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Abstract

osteoarthritis (KOA).

in KOA and socio-demographic index (SDI).

Background The objective of the study is to analyse the regions, age and sex differences in the incidence of knee

Methods Data were extracted from the global burden of diseases (GBD) 2019 study, including incidence, years lived
with disability (YLD), disability-adjusted life-years (DALYs) and risk factors. Estimated annual percentage changes
(EAPCs) were calculated to quantify the temporal trends in age standardized rate (ASR) of KOA. Paired t-test, paired
Wilcoxon signed-rank test and spearman correlation were performed to analyze the association of sex disparity

Results There were significant regional differences in the incidence of knee osteoarthritis. In 2019, South Korea had
the highest incidence of knee osteoarthritis (474.85,95%U1:413.34-539.64) and Thailand had the highest increase
in incidence of knee osteoarthritis (EAPC=0.56, 95%Cl=0.54-0.58). Notably, higher incidence, YLD and DALYs

of knee osteoarthritis were associated with areas with a high socio-demographic index (r=0.336, p<0.001; r=0.324,
p<0.001;r=0.324,p<0.001). In terms of age differences, the greatest increase in the incidence of knee osteoarthritis
was between the 35-39 and 40-44 age groups. (EAPC=0.52, 95%Cl=0.40-0.63; 0.47, 95%Cl=0.36-0.58). In addition,

there were significant sex differences in the disease burden of knee osteoarthritis (P<0.001).
Conclusions The incidence of knee osteoarthritis is significantly different with regions, age and sex.
Keywords Knee osteoarthritis, Age-standardized rates, Incidence, Sex-Related Differences, Risk factors

Introduction

Knee osteoarthritis was a degenerative joint disease that
affects millions of people worldwide [1]. Nociceptive
chronic joint pain (longer than three months) was the
most common symptom of knee osteoarthritis, which
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was one of the most frequent causes of disability. The
symptoms of end-stage knee osteoarthritis were debilitat-
ing and can require joint replacement in order to remain
functions. The treatment of knee osteoarthritis (KOA)
required billions of dollars of economic investment [2]. It
was important to address knee osteoarthritis as a public
health issue [3]. However, there were no studies that pro-
vide a comprehensive geographical analysis of osteoar-
thritis of the knee, and the treatment of osteoarthritis of
the knee did not adequately take into account differences
between individuals, which was a significant waste of
health care resources. The aim of our study was to iden-
tify global differences in the burden of disease caused by
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KOA and, where possible, to elucidate the causes of such
differences.

Methods

Study Data

Data on 369 diseases and injuries, 87 risk factors, and
global, regional, and national DALYs are provided by
the GBD study for 204 nations and territories between
1990 and 2019. In the present study, we extracted data
from the GBD database, which contains the most recent
data on knee osteoarthritis incidence, years lived with
disability (YLD) and DALYs of different sexs between
1990 and 2019. In the GBD Study 2019, OA was defined
as symptomatic Kellgren/Lawrence grade 2-4 OA
that was painful for at least 1 month over the previ-
ous 12 months [4, 5]. The data were retrieved using
the Global Health Data Exchange (GHDx) query tool
(http://ghdx.healthdata.org/gbd-results-tool).We used
20 consecutive age groups (from <5 years to > 95 years)
in the GDB database for analysis. Detailed information
on the estimates of deaths and non-fatal deaths used in
the GBD can be found at the following address https://
vizhub.healthdata.org/GBD-compare/ and http://ghdx.
healthdata.org/GBD-results-tool. DALYs was calcu-
lated by summing the number of years of life lost due to
mortality (YLL) and the number of years lived by some-
one living with a disability (YLD) due to the diseases.
ASR was a measure of how a population would proceed
if it had a standard age structure. Furthermore, based
on their sociodemographic index (SDI), which calcu-
lated the fertility rate, income per capita, and educa-
tional attainment into a range from 0 to 1, nations and
territories were classified into five quintiles.

Statistical analysis

Based on the above datasets, we estimated incidence ratios
by age-sex-location-year in the GBD 2019 location hierar-
chy using DisMod-MR 2.1. According to the direct method,
the ASR (per 100,000 population) is calculated by adding
the products of the age-specific rates (a;, where i denotes the
iy, age class) and number of persons (or weight)(w;) within a
given age group i within the chosen reference population,
then divided by the sum of the standard population weights,

. E‘f\:laiwl‘ .
ie, ASR = Z‘:Tm x 100, 000. The natural logarithm of
the rates was htted with a regression line, where y=In
(ASR), and x=calendar year, the EAPC was determined as,
and the linear regression model may also be used to deter-
mine its 95 percent confidence interval (CI). EAPC meas-
ured the ASR trend over a specified period of time and was
a widely used measure. Whenever EAPC estimates and
their lower limit of 95% confidence interval were positive,
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the trend of ASR was considered upward. In contrast, if
both EAPC estimation and the upper limit of 95% CI were
negative, the trend of ASR was considered downward.
DALY was calculated as:DALY 4.0 = SO20 s % pr % exy.
Where DALY ;4. represented DALYs number cumulated
by population aging, population growth and epidemiologic
changed in year t, a; ; was the percentage of the population
of age group k in year t, P; was the size of the population in
the year t, and e ; was the rate of DALYs for a given age
group k in year t. YLDs per capita in an age-sex-country
year are calculated by summing the attributable DWs for a
disease outcome across simulants. YLDRate;, = w.
The index scores underlying the SDI have been calculated as
follows: Iy, = max(%,o.%). A detailed descrip-
tion of the calculation of DALYs, YLDs and SD], and the for-
mulae used can be found in Supplementary Material 1. We

calculated the risk factors for knee osteoarthri-
. Y Pi(RR—1) .
tis. PAF = ST P RR DT’ where RR; was the relative risk

for exposure level i, P; was the proportion of the population
in that exposure category, and n was the number of expo-
sure categories. Using the paired t-test, two groups of data
conforming to normal distribution were compared. We
employed the paired Wilcoxon signed-rank test for variables
that did not follow a normal distribution. Furthermore,
Spearman rank correlation coefficient was appropriate for
non-normally distributed data and spearman’s non-para-
metric correlations were used to analyze the relationship.
The statistical analysis was performed using SPSS 26.0, and
Statistical charts were generated using the R version 3.6.3
and R version 4.2.1.

Results

Trends in incidence of knee osteoarthritis in different
countries and regions

ASIR of KOA varied significantly world-wide. In 2019,
Republic of Korea (474.85,95%U1:413.34-539.64), Bru-
nei Darussalam (456.99,95%UI:396.63-519.97) and
Singapore (453.43,95%UI:396.51-516.83) had the top
three statistically ASIRs, whereas the lowest ASIRs
was found in Tajikistan (228.81,95%U1:197.08-263.27)
(Fig. 1A).

From 1990 to 2019, at country level, increasing
trends of the ASIR were observed in 202 countries,
with the highest increase in Thailand (EAPC=0.56,
95%CI1=0.54-0.58). Additionally, Burundi (EAPC=0.04,
95%CI=0.03-0.05) showed the smallest increase. How-
ever, the ASIR remained stable in United States of Amer-
ica and Democratic Republic of the Congo, with EAPC
of -0.14(95%CI=-0.30-0.01) and 0.01(95%CI=-0.01-
0.04) (Fig. 1B).
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Fig. 1 Age-standardized incidence rate of knee osteoarthritis in 2019 (A). The estimated annual percentage changes of knee osteoarthritis

incidence in 204 countries and territories worldwide from 1990 to 2019 (B)

The correlation between disease burden of knee
osteoarthritis and Socio-demographic Index

We analyzed the correlation between different disease
burdens of knee osteoarthritis and socio-demographic
development indices in 2019. At a global level, there
was a positive spatial correlation between ASIR and
SDI (r=0.336, p<0.001), higher SDI index was related
with higher ASIR. (Fig. 2A). Similarly, YLDs and DALYs
of the knee osteoarthritis rose with increasing level of
SDI, indicating a positive and statistically significant

correlation (r=0.324, p<0.001; r=0.324, p<0.001).
(Figs. 2B and 2C).

Age- related differences in disease burden of knee
osteoarthritis

In 2019, the data indicated that DALY rates were highest
in the age group 75 to 79 years in all WHO regions, while
DALY rates were almost zero in the age group 34 years
and under. Before the age of 80, the DALY values for
knee osteoarthritis showed a tendency to increase with
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Fig. 2 Correlation between age-standardized incidence of knee
osteoarthritis and socio-demographic indices in 2019 (A).
Correlation between year lived with disability of knee osteoarthritis
and socio-demographic indices in 2019 (B). Correlation
between disability-adjusted life years of knee osteoarthritis
and socio-demographic indices in 2019 (C). Based on Spearman
correlation analysis, P and r values were determined
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age. However, after the age of 80, there was a decreasing
trend in DALYs for knee osteoarthritis. The DALY rates
of female were higher than that of male in all regions at
the same age. (Fig. 3A).

From 1990 to 2019, at age level, the trend of the
ASR of ASIR was upward in 13 age groups particularly
0-34 years, 35-39 years, 40-44 years, with the EAPCs
were 0.48(95%CI=0.40-0.56), 0.52(95%CI=0.40-0.63)
and 0.47(95%CI=0.36-0.58) respectively. In addition, the
ASR of KOA remained a stable trend over time in people
aged 65 to 69 years (Fig. 3B).

Sex differences in knee osteoarthritis disease burden data
by area

Statistics showed that in 2019 the ASIR was higher
in female than that in male(p<0.001); at the same
time, female YLD per person was higher than male
YLD for individuals at the global level(p<0.001); the
ratio of age-standardized female to male DALY rates
was > 1(p<0.001).

At the SDI quintiles level, the ASIR, YLD and DALYs
of male and female in high SDI area were the highest. In
WHO regions, ASIR was highest in female in the West-
ern Pacific Region (486.43,95%UI 422.19-552.67) and
in male in the Region of the Americas (322.25,95%UI
281.27-367.32). On the whole, ASIR, YLD and DALYs
of male and female were significantly different, and they
were all higher in female than male (p<0.001, p<0.001,
p<0.001) (Fig. 4).

Incidence of knee osteoarthritis and obesity: correlation
and sex differences

As shown in the data in Table 1, the effect of body
mass index on knee osteoarthritis showed an increas-
ing trend between 1990 and 2019. We further inves-
tigated sex-related differences with high body-mass
index in knee osteoarthritis. The effects of high
body-mass index on KOA appeared to be greater in
female than male. For instance, the DALY rate was
showed with 26.14(95%UI:9.04—60.24) in female and
13.91(95%UI:4.26-32.10) in male during 1990, while it
was showed with 38.15(95%UI:14.36—84.35) in female
and 22.74(95%UI:7.99-50.02) in male during 2019
(Table 1).

Discussion

The disease burden of hip osteoarthritis and hand
osteoarthritis has been reported, however, the level of
awareness of differences in the development of KOA
is still lacking [6, 7]. In this study, we found that there
were significant differences with respect to regions, age
and sex in the global burden of KOA, and we gave a pos-
sible interpretation for these differences. These results



Di et al. BMC Musculoskeletal Disorders (2024) 25:66

Page 5 of 10

6000

of DALY

xxxxxx

Rate

2000

EAPC

ey & » EN A &
“ L 4 E L « & &

age

R L Y Y Y
& F A A S S A A A
¢

Sex'WHO region (rate)
FemalelAfrican Region

[ —————

Disability-adjusted life year(DALY)

age
I o-stveas
I ss-coueas
T so-seveas
I ss-soeas

s0-54yors
s5-50 s
c0-64yors
I es-sovears
I ro-reveas
I 7s-roveas
1] so-se s
[ ss-soes

90-94 years

95+ years

The estimated annual
percentage change

A o 2 2 s
K K & & &

Fig. 3 Trends in disability-adjusted life years for knee osteoarthritis in men and women of different age groups according to six WHO regions
in 2019 (A). Estimated annual percentage change in incidence of knee osteoarthritis from 1999 to 2019 (B)

could be helpful for authorities to develop preventive
strategies and improve interventions against KOA.
There is a high Incidence of KOA in the adult popula-
tion, and this disease can cause significant pain and dis-
ability [8]. Additionally to the health harm caused by
KOA, the loss of labor and the high costs of treatment
can also have a significant impact on society and econ-
omy [9]. Previously, a 2017 investigation on the burden
of the hip osteoarthritis and knee osteoarthritis up to
2010 was released by Marita Cross et al. [10]. A. Singh
et al. examined the distinctions across several Indian
cities [11]. This study provided a more detailed analy-
sis of KOA. We focused on the analysis of the variance
with regions, age and sex. This study indicated that new

approaches are needed to discover effective prevention
and treatment interventions for susceptible population.

The incidence of KOA has gradually increased from
1990 to 2019. According to the GBD Study 2019, OA
ranked 17th overall in terms of Incidence and 19th in
terms of ASR among 369 diseases and injuries [12]. KOA
was more prevalent in socioeconomically developed
regions. It was noteworthy that countries with a high
socio-demographic index have the majority of patients
with mild osteoarthritis, whereas countries with a low
socio-demographic index have the majority of patients
with moderate to severe osteoarthritis [10]. The medi-
cal cost of OA accounted for 1-2.5% of the gross domes-
tic product in several high-income countries. KOA
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accounted for approximately 85% of this burden [13]. For
example, the total lifetime opioid-related costs for the
US population with knee osteoarthritis are estimated at
$1.4 billion [14]. In Germany, knee replacements are esti-
mated to cost between €1 billion and €1.3 billion per year
[15]. In addition to an aging population, an improved
life expectancy and access to timely diagnosis may have
contributed to the rising burden of KOA [4]. Countries
with high SDIs were more likely to suffer from these
factors. Countries with a high SDI had more mature
social welfare systems than younger countries with a
low SDI, which were experiencing an ageing population

[16]. There were also differences in diagnostic capac-
ity due to significant differences in the level of medical
care between high and low SDI countries. In less devel-
oped regions such as Africa and Latin America, medical
resources were fragile and under-planned, resulting in a
lack of timely diagnosis for patients with osteoarthritis of
the knee [17]. There may also be a connection between
this change and the importance that high SDI countries
attach to knee arthritis, the social popularization of
health knowledge, and the convenience of medical treat-
ment. A low level of knowledge about knee osteoarthritis
was found in a cross-sectional survey of the Malaysian
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Table 1 The effect of high body-mass index on knee
osteoarthritis by sex from 1990 to 2019

DALYs rate

Year Male Female Both

1990 13.91(4.26,32.10) 14(9.04,60.24) 20.47(7.11,45.87)
1991 14.08(4.34,32.46) 26. 44(9 21,60.75) 20.71(7.23,46.16)
1992 14.27(4.43,32.78) 26. 77(9 38,6141) 20.96(7.36,46.61)
1993 14.48(4.52,33.20) 10(9.56,62.13) 21.23(7.4847.18)
1994 14.68(4.61,33.63) 27. 43(9 71,62.79) 21.49(7.61,47.75)
1995 14.91(4.71,34.06) 27. 75(9 85,63.36) 21.75(7.74,48.25)
1996 15.15(4.80,34.6) 10(9.99,64.09) 22.05(7.88,48.89)
1997 1543(4.91,35.24) 28.51(10.12,64.92) 22.39(8.04,49.60)
1998 15.74(5.05,35.81) 28.96(10.33,65.93) 22.76(8.22,50.30)
1999 16.03(5.18,36.50) 29.39(10.50,66.78) 23.12(840,51.00)
2000 16.32(5.31,37.09) 29.80(10.66,67.81) 23.47(8.58,51.59)
2001 16.60(5.42,37.50) 30.16(10.79,68.40) 23.78(8.73,52.35)
2002 16.90(5.53,38.06) 30.55(10.98,68.79) 24.12(8.87,53.07)
2003 17.21(5.64,38.59) 30.94(11.12,69.49) 24.46(9.01,53.60)
2004 17.51(5.77,39.21) 31.33(11.28,70.18) 24.81(9.13,54.46)
2005 799(2 01,19.98) 14.14(4.08,34.33) 11.07(3.19,26.50)
2006 14(6.04,40.28) 32.20(11.66,71.79) 25.54(9.44,56.03)
2007 18. 50(6 23,40.89) 32.75(11.91,72.92) 26.00(9.63,56.93)
2008 18.87(6.40,41.51) 33.33(12.17,74.10) 2647(9.83,57.91)
2009 19.23(6.56,42.26) 33.87(12.43,75.28) 26.92(10.03,59.06)
2010 19.56(6.70,43.18) 34.32(12.63,76.19) 27.31(10.20,59.97)
2011 19.89(6.83,43.77) 34.73(12.82,77.02) 27.67(10.36,60.57)
2012 20.25(6.93,44.49) 35.20(13.01,77.90) 28.09(10.55,61.31)
2013 20.63(7.08,45.32) 35.70(13.21,78.85) 28.53(10.73,62.11)
2014 21.00(7.26,46.15) 36.17(13.41,79.56) 28.95(10.92,62.88)
2015 21.33(7.42,46.80) 36.60(13.59,80.29) 29.33(11.09,63.67)
2016 21.51(7.54,46.97) 36.97(13.8,81.10) 29.60(11.20,64.16)
2017 21.70(7.64,47.49) 37.36(14.00,82.07) 29.89(11.35,64.73)
2018 22.13(7.82,48.65) 3775(141683 21) 30.30(11.56,65.64)
2019 22.74(7.99,50.02) 15(14.36,84.35) 30.80(11.86,66.61)

population [18]. This suggested that there was a large gap
between the level of awareness and health promotion of
knee osteoarthritis in countries with a low SDI and those
with a high SDI. At the same time, the priority given to
the diagnosis of knee osteoarthritis in the health care
system contributed to the differences in disease burden
between countries at different levels of development. It
was very important to diagnose OA early to maximize
the effectiveness of clinical interventions [19]. Countries
with a high SDI paid more attention to diagnosing early
knee osteoarthritis and they had put more research effort
into early diagnostic markers and methods for knee oste-
oarthritis [20].

The incidence and YLD of KOA were also significantly
correlated with increasing age. Global population has
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increased by 45% since 1990, from 5.32 billion to 7.71
billion, according to the United Nations Department of
Economic and Social Affairs, and there were 9.2% peo-
ple aged 60 or older in 1990, but 13.5% in 2019 [9]. It
is worth mentioning that men and women both have
lower quadriceps strength as they get older, and this can
lead to changes in gait and stress, making KOA more
likely [21]. In the study, we found that there was no dis-
ease burden for knee osteoarthritis before the age of 30.
This may be because young people cannot easily suffer
from muscle weakness and degenerative changes. Fur-
thermore, the accrual of senescent cells resulting from
the natural ageing process of the organism also played a
role in the age-associated manifestations of knee osteo-
arthritis [22]. An analysis of chondrocytes from OA
patients confirmed that senescent fibroblast-like syn-
oviocytes induce OA progression through m6A methyl-
ation mediated by the methyltransferase METTL3 [23].
Multiple cellular senescence can lead to the progression
of osteoarthritis of the knee. In addition to fibroblast-
like synoviocytes, the pro-inflammatory factors IL-6
and IL8 have been shown to promote the senescence of
chondroprogenitor cells, thereby exacerbating oxidative
stress damage to chondrocytes [24]. In addition to cel-
lular senescence, the onset of mitochondrial dysfunc-
tion and oxidative stress with age also contribute to
the progression of OA [25]. The mitochondrial protein
hydrolase Lon Protease 1 (LONP1) acts as a molecular
chaperone in mitochondria, and its downregulation
with age contributes to osteoarthritis through mito-
chondrial dysfunction [26]. When analysing the change
in EAPC by age for knee osteoarthritis, an interesting
phenomenon was the smaller change in EAPC between
1990 and 2019 in the 65-69 and 70-74 age groups. A
possible speculation on this point was that the increase
in the incidence of knee osteoarthritis in the 65-69 and
70-74 age groups between 1990 and 2019 converged
with the increase in the world population, resulting in
a non-significant change in the EAPC. However, this
did not mean that we should ignore the age effect in
the onset of knee osteoarthritis, and further research
should be devoted to mitigating this disease trend. It
should be understood that one of the most reasonable
guesses for the decline in DALY values of knee osteo-
arthritis after the age of 80 is that there may be a sur-
vivor bias. We could not think that the disease burden
of knee osteoarthritis after the age of 80 is reduced. In
addition, we noted that from 1990 to 2019, the inci-
dence of knee osteoarthritis increased significantly in
the three age groups of 0-34 years, 35-39 years, and
40-44 vyears, and knee osteoarthritis appeared to have
a younger trend. Obesity and history of sports trauma
were important predictors of knee osteoarthritis [27].
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According to an epidemiological study, the obesity rate
and sports injury rate of young people were increasing
year by year, which may be the most reasonable expla-
nation for the younger incidence of knee osteoarthritis
[28].

In addition, it was found that KOA incidence increases
with age and is more common in women than in men.
DALYs and YLD follow the same trend. In general, KOA
affects women more than men, and women tend to have
more severe disease (i.e., structural lesions and clini-
cal symptoms). It is possible that the differences are due
to a variety of reasons. Research by Katsutoshi Nishino
et al. finds that there is a significant difference in knee
kinematics between male and female, with male having a
smaller range of axial rotation, while female have a wider
range of valgus rotation, women are more susceptible to
injury because of these characteristics [29]. Femoroti-
bial bones deform three-dimensionally in patients with
advanced KOA, and the process differs by sex [30]. Hav-
ing a weaker quadriceps muscle in women can also con-
tribute to sex differences [21]. There has been an alarming
increase in ACL injuries among young female playing
sports involving cutting, jumping, and pivoting over
the past two decades. The rate of ACL injuries among
adolescents and mature female in these sports is two to
eight-fold higher than among male [31]. There is a greater
Incidence of vitamin D deficiency in female subjects than
in male subjects, despite the men having more normal
levels of serum vitamin D. Differences can also be formed
due to osteoporosis [32]. A meta-analysis conducted on
women, children, and men revealed that women exhibit a
greater propensity towards vitamin D deficiency, and that
women were more likely to benefit from supplementing
with vitamin D to improve bone health [33]. Osteoporo-
sis caused by estrogen deficiency is also a risk factor for
arthritis, and women are more likely to develop postmen-
opausal osteoarthritis [34]. Additionally, various diseases,
such as chronic atrophic gastritis, hyponatremia, and
lactation as well as drug use can lead to osteoporosis or
joint damage in women [35-38]. A meta-analysis showed
that breastfeeding can lead to bone loss in women and
increase the risk of joint damage [39]. There were also sex
differences in the effects of drug treatment on bone qual-
ity, with a meta-analysis by Chen et al. confirming that
insulin-like growth factor-1 (IGF-1) treatment was more
likely to cause bone destruction in women [40]. However,
no meta-analysis was conducted to determine whether
there were gender differences in the effects of two risk
factors, gastritis and hyponatremia, on arthritis or osteo-
porosis. The emphasis of the follow-up should focus on
the conduct of high-level evidence analysis.

Later in life, KOA is becoming increasingly common
cause of morbidity and work limitations. Increased knee
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pressure may negatively impact the development and
progression of osteoarthritis. Several risk factors were
associated with the development of KOA, but obesity is
one of the most prominent, which was referred to in the
GBD study specifically. Population studies have shown
that for every 5 kg increase in body weight, the risk of
OA increases by 36% [41]. Preventive weight loss was an
important tool to combat obesity and thus more likely
to reduce the incidence of knee osteoarthritis [42]. The
results of a meta-analysis showed that an augmented
body mass index by 5 units was linked with a 35% rise
in the likelihood of knee osteoarthritis. (RR: 1.35; 95%CI:
1.21, 1.51) [43]. In addition, a cohort study of more than
50,000 people showed that overweight, class I obesity and
class II obesity increased the risk of knee OA by a fac-
tor of 2, 3.1 and 4.7 respectively [44]. According to the
study, when weight loss is 5.1 percent over 20 weeks, or
0.24% per week, disability can be significantly improved
[45]. Furthermore, Annette Horstmann et al. note that
there may be a bias in eating behavior in both sexs when
it comes to differences in the hedonic and homeostatic
control systems [46]. Women consumed more foods
with added sugar than men, including energy-dense pro-
cessed foods like cookies, chocolate, and ice cream [47].
What’s more, The metabolic rate of carbohydrate differed
between men and women, causing women to have higher
triglyceride levels [48]. In addition to the sex differences
in the occurrence of obesity, there were also significant
differences in the impact on the incidence of knee osteo-
arthritis. As mentioned in a meta-analysis of gender sub-
groups, the incidence was much higher in women than
in men when the BMI was less than 25 kg/m? (RR:1.72,
95%CI:1.51-1.99; RR:1.39, 95%CI: 0.99-1.92). Con-
versely, when BMI was greater than 30 kg/m.%, the inci-
dence was much higher in men than in women. (RR:5.71,
95% CI: 3.12-9.95; RR: 4.72, 95% CI: 3.25-6.91) [49].

Limitations

However, our study still had several limitations. First, the
GBD database was unable to provide more information
about the included countries, and data were not updated
in a timely manner on explanatory variables, which may
have limited the thorough analysis of associated factors
of disease burden brought on by KOA. Second, we used
estimates produced by the GBD research team. While
the GBD study team’s techniques and conclusions were
regarded as solid and reputable, they were nonethe-
less inevitably constrained by the caliber of the available
data. Third, the study was also limited by data availabil-
ity. Only the commonly used country-level indexes were
selected as potential associated factors with KOA, which
may restrict the generalizability of our findings to some
extent.
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Conclusion

In summary, this showed that KOA is still an important
public health concern globally. We found that the burden
of KOA was more skewed towards countries with high SDI.
There were significant differences between sex and age.
These findings can draw attention to the sex differences
and geographical distribution of the global burden of KOA.
And it can also provide reference for formulating more tar-
geted policies to reduce the disease burden and narrow the
sex gap in KOA on global scales.

Abbreviations

KOA Knee osteoarthritis

SDI Socio-demographic index

ASRs Age-standardized rates

ASIR Age standardized incidence rate

DALYs  Disability-adjusted life years
EAPCs  The estimated annual percentage changes
GHDx  Global Health Data Exchange

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512891-024-07191-w.

[ Additional file 1. }

Acknowledgements
We thank the GBD 2019 for providing the data, as well as the help and advice
of Professor Chuan Xiang and the support of Ms. Zihan Zhao.

Authors’ contributions

Conception and design: JKD. Acquisition of data: JKD and JB. Analysis and
interpretation of data: JKD, JB, JRZ, JYC, YXH and JOB. CX finally checked the
contents of the manuscript. All authors were involved drafting the article or
revising it critically for important intellectual content, and all authors approved
the final version to be published. Jingkai Di and Jiang Bai contributed equally
to this work and should be considered co-first authors.

Funding
This study was supported by a grant from the National Natural Science Foun-
dation of China (No. 81972075).

Availability of data and materials

The datasets generated and/or analyzed during the current study are available
from the Global Health Data Exchange (GHDx) query tool (http://ghdx.healt
hdata. org/gbd-results-tool).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 17 October 2022 Accepted: 10 January 2024
Published online: 15 January 2024

Page 9 of 10

References

1. LeeH, Jang D, Jeon J, Cho C, Choi S, Han SJ, et al. Seomae mugwort and
jaceosidin attenuate osteoarthritic cartilage damage by blocking lkappaB
degradation in mice. J Cell Mol Med. 2020,24:8126-37.

2. Sukhikh S, Noskova S, Ivanova S, Ulrikh E, Izgaryshev A, Babich O. Chon-
droprotection and Molecular Mechanism of Action of Phytonutraceuti-
cals on Osteoarthritis. Molecules. 2021;26:2391.

3. Sicras-Mainar A, Tornero-Tornero C, Vargas-Negrin F, Lizarraga |, Rejas-
Gutierrez J. Health outcomes and costs in patients with osteoarthritis and
chronic pain treated with opioids in Spain: the OPIOIDS real-world study.
Ther Adv Musculoskelet Dis. 2020;12:175972.

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

5. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16:494-502.

6. FengJN, Zhang CG, Li BH, Zhan SY, Wang SF, Song CL. Global burden of
hip fracture: The Global Burden of Disease Study. Osteoporos Int. 2023.
https://doi.org/10.1007/500198-023-06907-3.

7. Wan J,Qian X, He Z, Zhu Z, Cheng P, Chen A. Epidemiological trends of
hand osteoarthritis from 1990 to 2019: Estimates from the 2019 Global
Burden of Disease study. Front Med (Lausanne). 2022;9: 922321.

8.  Osteras N, Moseng T, van Bodegom-Vos L, Dziedzic K, Mdala |, Natvig B,
et al. Implementing a structured model for osteoarthritis care in primary
healthcare: A stepped-wedge cluster-randomised trial. PLoS Med.
2019;16: €1002949.

9. LongH,LiuQ Yin H,Wang K, Diao N, Zhang ¥, et al. Prevalence Trends of
Site-Specific Osteoarthritis From 1990 to 2019: Findings From the Global
Burden of Disease Study 2019. Arthritis Rheumatol. 2022;74:1172-83.

10. Cross M, Smith E, Hoy D, Nolte S, Ackerman |, Fransen M, et al. The global
burden of hip and knee osteoarthritis: estimates from the global burden
of disease 2010 study. Ann Rheum Dis. 2014;73:1323-30.

11. Singh A, Das S, Chopra A, Danda D, Paul BJ, March L, et al. Burden of
osteoarthritis in India and its states, 1990-2019: findings from the Global
Burden of disease study 2019. Osteoarthritis Cartilage. 2022;30:1070-8.

12. Vu-Han TL, Gwinner C, Perka C, Hardt S. Recommendations for Patients
with High Return to Sports Expectations after TKA Remain Controversial. J
Clin Med. 2020;10:54.

13. Disease GBD, Injury |, Prevalence C. Global, regional, and national inci-
dence, prevalence, and years lived with disability for 310 diseases and
injuries, 1990-2015: a systematic analysis for the Global Burden of Disease
Study 2015. Lancet. 2016;388:1545-602.

14. Huizinga JL, Stanley EE, Sullivan JK, Song S, Hunter DJ, Paltiel AD, et al.
Societal Cost of Opioid Use in Symptomatic Knee Osteoarthritis Patients
in the United States. Arthritis Care Res (Hoboken). 2022;74:1349-58.

15. Weisser M, Rosery H, Schonfelder T. Health Economic Aspects. In: Bless
HH, Kip M, editors. White Paper on Joint Replacement: Status of Hip and
Knee Arthroplasty Care in Germany. Berlin (Germany); 2018. p. 105-19.

16. Chen C, Maung K, Rowe JW. Research Network on an Aging S Gender
differences in countries'adaptation to societal ageing: an international
cross-sectional comparison. Lancet Healthy Longev. 2021;2:e460-9.

17. Yuan B, Li J, Zhao H, Zeng G. Global Population Aging, National Develop-
ment Level, and Vulnerability to the Pandemic. Risk Manag Healthc Policy.
2021;14:705-17.

18. Ganasegeran K, Menke JM, Challakere Ramaswamy VM, Abdul Manaf R,
Alabsi AM, Al-Dubai SA. Level and determinants of knowledge of sympto-
matic knee osteoarthritis among railway workers in Malaysia. Biomed Res
Int. 2014;2014: 370273.

19. Franz A, Joseph L, Mayer C, Harmsen JF, Schrumpf H, Frobel J, et al. The
role of oxidative and nitrosative stress in the pathology of osteoarthritis:
Novel candidate biomarkers for quantification of degenerative changes
in the knee joint. Orthop Rev (Pavia). 2018;10:7460.

20. HuWS, Zhang Q, Li SH, Ai SC, Wu QF. Ten Hotspot MicroRNAs and Their
Potential Targets of Chondrocytes Were Revealed in Osteoarthritis Based
on Bibliometric Analysis. J Healthc Eng. 2022;2022:8229148.

21. Ratzlaff CR, Liang MH. New developments in osteoarthritis Prevention of
injury-related knee osteoarthritis opportunities for the primary and sec-
ondary prevention of knee osteoarthritis. Arthritis Res Ther. 2010;12:215.

22. XieJ,Wang, LuL, Liu L, Yu X, Pei . Cellular senescence in knee osteoar-
thritis: molecular mechanisms and therapeutic implications. Ageing Res
Rev.2021;70:101413.


https://doi.org/10.1186/s12891-024-07191-w
https://doi.org/10.1186/s12891-024-07191-w
http://ghdx.healthdata
http://ghdx.healthdata
https://doi.org/10.1007/s00198-023-06907-3

Di et al. BMC Musculoskeletal Disorders

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2024) 25:66

Chen X, Gong W, Shao X, ShiT, Zhang L, Dong J, et al. METTL3-mediated
m(6)A modification of ATG7 regulates autophagy-GATA4 axis to promote
cellular senescence and osteoarthritis progression. Ann Rheum Dis.
2022;81:87-99.

Jacob J, Aggarwal A, Aggarwal A, Bhattacharyya S, KumarV, Sharma'V,

et al. Senescent chondrogenic progenitor cells derived from articular
cartilage of knee osteoarthritis patients contributes to senescence-asso-
ciated secretory phenotype via release of IL.-6 and IL-8. Acta Histochem.
2022;124:151867.

Loeser RF, Collins JA, Diekman BO. Ageing and the pathogenesis of osteo-
arthritis. Nat Rev Rheumatol. 2016;12:412-20.

He Y, Ding Q Chen W, Lin C, Ge L, Ying C, et al. LONP1 downregulation
with ageing contributes to osteoarthritis via mitochondrial dysfunction.
Free Radic Biol Med. 2022;191:176-90.

Snoeker B, Turkiewicz A, Magnusson K, Frobell R, Yu D, Peat G, et al. Risk of
knee osteoarthritis after different types of knee injuries in young adults: a
population-based cohort study. Br J Sports Med. 2020;54:725-30.
Ackerman IN, Kemp JL, Crossley KM, Culvenor AG, Hinman RS. Hip and
Knee Osteoarthritis Affects Younger People. Too J Orthop Sports Phys
Ther. 2017;47:67-79.

Nishino K, Koga H, Koga Y, Tanaka M, Nawata A, Endoh K, et al. Association
of isometric quadriceps strength with stride and knee kinematics during
gait in community dwelling adults with normal knee or early radio-
graphic knee osteoarthritis. Clin Biomech (Bristol, Avon). 2021;84: 105325.
Mochizuki T, Tanifuji O, Koga Y, Sato T, Kobayashi K, Nishino K, et al. Sex
differences in femoral deformity determined using three-dimensional
assessment for osteoarthritic knees. Knee Surg Sports Traumatol Arthrosc.
2017,25:468-76.

Myklebust G, Maehlum S, Engebretsen L, Strand T, Solheim E. Registra-
tion of cruciate ligament injuries in Norwegian top level team handball
A prospective study covering two seasons. Scand J Med Sci Sports.
1997,7:289-92.

Muraki S, Akune T, En-yo Y, Yoshida M, Tanaka S, Kawaguchi H, et al.
Association of dietary intake with joint space narrowing and osteophy-
tosis at the knee in Japanese men and women: the ROAD study. Mod
Rheumatol. 2014;24:236-42.

Cranney A, Horsley T, O'Donnell S, Weiler H, Puil L, Ooi D, et al. Effective-
ness and safety of vitamin D in relation to bone health. In: Evid Rep
Technol Assess (Full Rep). 2007. p. 1-235.

Herrero-Beaumont G, Roman-Blas JA, Mediero A, Sanchez-Pernaute O,
Largo R. Treating osteoporotic osteoarthritis, or the art of cutting a bald-
ing man's hair. Osteoarthritis Cartilage. 2020,28:239-41.

Duan X, Wang J, Jiang X. A meta-analysis of breastfeeding and osteoporo-
tic fracture risk in the females. Osteoporos Int. 2017;28:495-503.

Holm JP, Amar AOS, Hyldstrup L, Jensen JEB. Hyponatremia, a risk

factor for osteoporosis and fractures in women. Osteoporos Int.
2016;27:989-1001.

Kim HW, Kim YH, Han K, Nam GE, Kim GS, Han BD, et al. Atrophic

gastritis: a related factor for osteoporosis in elderly women. PLoS ONE.
2014,9:101852.

Gulsahi A. Osteoporosis and jawbones in women. J Int Soc Prev Com-
munity Dent. 2015;5:263-7.

Oboh I, Coleman C, Cremona A. The influence of lactation and its dura-
tion on bone mineral density in pregnancy and postpartum: A systematic
review with meta-analysis. Clin Nutr ESPEN. 2021;46:121-32.

Chen YC, Zhang L, Li EN, Ding LX, Zhang GA, Hou Y, et al. Association

of the insulin-like growth factor-1 single nucleotide polymorphisms
1s35767,rs2288377, and rs5742612 with osteoporosis risk: A meta-analy-
sis. Medicine (Baltimore). 2017;96: €9231.

Vincent HK, Heywood K, Connelly J, Hurley RW. Obesity and weight loss
in the treatment and prevention of osteoarthritis. PM R. 2012;4:559-67.
Bennett GG, Foley P, Levine E, Whiteley J, Askew S, Steinberg DM, et al.
Behavioral treatment for weight gain prevention among black women

in primary care practice: a randomized clinical trial. JAMA Intern Med.
2013;173:1770-7.

Jiang L, Tian W, Wang Y, Rong J, Bao C, Liu Y, et al. Body mass index and
susceptibility to knee osteoarthritis: a systematic review and meta-analy-
sis. Joint Bone Spine. 2012;79:291-7.

Reyes C, Leyland KM, Peat G, Cooper C, Arden NK, Prieto-Alhambra D.
Association Between Overweight and Obesity and Risk of Clinically

45.

46.

47.

48.

49.

Page 10 of 10

Diagnosed Knee, Hip, and Hand Osteoarthritis: A Population-Based
Cohort Study. Arthritis Rheumatol. 2016;68:1869-75.

Christensen R, Bartels EM, Astrup A, Bliddal H. Effect of weight reduction
in obese patients diagnosed with knee osteoarthritis: a systematic review
and meta-analysis. Ann Rheum Dis. 2007;66:433-9.

Horstmann A, Busse FP, Mathar D, Muller K, Lepsien J, Schlogl H, et al.
Obesity-Related Differences between Women and Men in Brain Structure
and Goal-Directed Behavior. Front Hum Neurosci. 2011;5:58.

Wansink B, Cheney MM, Chan N. Exploring comfort food preferences
across age and gender. Physiol Behav. 2003;79:739-47.

Knopp RH, Paramsothy P, Retzlaff BM, Fish B, Walden C, Dowdy A, et al.
Sex differences in lipoprotein metabolism and dietary response: basis in
hormonal differences and implications for cardiovascular disease. Curr
Cardiol Rep. 2006;8:452-9.

Zhou ZY, Liu YK, Chen HL, Liu F. Body mass index and knee osteo-
arthritis risk: a dose-response meta-analysis. Obesity (Silver Spring).
2014,22:2180-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Regional disparities, age-related changes and sex-related differences in knee osteoarthritis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study Data
	Statistical analysis

	Results
	Trends in incidence of knee osteoarthritis in different countries and regions
	The correlation between disease burden of knee osteoarthritis and Socio-demographic Index
	Age- related differences in disease burden of knee osteoarthritis
	Sex differences in knee osteoarthritis disease burden data by area
	Incidence of knee osteoarthritis and obesity: correlation and sex differences

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


