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ABSTRACT

Background: Osteoarthritis is a frequent rheumatic disease. Some single-nucleotide polymorphisms of the gene associated with 
fat mass and obesity are associated with increased body mass index and knee osteoarthritis. Objective: The objective of this 
study was to analyze the association of single nucleotide polymorphism rs1477196 of the fat mass and obesity gene with 
primary knee osteoarthritis. Methods: This observational and cross-sectional study included 347 Mexican participants. We 
performed the genotypification analysis with TaqMan® probe C_2031262_10 for rs1477196 (Thermo Fisher Scientific). Mul-
tivariate analysis included covariables such as age, type 2 diabetes, obesity, and postmenopause. Results: Type 2 diabetes, 
obesity, and postmenopause were associated with primary knee osteoarthritis in female participants. We did not find an 
association between rs1477196 and obesity. In the codominant and dominant genetic models, rs1477196 was significantly 
associated with primary knee osteoarthritis only in the female group, including in the model adjusted by other covariables (odds 
ratio = 2.517; 1.035-6.123; p = 0.042 and odds ratio = 2.387; 1.054-5.407; p = 0.037, respectively). The interaction between 
rs1477196 and obesity was significantly associated with primary knee osteoarthritis in female participants (p = 0.039 and 
p = 0.043). Conclusions: Our findings suggest that the rs1477196 variant of the fat and obesity mass gene may be associ-
ated with the risk of primary knee osteoarthritis in women. (REV INVEST CLIN. 2024;76(1):37-44)
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INTRODUCTION

Osteoarthritis (OA) is the most frequent rheumatic 
disease of the joints. It is caused by a series of bio-
chemical, molecular, and mechanical factors that lead 
to a loss of balance between the synthesis and deg-
radation of hyaline cartilage. OA is a frequent cause 
of pain and functional disability, mainly in the elderly 
population1. The etiology of the disease is multifacto-
rial and may also include metabolic and inflammatory 
factors2. Some genetic factors may also explain sus-
ceptibility to OA. Different studies have evidenced 
risk loci for OA, including genome-wide association 
studies (GWASs) in which different single-nucleotide 
polymorphisms (SNPs) have been associated with the 
risk and progression of OA3,4.

Obesity is a severe public health problem and has 
been identified as a risk factor in the pathogenesis of 
OA5-7. In adult and pediatric Latin populations, par-
ticularly among Mexican people, the highest frequen-
cies of obesity worldwide have been observed8. Obe-
sity is a risk factor for OA not only through the action 
of mechanical forces that overload the joints but also 
due to a variety of metabolically active adipokines 
that play a role as mediators of inflammation9,10.

The genetic background of obesity has been widely 
studied11,12. In particular, the fat mass and obesity 
gene (FTO gene) has received particular attention 
for its association with obesity since the proteins it 
encodes have been related to adipogenesis13. In this 
way, different SNPs of the FTO gene have been as-
sociated with an increase in body mass index (BMI) 
and a greater risk of developing distinct types of 
cancer. However, its exact function has not yet 
been deciphered14, particularly the rs9939609, 
rs9930506, rs1421085, rs8050136, rs1121980, 
and rs17817449 SNPs13. In addition, in the Mexican 
population, up to 15 variants of the FTO gene have 
been associated with indicators of overweight and 
obesity in a recessive genetic model8.

This gene encodes a protein expressed in the hypo-
thalamus that is involved in energy balance and adi-
pose tissue. This protein has been strongly associated 
with BMI, body fat rate, waist and hip circumference, 
and energy consumption15-17. In this respect, Ramp-
ersaud et al. found that 26 variants of the FTO gene 
were associated with BMI. However, the authors 

suggested that the effect of this gene may be at-
tenuated by physical activity18. The arcOGEN study 
showed that the SNP rs8044769 of the FTO gene 
was associated with OA in European women (p = 
6.85E10−8), although this association was attenu-
ated after adjustment for BMI19. This finding suggests 
that the effect of FTO on the risk of OA is through 
BMI. Some SNPs of the FTO gene have also been as-
sociated with intervertebral disc degeneration. Thus, 
this study found that the SNP rs1121980 had an al-
lelic association with degenerative disc disease20. 
Other studies have found contradictory results for the 
association between the SNPs of the FTO gene and 
OA21-23. Recently, a meta-analysis described the as-
sociation between the SNPs of the FTO gene and the 
risk for knee osteoarthritis (KOA) as significant, par-
ticularly in the European Caucasian and North Amer-
ican Caucasian populations24.

The rs1477196 variant of the FTO gene has been 
widely studied in its association with the development 
of breast cancer, including the Mexican popula-
tion25,26. In addition, this variant has been associated 
with obesity in a group of subjects with low levels of 
physical activity (p < 0.0011) but not with KOA18.

This study analyzes the association of SNP rs1477196 
of the FTO gene with primary knee OA in an adult 
population in northern Mexico.

MATERIAL AND METHODS

An observational cross-sectional study was conduct-
ed from January 2021 to June 2023. Through non-
probabilistic convenience sampling, participants con-
sisted of both sexes, were of Mexican Mestizo 
ethnicity, were aged 40 years or older, unrelated, and 
originated from and were residing in Torreón Coa-
huila, Mexico. All participants received clinical and 
radiographic examinations. A total of 183 subjects 
diagnosed with primary KOA and 164 non-KOA sub-
jects were considered for participation in this study. 
The severity of KOA was classified following the ra-
diological criteria of Kellgren and Lawrence27.

All participants underwent a medical history, including 
anthropometric measurements and BMI. Covariates 
such as type 2 diabetes and postmenopausal status 
were also included in the study.
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Subjects with intra-articular fractures, joint deformi-
ties, liver or kidney disease, oncological disease, risky 
work activities, treatment with chondromodulators, 
steroids, non-viable samples for analysis, incomplete 
files, and inflammatory, metabolic, infectious, or con-
genital OA were excluded from the study.

For DNA extraction, peripheral blood was collected 
from each subject, and the DTAB-CTAB method was 
used. To verify the purity of the DNA, 0.5 μL of ex-
tracted DNA was taken and placed in a microvolume 
spectrophotometer (Thermo NanoDrop 1000).

The genotyping assay used the TaqMan® probe was 
C_2031262_10 for the FTO gene rs1477196 (Ther-
mo Fisher Scientific). Amplification was performed in a 
thermocycler (ABI PRISM 700 Sequence Detection Sys-
tem from Applied Biosystems in Foster City, CA, USA).

This study was approved by the Bioethics Committee 
of the Torreón Faculty of Medicine of the Autonomous 
University of Coahuila, with the number reference 
C.B/04-10-17, October 2017 and C.B/06-11-22, 
November 29, 2022. Informed consent was obtained 
from all participants.

Statistical Analysis

The descriptive analysis included means and stan-
dard deviation for quantitative variables and per-
centages for categorical variables. Hardy–Weinberg 
equilibrium (HWE) was performed using the Chi-
square test. For comparison, bivariate analysis was 
performed using the Chi-square, Mann–Whitney U, 
or Kruskal–Wallis tests. In turn, binary logistic re-
gression models adjusted for age, obesity, diabetes, 
and postmenopause status were used. We analyzed 
the interaction between obesity and genetic models 
of rs1477196 through binary logistic regression. We 
considered p < 0.05 and 95% confidence intervals 
as significant. Analyses were performed using the 
SPSS v.22 statistical package (IBM Corp., Armonk, 
NY, USA).

RESULTS

The study included 347 participants: 183 (52.7%) 
subjects with primary KOA and 164 (47.3%) without 
KOA. The female sex group had a frequency of 213 

(61.4%) and the male sex group 134 (38.6%). Over-
all, the average age of participants was 59.5 ± 14.5 
years; in subjects with primary KOA, the mean age 
was 66.8 ± 13.5 years, and in non-KOA subjects, 51.4 
± 11.0 years (p = 2.2E-23). The average BMI for pri-
mary KOA was 28.1 ± 4.2, and for the non-KOA 
group, 27.2 ± 4.0 (p = 0.029). For all participants, age 
was significantly associated with KOA (p = 4.5E-19); 
notably, unlike in male participants, obesity, type 2 
diabetes, and postmenopause status were associated 
with KOA in female participants (Table 1).

The frequencies of the genotypes were consistent with 
the Hardy–Weinberg equilibrium: AA = 80 (23.1%); 
AG = 172 (49.6%); GG = 95 (27.4%), p = 0.89. How-
ever, no significant differences were observed for the 
AA, AG, and GG genotypes of rs1477196 between 
the study groups. Clinical covariates were not signifi-
cantly associated with the rs1477196 genotypes. 
Likewise, the different genetic models did not show 
an association with these variables (Table 2). 

No significant association of the different genetic 
models was observed between the study groups. 
Therefore, the participants were stratified by sex 
(Table 3). Notably, the codominant two and dominant 
genetic models were significantly associated with pri-
mary KOA in the female group, even in the model 
adjusted for other covariates (Table 4).

Finally, we evaluated the interaction between obesity 
and the different models studied; we proceeded to 
analyze the association in a binary logistic regression 
model, including additional covariates in models strat-
ified by sex. The interaction of obesity with the co-
dominant and dominant models remained significant-
ly associated with primary KOA in female participants 
(Table 5).

DISCUSSION

Our results showed that in addition to age, postmeno-
pause status, obesity, and type 2 diabetes were sig-
nificantly associated with primary KOA, the latter par-
ticularly in female participants. These findings are 
consistent with some previously described. In this 
way, the relationship between menopause and OA 
has been widely studied, highlighting that the high 
prevalence of OA in menopause is due to estrogen 
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deficiency, which has been evidenced in animal and 
human studies28.

Diabetes has been recognized individually or as a 
component of the metabolic syndrome as a risk 

factor for the development of OA. However, the find-
ings have been inconsistent and controversial, requir-
ing more studies to confirm the findings29. Obesity 
and being overweight are the most determining risk 
factors for developing KOA. Studies have shown that 

Table 1. Univariate analysis of the association between primary KOA, clinical characteristics, and rs1477196 of the FTO gene

(n = 347) KOA 183
(52.7%)

non-KOA 164
(47.3%)

p-value OR 95% CI 

Sex

Female 62.3 60.4 0.712 1.032 0.873-1.220

Male 37.7 39.6

Male Age 60 years > 68.1 24.6 4.5E-7* 2.408 1.653-3.506

Female Age 60 years > 71.9 21.2 1.4E-13* 2.737 2.012-3.723

Male Type 2 diabetes 31.9 21.5 0.177 1.274 0.914-1.777

Female Type 2 diabetes 36.8 13.1 0.00008* 1.676 1.338-2.099

Male Obesity (BMI ≥ 30) 40.6 27.7 0.116 1.306 0.947-1.803

Female Obesity (BMI ≥ 30) 33.3 19.2 0.020* 1,368 1.072-1.747

Female Postmenopause 91.2 43.4 5.3E-14* 4.669 2.614-8.342

rs1477196 FTO gene

Male AA 17.4 24.6 0.232

AG 52.2 56.9

GG 30.4 18.5

Female AA 30.7 17.2 0.072

AG 43.0 50.5

GG 26.3 32.3

*Chi-square test significant. KOA: knee osteoarthritis; OR: odds ratio; BMI: body mass index.

Table 2. Analysis of the association between the rs1477196 genotypes and the clinical characteristics of the participants

Genotypes
(n = 347)

AA (%) AG (%) GG (%) p-value

Obesity (BMI ≥ 30) 23.3 49.5 27.2 0.997*

Postmenopause 25.2 46.3 28.6 0.922*

Age > 60 years 25.9 46.4 27.7 0.410*

Type 2 diabetes 23.1 46.2 30.8 0.668*

KL-II 27.1 48.2 24.7 0.388*

KL-III 34.4 37.7 27.9

KL-IV 11.4 51.4 37.1

*Kruskal–Wallis test.
KL: Kellgren and Lawrence.
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Table 3. Analysis of the association of rs1477196 of the FTO gene with primary KOA in all participants

Genetic models 
(n = 347)

KOA (%) non-KOA (%) OR 95% CI p-value

Codominant 1 47 (48.0) 32 (42.1) 1.108 (0.854-1.438) 0.442
AA/GG 51 (52.0) 44 (57.9)

Codominant 2 47 (35.6) 33 (27.5) 1.189 (0.937-1.508) 0.167
AA/ AG 85 (64.4) 87 (72.5)

Dominant 47 (25.7) 33 (20.1) 1.153 (0.927-1.435) 0.219
AA/ AG+GG 136 (74.3) 131 (79.9)

Recessive 133 (72.7) 120 (73.2) 1.012 (0.810-1.264) 0.918
AA+AG/ GG 50 (27.3) 44 (26.8)

KOA: knee osteoarthritis; OR: odds ratio.

Table 4. Binary logistic regression of the association between the rs1477196 polymorphism of the FTO gene and primary KOA 
stratified by sex

Genetic models KOA (%) non-KOA (%) OR 95% CI p-value Adjusted OR Adjusted  
p-value

Male Codominant 1 12 (36.4) 18 (57.1) 1.485  
(0.901-2.447)

0.105 2.175  
(0.697-6.791)

0.181

AA/GG 21 (63.6) 12 (42.9)

Codominant 2 12 (25.0) 16 (30.2) 1.151  
(0.707-1.872)

0.561 1.851  
(0.657-5.216)

0.244

AA/AG 36 (75.0) 37 (69.8)

Dominant 12 (17.4) 16 (24.6) 0.797  
(0.502-1.266)

0.304 0.515  
(0.194-1.366)

0.182

AA/AG+GG 57 (82.6) 49 (75.4)

Recessive 48 (69.6) 53 (81.5) 1.339  
(0.963-1.861)

0.108 1.528  
(0.601-3.885)

0.373

AA+AG/GG 21 (30.4) 12 (18.5)

Female Codominant 1 35 (53.8) 16 (33.3) 1.418 
(1.033-1.947)

0.030* 2.308  
(0.891-5.975)

0.085

AA/GG 30 (46.2) 32 (66.7)

Codominant 2 35 (41.7) 17 (25.4) 1.360 
(1.033-1.790)

0.036* 2.517  
(1.035-6.123)

0.042†

AA/AG 49 (58.3) 50 (74.6)

Dominant 35 (30.7) 17 (17.2) 1.372 
(1.072-1.755)

0.022* 2.387  
(1.054-5.407)

0.037† 

AA/AG+GG 79 (69.3) 82 (82.8)

Recessive 85 (74.6) 67 (67.7) 1.176  
(0.872-1.586)

0.268 1.280  
(0.621-2.639)

0.503

AA+AG/GG 29 (25.4) 32 (32.3)

*Significant unadjusted p value.
†Significant adjusted p value by type 2 diabetes, obesity, age, and postmenopause.
KOA: knee osteoarthritis; OR: odds ratio.
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an increase of 5 units in body mass has been associ-
ated with a 35% increase in the risk of KOA30. Al-
though the mechanism by which obesity develops is 
complex, FTO SNPs have been associated with in-
creased BMI13. Furthermore, in the Mexican popula-
tion, some variants of the FTO gene have been as-
sociated with indicators of obesity8.

Adipogenesis and an increased food intake are pos-
sible mechanisms through which the proteins encoded 
by FTO act through modification in the activity of 
N6-methyladenosine (m6A)31.

The association of FTO polymorphisms with OA has 
been controversial. A recent meta-analysis has shown 
that FTO gene polymorphisms were significantly as-
sociated with the risk of OA in the Caucasian popula-
tion. However, it is notable that the rs1477196 

variant was not included in this meta-analysis24. 
Wang et al. observed a significant interaction be-
tween rs8044769 FTO genotypes and BMI with the 
risk of KOA (p = 0.037) and a marginal interaction 
of the polymorphism with age (p = 0.062)22. Dai et 
al. did not demonstrate an association between 
rs8044769 and OA. Yau et al. conducted a genome-
wide sequencing study in a North American Cauca-
sian population. This study found significant asso-
ciations with the loci rs143383 of GDF-5 and 
rs1558902 of FTO (OR = 1.10; CI = 1.02–1.18; p = 
0.01)21.

Our study’s initial bivariate analysis showed no as-
sociation of rs1477196 genotypes with KOA, BMI, 
and other covariables. Notably, our findings showed 
that, for female participants, the association of the 
SNP rs1477196 with KOA could be evidenced, 

Table 5. Binary logistic regression analysis for the interaction of obesity with the rs1477196 codominant and dominant models 
in women with primary KOA

p-value OR CI 95%

Model 1  
Female

Obesity 0.651 0.773 0.253 2.362

Postmenopause 0.000* 5.383 2.110 13.731

Age 0.002* 3.472 1.552 7.769

Type 2 diabetes 0.289 1.554 0.688 3.507

Dominant model  
rs1477196* Obesity

0.039* 1.615 1.025 2.544

Model 2  
Female

Obesity 0.658 0.756 0.220 2.604

Postmenopause 0.001* 6.557 2.067 20.798

Age 0.019* 3.246 1.218 8.655

Type 2 diabetes 0.622 1.275 0.485 3.355

Codominant model 2 
rs1477196* Obesity

0.043* 1.662 1.015 2.723

Model 3  
Female

Postmenopause 0.021* 4.313 1.246 14.924

Age 0.035* 3.448 1.088 10.922

Type 2 diabetes 0.108 2.566 0.812 8.108

Obesity 0.817 0.849 0.214 3.378

Codominant model 1 
rs1477196* Obesity

0.084 1.595 0.939 2.709

*Significance.
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particularly with the codominant two and dominant 
genetic models, and this association remained sig-
nificant after adjustment for covariates such as age, 
obesity, type 2 diabetes, and postmenopause status. 
Similarly, as obesity was associated with KOA in wom-
en, we analyzed whether there was any interaction 
between obesity and genetic models in this study 
group, and we observed that the association with pri-
mary KOA remained significant.

Our study shows weaknesses such as small sample 
size, selected participants being limited to a northern 
population, sampling limited to a hospital-based pop-
ulation, and subject characteristics such as diabetes 
and postmenopause status corroborated only by 
clinical history. We attempted to overcome these 
limitations by performing a stratified analysis to re-
duce the risk of false positives. We conducted a mul-
tivariate analysis adjusting for risk variables associ-
ated with OA, such as age, menopause, obesity, and 
type 2 diabetes, and through genotypes and genetic 
models of inheritance.

This is the first study in a population from northern 
Mexico to associate the rs1477196 variant of the 
FTO gene with primary KOA. Our findings suggest 
that the rs1477196 variant of the FTO gene may be 
related to the risk of KOA in women and possibly 
exert its effects through obesity and yet-unidentified 
mechanisms. These results contrast with what was 
reported in previously mentioned studies in other 
populations, in which variables such as menopause 
and diabetes were not included and the rs1477196 
variant was not considered; however, we recognize 
that our findings cannot be generalized to other eth-
nic groups. Although we did not observe an associa-
tion of this variant of the FTO gene with obesity in 
our study, we suggest studies be carried out with 
larger sample sizes compared to other populations, 
including different variants of the FTO gene, given 
that the discrepancies we found with other studies 
may be due to the genetic heterogeneity of the peo-
ple studied.

ACKNOWLEDGMENTS

The authors thank the support from the molecular 
biology technicians at the Instituto de Ciencia y Me-
dicina Genómica (Torrerón, Coah., Mexico). The 

authors received support for the development of this 
project from said institute.

REFERENCES

	 1.	 Geyer M, Schönfeld C. Novel insights into the pathogenesis of 
osteoarthritis. Curr Rheumatol Rev. 2018;14:98-107.

	 2.	 Urban H, Little CB. The role of fat and inflammation in the 
pathogenesis and management of osteoarthritis. Rheumatolo-
gy. 2018;57:10-21.

	 3.	 Eyre S, Orozco G, Worthington J. The genetics revolution in 
rheumatology: large scale genomic arrays and genetic mapping. 
Nat Rev Rheumatol. 2017;13:421-32.

	 4.	 Zengini E, Hatzikotoulas K, Tachmazidou I, Steinberg J, Hartwig 
FP, Southam L, et al. Genome-wide analyses using UK Biobank 
data provide insights into the genetic architecture of osteoar-
thritis. Nat Genet. 2018;50:549-58.

	 5.	 Blagojevic M, Jinks C, Jeffery A, Jordan K. Risk factors for onset 
of osteoarthritis of the knee in older adults: a systematic review 
and meta-analysis. Osteoarthritis Cartilage. 2010;18:24-33.

	 6.	 Butterworth PA, Landorf KB, Smith S, Menz HB. The association 
between body mass index and musculoskeletal foot disorders: 
a systematic review. Obes Rev. 2012;13:630-42.

	 7.	 Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block 
J, et al. 2019 American College of Rheumatology/Arthritis 
Foundation guideline for the management of osteoarthritis 
of the hand, hip, and knee. Arthritis Rheumatol. 2020;72: 
220-33.

	 8.	 Chama-Avilés A, Flores-Viveros KL, Cabrera-Ayala JA, Aguilar-
Galarza A, García-Muñoz W, Haddad-Talancón L, et al. Identifi-
cation and association of single nucleotide polymorphisms of 
the FTO gene with indicators of overweight and obesity in a 
young Mexican population. Genes. 2023;14:159.

	 9.	 Martel-Pelletier J, Barr A, Cicuttini F, Conaghan P, Cooper C, 
Goldring M, et al. Osteoarthritis. Nat Rev Dis Primers. 2016; 
13:16072.

	 10.	 Wang Y, Meng F, Wu J, Long H, Li J, Wu Z, et al. Associations 
between adipokines gene polymorphisms and knee osteoarthri-
tis: a meta-analysis. BMC Musculoskelet Disord. 2022;23:116.

	 11.	 Elks CE, Den Hoed M, Zhao JH, Sharp SJ, Wareham NJ, Loos RJ, 
et al. Variability in the heritability of body mass index: a sys-
tematic review and meta-regression. Front Endocrinol. 2012; 
28:29.

	 12.	 Loos RJ, Yeo GS. The genetics of obesity: from discovery to 
biology. Nat Rev Genet. 2022;23:120-33.

	 13.	 Lan N, Lu Y, Zhang Y, Pu S, Xi H, Nie X, et al. FTO - a common 
genetic basis for obesity and cancer. Front Genet. 2020;16: 
559138.

	 14.	 Gerken T, Girard CA, Tung YC, Webby CJ, Saudek V, Hewitson 
KS, et al. The obesity-associated FTO gene encodes a 2-oxoglu-
tarate-dependent nucleic acid demethylase. Science. 2007; 
318:1469-72.

	 15.	 Dina C, Meyre D, Gallina S, Durand E. Körner A, Jacobson P, et 
al. Variation in FTO contributes to childhood obesity and severe 
adult obesity. Nat Genet. 2007;39:724-6.

	 16.	 Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, 
Lindgren CM, et al. A common variant in the FTO gene is as-
sociated with body mass index and predisposes to childhood 
and adult obesity. Science. 2007;316:889-94.

	 17.	 Scuteri A, Sanna S, Chen WM, Uda M, Albai G, Strait J, et al. 
Genome-wide association scan shows genetic variants in the 
FTO gene are associated with obesity-related traits. PLoS Genet. 
2007;3:e115.

	 18.	 Rampersaud E, Mitchell BD, Pollin TI, Fu M, Shen H, O’Connell JR, 
et al. Physical activity and the association of common FTO gene 
variants with body mass index and obesity. Arch Intern Med. 
2008;168:1791-7.

	 19.	 arcOGEN Consortium, arcOGEN Collaborators, Zeggini E, Pan-
outsopolou K, Southam L, Rayner NW, et al. Identification of 
new susceptibility loci for osteoarthritis (arcOGEN): a genome-
wide association study. Lancet. 2012;380:815-23.

	 20.	 Chen J, Zhu Q, Liu G, Yang X, Zhao S, Chen W, et al. Fat mass 
and obesity-associated (FTO) gene polymorphisms are associ-
ated with risk of intervertebral disc degeneration in Chinese 
Han population: a case control study. Med Sci Monit. 2018; 
12:5598-609.



44

REV INVEST CLIN. 2024;76(1):37-44

	 21.	 Yau MS, Yerges-Armstrong LM, Liu Y, Lewis CE, Duggan DJ, 
Renner JB, et al. Genome-wide association study of radiographic 
knee osteoarthritis in North American Caucasians. Arthritis 
Rheumatol. 2017;69:343-51.

	 22.	 Wang Y, Chu M, Rong J, Xing B, Zhu L, Zhao Y, et al. No asso-
ciation of the single nucleotide polymorphism rs8044769 in the 
fat mass and obesity-associated gene with knee osteoarthritis 
risk and body mass index: a population-based study in China. 
Bone Joint Res. 2016;5:169-74.

	 23.	 Dai J, Ying P, Shi D, Hou H, Sun Y, Xu Z, et al. FTO variant is not 
associated with osteoarthritis in the Chinese Han population: 
replication study for a genome-wide association study identified 
risk loci. J Orthop Surg Res. 2018;13:65.

	 24.	 Zhao K, Nie L, Chin GM, Ye X, Sun P. Association between fat 
mass and obesity-related variant and osteoarthritis risk: inte-
grated meta-analysis with bioinformatics. Front Med (Laus-
anne). 2022;23:1024750.

	 25.	 Kaklamani V, Yi N, Sadim M, Siziopikou K, Zhang K, Xu Y, et al. 
The role of the fat mass and obesity associated gene (FTO) in 
breast cancer risk. BMC Med Genet. 2011;12:52.

	 26.	 Gutiérrez Orozco G. Detección de SNPs en Genes Asociados a 
Obesidad y Cáncer de Mama en Pacientes del Noreste de Méxi-
co. México: Universidad Autónoma de Nuevo León; 2012.

	 27.	 Kohn MD, Sassoon AA, Fernando ND. Classifications in brief: 
Kellgren-Lawrence classification of osteoarthritis. Clin Orthop 
Relat Res. 2016;474:1886-93.

	 28.	 Mei Y, Williams JS, Webb EK, Shea AK, MacDonald MJ, Al-Khaz-
raji BK. Roles of hormone replacement therapy and menopause 
on osteoarthritis and cardiovascular disease outcomes: a narra-
tive review. Front Rehabil Sci. 2022;3:825147.

	 29.	 Rios-Arce ND, Hum NR, Loots GG. Interactions between diabe-
tes mellitus and osteoarthritis: from animal studies to clinical 
data. JBMR Plus. 2022;6:e10626.

	 30.	 Raud B, Gay C, Guiguet-Auclair C, Bonnin A, Gerbaud L, Pereira 
B, et al. Level of obesity is directly associated with the clinical 
and functional consequences of knee osteoarthritis. Sci Rep. 
2020;10:3601.

	 31.	 Jiang X, Liu B, Nie Z, Duan L, Xiong Q, Jin Z, et al. The role of 
m6A modification in the biological functions and diseases. Sig-
nal Transduct Target Ther. 2021;6:74.


