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Abstract

Osteoarthritis (OA) is multifactorial disease manifested by synovial 
inflammation and cartilage damage leads to joint swelling and pain. OA 
involving synovium, bone and cartilage. The main characteristics of OA are 
cartilage damage, synovial fibrosis, subchondral bone sclerosis and osteophyte 
formation which is clinically characterized by pain, tenderness, limitation of 
joint movement and loss of function. Transforming Growth Factor β1 (TGFβ1) 
gene is a multifunctional cytokine that plays a major role in normal cellular 
process. It plays a role in development and homeostasis of various tissues. 
They regulate cell proliferation, differentiation, apoptosis and migration. Family 
studies indicated that there is a relation between genetically determined factors 
and the development of osteoarthritis. The aim of the present study was to 
analyse the common TGFβ1–C509T promoter polymorphism and TGFβ1 
T869C polymorphisms in South Indians and to investigate their association with 
early onset primary knee osteoarthritis. This study was approved by Institutional 
Ethics Committee. The study involved 200 early primary knee OA cases which 
are clinically diagnosed and radiologically confirmed along with age and gender 
matched controls. For polymorphism –C509T a significant difference in the T 
allele frequency was observed between cases and controls (p<0.0001) and TT 
genotype also showed statistical significance with the disease (p<0.0001). For 
T869C polymorphism C allele and CC genotype showed statistical significance 
with early onset primary knee osteoarthritis (p=<0.05). These SNPs rs1800469 
and rs1982073are associated with early onset primary knee OA and could be 
used as potential biomarkers to identify individuals/family members, who are 
at risk of developing knee OA to plan preventative strategies in our population, 
after confirming in a larger study group. This will help reduce morbidity and 
disability associated with this pathology. To the best of our knowledge this is the 
first study in India. 

 The close physical association between subchondral bone 
and cartilage in the joints allows interaction and suggests that a 
biochemical and molecular crosstalk may contribute to OA pathology 
[6]. 

The role of specific genes is under investigation as the estimated 
heritability of primary OA is high showing i.e. 40% for the knee, 
60% for the hip, and 65% for the hand [7]. It is estimated that OA 
is the second most common rheumatological problem and is the 
most frequent joint disease with prevalence of 17 to 60.6% in India 
[8], Sharma et al, 2007. There are currently no pharmacological 
interventions for patients with OA. Total joint replacement is the 
only effective treatment of end stage disease which is invasive and 
relatively expensive. It would be particularly beneficial therefore to 
identify novel therapeutic targets within OA pathways to improve 
patient outcomes. It has been postulated that the best biomarkers for 
osteoarthritis are most likely to be structural molecules or fragments 
linked to cartilage bone or synovium which may be specific to one 
type of joint tissue or common to them all. They may represent 
tissue degradation or tissue synthesis and may be measured in 
synovial fluid, blood or urine [9], Karsdal et al. Molecular genetics 

Introduction
Osteoarthritis (OA) is a musculoskeletal disease characterized by 

gradual thinning and loss of articular cartilage of the synovial joints 
with a concurrent alteration in the physiology of several other joint 
tissues including the subchondral bone and the synovium [1,2]. The 
bone cartilage is an important synergistic unit consisting of the area 
between the deep layers of articular cartilage and the underlying 
subchondral bone [3].  There have been many attempts to identify 
and grade OA and the most widely used method is the Kellgren and 
Lawrence (K&L) score. The overall grades of severity are determined 
on a score of 0-4 and are based on the sequential appearance of 
osteophytes, joint space loss, sclerosis, criptus and cysts.

 OA is predicted to be the single greatest cause of disability in the 
general population. In most ethnic groups OA is extremely common 
with its prevalence varying, depending on the diagnostic criteria used 
and the joint examined [4]. OA has a prominent and determental 
impact on wellbeing with up to one fifth of the affected individuals 
giving up work because of the disease and this increased morbidity 
contributes indirectly to an increased mortality [5]. 
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investigations have gained an increasingly significant understanding 
role in the knowledge of OA and have provided evidence for a genetic 
component for this pathology [10,11].

 Genome wide association studies revealed that susceptibility to 
OA is influenced by genetic predisposition. It has become apparent 
that many of these OA susceptibility loci, have particular relevance 
for the disease development at specific skeletal sites and furthermore 
some loci could be linked to the disease depending on ethnic 
differences [12-14]. 

 In this case control study we demonstrated the association with 
two different SNPs of Transforming Growth Factor (TGFβ1) gene 
polymorphisms with early onset primary knee osteoarthritis. 

TGFβ1 protein has been localized in developing cartilage, 
endochondrial and membrane bone and skin suggesting its role in 
the growth and differentiation of these tissues. TGFβ1 is pleiotrophic 
cytokine that is important in the regulation of joint homeostasis and 
disease. Lack of TGFβ1 signaling results in predisposition damage 
of cartilage, therefore TGFβ supplementation will help in cartilage 
maintenance [15].

 A TGFβ1 level differs greatly between healthy joints, where it is 
low and in osteoarthritic joints where it is high. Being low in healthy 
joints and high in osteoarthritic joints leading to the activation of 
different signaling pathways in joint cells [15]. TGFβ1 counteracts 
pathological changes in a young healthy joint, alters its signaling 
during ageing and is a driving force of pathology in osteoarthritic joints 
[16,26]. Study postulated that TGFβ1gene signaling demonstrate that 
it plays a critical role during OA development.

It is a hospital based case control study to evaluate the association 
of two TGFβ1 gene polymorphism in early onset primary knee 
osteoarthritis and its correlation with body mass index in our Indian 

patients.

Materials and Methods
Materials

This hospital based case- control study was approved by 
Institutional Ethics Committee, Kamineni Hospitals, Hyderabad. In 
this study 200 early onset primary knee OA cases and 200 controls 
were enrolled. Recruitment of cases was done by Orthopedic 
surgeon to reduce subjectivity from the Department of Orthopedics, 
Kamineni Hospitals, and Yashoda Hospitals, Hyderabad based on 
the clinical and radiological diagnosis with primary osteoarthritis 
as per the Kellegren/Lawrence score (0-4 score) [17]. KL grade scale 
consists of (i) Grade 1: possible narrowing of joint space (NJS) and 
possible presence of osteophytes; (ii) Grade 2: definite NJS and 
definite osteophytes; (iii) Grade 3: definite NJS, multiple osteophytes, 
sclerosis, cysts and possible deformity of bone contour; and (iv) 
Grade 4: marked NJS, large osteophytes, severe sclerosis, cysts and 
definite deformity of bone contour [18,19]. Total 400 samples i.e., 200 
early onset primary knee OA cases and 200 matched control subjects 
were selected with the inclusion and exclusion criteria defined in our 
earlier published articles from our group [19,20]. EDTA blood of 2ml 
was collected from the selected subjects in the hospital premises to 
perform SNPs analysis.

Methodology
Salting out technique (non-kit method) was used to isolate the 

genomic DNA in NABL accredited laboratory at the Department 
of Genetics and Molecular Medicine, Kamineni Hospitals from our 
group [21,20]. Nano Drop was used to measure the DNA quantity 
and quality (Nano Drop 2000, Thermo Fischer scientific, MA, USA), 
and stored at-20oC until further use. Genomic DNA samples were 
subjected to three step polymerase chain reaction and restriction 
fragment length polymorphism (PCR-RFLP) analysis as described 

Gene rs Number Exon SNP Restriction
Enzyme Amplicon Amplicon Fragments

TGF-β1 rs1982073 Exon 1 T869C MSPA1 294bp
T-161/67/40/26bp

C-149/67/40/26bp

TGF-β1 rs1800469 Promoter C509T Eco81I 81bp
C-50/31bp

T-81bp

Table 1: Information of Gene polymorphism included in the study.

Characters Cases (n=200) Controls (n=200) p Value

Age (Years) 46.02±8.02 44.23±6.78 NA

Sex: (M:F) 81 (40.5%): 119(59.5%) 86 (43%): 114(7%) NA

Height (cms) 155.13±4.54 155.59±3.94 0.04

Weight (kg) 73.27±9.64 61.81±7.53 0.0005

BMI (kg/m2) 30.44±3.81 25.57±3.30 0.03

Age of Onset 41.12±6.30 NA NA

Family History of OA 57 (28.5%) NA NA

History of HTN 91 (45.5%) 34 (17%) 0.0007

History of T2DM 60 (30%) 26 (13%) 0.0002

History of Thyroid Dysfunction 50 (25%) 28 (14%) 0.0001

Table 2: Demographic and clinical characteristics of both early onset primary knee OA cases and controls.

NA= Not Applicable
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earlier by our used in our lab [19]. PCR products electrophorosed 
in 2% agarose gel and visualized under gel documentation system 
(Kamineni Life Sciences, Pvt Ltd, Hyderabad, India). Further analysis 
of the genotypes was performed. MDR is a powerful statistical tool 
for detecting and modeling epistasis. Association between TGF β1 
gene variants and OA risks were estimated by calculating odds ratios 
and 95% confidence intervals using Medcal (Ver 6.0). MDR analysis 
was performed to find interactions among genotypes between cases 
and controls, as well as among demographic parameters. Linkage 
disequilibrium (LD) is the non random association of allele at 
different loci of genes. Genetic mapping of particular SNPs of a gene 

can be identified by Linkage Disequilibrium. LD was also performed 
to identify the two SNPs of TGFβ1 gene polymorphism gene mapping.

Results
Baseline characteristics of cases and controls

This hospital based South Indian population study comprised of 
400 samples. 200 early onset primary knee OA cases (females-119 
and males 81) within the age group 28-55 years. The age and gender 
matched 200 (females 114 and males 86) controls were included in 
the study. The selected clinical characteristics of 400 subjects were 
summarized in (Table 2). The mean height of cases 155 ± 4.54 cm 

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

rs1982073
(TGFβ)
T869C

Normal TT 58 (29%) 130 (65%) Reference

Heterozygous TC 50 (25%) 31 (15.5%) 3.61 (2.09-6.23) p<0.0001

Variant CC 92 (46%) 39 (19.5%) 5.28 (3.25-8.59) p=0.0001

Dominant CC+TC vs TT 142(71%) 70 (35%) 4.55 (2.98-6.93) p<0.0001

Co-dominant TC vs CC+TT 50 (25%) 31 (15.5%) 1.81 (1.10-2.99) P=0.0190

Recessive CC vs TC+TT 92 (46%) 39 (19.5%) 3.51 (2.25-5.49) P=0.001

T 166(0.415) 291 (0.73) Reference

Risk C 234 (0.585) 109 (0.27) 3.76 (2.79-5.06) p<0.0001

rs1800469 (TGFβ)
C509T

Normal CC 63 (31.5%) 133 (66.5%) Reference

Heterozygous CT 32 (16%) 25 (12.5%) 2.70 (1.47-4.93) P=0012

Variant TT 105 (52.5%) 42 (21%) 5.27 (3.30-8.41) p=0.0001

Dominant TT+CT vs CC 137 (68.5%) 67 (33.5%) 4.31 (2.84-6.56) p<0.0001

Co-dominant CT vs CC+TT 32 (16%) 25 (12.5%) 1.33 (0.75-2.34) p=0.31

Recessive TT vs CT+CC 105 (52.5%) 42 (21%) 4.15 (2.68-6.45) p<0.0001

C 118 (0.39) 207 (0.69) Reference

Risk T 182 (0.61) 93 (0.31) 4.08 (3.03-5.50) P<0.0001

Table 3: Statistical association of SNPs with early primary knee OA cases compared with Controls.

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

rs1982073
(TGFβ)

Normal TT 30 (37%) 28 (24%) Reference

Heterozygous TC 18 (22%) 32 (27%) 3.61 (2.09-6.23) p=0.0001

Variant CC 33 (41%) 59 (49%) 5.28 (3.25-8.59) p=0.0001

Dominant CC+TC vs TT 51 (63%) 73 (77%) 0.52 (0.28-0.97) p=0.04

Co-dominant TC vs CC+TT 18 (22%) 32 (27%) 0.78 (0.40-1.50) p=0.45

Recessive CC vs TC+TT 33 (41%) 59 (49%) 0.77 (0.40-1.50) p=0.44

T 78 (0.48) 88 (0.37) Reference

Risk C 84 (0.52) 150 (0.63) 0.63 (0.42-0.94) p=0.02

rs1800469 (TGFβ)

Normal CC 31 (38%) 32 (27 %) Reference

Heterozygous CT 14 (17%) 18 (15%) 2.70 (1.47-4.93) p=0.0012

Variant TT 36 (45%) 69 (58%) 5.27 (3.30-8.41) p=0.0001

Dominant TT+CT vs CC 50 (62%) 87 (73%) 0.59 (0.32-1.08) p=0.09

Co-dominant CT vs CC+TT 14 (17%) 18 (15%) 1.17 (0.54-2.51) p=0.68

Recessive TT vs CT+CC 36 (45%) 69 (58%) 0.57 (0.32-1.02) p=0.06

C 76 (0.47) 82 (0.34) Reference

Risk T 86 (0.53) 156 (0.66) 0.59 (0.39-0.89) p=0.01

 Table 4: Statistical association between men and female genotypes in OA cases.
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and controls was 155.59 ± 3.94 cm. Compared with controls, cases 
had higher rate of an obese BMI (30.44 ± 3.81 Kg), which showed 
significant difference between cases and control group (p<0.05). The 
history of T2DM (p=0.0007) and HTN (0.0002) 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 knee OA was seen in 28.5% of cases.

Gene polymorphisms
The genotype distribution and allele frequencies of TGFβ1 

(rs1982073) and TGFβ1 (rs1800469) variants were represented in 
(Table 3). 

Association of TGFβ1 rs1982073 (T869C) gene 
polymorphism

 Genotypic and allelic distribution of TGFβ1 gene polymorphism 
is in accordance with Hardy Weinberg Equilibrium. The variant 
C allele of the SNP rs1982073 in TGFβ1 gene had frequency 0.585 
in cases whereas it was 0.27 in controls. The genotype frequencies 
of TT, TC and CC are documented as 29%, 25%, 46% in cases and 
65%, 15.5%, 19.5% in controls respectively. The data indicated that 
the variant allele C was significantly associated with the disease (OR 
=3.76, 95% CI = 2.7973-5.0630, p < 0.0001). Furthermore a significant 
association of dominant (OR = 4.5468, 95% CI = 2.9828–6.9309, p< 
0.0001), recessive (OR = 3.51, 95% CI = 2.2493–5.4979, p=0.0001) 
and co dominant mode of inheritance (OR=1.8172 95% CI= 1.1032- 
2.9934, p=0.0190 with early onset primary knee OA (Table 3). 
Further on gender stratification analysis OA females found to be 
higher percentage when compared to males but statistically it is not 
significant (Table 4).

Genotype correlation with respect to BMI
The percentage of homozygous variant CC genotype was much 

higher in obese (55%) people when compared with overweight (37%) 
and normal BMI (8%). The percentage of heterozygous TC genotype 
in obese is 50%, over weight is 44% whereas in normal it is 6% (Table 
5).

Age wise stratification of genotype in T869C polymorphism 
of TGFβ1 gene

The percentage of variant CC genotype was higher in ≤ 40 years 
compared to >40 years age group. Further genotypes were stratified 
based on gender and age. The results indicated that in females ≤ 40 
years the percentage of TT, TC, CC genotype were 27%, 18%, 55% 

and in >40 years group the percentage of TT, TC, CC genotype were 
22%, 31%, 47% respectively. In males ≤ 40 years the percentage of TT, 
TC, CC genotype were 41%, 19% , 40% respectively and in >40 years 
group the percentage of TT, TC,CC genotype were 35%, 24%, 41% 
respectively. Indicating females of < 40years had a increased risk of 
developing early onset primary knee OA with CC genotype compared 
to females of > 40years age group (Figure 2). 

Association of TGFβ1 rs 1800469 –C509T gene 
polymorphism

Genotypic and allelic distributions of the TGFβ1 polymorphism 
satisfied with the HWE. Genotypic and allelic frequencies are 
tabulated in Table 3. The variant T allele in cases was 0.60 and in 
controls was 0.27. The data indicated that the variant allele T was 
statistically significant with the disease pathology (OR = 4.0891, 95% 
CI = 3.0362–5.5071, p <0.0001). The TT genotype was present in a 
higher percentage of cases (52.5%) compared to controls (21%). The 
data indicated a significant association of dominant (OR = 4.3167, 
95% CI = 2.8402–6.5608, p < 0.0001) and recessive (OR = 4.1579, 95% 
CI = 2.603– 6.450, p <0.0001) modes of inheritance within primary 
knee OA (Table 3). 

When male and female stratification was done there is significant 
difference between OA males and OA females but it is not statistically 
significant (Table 4).

Genotype correlation with respect to BMI
The homozygous variant TT genotype in obese, overweight and 

normal was 55.4%, 38% and 6.6% respectively. The heterozygous 
CT genotype in obese, over weight and normal is 60%, 34% and 6% 
respectively. Indicating weight is playing a role in disease pathology. 

Age wise stratification of genotype in C509T polymorphism 
of TGFβ1 gene

 Age and gender wise stratification was also performed to 
understand the correlation of genotype in two different age groups 
(≤ 40 yrs & >40 Yrs) and the gender. The percentage of variant TT 
genotype was higher in cases ≤ 40 years of age compared to >40 age 
group. 

In females ≤ 40 years the percentage of CC, CT, TT genotype were 
21%, 12%, 67% and in >40 years group the percentage of CC, CT, TT 
genotype were 30%, 16%, 54% respectively. In males ≤ 40 years the 
percentage of CC, CT, TT genotype were 33%, 19% ,48% and in > 40 
years group the percentage of CC, CT, TT genotype were 41%, 17%, 

BMI OA Cases
(n=200)

BMI
(Mean±SD)

Genotypes- TGFβ (rs1982073)

TT TC CC

Normal (0-24.9) 15 23.12±2.51 5 (9%) 3(6%) 7(8%)

Overweight (25.0-29.9) 76 27.82±1.68 20 (34%) 22 (44%) 34 (37%)

Obese (>30.0) 109 33.10±3.67 33 (57%) 25 (50%) 51 (55%)

OA Cases
(n=200)

BMI
(Mean±SD)

Genotypes- TGFβ  (1800469)

CC CT TT

Normal (0-24.9) 15 23.12±2.51 6 (9.5%) 2 (6%) 7(6.6%)

Overweight (25.0-29.9) 76 27.82±1.68 25 (40%) 11 (34%) 40 (38%)

Obese (>30.0) 109 33.10±3.67 32 (50.5%) 19 (60%) 58(55.4%)

Table 5: Variance with BMI and genotypes of TGFβ gene polymorphism.
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42 % respectively. The percentage of variant TT genotype was higher 
in females indicating they are at higher risk for developing the disease 
(Figure 1).

Gene-environment interactions
The interactive graph indicates that TGFβ1 gene polymorphisms 

contribute 9.81%, towards the pathology of early onset primary knee 
OA (Figure 3). Gene- Environmental interactions revealed that body 
mass Index showed highest contribution to the disease pathology 
(23.02%). Co morbid factors like hypertension contributed 7.01%, 
Type 2 diabetes 3.16% and thyroid dysfunction 1.41% respectively 
(Figure 3). BMI and thyroid dysfunction showed synergistic 
interaction.

Linkage disequilibrium: LD for these two SNP’s of TGFβ1 gene 
was performed and it was found that TGFβ1 C509T and TGFβ1 
T869C were not in linkage disequilibrium indicating that they play 
role independently not synergistically (Figure 4).

Discussion
Osteoarthritis is the most common form of arthritis in the elderly 

and is influenced by both genetic and environmental risk factors. 
OA is a degenerative joint disease involving the cartilage and its 

surrounding tissues, apart from damage and loss of articular cartilage 
there is a remodeling of subchondral bone, osteophyte formation, 
ligament laxity, weakening of periarticular muscles and synovial 
inflammation [22]. Prevalence of OA in India reported to be in the 
range of 17-60.6% [23]. Before the age 50 years, the prevalence of OA 
in most joints is higher in men than in women but there are several 
studies which show that women have increased rates of cartilage loss 
and progression of knee cartilage defects, compared to men, after 
menopause [24-26]. Recent genome wide association studies (GWAS) 
along with several adequately powered candidate gene studies have 
yielded a number of risk alleles for osteoarthritis. 

TGFβ1 is a pleiotrophic cytokine that is important in the 
regulation of joint homeostasis and disease. TGFβ1 signaling is 
induced by loading of joints and has an important function in 
maintaining the differentiated phenotype of articulate chondrocytes. 
TGFβ1 differ greatly between healthy joint and osteoarthritis joint 
such as cartilage damage, osteophyte formation and synovial fibrosis 
seems to be stimulated or even caused by the high levels of active 
TGFβ1 in combination with altered chondrocyte signaling pathways. 
TGFβ1 has been shown to stimulate proteoglycan synthesis in intact 
immature bovine cartilage and has been shown to be a very strong 

Figure 1: Histogram showing genotype distribution of TGFβ1 C509T gene polymorphism with primary KOA cases and controls. Genotypes are also indicated 
based on gender, body mass index, age and both age and gender.

Figure 2: Histogram showing genotype distribution of TGFβ1 T869C gene polymorphism with primary KOA cases and controls. Genotypes are also indicated 
based on gender, body mass index, age and both age and gender.
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blocker of chondrocyte terminal differention [27]. 

The association of two SNPs (T869C & -C509T) of TGFβ1 
(rs1982073 and rs1800469) gene polymorphism in hospital based 
case control study including 200 early onset primary (>55 years) knee 
osteoarthritis cases and 200 controls in south Indian population. 

The T869C polymorphism results in that the Leu10→Pro 
substitution may affect the function of the signal peptide, possibly 
influencing intracellular trafficking or export efficiency of the pre 
protein. Our study for SNP T869C of TGFβ1 showed significant 
association with early onset primary knee OA. Individuals with C allele 
are at 3.77 fold increased risk in developing the knee osteoarthritis. 
Dominant, Co dominant and recessive modes of inheritance also 
showed association with knee osteoarthritis (Table 3). 

 A study from Thailand indicated the T869C polymorphism of 
TGFβ1 influences the susceptibility of osteoporosis and osteopenia 
in Thai women [36]. A significant additive and multiplicative 

Figure 3: MDR analysis showing gene- environmental interactions.

Figure 4: Linkage Disequilibrium between C509T and T869C polymorphism 
of TGFβ1 gene.

interaction between being overweight and the variant allele of 
TGFβ1SNP rs2278422 in knee OA [29]. The CC genotype of T869C 
polymorphism was associated with high serum TGFβ1 level higher 
bone mineral density (BMD) at the lumbar spine in postmenopausal 
German women [32] showed that the CC genotype of the T869C 
polymorphism was associated with higher bone mass at the total hip 
in Danish women.

The association of two SNP’s T869C and C509T of TGFβ1 was 
studied in North African population by [43], in nasopharyngeal 
carcinoma patients. The results indicated that there is no association 
between TGFβ1 gene polymorphism and risk of nasopharyngeal 
carcinoma. The genetic polymorphism TGFβ1+869C/T may be 
an independent risk factor for chronic kidney disease after liver 
transplantation [44].

A recent study from Chinese Han population revealed that 
TGFβ1 (rs1982073) potential genetic variant association with early 
onset primary knee OA which is similar to our study [41]. 

The polymorphism - C509T in promoter of TGFβ1 gene 
polymorphism in knee osteoarthritis populations and the T allele 
is found to be significant with knee osteoarthritis [4.1579 95% CI 
(3.0362-5.5071) p=0.0001]. Individuals harbouring the T allele appear 
to have 4.15 fold increased risk for developing the disease. There is no 
statistical significant association between OA males and OA females. 
Linkage disequilibrium analysis showed that these two SNP’s are not 
in LD. To the best of our knowledge this is the first study in India 
which looked at association of TGFβ1 gene association with early 
onset primary knee OA.

The C509T promoter polymorphism of TGFβ1 gene may be 
associated with asthma and disease exacerbations in Serbians [42]. 
TGFβ1 C509T polymorphism did not substantially influence 
nasopharyngeal carcinoma even after sample stratified by age, gender 
and TNM stage [35]. TGFβ1 C509T and T869C polymorphisms 
were significantly associated with Hepatocellular carcinoma risk in 
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Caucasians under the recessive model [36].

Yamada et al (2001) reported that the C-509T polymorphism 
in the promoter region, alone or in combination with the T869C 
polymorphism of the TGFβ1 gene was associated with L2-L4 BMD 
and osteoporosis in Japanese women. 

In middle-age group overweight and obesity are well recognized 
risk factors for knee osteoarthritis [37,38]. Some have suggested 
that excess weight in childhood affects the risk of knee pain and 
osteoarthritis in later life [39]. Others suggests that excess weight as 
a young adult plays an important role in the risk of knee OA leading 
to joint replacement [40-48]. States that excess weight throughout the 
life is the most relevant.

Our study, rs1800469 TGFβ1 gene polymorphism the 
homozygous variant TT and heterozygous CT genotypes were more 
in overweight and obese individuals when compared with individuals 
with normal BMI (Table 5). Indicating individuals with TT genotype 
of TGFβ1 (C509T) polymorphism with increased BMI are at 
increased risk for developing the disease. The percentage of 509TT 
and 869CC of TGFβ1 gene polymorphisms were higher indicating 
they are at increased risk for developing the disease especially in 
young age females.

When MDR analysis was performed Body mass index contributed 
23.02%. In rs1982073 TGFβ1 gene the homozygous variant CC and 
heterozygous TC genotypes were higher in overweight and obese 
individuals when compared with individuals with normal BMI (Table 
5). 

We limited our study to 200 early onset primary knee OA cases 
in individuals younger and below the age of 55 years, age and gender 
matched controls. However it is desirable to confirm these results 
in larger cohort of Indian patients with early onset primary knee 
Osteoarthritis. The strength of our study was selection of radiologically 
confirmed cases of knee OA along with clinical examination.

Conclusion
In this hospital based case-control study, the association of TGFβ1 

T869C and-C509T gene polymorphisms with early onset primary 
knee OA in our population could be used as a potential biomarker 
to identify the individuals who are at risk of developing primary knee 
osteoarthritis. To the best of our knowledge this is the first study in 
India which showed the association of TGFβ1 869C and TGFβ1509T 
polymorphisms with young onset primary knee osteoarthritis.
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