtained from the Beijing Medical Claim Data for Employees (BMCDE),
which records medical claims for all beneficiaries who have participated in urban employee
basic medical insurance programs in Beijing. Due to the low proportion of the rural
population and high employment rate, urban employee medical insurance is the main type
of medical insurance in Beijing. At the end of 2017, 17.7 million beneficiaries were included
in the BMCDE, covering nearly 80% of the resident population of this city. Information
recorded in the database includes demographic characteristics (sex and age), medical
information (name of the hospital, level of the hospital, dates of visits), disease diagnosis
in Chinese and the corresponding International Classification of Diseases, 10th Revision
(ICD-10) codes, dates of diagnoses, and cost information. Details of this database have
been presented in previous studies [14,15]. The BMCDE only collects reimbursement data
and deletes all personal identifiers, so this study was considered to be exempt from ethical
approval because we only used encrypted retrospective information.

2.2. Study Design and Participants

This was a longitudinal study. All beneficiaries aged ≥ 18 years old in the BMCDE
from 1 January 2008 to 31 December 2017 were included in the study. Beneficiaries with
lack of personal information, unclear diagnosis of disease, and secondary obesity were
excluded. Information from the same individual could be linked anonymously using an
encrypted number.

2.3. Definition of Outcomes

According to the principal diagnosis, patients with KOA were extracted by using
ICD-10 codes (M17101, M17.961, M24.661, M25.561, and M25.661). The index date was
set to the date when KOA was first diagnosed. Patients newly diagnosed with KOA were
defined as those who first met the criteria for KOA (no record of KOA in 2006 and 2007).

2.4. Statistical Analysis

Prevalence was calculated by dividing the number of people with KOA each year by
the average number of beneficiaries that year (beneficiaries are calculated by taking the
average number of beneficiaries on 1 January and 31 December of each year). Incidence
was calculated by dividing the number of people newly diagnosed with KOA per year
by the total person-years of all beneficiaries that year (those who already have KOA have
been subtracted from the beneficiaries). The annual prevalence and incidence rates were
standardized through age adjustment, using population data for Beijing from the sixth
national census.

We used joinpoint regression to analyze trends in prevalence and incidence rates [16].
Joinpoint regression is a common method to investigate epidemiological time trends that
has been used in many studies [17]. This model aims to establish piecewise regression
according to the time characteristics of disease distribution, dividing time into different
intervals (or phases) through several connection points, and conducting trend fitting and
optimization for each interval, so as to evaluate the disease change characteristics of
different intervals within the whole time range in more detail. The term joinpoint in the
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model refers to a significant change in the direction or size of the linear trend found by
permutation tests [17]. A log-linear regression model was used in each phase:

log(y) = β0 + β1x

In the above equation, y refers to the prevalence or incidence at year x. Annual percent
Change (APC), Average Annual percent Change (AAPC), and 95%CIs are the main results
of joinpoint models, representing the percentage change in prevalence or incidence in a
given year compared to the previous year within each interval and over the whole study
period, respectively. APC was calculated based on the slope in each phase, using the
following formula:

APC =

(
yx+1 − yx

yx

)
× 100 =

(
eβ1 − 1

)
× 100

The parameter calculation method of AAPC was used to calculate the regression
coefficient of each phase by weighting the span width w of the segmented interval [18],
using the formula:

AAPC =

(
e

∑ wiβi
∑ wi − 1

)
× 100

We analyzed differences using t-tests for numerical variables and chi-square tests for
categorical variables. The Z-test was used to analyze the statistical significance of APC and
AAPC, with non-significant changes indicating stable trends [18]. A two-tailed p < 0.05 was
considered statistically significant. All statistical analyses were performed using SAS 9.3
(SAS Institute Inc., Cary, NC, USA) and the Joinpoint Regression Program (Version 4.8.0.1)
from the Surveillance Research Program of the US National Cancer Institute.

3. Results
3.1. Patient Characteristics

Of the 17.7 million participants, 2,447,990 (14%) people with KOA were identified
between 2008 and 2017. Most patients were women (60%), 55–64 years old (28%), retired
(58%), diagnosed in tertiary hospitals (52%), and lived in the city (76%). The characteristics
of patients with KOA are shown in Table 1.

3.2. Prevalence and Incidence of KOA

Table 2 shows the annual age-standardized prevalence and incidence of diagnosed
KOA in Beijing from 2008 to 2017. Table S1 shows the annual crude rate of KOA in Beijing
from 2008 to 2017.

The 10-year average age-standardized prevalence of KOA in Beijing was 4.6% from
2008 to 2017. The lowest point appeared in 2008, which was 1.6%, and the highest point
appeared in 2015, which was 6.5%. The annual age-standardized prevalence of women
was higher than that of men between 2010 and 2017. The prevalence of KOA gradually
increased with age, and the rate of increase became greater after 55 years old (Figure 1).
The average crude prevalence of the decade was 13.2% for people over 55 years old, with
9.4% for males and 18.0% for females.

The 10-year average age-standardized incidence of KOA was 25.2 per 1000 person-
years. The lowest point was 15.2 per 1000 person-years in 2008, and the highest point was
33.9 per 1000 person-years in 2014. The 10-year average crude incidence rate for people
over 55 years old was 44.2 per 1000 person-years, with 36.3 per 1000 person-years for males
and 54.7 per 1000 person-years for females.
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Table 1. Basic characteristics of people with knee osteoarthritis in Beijing, China, 2008–2017.

Characteristics Overall
(n = 2,447,990)

Men
(n = 984,823)

Women
(n = 1,463,167) p-Value ‡

Level of hospital, %
Primary 21 22 21 <0.001

Secondary 27 28 26
Tertiary 52 50 53

Age group *, %
18–34 years 9 8 11 <0.001
35–44 years 12 11 13
45–54 years 21 17 24
55–64 years 28 29 27
65–74 years 17 20 14
65–84 years 11 13 9
≥85 years 2 2 2
Area, %
Urban 76 73 78 <0.001
Rural 24 27 22

Working state, %
On work 42 47 38 <0.001
Retired 58 53 62

Note: * Age group by age at diagnosis; ‡ p-value for sex differences in the characteristics of people with
knee osteoarthritis.

Table 2. Age-standardized prevalence and incidence of diagnosed knee osteoarthritis in Beijing, China, 2008–2017.

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Prevalence (%, 95% CI)

Overall
1.567

(1.566,
1.568)

2.124
(2.123,
2.125)

3.412
(3.411,
3.413)

4.499
(4.498,
4.500)

5.054
(5.053,
5.055)

5.007
(5.006,
5.008)

6.040
(6.038,
6.041)

6.480
(6.479,
6.481)

5.855
(5.854,
5.856)

5.935
(5.933,
5.936)

Men
1.867

(1.866,
1.868)

2.489
(2.487,
2.490)

2.100
(2.098,
2.101)

2.827
(2.826,
2.829)

2.932
(2.930,
2.933)

2.962
(2.962,
2.964)

3.751
(3.749,
3.752)

4.106
(4.104,
4.108)

3.737
(3.736,
3.739)

3.842
(3.840,
4.843)

Women
1.262
(1.260,
1.263)

1.752
(1.751,
1.753)

4.752
(4.751,
4.754)

6.206
(6.204,
6.207)

7.222
(7.219,
7.224)

7.095
(7.093,
7.098)

8.377
(8.374,
8.379)

8.905
(8.902,
8.907)

8.019
(8.017,
8.020)

8.072
(8.069,
8.073)

Incidence (per 1000
person-years, 95% CI)

Overall
15.21

(15.20,
15.22)

20.73
(20.72,
20.74)

22.45
(22.44,
22.46)

30.45
(20.72,
30.46)

31.21
(31.20,
31.22)

26.92
(26.91,
26.94)

33.85
(33.84,
33.86)

27.95
(27.94,
27.96)

22.60
(22.59,
22.61)

20.60
(20.59,
20.61)

Men
8.10
(8.09,
8.11)

11.66
(11.65,
11.67)

13.15
(13.14,
13.16)

18.15
(18.14,
18.16)

18.96
(18.95,
18.98)

17.24
(17.23,
17.25)

23.05
(23.04,
23.06)

19.71
(19.69,
19.72)

16.14
(16.13,
16.15)

15.01
(15.00,
15.02)

Women
22.48
(22.47,
22.49)

29.99
(29.98,
30.00)

31.93
(31.92,
31.95)

43.00
(42.98,
43.02)

43.73
(43.72,
43.75)

36.81
(36.79,
36.83)

44.89
(44.87,
44.91)

36.36
(36.35,
36.38)

29.19
(29.18,
29.21)

26.31
(26.30,
26.32)

Note: Population data for Beijing from China’s 6th national census were used to standardize prevalence and incidence.
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Figure 1. Average crude prevalence of knee osteoarthritis for all age groups in Beijing, China,
2008–2017 (%).

3.3. Trends in the Prevalence and Incidence of KOA

Table 3 shows the trends in the age-standardized prevalence and incidence of diag-
nosed KOA in Beijing from 2008 to 2017. The prevalence increased significantly with an
AAPC of 16.8% (p < 0.05) during this decade. There were two different trends in prevalence
during this period and one joinpoint in 2011. The period from 2008 to 2011 was a phase of
rapid increase, with an APC of 48.9% (p < 0.05). This increasing trend in prevalence was
observed among all age groups, but the AAPC was greater in people under 35 years old
(36.6%, p < 0.05). The annual crude prevalence of KOA in people under 35 years old from
2008 to 2017 is shown in Figure 2.

Table 3. Changes in the age-standardized prevalence and incidence of diagnosed knee osteoarthritis in Beijing, China,
2008–2017 (%).

Trend 1 Trend 2 Average Annual
Percentage Change

(95% CI)Period Annual Percentage
Change (95% CI) Period Annual Percentage

Change (95% CI)

Prevalence

Overall 2008–2011 48.9 (8.5, 91.1) * 2011–2017 4.7 (−0.6, 10.0) 16.8 (8.0, 25.6) *
Gender

Men – – – – 7.7 (4.7, 10.9) *
Women 2008–2011 79.3 (20.0, 158.3) * 2011–2017 3.5 (–1.7, 9.3) 24.0 (12.3, 36.1) *

Age group, years
18–34 2008–2011 113.5 (54.3, 189.5) * 2011–2017 9.4 (5.9, 13.0) * 36.6 (25.8, 47.2) *
35–44 2008–2012 68.1 (33.0, 115.2) * 2012–2017 4.3 (−1.7, 10.4) 29.5 (18.7, 40.1) *
≥45 2008–2011 49.1 (11.8, 90.0) * 2011–2017 3.8 (−1.0, 9.1) 16.3 (7.8, 25.3) *

Incidence

Overall – – – – 1.3 (–5.0, 7.4)
Gender

Men – – – – 4.3 (–2.5, 11.5)
Women – – – – 0.2(–6.1, 6.9)

Age group, years
18–34 2008–2012 56.3 (26.4, 88.7) * 2012–2017 2.6 (–3.0, 8.5) 22.9 (14.3, 31.5) *
35–44 2008–2012 59.3 (17.7, 103.5) * 2012–2017 −3.6 (−11.5, 4.8) 19.1 (7.6, 32.9) *
≥45 2008–2012 17.5(−1.6, 37.1) 2012–2017 −10.7 (−19.5, 0) 0.8(–6.1, 8.5)

Note: 95% CI, 95% confidence interval. * p < 0.05 was considered statistically significant.
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Figure 2. Annual crude prevalence of knee osteoarthritis in people under 35 years old in Beijing from
2008 to 2017 (%).

The age-standardized incidence of KOA remained stable from 2008 to 2017, with a
non-significant AAPC of 1.3% (p > 0.05), and no significant joinpoint. Joinpoint regression
showed that the AAPC in the incidence of patients aged 18–34 years old was greater than
that of patients aged 35–44 years old (22.9% vs. 19.1%). Moreover, there was a joinpoint
in 2012 for both of these age groups. The period from 2008 to 2012 was a phase of rapid
increase, with an APC of 56.3% (p < 0.05) in the 18–34 age group and 59.3% (p < 0.05) in the
35–44 age group.

4. Discussion

To the best of our knowledge, the present study is the first study to describe trends
and patterns in the prevalence and incidence of knee osteoarthritis in China. Using data
from the health insurance claims of 17.7 million people, we found that the 10-year average
age-standardized prevalence and incidence rates of KOA were, respectively, 4.6% and 25.2
per 1000 person-years. Furthermore, prevalence increased significantly within a decade. In
addition, we also found that the AAPC in the prevalence and incidence during the decade
was the largest in the low-age group (18–34 years), indicating that knee OA was diagnosed
at younger ages.

Our results showed that the age-standardized prevalence of KOA in people over
18 years old was 4.6%, which is lower than the studies in the United States (7.3%) and
Denmark (13.4%) [10,19]. We attribute the difference in prevalence among studies to
differences in race, life and work styles, and other variables. Although the prevalence rate
is relatively low compared to some western countries, due to China’s large population,
more patients will need rehabilitation treatment and even knee replacement in the future,
which could be a heavy public health burden for China. Furthermore, the prevalence
observed in the present study increased significantly within a decade, which is similar
to the change in prevalence observed in other countries, such as the United States and
the United Kingdom [9,20]. The reason for this may be the aging of the population and
increased risk factors for knee osteoarthritis (such as low physical activity and high body
mass index) in recent years [21–23]. In addition, with the development of the economy, the
improvement of people’s health-seeking behaviors have also led to the increase in disease
detection rate, which may also be one of the reasons for the increasing prevalence of knee
OA year by year [24].

It is known that the prevalence and incidence of KOA increases with age. Our study
showed that the prevalence and incidence of KOA increased significantly after 55 years old,
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and that the average crude prevalence from 2008 to 2017 of people over 55 years old was
13.2%: 9.4% for males and 18.0% for females. This is consistent with the results of other
current studies. A study on the epidemiology of KOA in the United States showed that
the prevalence of knee OA increases with every decade of life, with the annual incidence
of knee OA being highest between 55 and 64 years of age [10]. A study in India found
that the prevalence of KOA among those who under 50, 50–60, 60–70, and over 70 years
old increased sequentially, which is 19.2%, 30.7%, 39.7%, and 54.1%, respectively [25]. The
reasons that aging promotes the occurrence of KOA may include the followings [26–28]:
(i) the cell functions and properties of articular cartilage change with age and it responds
differently to cytokines and growth factors; (ii) the articular cartilage secretes less synovial
fluid with age, which reduces lubrication of the joints; (iii) muscle strength is reduced with
age, so it is difficult to support the surrounding articular cartilage, thereby accelerating
cartilage wear; and (iv) after menopause, changes in hormone levels can cause bone
hyperplasia and accelerate the onset and progression of osteoarthritis. However, in our
study, the prevalence and incidence of KOA in people over 85 years old were lower than
they were in the 55–64 and 65–74 age groups. The explanation for this may be related to
an increased comorbidity rate and a decreased rate in medical visits due to KOA in this
group of people. Another possible explanation for this phenomenon is survivor bias, which
allows relatively healthy people to survive to the oldest age group.

In addition, the present study has found the AAPC in the prevalence of knee OA was
greatest in the age group under 35 years old. We should be alert to the phenomenon that
the rate of KOA is increasing among young people, not only in older adults. In recent years,
many chronic diseases have shown a trend of younger disease. Andersson mentioned in the
review that [29], in the past 2 decades, a high prevalence of risk factors for cardiovascular
disease, such as obesity, physical inactivity, and poor diet, has been observed among young
individuals living in developed countries. This leads to a faster increase in the prevalence
of cardiovascular disease among young people than among the elderly over 50 years old.
Similarly, Wang’s research found that a trend for younger age at type 2 diabetes diagnosis
in Beijing [30]. The rejuvenation of chronic diseases will bring a heavy burden of disease,
economic, and public health to the country. Therefore, we should pay attention to the
health education of young people, cultivate good living habits, reduce the incidence of risk
factors, and ultimately control the trend of disease rejuvenation.

Previous studies have shown that the prevalence and incidence of KOA are higher
in women than in men [25,31,32], which is consistent with the results of the present study.
This phenomenon may be attributed to differences in hormone levels, muscle strength, and
health-seeking behavior between the genders [28,33,34]. Estrogen levels in postmenopausal
women are significantly lower than premenopausal and male levels, which may affect
cartilage metabolism and change the mechanical environment of joints [35]. Moreover,
men and women have different sensitivity and tolerance to disease, and women are more
likely to seek timely medical treatment than men are [36]. This suggests that men may be
less likely to be diagnosed with osteoarthritis, which is reflected in the lower prevalence
and incidence among men in this study.

This study has certain strengths. Currently, there is a lack of epidemiological studies
on large samples of people with KOA in China. We used data from the health insurance
claims of 17.7 million people to estimate the prevalence and incidence of KOA in Beijing in
the past 10 years, and determined the prevalence trend for KOA. These findings about KOA
could provide valuable evidence for other developing cities in China, and even in cities
in other countries in the future. This evidence further clarifies the public health burden
of KOA and facilitates the formulation of policies related to prevention, prediction, and
rehabilitation management of KOA. Moreover, the estimates of prevalence and incidence
were based on a dynamic population, which is closer to real-world population changes.

The limitations of this study include the following. Firstly, since the data were based
on hospital visits, we could not obtain information about people who suffered from KOA
but did not see a doctor. This may result in an underestimation of prevalence and incidence
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rates. Secondly, although the BMCDE database covers more than 80% of the resident
population of Beijing, we could not obtain information about some immigrants in this city,
which may cause selection bias. Thirdly, like many previous studies that have used a large
medical database for the purpose of management, we used the ICD code to determine
whether a person actually has KOA, but it is difficult to strictly control the diagnostic
process, which may lead to bias. Finally, because the BMCDE includes only claims data,
information on socioeconomic status, health behaviors, and treatment effects were not
available. Therefore, we could not do a more detailed analysis, such as the identification of
risk factors.

5. Conclusions

Using the large-scale longitudinal data of 17.7 million adults in China, we observed
that the average age-standardized prevalence of diagnosed KOA for people over 18 years
old was 4.6%, and the crude prevalence rate for people over 55 years old was 13.2%. There
were more female patients than men. Our analyses showed that the annual prevalence rate
increased significantly from 2008 to 2017, and that KOA was being diagnosed at younger
ages. Therefore, we need to increase our attention to women and the elderly over 55 years
old, and be alert to the younger trend of incidence of KOA at the same time.
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.3390/ijerph18168864/s1, Table S1: Crude prevalence and incidence of diagnosed knee osteoarthritis
in Beijing, China, 2008–2017.

Author Contributions: Y.H. and S.S. contributed to the study concept. Y.H. and S.S. had full access to
all the data in this study and take responsibility for the integrity of the data. H.C. and J.W. (Junhui Wu)
performed the data analysis, and drafted the manuscript. Z.W., Y.W. (Yao Wu) and T.W. contributed
to the statistical analysis and table’s development of this article. Y.W. (Yiqun Wu), M.W., S.W., X.W.,
J.W. (Jiating Wang), H.Y. revised the draft critically for important intellectual content. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by National Natural Science Foundation of China, grant numbers
81703291, 81872695, and 81972158.

Institutional Review Board Statement: This study was considered exempted from Institutional
Review Board approval because this study were for administrative purposes and do not have any
identifying personal information such as full name and citizen’s ID number.

Informed Consent Statement: Patient consent was waived due to lack of any identifying personal
information such as full name and citizen’s ID number.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank the native English-speaking scientists for editing our
manuscript; and Yongchen Ma for editing our figure.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. McAlindon, T.E.; Bannuru, R.; Sullivan, M.C.; Arden, N.K.; Berenbaum, F.; Bierma-Zeinstra, S.M.; Hawker, G.A.; Henrotin, Y.;

Hunter, D.J.; Kawaguchi, H.; et al. OARSI guidelines for the non-surgical management of knee osteoarthritis. Osteoarthr. Cartil.
2014, 22, 363–388. [CrossRef]

2. Cho, H.J.; Morey, V.; Kang, J.Y.; Kim, K.W.; Kim, T.K. Prevalence and Risk Factors of Spine, Shoulder, Hand, Hip, and Knee
Osteoarthritis in Community-dwelling Koreans Older than Age 65 Years. Clin. Orthop. Relat. Res. 2015, 473, 3307–3314. [CrossRef]
[PubMed]

3. Helmick, C.G.; Felson, D.T.; Lawrence, R.C.; Gabriel, S.; Hirsch, R.; Kwoh, C.K.; Liang, M.H.; Kremers, H.M.; Mayes, M.D.;
Merkel, P.A. Estimates of the prevalence of arthritis and other rheumatic conditions in the United States. Part, I. Arthritis Rheum.
2008, 58, 15–25. [CrossRef] [PubMed]

4. Postler, A.; Ramos, A.L.; Goronzy, J.; Günther, K.P.; Lange, T.; Schmitt, J.; Zink, A.; Hoffmann, F. Prevalence and treatment of hip
and knee osteoarthritis in people aged 60 years or older in Germany: An analysis based on health insurance claims data. Clin.
Interv. Aging 2018, 13, 2339–2349. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph18168864/s1
https://www.mdpi.com/article/10.3390/ijerph18168864/s1
http://doi.org/10.1016/j.joca.2014.01.003
http://doi.org/10.1007/s11999-015-4450-3
http://www.ncbi.nlm.nih.gov/pubmed/26162413
http://doi.org/10.1002/art.23177
http://www.ncbi.nlm.nih.gov/pubmed/18163481
http://doi.org/10.2147/CIA.S174741
http://www.ncbi.nlm.nih.gov/pubmed/30532524


Int. J. Environ. Res. Public Health 2021, 18, 8864 9 of 10

5. Guillemin, F.; Rat, A.C.; Mazieres, B.; Pouchot, J.; Fautrel, B.; Euller-Ziegler, L.; Fardellone, P.; Morvan, J.; Roux, C.H.; Verrouil,
E.; et al. Prevalence of symptomatic hip and knee osteoarthritis: A two-phase population-based survey. Osteoarthr. Cartil. 2011,
19, 1314–1322. [CrossRef] [PubMed]

6. Zeng, X.Y.; Qi, J.L.; Yin, P.; Wang, L.J.; Liu, Y.N.; Liu, J.M.; Zhou, M.G.; Liang, X.F. Burden of Disease Reports in China and
Provincial Administrative Regions from 1990 to 2016. Chin. Circ. J. 2018, 246, 7–18. (In Chinese)

7. Kiadaliri, A.A.; Lohmander, L.S.; Moradi-Lakeh, M.; Petersson, I.F.; Englund, M. High and rising burden of hip and knee
osteoarthritis in the Nordic region, 1990-2015. Acta Orthop 2018, 89, 177–183. [CrossRef] [PubMed]

8. Gao, X.R. How Many Artificial Knee and Hip Replacement Surgeries Did China Do in 2018? What Is the Amount? Available
online: https://www.haodf.com/zhuanjiaguandian/gaoxurendr_7591652124.htm (accessed on 1 December 2020). (In Chinese)

9. Nguyen, U.S.D.; Zhang, Y.; Zhu, Y.; Niu, J.B.; Zhang, B.; Felson, D.T. Increasing prevalence of knee pain and symptomatic knee
osteoarthritis: Survey and cohort data. Ann. Intern. Med. 2011, 155, 725–732. [CrossRef] [PubMed]

10. Deshpande, B.R.; Katz, J.N.; Solomon, D.H.; Yelin, E.H.; Hunter, D.J.; Messier, S.P.; Suter, L.G.; Losina, E. Number of Persons With
Symptomatic Knee Osteoarthritis in the US: Impact of Race and Ethnicity, Age, Sex, and Obesity. Arthritis Care Res. 2016, 68,
1743–1750. [CrossRef]

11. Holt, H.L.; Katz, J.N.; Reichmann, W.M.; Gerlovin, H.; Wright, E.A.; Hunter, D.J.; Jordan, J.M.; Kessler, C.L.; Losina, E. Forecasting
the burden of advanced knee osteoarthritis over a 10-year period in a cohort of 60-64 year-old US adults. Osteoarthr. Cartil. 2011,
19, 44–50. [CrossRef]

12. Zang, C.H.; Zeng, Q.Y.; Li, X.F.; Dong, H.Y.; Zhang, A.L. Epidemiological study of knee osteoarthritis in Taiyuan. Chin. J. Intern.
Med. 2006, 45, 533–536. (In Chinese)

13. Jiang, L.; Rong, J.; Zhang, Q.; Hu, F.; Zhang, S.; Li, X.; Zhao, Y.; Tao, T. Prevalence and associated factors of knee osteoarthritis in a
community-based population in Heilongjiang, Northeast China. Rheumatol. Int. 2012, 32, 1189–1195. [CrossRef]

14. Wu, Y.; Yang, C.; Xi, H.; Zhang, Y.; Zhou, Z.; Hu, Y. Prescription of antibacterial agents for acute upper respiratory tract infections
in Beijing, 2010-2012. Eur. J. Clin. Pharmacol. 2016, 72, 359–364. [CrossRef]

15. Wu, J.; Wu, Y.; Tian, Y.; Wu, Y.Q.; Hu, Y.H. Association between ambient fine particulate matter and adult hospital admissions for
pneumonia in Beijing, China. Atmos. Environ. 2020, 231, 117497. [CrossRef]

16. Zghebi, S.S.; Steinke, D.T.; Carr, M.J.; Rutter, M.K.; Emsley, R.A.; Ashcroft, D.M. Examining trends in type 2 diabetes incidence,
prevalence and mortality in the UK between 2004 and 2014. Diabetes Obes. Metab. 2017, 19, 1537–1545. [CrossRef]

17. Kim, H.J.; Fay, M.P.; Feuer, E.J.; Midthune, D.N. Permutation tests for joinpoint regression with applications to cancer rates. Stat.
Med. 2000, 19, 335–351. [CrossRef]

18. Clegg, L.X.; Hankey, B.F.; Tiwari, R.; Feuer, E.J.; Edwards, B.K. Estimating average annual per cent change in trend analysis. Stat.
Med. 2009, 28, 3670–3682. [CrossRef]

19. Laxafoss, E.; Jacobsen, S.; Gosvig, K.K.; Holm, S.S. Case definitions of knee osteoarthritis in 4,151 unselected subjects: Relevance
for epidemiological studies: The Copenhagen Osteoarthritis Study. Skelet. Radiol. 2010, 39, 859–866. [CrossRef]

20. Leyland, K.M.; Hart, D.J.; Javaid, M.K.; Judge, A.; Kiran, A.; Soni, A.; Goulston, L.M.; Cooper, C.; Spector, T.D.; Arden, N.K. The
natural history of radiographic knee osteoarthritis: A fourteen-year population-based cohort study. Arthritis Rheum. 2012, 64,
2243–2251. [CrossRef]

21. Kulkarni, K.; Karssiens, T.; Kumar, V.; Pandit, H. Obesity and osteoarthritis. Maturitas 2016, 89, 22–28. [CrossRef] [PubMed]
22. Physical Activity. Available online: http://www.who.int/mediacentre/factsheets/fs385/en/ (accessed on 1 December 2020).
23. Dekker, J.; Van Dijk, G.M.; Veenhof, C. Risk factors for functional decline in osteoarthritis of the hip or knee. Curr. Opin. Rheumatol.

2009, 21, 520–524. [CrossRef] [PubMed]
24. Bala, K.; Bavoria, S.; Sahni, B.; Bhagat, P.; Langeh, S.; Sobti, S. Prevalence, risk factors, and health seeking behavior for knee

osteoarthritis among adult population in rural Jammu—A Community based Cross Sectional Study. J. Family Med. Prim. Care
2020, 9, 5282–5287.

25. Pal, C.P.; Singh, P.; Chaturvedi, S.; Pruthi, K.K.; Vij, A. Epidemiology of knee osteoarthritis in India and related factors. Indian J.
Orthop. 2016, 50, 518–522. [CrossRef]

26. Blagojevic, M.; Jinks, C.; Jeffery, A.; Jordan, K.P. Risk factors for onset of osteoarthritis of the knee in older adults: A systematic
review and meta-analysis. Osteoarthr. Cartil. 2010, 18, 24–33. [CrossRef] [PubMed]

27. Mikesky, A.E.; Mazzuca, S.A.; Brandt, K.D.; Perkins, S.M.; Damush, T.; Lane, K.A. Effects of strength training on the incidence
and progression of knee osteoarthritis. Arthritis Rheum. 2006, 55, 690–699. [CrossRef] [PubMed]

28. Felson, D.T.; Zhang, Y.; Hannan, M.T.; Naimark, A.; Weissman, B.; Aliabadi, P.; Levy, D. Risk factors for incident radiographic
knee osteoarthritis in the elderly: The Framingham Study. Arthritis Rheum. 1997, 40, 728–733. [CrossRef]

29. Andersson, C.; Vasan, R.S. Epidemiology of cardiovascular disease in young individuals. Nat. Rev. Cardiol. 2018, 15, 230–240.
[CrossRef] [PubMed]

30. Wang, Z.J.; Wu, Y.; Wu, J.H.; Wang, M.Y.; Wang, X.W.; Wang, J.T.; Wu, T.; Wu, Y.Q.; Hu, Y.H. Trends in prevalence and incidence
of type 2 diabetes among adults in Beijing, China, from 2008 to 2017. Diabet. Med. 2020, 38, e14487.

31. Kodama, R.; Muraki, S.; Oka, H.; Iidaka, T.; Teraguchi, M.; Kagotani, R.; Asai, Y.; Yoshida, M.; Morizaki, Y.; Tanaka, S.; et al.
Prevalence of hand osteoarthritis and its relationship to hand pain and grip strength in Japan: The third survey of the ROAD
study. Mod. Rheumatol. 2016, 26, 767–773. [CrossRef]

http://doi.org/10.1016/j.joca.2011.08.004
http://www.ncbi.nlm.nih.gov/pubmed/21875676
http://doi.org/10.1080/17453674.2017.1404791
http://www.ncbi.nlm.nih.gov/pubmed/29160139
https://www.haodf.com/zhuanjiaguandian/gaoxurendr_7591652124.htm
http://doi.org/10.7326/0003-4819-155-11-201112060-00004
http://www.ncbi.nlm.nih.gov/pubmed/22147711
http://doi.org/10.1002/acr.22897
http://doi.org/10.1016/j.joca.2010.10.009
http://doi.org/10.1007/s00296-010-1773-y
http://doi.org/10.1007/s00228-015-1997-6
http://doi.org/10.1016/j.atmosenv.2020.117497
http://doi.org/10.1111/dom.12964
http://doi.org/10.1002/(SICI)1097-0258(20000215)19:3&lt;335::AID-SIM336&gt;3.0.CO;2-Z
http://doi.org/10.1002/sim.3733
http://doi.org/10.1007/s00256-009-0856-x
http://doi.org/10.1002/art.34415
http://doi.org/10.1016/j.maturitas.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/27180156
http://www.who.int/mediacentre/factsheets/fs385/en/
http://doi.org/10.1097/BOR.0b013e32832e6eaa
http://www.ncbi.nlm.nih.gov/pubmed/19550331
http://doi.org/10.4103/0019-5413.189608
http://doi.org/10.1016/j.joca.2009.08.010
http://www.ncbi.nlm.nih.gov/pubmed/19751691
http://doi.org/10.1002/art.22245
http://www.ncbi.nlm.nih.gov/pubmed/17013851
http://doi.org/10.1002/art.1780400420
http://doi.org/10.1038/nrcardio.2017.154
http://www.ncbi.nlm.nih.gov/pubmed/29022571
http://doi.org/10.3109/14397595.2015.1130673


Int. J. Environ. Res. Public Health 2021, 18, 8864 10 of 10

32. Tang, X.; Wang, S.; Zhan, S.; Niu, J.; Tao, K.; Zhang, Y.; Lin, J. The prevalence of symptomatic knee osteoarthritis in China: Results
from the China Health and Retirement Longitudinal Study. Arthritis Rheumatol. 2016, 68, 648–653. [CrossRef] [PubMed]

33. Prieto-Alhambra, D.; Judge, A.; Javaid, M.K.; Cooper, C.; Diez-Perez, A.; Arden, N.K. Incidence and risk factors for clinically
diagnosed knee, hip and hand osteoarthritis: Influences of age, gender and osteoarthritis affecting other joints. Ann. Rheum. Dis.
2014, 73, 1659–1664. [CrossRef] [PubMed]

34. Sun, X.; Zhen, X.; Hu, X.; Li, Y.; Gu, S.; Gu, Y.; Dong, H. Osteoarthritis in the middle-aged and elderly in China: Prevalence and
influencing factors. Int. J. Environ. Res. Public Health 2019, 16, 4701. [CrossRef] [PubMed]

35. Su, Y.; Zhu, Z.; Cai, Y.; Jin, D.; Xue, Q. Epidemiological study on symptomatic knee osteoarthritis in middle-aged and elderly
people in Guangzhou area. Chin. J. Jt. Surg. 2010, 4, 2–6.

36. Zhou, Z.; Zou, Z. Investigation on some factors affecting patient’s medical treatment behavior. Chin. Hosp. Manag. 1994, 14, 28–31.
(In Chinese)

http://doi.org/10.1002/art.39465
http://www.ncbi.nlm.nih.gov/pubmed/26474054
http://doi.org/10.1136/annrheumdis-2013-203355
http://www.ncbi.nlm.nih.gov/pubmed/23744977
http://doi.org/10.3390/ijerph16234701
http://www.ncbi.nlm.nih.gov/pubmed/31779104

	Introduction 
	Patients and Methods 
	Data Sources 
	Study Design and Participants 
	Definition of Outcomes 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Prevalence and Incidence of KOA 
	Trends in the Prevalence and Incidence of KOA 

	Discussion 
	Conclusions 
	References

