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Introduction Based on WHO report, in 2008, the global prevalence of overweight reached over 1.4 billion people aged
20 years and over including more than 200 million men and 300 million women who suffered from obesity in 2012. More
than 34 % of U.S. adults are overweight, and more than 27 % are obese. In European countries, the prevalence of obesity
is 35-40 % among adult population. More than 30 percent of the Russia’s working population is overweight, 25 percent of
whom are obese. Material and methods Search engines used included MEDLINE, the primary component of Pubmed;
the Electronic Library System, products from Elsevier and Springer publishing companies; open access articles of PubMed
Central; BioMed Central; Free Medical Journals and open access publications using the keywords 'knee osteoarthritis’,
‘etiology and pathogenesis', 'knee osteoarthritis in obesity'. Results and discussion Osteoarthritis (OA) is multifactorial
in origin and closely associated with genetic predisposition, sex and age, greater body mass index (BMI) and obesity.
Family history, age, gender, previous injury or abnormal mechanical loading are common risk factors of knee OA. While
the above risk factors can increase the chances of developing knee OA, they are not absolute. In clinical practice, in patients
with new onset of knee pain 5.1 % of cases are due to previous knee injury and 24.6 % related to being overweight or
obese. Such metabolic factors as obesity and dyslipidemia might be involved in the pathophysiology of knee OA. Increased
free radical production associated with obesity results in degradation of articular cartilage and synovial involvement. The
pathogenesis of knee OA attributable to obesity is predominantly related to unfavorable mechanical environment at the joint;
chronic inflammation in adipose tissue and dyslipidemia; pro-inflammatory cytokines and adipokines secreted by the adipose
tissue; cytokines secreted by infrapatellar fat pad. Conclusion Inflammatory mediators of adipose origin play a major role
in the initiation and perpetuation of the obesity-induced OA. There is a significant multifactorial association between OA
and obesity with central roles for LDL oxyforms, HDL synthesis and excessive activation of matrix metalloproteinases,
adiponectin synthesis, the release of adipokines and excessive mechanical stress.
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INTRODUCTION

The rate of increase in the global prevalence of
obesity and overweight over recent years indicates
an environmental cause at the population level [1, 2].
Obesity is a multifactorial condition that is caused
by a combination of polygenic determinants leading
to abnormal or excessive fat accumulation [1].
According to the World Health Organization (WHO),
overweight is defined as a body mass index (BMI)
of > 25kg/m? and obesity as a BMI of > 30kg/m>.
Overweight and obesity are commonly classified
using body mass index (BMI). Excess body weight is
an important risk factor for mortality and morbidity,
increased disability and reduced life expectancy [3].

The WHO itself describes an escalating global
epidemic of overweight and obesity that is taking
over many parts of the world. Based on WHO
report, in 2008, the global prevalence of overweight
reached over 1.4 billion people aged 20 years and
over including more than 200 million men and 300

million women [4]. Worldwide, the overweight and
obesity population was estimated to be approximately
1.7 billion people in 2012. In 2016, 1.9 billion people
worldwide were overweight [4]. More than 34 % of
U.S. adults are overweight, and more than 27 % are
obese [5]. In European countries, the prevalence of
obesity is 35-40 % among adult population [6]. More
than 30 percent of the Russia’s working population is
overweight, 25 percent of whom are obese [7].

Obesity is a genuine concern for the orthopedic
surgeon with the most significant impact on the
musculoskeletal system and is associated with the
incidence and progression of osteoarthritis (OA),
knee OA, in particular.

OA is a heterogenic group of disorders of different
etiology with similar biological, morphological and
clinical manifestations and outcomes. OA is now
considered a disease of the whole joint, including
alterations in the articular cartilage, subchondral
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bone, synovial membrane, ligaments, capsule and
periarticular muscles [8].

The morbidity burden of OA is well documented
in the WHO Global Burden of Disease Study and in
multiple studies of physicians [1, 2]. Approximately
1in 5 adults (18.2 %) over 45 years of age in England
has osteoarthritis of the knee. The prevalence ranges
from around 15 % to 21 % across local authorities in
England [9]. The estimated prevalence of knee OA is
reported to be 32.3-35 % in Canada and USA[10, 11],
28 % in Pakistan [12] and 19.3 % in Iran [11]. The
prevalence of knee osteoarthritis in southeast Asia with
the total population of 593 million is 31-35 % [13].
The burden of OA in countries with historically lower
risk is expected to increase in the coming decades.
The prevalence of knee OA is 21-29 % in China [14];
10.2 % in India [11] and 10-16 % in Japan [11]. The
prevalence of gonarthrosis in Russia is reported in the
range between 10 and 12 % [15], however, a precise
estimate of prevalence and incidence of the knee OA
is impaired by lack of regular national surveillance
systems. Worldwide estimates are that 10 % of men
and 18 % of women have knee OA [1].

The prevalence and severity of knee OA were
positively associated with obesity [16, 17]. Bessessen
et al. reported that the prevalence of gonarthrosis
caused by obesity was 14 % among adults [18].
Lohmander et al. (22 years of observation) reported
that subjects with a BMI > 30 kg/m? were 7 times
more likely to develop knee OA than normal-weight
controls [19]. Swedish researchers found that obese
persons were 8 times more likely to develop knee

OA than normal-weight people [20]. Coggon et al.
reported a 13.6 times increase in risk of gonarthrosis
for a BMI of 36 kg/m? or higher for individuals aged
45 years and over [21]. The results of meta-analysis
conducted by Zheng et al. [22] showed that the risk of
knee OA increased by 35 % with a 5 kg/m? increase
in BMI. Cicuttini et al. reported a significant increase
of 9-13 % in risk of gonarthritis per kg increase in
body weight [23].

The results from the Framingham Study, the
Chingford Study, the Baltimore Longitudinal
Study and other corroborative cross-sectional data
suggested the direct correlation between obesity and
progression of radiographic knee OA [2, 24, 25, 26].
Reijman et al. found that a high BMI (> 27.5 kg/m?)
in people aged > 55 years was significantly associated
with progression of knee OA defined by joint space
narrowing > 1.5 mm and by an increase of minimally
1 grade in the Kellgren and Lawrence index at a 5-year
follow-up period [27]. Varus and valgus alignment
at baseline was associated with a 4-fold and 5-fold
increase in risk of OA progression [28].

Therefore, many studies have been conducted
to reveal the mechanisms involved in the relation
between obesity and progression of knee OA. Excessive
mechanical stresses on the joint are believed to play a
role in aetiopathogenesis of gonarthrosis. However, this
factor is only a link of a larger chain and understanding of
the phenomenon is important for developing prevention
strategies for disease occurence or progression.

Objective To explore aetiological and pathogenetic
characteristics of knee OA in obese patients.

MATERIAL AND METHODS

Search engines used included MEDLINE, the
primary component of Pubmed; the Electronic Library
System, products from Elsevier and Springer publishing
companies; open access articles of PubMed Central;
BioMed Central; Free Medical Journals and open access

publications using the keywords 'knee osteoarthritis’,
‘etiology and pathogenesis', 'knee osteoarthritis in
obesity'. The articles discussing knee OA in individuals
with normal body weight and posttraumatic obese
cases were excluded from the study.

RESULTS AND DISCUSSION

Etiological risk factors, pathogenetic and
anatomical characteristics for the development of
knee OA in obese patients

As a progressive degenerative joint disorder, knee
OA is characterized by cartilage damage, changes
in the subchondral bone, osteophyte formation and
inflammation of the synovium tissue [27, 28]. OA has
a multi-factorial etiology, with different sets of factors

associated with its incidence including genetics, sex,
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age, overweight and obesity [27, 29]. Genetic traits,
age, gender, preceding traumatic events or abnormal
mechanical loading are common risk factors for
knee OA [30, 31]. While the above risk factors can
increase the chances of developing knee OA, they are
not absolute. In clinical practice, in patients with new
onset of knee pain 5.1 % of cases are due to previous
knee injury and 24.6 % related to being overweight or
obese [27]. Risk factors are shown in Figure 1.
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Fig. 1 Risk factors for the development of knee OA

Non-modifiable risk factors for knee OA

Genetic and epigenetic risk factors

The genetic background of knee OA likely
involves about 80 genes that encode proteins with
significant functions in the underlying disease process
[32]. Single-nucleotide polymorphism rs143383
in the growth differentiation factor 5 (GDF5) [33]
upregulating articular remodeling was reported to be
associated with OA susceptibility [34]. Alterations in
vitamin D receptor (VDR) and insulin-like growth
factor (IGF1) regulating bone density and synovial
fluid secretion [35] were shown to be involved into
pathological process. Epigenetic factors were found
to play a role in the development of OA .

Epigenetic factors include hereditary changes in
phenotype without a change in genotype. The effects
are rapidly realized and the cells use them to adapt

to microenvironment contributing to progression of
knee OA [36]. Major epigenetic modifications include
DNA methylation, histone RNA mechanisms, MMP-
13 and IL-1p promoters that play a crutial role in the
articular cartilage matrix destruction [36].

Age, cells' relationships, cell-replication program

Although older age is the greatest risk factor
for OA, OA is not an inevitable consequence of
growing old [37]. Age-dependent changes involve
remodeling of articular cartilage and neighboring
bone, the decreased adaptive potential of the joint
[37]. Age is also found to affect cell cycle control and
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replicative lifespan and chondrocytes can undergo
a limited number of cell divisions (approximately
30-40) known as the Hayflick limit. There are also
age-related changes in the structure and content
of proteoglycans and proteins, increase in type II
collagen cross-linking that affects cartilaginous
inherent properties to reversible deformation [38]. A
reduction in the number of chondrocytes is observed
in normal articular cartilage during aging, increasing
chondrocyte apoptosis [27, 38], decreasing lubricin
(PRG-4) at the local site of the knee cavity [38].
Current researches give only partial insights into
etiology and pathogesis of knee OA.

Sex

Gender specific differences are observed in knee
OA. Men are reported to have a higher prevalence of
OA than women before the age of 50 years, but after
this age the prevalence is higher in women [39, 40].
However, no evidence has been found with clinical
trials yielding statistically significant results.

Ethnicity

The prevalence of the knee OA and patterns
of joint involvement vary among different racial
and ethnic groups. African women had a higher
prevalence of radiographic and symptomatic knee
OA [38]. We do not identify research needs and
opportunities for ethnic differences in prevalence
of knee osteoarthritis as essential due to universal
human genetic code.
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Modifiable risk factors
Diet, overweight, obesity

Many studies suggest that the diet mainly
constituted by animal fat and glucose excessive
concentration and lack of nutritional factors, such
as vitamins C and D may predispose to knee OA.
[41, 42]. Low dietary intake of vitamins E, A, K is
reported to be associated with osteophytosis and joint
space narrowing in knee OA [39].

The association between obesity and knee OA
suggests a more complex aetiology and pathogenesis
with adipose tissue and dyslipidaemia playing a crucial
role in obesity-induced OA initiation [39]. Free radicals
mediate disease progression with consecutive synovial
inflammation causing cartilage degradation [39].

Physical activity

Moderate physical exercise and normal mechanical
stress on the joint are vital for normal metabolism
in the knee joint [27]. Activities associated with
repetitive movements coupled with excessive
joint loading can eventually cause knee OA [43].
Participation in certain sports may be associated with
gonarthrosis later in life [44].

Pathogenesis of knee OA in obese patients

1. Direct effect on hyaline cartilage and
chondrocytes
Cumulative joint loading (gravitational force,

strain efforts) is crucial for the viability of the hyaline
cartilage [45] that experiences increased strain in
obesity. Overweight and obesity cause increased
compression forces on the medial and lateral aspects
of the knee joint [45], biomechanically pathological
gait due to different reasons results in cumulative
articular strain [46] creating mechanical stress to the
cartilage/subchondral bone. An increased expression
of metabolic enzymes MMP-1, MMP-3, MMP-9
participating in degradation of proteoglycans and
cartilaginous matrix is observed in non-weight-bearing
areas [47]. Excessive mechanical stress significantly
inhibits DNA synthesis of articular cartilage collagens
and proteoglycans, and modulates inflammatory status
of chondrocytes [47]. Furthrer, chondrocytes express
the cascade of pro-inflammatory cytokines IL-1f,
TNEFB, PGE, [48]. Subchondral bone of the knee
responds with identical changes in osteocytes [47].

2. Dyslipidemia

Dyslipidemia role in

plays an important

pathogenesis of knee OA associated with obesity.
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The primary dyslipidemia related to obesity is
characterized by increased triglycerides (TGs),
decreased high density lipoprotein (HDL) and
cholesterol levels, elevated free fatty acid (FFA)
and free radical levels and abnormal low density
lipoprotein (oxLDL) composition [49]. HDL
functionality is reduced in obesity [50] and results
in poor chylomicron production. Elevated levels of
serum cholesterol and Tgs are associated with the
risk of generalized OA and bone marrow failure [50].
Bone marrow failure causes chronic pain in knee OA
and contributes to the hyaline cartilage loss [51, 52].
High synovial concentration of oxidized LDL
activates lectin-like oxLDL receptor 1 (LOX-1) in
obesity that triggers synthesis of vascular endothelial
growth factor (VEGF) in chondrocytes [48]. Higher
VEGTF concenrations are shown to induce production
of cytokines involved in cartilage degradation (MMP
1,3,13; IL-1B, IL-6, TNFa) [53].

Intra-articular macrophages are activated by
elevated FFA concentrations [54] via universal cellular
TOLL-receptors. They release TNFo and develop
into MI-proinflammatory macrophages attacking
infrapatellar fat pads and attracting T/B-lymphocytes,
neurophils to the site of inflammation [47]. Excessive
infrapatellar fat pads are found to be an additional
source of degrading cytokines, adipokines and leptin
in obesity [55]. Major mediators and their effects on
the knee joint are presented in Table 1.

Infrapatellar fat pad (IPFP) supports high levels
of cytokines, adipokines and leptins intra-articularly.
Together, the factors mentioned negatively affect
joint tissues, eventually resulting in OA development.

Resistin, chemerin, lipocalin-2 and visfatin are
newly identified adipokines that have been implicated
in OA development. Data on these adipokines and
their effects on joint tissues, together with a summary
of the effects of leptin and adiponectin, can be found
in Table I.

The authors identified essential pathogenetic
aspects of the knee OA and presented multifactorial
association between obesity and knee OA in Figure 2.

Therefore, excessive mechanical stress on the
chronic adipose tissue
dyslipidaemia,

joint, inflammation and

pro-inflammatory cytokines and
adipokines secreted by adipose tissue, cytokines
secreted by infrapatellar fat pad play a crucial role in

pathogenesis of knee OA in obese individuals.
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Table 1
Adipokines and their effects on the knee joint in obesity
. Expression Association W¥th Effect on . Effect on hyaline
Mediator . . knee OA severity, Effect on synovium .
in obesity . . subchondral bone cartilage
positive/negative
Reduced Increased expression | proteoglycan depletion,
Leptin increased positive subchondral bone | of inflammatory destruction of hyaline
thickness cytokines cartilage
Increased
Adiponectin |decreased |negative No effects reported proteog!yca_n .Increased release Of.
production in inflammatory cytokines
synovium
o Increased expression
Synovitis upon .
s of proinflammatory
resistin injection, . .
increased expression cytokines, chemokines,
Resistin increased | positive No effects reported - decreased collagen type II
of inflammatory .
N and aggrecan expression,
cytokines in
. decreased proteoglycan
synoviocytes .
synthesis
Increased expression of
subchondral Increased synovitis, |proinflammatory
bone erosion upregulated cytokines, chemokines,
Visfatin increased positive and increased inflammatory decreased collagen type II
expression of cytokines in and aggrecan expression,
inflammatory synoviocytes decreased proteoglycan
cytokines synthesis
Inhibits hllczi)assaergino lycan
Lipocalin-2 |increased |positive No effects reported | autodegradation in glycosal gy
synovial fibroblasts release in articular
chondrocytes
Attracts pro-
Chemerin increased | positive No effects reported 1nﬂamm§tory Fncre‘?lsed cytokine release
cells to cites of in articular chondrocytes
inflammation

Note: courtesy of Thijssen et al., 2015 [44].
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Fig. 2 Association between obesity and knee OA, where TG - triglycerides, LDL - low-density lipoprotein, HDL - high-
density lipoprotein, MMP - matrix metalloproteinase, FFA - free fatty acids

Clinical presentation and diagnosis

Persistent knee joint pain, morning stiffness
lasting > 15-20 minutes, decreased range of motion,
crepitus and joint deformity are highly suggestive of
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knee OA [56, 57]. The pain of knee OA may range
from a mild ache to a severe, burning sensation which
often worsens with movement and eases with rest
[56, 57]. Recurrent synovitis and knee OA can cause
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more persistent rest and night pain. The most highly
reliable signs identified by physical examination
of the OA knee include joint malalignment, local
swelling, limited range of motion, general passive
crepitus, valgus/varus of the knee [56, 57].

When evaluating patients with osteoarthritis of the
knee, AP and lateral radiographs allow an adequate
evaluation of the medial and lateral joint spaces. This
evaluation can also be accomplished with magnetic
resonance imaging (MRI) studies [58]. Radiographic
findings in patients with osteoarthritis include joint
space narrowing, marked osteophyte formation as

well as subchondral new bone formation [58]. MRI
is useful for the detection of ongoing knee instability,
synovitis and evident limitation in ROM. MRI can be
helpful in evaluating the integrity of the hyaline articular
cartilage, subarticular bone abnormalities, subchondral
cysts, meniscus changes, the cruciate ligaments and
collateral ligaments, synovitis and intra-articular free
bodies [59]. Commonly used laboratory tests (common
blood count, biochemical screening) do not indicate
to pathological changes in classical knee OA even in
secondary synovitis and it serves a diagnostic criterion
for differential diagnosis of the knee condition [60].

CONCLUSION

Obesity is an epidemic of the 21th century and has
far-reaching effects on the musculoskeletal system and
associated conditions such as knee O A osteoarthritis and
other increasingly prevalent conditions. Inflammatory
mediators of adipose origin play a major role in the
initiation and perpetuation of the obesity-induced
OA. There is a significant multifactorial association

between OA and obesity with central roles for LDL
oxyforms, HDL synthesis and excessive activation
of matrix metalloproteinases, adiponectin synthesis,
the release of adipokines and excessive mechanical
stress. Preliminary regulation of lipid homeostasis and
elimination of adipose tissue using medications and
non-drug therapy is essential in the case.
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