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Abstract
Purpose: Osteoarthritis (OA) is also known as degenerative
arthritis and it affects millions of people and can have a
huge impact on their lives. Single Nucleotide
Polymorphisms (SNPs) in combination with genome wide
association studies (GWAS) have been significantly focused.
GWAS have been evaluated using candidate genes with
genetic variants for Growth Differentiation Factor 5 (GDF5),
Component of Oligomeric Golgi complex 5 (COG5), and
Cytochrome B-245 alpha chain (CYBA) with primary knee
Osteoarthritis (OA). These studies have been documented in
Caucasian population, and we aimed to investigate the
case-control study to evaluate association between knee OA
in the South Indian population.

Materials & methods: SNPs for GDF5 (rs143383), COG5
(rs4730250) and CYBA (rs4676) were genotyped with
polymerase chain reaction and restriction fragment length
polymorphism in 150 primary Knee OA cases and 150 age
and gender-matched controls. Alleles and genotype
frequencies were calculated to compare the significant and
non-significant association with the p-values. Multifactor
dimensionality reduction (MDR) analysis was performed to
study the gene-gene and gene-environment interactions.

Results: Baseline clinical details such as Body Mass Index
(BMI), weight, histories of Type 2 diabetes and hypertension
were significantly associated with primary Knee OA
(p<0.05). Genetic factors for 3 SNPs were significantly
associated with allelic frequency, dominant, and recessive
mode of inheritance pattern (p<0.05). MDR analysis
revealed a strong synergistic interaction between GDF5 and
CYBA as well as COG5 and CYBA gene polymorphisms. GDF5
gene polymorphism is also synergistically interacting with
BMI.

Conclusion: The three gene polymorphisms of GDF5, COG5
and CYBA could be used as a molecular biomarker to
identify primary Knee OA in south Indian population to
assess the risk of disease which in turn helps us to reduce

the disability caused by the disease. To the best of our
knowledge this is the first study in India.
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Introduction
Knee Osteoarthritis is commonly documented form for knee

joint diseases in all the ages and considered mainly in the
middle-age [1]. Osteoarthritis (OA) is one of the multifactorial
diseases linked up with age and characterized through the loss
of articular cartilage in synovial joints [2]. OA is the leading
cause of chronic disability, in the elderly population and is
characterized by joint pain, swelling, stiffness and is known for
its association with poor quality of life [3,4]. The exact
mechanisms responsible in the etiology of OA are still unclear,
and multiple lifestyle and environmental factors are considered
to significantly contribute to its risk. Age, weight, climate and
economic status  etc  [5,6]. The  increasing  obesity is a  growing
burden in the elderly population because the knee joint is
commonly affected by OA [2,7]. The results of heritability
studies in twins, sibling pairs, and families have shown that
genetic factors are estimated to contribute 50% of the risk for
developing OA [8,9]. The role of specific genes is under
investigation as the estimated heritability of primary OA is high,
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i.e., 40% for the knee, 60% for the hip, and 65% for the hand
[10].

The investigations using Genome-Wide Association Studies
(GWAS) have provided significant growth in the knowledge of
genetics in OA [11,12], and multiple genes have been identified
which are associated with complex diseases. Apart from GWAS,
meta-analysis, linkage analysis, and candidate gene studies also
implicated some genes in the etiology of OA [13]. In the present
case-control study, three genes which play a role in the
pathophysiology of knee OA were evaluated. Growth
Differentiation Factor 5 (GDF5; ID-8200, MIM-601146), gene
variant (rs143383), mapped to the gene cluster on chromosome
7 which includes the component of Oligomeric Golgi complex 5
(COG5; ID-10466, MIM-606821) gene and rs4676 (C242T)
polymorphism is appeared as a functional variant in the
promoter region of Cytochrome B-245, Alpha Polypeptide
(CYBA; ID-1535; MIM-608508) have been identified as candidate
genes for primary knee OA [14]. The GDF5 mutation has been
associated with skeletal dysplasia’s, including Hunter-Thompson-
type acromesomelic dysplasia, type C brachydactyly, and Grebe-
type chondrodysplasia in the humans and these associations
endorse that GDF5 plays an important role in human skeletal
development and maintenance [15]. GDF5 is also known as
CDMP1 (cartilage-derived morphogenetic protein1), a growth
factor with high articular cartilage and a member of BMP (bone
morphogenetic protein) family of the Transforming Growth
Factor β superfamily. The GDF5 is involved in the joint formation
and expressed in the region of future joints during early
development. The role of GDF5 in the pathogenesis of OA is
known as it plays a key role in bone and cartilage
morphogenesis, as well as, in joint formation [16]. The rs143383
polymorphism in the 5’-untranslated regions of GDF5 is
associated with knee OA in Europeans and Asians [17,18]. The
COG5 protein is one of eight proteins (Cog1-8) which form a
Golgi-localized complex required for normal Golgi morphology
and function. The encoded protein is organized with conserved
oligomeric Golgi complex components 6,7 and eight into a sub-
complex referred to as lobe B. Alternative splicing results in
multiple transcript variants. Mutations in this gene result in
congenital disorder of glycosylation type 2I [19]. CYBA gene
encodes the light, alpha subunit which has been proposed as a
primary component of the microbicidal oxidase system of
phagocytes. CYBA/p22phox variants are associated with
autosomal recessive chronic granulomatous disease,
characterized by the failure of activated phagocytes to generate

superoxide, which is important for the microbicidal activity of
these cells [20]. Presently, there are no pharmacological
interventions for OA patients. Replacement of knee joint is the
only effective treatment at a severe stage of the osteoarthritis
but is relatively costly and highly invasive. Based on the previous
studies, we assume that multiple genes may be involved in
susceptibility to knee OA and we designed a case-control study
to evaluate the association between primary knee OA in South
Indian population with three selected SNPs relevant in the
pathogenesis of knee OA.

Materials and Methods

Sample selection
The present case-control study comprised 150 primary Knee

OA cases which were clinically diagnosed, age and gender-
matched 150 individuals with no musculoskeletal problems were
considered as controls. Approval for the study was granted by
the Institutional Ethics committee as per the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. After obtaining the signed informed consent from all
the subjects, 2 ml of peripheral blood sample was drawn in EDTA
vacutainer. Demographic details, along with clinical, personnel
and family history were obtained from patient or patient’s care
taker. In this hospital-based study, we have selected 150 primary
knee OA cases from the Department of Orthopedics based on
the inclusion and exclusion criteria described in our recent
publication [21]. The primary knee OA cases were clinically
diagnosed and radiologically confirmed with primary
osteoarthritis as per the Kellegren/Lawrence score (0-4 score)
[22].

Simultaneously, we have selected age, and gender-matched
150 controls from master health checkup based on
questionnaire without any history of musculoskeletal diseases.
The selection, inclusion and exclusion criteria of cases and
controls have been described in detail in our prior publication
[23].

Selection of SNPs
In the current study, three gene polymorphisms were selected

based on the literature, i.e., GDF5 (rs143383), COG5/DUS4L
(rs4730250) and CYBA/p22phox (rs4673) [14,20]. The details of
the genes and SNPs have been documented in table 1.

Table 1: Information on selected variants involved in this study.

Gene SNP/rsnumber Position Forward primers Reverse primers Enzymes Band Sizes

GDF5 C1104T/ rs143383 35438203 CTCCTTCAAGCCCTCAGTCA GTAGCAGCAGAAGGAAAG
GC

BsiEI C-160/44bp

T-204bp

COG5 A2850G/rs4730250 107567250 AGAGTGACTGCATGCAAACG ATGGTGGGTGGTCTTACA
GT

DraI A-174/26bp

G-200bp

CYBA C242T/rs4673 106994931 TGCTTGTGGGTAAACCAAGG
CCGGTG

AACACTGAGGTAAGTGGG
GGTGGCTCCTGT

RsaI C-188/160bp

T-348bp
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Genomic DNA was isolated from the peripheral blood sample
using salting-out technique routinely used in our NABL
accredited laboratory [24]. The quality of DNA was quantified
using NanoDrop 2000 (Thermo Fisher Scientific, USA). The SNPs
rs143383, rs4730250 and rs4673 were evaluated by polymerase
chain reaction followed by restriction fragment length
polymorphism and agarose gel electrophoresis using the specific
primers described in table 1. The PCR products were digested
with a BsiE1 restriction enzyme for rs143383 polymorphism,
with Dra1 rs4730250 and with Rsa1 for rs4673. The digested
products were run on 2.5% agarose gel staining with gel green
dye to obtain the specific products after digestion. Genotype
fragments were imaged using gel documentation system
(Kamineni Life Sciences, Hyderabad, India).

Statistical analysis
Allele frequencies and genotype distribution of primary knee

OA cases and controls were compared using Chi-square test.
Med calc Version 12.7.0.0 was used to estimate odds ratio (OR)
and 95% confidence intervals (CI) for an association of GDF5
(rs143383), COG5 (rs4730250) and CYBA (rs4673) genotype and
the allele with primary knee OA. Multifactor dimensionality
reduction (MDR) analysis was performed to study the gene-gene
and gene-environment interactions.

Results

Baseline characteristics
This hospital-based Indian population study comprised of 300

samples. 150 primary knee OA cases (females-95 and males-55)
between the ages of 28-50 years. The age and gender-matched
150 (females 90 and males 60) controls were included in the
study. Clinical characteristics of 300 subjects at baseline are
represented in table 2.

Table 2: Clinical characteristics of primary knee OA cases and
controls.

Characters Cases
(n=150)

Controls
(n=150)

p Value

Age (Years) 45.09±8.83 46.46 ±7.77 P=0.253
8

Sex (M:F) 55:95 60:90 P=
0.5728

Height (cm) 155.78±3.19 155.48±4.18 P=4.852

Weight (kg) 74.76±8.75 61.22±7.35 P=0.000
1

BMI (kg/m2) 30.81±3.49 25.38±3.37 P<0.000
1

Age of Onset 42.40±8.07 NA NA

Family History of OA 32% NA NA

History of Hypertension 57% 16% P=0.001

History of T2DM 36% 11% P=0.005
6

History of Thyroid
Dysfunction

28% 13% P=0.125
4

There is no significant difference between the mean height of
the cases and controls (p=4.85). BMI (30.81±3.49) showed a
significant difference between cases and control group (p<0.05).
The history of T2DM and HTN were significantly associated with
primary knee OA (p<0.05) and thyroid dysfunction was similar
between cases and controls (p>0.05). A positive family history of
primary knee OA was seen in 32% of cases.

Genetic factors
• Association of GDF5 gene polymorphism

The genotype distribution and allele frequencies of GDF5
(rs143383), COG5 (rs4730250) and CYBA (rs4673) variants were
represented in table 3. Genotypic and allelic distributions of the
GDF5 polymorphism follow the HWE in our controls. The variant
T allele frequency in cases was 0.63 whereas in controls 0.37.
The data indicated that the T allele and TT genotype was present
in a higher percentage of cases compared to controls (Table 3).
The heterozygous CT genotype was also comparatively high in
cases (30%) whereas it is 23% controls. The data indicated a
significant association of dominant (OR=3.73 95% CI=2.26–6.17,
p<0.0001), and recessive mode of inheritance pattern (OR=2.62,
95% CI=1.61–4.26, p <0.0001). Furthermore, the variant allele T
was significantly associated with the disease (OR=2.85, 95%
CI=2.05–3.98, p<0.0001) which indicates that individuals with T
allele have 2.85-fold increased risk for the development of
primary knee OA in our population.

Table 3: Statistical association of SNPs with OA cases disease risk compared with controls.

rs number Model Genotypes Cases Controls OR (95% CI) p Value

rs143383 (GDF5) Normal CC 33 (22%) 77 (51.3%) Reference

Heterozygous CT 45 (30%) 34 (22.7%) 3.12 (1.84-5.26) p<0.0001

Variant TT 72 (48%) 39 (26%) 1.31 (0.78-2.19) p=0.29

Dominant TT+CT vs. CC 117(78%) 73 (48.7%) 3.73 (2.26-6.17) p<0.0001
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Co-dominant CT vs. CC+TT 45 (30%) 34 (22.7%) 1.33 (0.79-2.24) p<0.27

Recessive TT vs. CT+CC 72 (48%) 39 (26%) 2.62 (1.61-4.26) p<0.0001

C 111(0.37) 188(0.63) Reference

Risk T 189 (0.63) 112(0.37) 2.85 (2.05-3.98) p<0.0001

rs4730250 (COG5) Normal AA 37 (24.6%) 87 (58%) Reference

Heterozygous AG 44 (29.3%) 33 (22%) 3.23 (1.93-5.40) p<0.0001

Variant GG 69 (46%) 30 (20%) 1.57 (0.91-2.69) p=0.09

Dominant GG+AG vs. AA 113 (75.3%) 63 (42%) 4.21 (2.57-6.90) p<0.0001

Co-dominant AG vs. AA+GG 44 (29.3%) 33 (22%) 1.47 (0.87-2.48) p=0.14

Recessive GG vs. AG+AA 69 (46%) 30 (20%) 3.40 (2.04-5.69) p<0.0001

A 118 (0.39) 207 (0.69) Reference

Risk G 182 (0.61) 93 (0.31) 3.43 (2.45-4.80) P<0.0001

rs4673 (CYBA) Normal CC 35 (23.3%) 105 (70%) Reference

Heterozygous CT 28 (18.7%) 15 (10%) 5.78 (3.06-10.91) p<0.0001

Variant TT 87 (58%) 30 (20%) 1.52 (0.79-2.92) p=0.20

Dominant TT+CT vs. CC 115 (76.7%) 45 (30%) 7.66 (4.58-12.82) p<0.0001

Co-dominant CT vs. CC+TT 28 (18.7%) 15 (10%) 2.06 (1.05-4.04) p=0.03

Recessive TT vs. CT+CC 87 (58%) 30 (20%) 5.52 (3.30-9.24) p<0.0001

C 98 (0.32) 225 (0.75) Reference

Risk T 202 (0.68) 75 (0.25) 6.18 (4.33-8.82) p<0.0001

• Association of COG5 gene polymorphism

Genotypic and allelic distribution of COG5 gene
polymorphism follows the HWE in our population. The variant G
allele of the SNP rs4730250 in COG5 gene had the frequency
0.61 in cases whereas it was 0.31 in controls. The genotype
frequencies of AA, AG, and GG are documented as 25%, 29%,
46% in primary Knee OA cases and 58%, 22%, 20% in controls
respectively. The data indicated a significant association of
dominant (OR=4.21, 95% CI=2.57–6.93, p<0.001) and recessive
(OR=3.40, 95% CI=2.04–5.69, p<0.0001) modes of inheritance
with the disease pathology. Furthermore, the variant allele G
also was significantly associated with primary knee OA
(OR=3.43, 95% CI=2.45–4.80, p<0.0001) (Table 3).

• Association of CYBA gene polymorphism

Genotypic and allelic distributions of the CYBA polymorphism
satisfied the HWE in our study group. Genotypic and allelic

frequencies are tabulated in table 3. The variant T allele in cases
was 0.68 and in controls was 0.25. The data indicated that the T
allele was present in a higher percentage of cases (58%)
compared to controls (20%). The data indicated a significant
association of dominant (OR=7.66, 95% CI=4.58–12.82,
p<0.0001), co-dominant (OR=2.06, 95% CI=1.05–4.04, p=0.034),
and recessive (OR=5.52, 95% CI=3.30 – 9.24, p<0.0001) modes
of inheritance with primary knee OA. Furthermore, the variant
allele T was statistically significant with the disease pathology
(OR = 6.18, 95% CI=4.33–8.82, p<0.0001) (Table 3).

Genotypes association between males and females
There is no significant difference between males and females

of the three candidate gene polymorphisms analyzed in this
study with primary knee osteoarthritis (Table 4).

Table 4: Statistical association between men and female genotypes in OA cases.

rs number Model Genotypes Male Female OR (95% CI) p Value

rs143383 (GDF5) Normal CC 11 (20%) 22 (23%) Reference

Heterozygous CT 19 (35%) 26 (27%) 1.38 (0.62-3.07) p=0.42

Variant TT 25 (45%) 47 (50%) 0.91 (0.47-1.75) p=0.77
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Dominant TT+CT vs. CC 44 (80%) 73 (77%) 1.20 (0.53-2.7) p=0.65

Co-dominant CT vs. CC+TT 19 (35%) 26 (27%) 1.40 (0.68-2.86) p=0.35

Recessive TT vs. CT+CC 25 (45%) 47 (50%) 0.85 (0.43-1.65) p=0.63

C 67 (0.37) 70 (0.37) Reference

Risk T 69 (0.63) 120 (0.63) 0.60 (0.38-0.93) p=0.02

rs4730250 (COG5) Normal AA 19 (35%) 18 (19%) Reference

Heterozygous AG 13 (24%) 31 (33%) 0.53 (0.25-1.15) p=0.11

Variant GG 23 (41%) 46 (48%) 1.18 (0.59-2.33) p=0.62

Dominant GG+AG vs. AA 36 (65%) 77 (81%) 0.44 (0.20-0.94) p=0.03

Co-dominant AG vs. AA+GG 13 (24%) 31 (33%) 0.63 (0.30-1.36) p=0.24

Recessive GG vs. AG+AA 23 (41%) 46 (48%) 0.76 (0.39-1.49) p=0.43

A 51 (0.46) 67 (0.35) Reference

Risk G 59 (0.54) 123 (0.65) 0.63 (0.39-1.01) p=0.05

rs4673 (CYBA) Normal CC 11 (20%) 24 (25%) Reference

Heterozygous CT 9 (16%) 19 (20%) 1.22 (0.50-2.97) p=0.65

Variant TT 35 (64%) 52 (55%) 1.16 (0.55-2.45) p=0.69

Dominant TT+CT vs. CC 44 (80%) 71 (75%) 1.35 (0.60-3.02) p=0.46

Co-dominant CT vs. CC+TT 9 (16%) 19 (20%) 0.78 (0.32-1.87) p=0.58

Recessive TT vs. CT+CC 35 (64%) 52 (55%) 1.44 (0.73-2.86) p=0.28

C 31 (0.28) 67 (0.35) Reference

Risk T 79 (0.72) 123 (0.65) 1.38 (0.83-2.31) p=0.20

Gene-Gene interactions
MDR is a powerful statistical tool for detecting and modeling

epistasis. The interaction graph indicates that GDF5, COG5, and
CYBA   polymorphisms   contribute  4.41%,  5.01%,  and  24.46%,
respectively, towards the pathology of primary knee OA (Figure
1).

Figure 1: Gene-Gene interaction with MDR analysis.

GDF5 and CYBA (23.37%) as well as COG5 and CYBA (16.15%)
polymorphisms were found to have a strong synergistic

interaction whereas GDF5 and COG5 (-3.87%) polymorphism
showed negative interaction.

Gene–Environment interactions
MDR analysis was also performed to find interactions among

genotypes between cases and controls, as well as among
demographic parameters. Among demographic parameters, BMI
(26.86%) contributed highest to disease pathology. GDF5 gene
polymorphism and BMI showed strong synergistic interaction
(56.9%). Comorbid factors like hypertension contributed 12.95%,
diabetes 6.32% and thyroid dysfunction 2.6 % (Figure 2).
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Figure 2: MDR model gene-environment interaction.

Discussion
Osteoarthritis, is a phenomenon occurring in previously intact

joints with no apparent initiating factor such as joint injury or
developmental abnormalities. Gene identification is important
for understanding the disease pathophysiology for improving
diagnosis, prevention, and treatment. The underlying genetic
background could provide new insights into the pathophysiology
of OA which could potentially lead to new therapeutic targets
[10,24]. The core purpose of this study was to investigate the
association between GDF5 (rs143383), COG5 (rs4730250) and
CYBA (rs4676) polymorphisms as potential genetic biomarkers
for identifying individuals who are at risk of developing primary
knee OA in a cosmopolitan city of the south India. We found that
T allele of GDF5 and CYBA gene polymorphisms and G allele of
COG5 gene showed a strong significant association with primary
knee OA cases. To the best of our knowledge, this is the first
association study carried out with three SNPs in south Indian
population.

GDF5 gene regulates the expression of a GDF5 protein. It
involves in the development of bone and cartilage, particularly
in endochondral classification [25]. Recently several studies have
shown an association between Growth Differentiation Factor 5
polymorphism and knee osteoarthritis, but the crucial role of
predisposing genetic factor in each ethnic group cannot be
replicated in all populations. The first association of GDF5 and
OA was reported in Japanese [18] and reproduced in Chinese
and European Caucasians [15]. In India, this is the first study
which reported an association of GDF5 gene polymorphism with
knee osteoarthritis. The rs143383 polymorphism was evaluated
in different ethnic population, and several meta-analyses have
been carried out and concluding it to be significant [6,26,27].
The association of this polymorphism from Korean and Greek
population showed negative results [28, 29]. GDF5 rs143383

gene polymorphism and knee osteoarthritis have suggested
stronger association in Asians than Caucasians [13].

Tawonsawtuk et al. study revealed that GDF5 gene
polymorphism has an association with knee OA in Thai ethnic
population. A Northern European study demonstrated that an
alliance of Lumbar Disc degeneration with T allele of GDF5 gene
polymorphism as in knee OA and hip OA [30]. The ethnicity
based studies appears to be positive association
[12,15,17,31-35] and negative association [29,36-39]. However,
a couple of studies have been carried out in female subjects and
turn to be similar [16] and dissimilar association [40], this study
was carried out the rs4730250 polymorphism in Finnish female
OA subjects and confirms the significant association.

The gene COG5 was identified from an arcOGEN study. The
association of this locus with knee OA was discovered in a GWAS
which after different study phases of 500,000 SNPs led to a
single SNPs, rs3815148, with a GWAS level of association
(OR=1.14, p=8×10−8). To the best of our current knowledge, this
is the first study in India that showed a significant association
between primary knee OA with G allele of COG5 gene. The weak
correlation found with patellofemoral radiographic grade,
suggest that this gene might play a role in joint damage and
indicates the need for studies on functional relevance [14].
Raine et al. [41] fail to confirm the statistical association and
Evangelou et al. [42] carried out a meta-analysis of GWAS
studies confirms susceptibility locus for knee OA on the 7q22
chromosome.

In CYBA gene, the C242T polymorphism results in a
substitution of Tyr for His at residue 72 of p22phox, and
significantly r educed v ascular NADPH o xidase activity [43]. It
might be expected to reduce the generation of ROS, indicating a
protective role of T allele in ACS, which is consistent with the
results for the Asian population as indicated in the meta-analysis
[44]. We can identify a single study carried out with the rs4676
polymorphism in Greek population and confirms negative
association with OA [20].

High BMI was established as a risk factor for OA patients. We
have categorized OA cases based on BMI into (i) normal (18.5–
24.9 BMI), (ii) overweight (25–29.9 BMI) and (iii) obese (>30
BMI) groups. In GDF5 gene polymorphism the percentage of TT
genotype in obese and overweight cases were 48% whereas CT
genotype was 32% and 26% in obese and overweight
respectively which is higher when compared with CC genotype
of obese (20%) and overweight (26%) population. TT genotype
was playing a role in disease pathology. In COG5 gene
polymorphism the variant GG genotype and heterozygous AG
genotype percentage was higher in over weight and obese
population when compared with the people who had normal
BMI. GG genotype was playing a role in disease pathology, and
obese individuals with T allele are more prone for primary knee
OA. In CYBA gene polymorphism the percentage of TT genotype
was 64% in obese which is higher than the individuals with
normal (60%) BMI. Obese individuals with TT genotype were
more prone to the disease and individuals with TT genotype
irrespective of BMI are at increased risk for the disease (Table 5).
The strength of this study was in selecting the right samples of
both primary knee OA cases and controls in the hospital set up
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and perform the PCR-RFLP SNPs in three different genes which
were associated with disease pathology. The current limitation

of our study may be small sample size with single SNP from each
candidate gene.

Table 5: Variance with BMI and genotypes of GDF5, COG5 & CYBA genes in this study.

BMI ranges OA Cases

(n=150)

BMI

(Mean±SD)

Genotypes-GDF5

CC CT TT

Normal (0-24.9) 10 23.12±1.10

Overweight (25.0-29.9) 46 27.96±1.30

Obese (>30.0) 94 33.02±1.83

OA Cases

(n=150)

BMI

(Mean±SD)

Genotypes-COG5

AA AG GG

Normal (0-24.9) 10 23.12±1.10

Overweight (25.0-29.9) 46 27.96±1.30

Obese (>30.0) 94 33.02±1.83

OA Cases

(n=150)

BMI

(Mean±SD)

Genotypes-CYBA

CC CT TT

Normal (0-24.9) 10 23.12±1.10

Overweight (25.0-29.9) 46 27.96±1.30

Obese (>30.0) 94 33.02±1.83

Conclusion
In conclusion, this initial study explores the genetic

association of GDF5, COG5 and CYBA gene polymorphisms with
primary knee OA in the South Indian population and could be
used as molecular biomarkers to identify the individuals who are
at risk of developing primary knee OA. To the best of our
knowledge, this first study in South Indian population explored
significant association.
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