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Abstract. Anterior cruciate ligament (ACL) rupture is one the 
most common musculoskeletal soft tissue injuries of the knee. 
Although the exact mechanisms of this injury remain uncer-
tain, genetic variants have been considered to be an intrinsic 
risk factor associated with ACL rupture. Therefore, the aim of 
the present study was to determine whether the adiponectin 
+276G/T polymorphism is associated with susceptibility to 
ACL rupture in a Thai population. Genotyping for rs1501299 
was conducted in 98 participants with ACL rupture and 95 
healthy controls by polymerase chain reaction‑restriction frag-
ment length polymorphism analysis. The results demonstrated 
that the GG genotype and G allele were significantly associated 
with an increased risk of ACL rupture [odds ratio (OR)=1.91, 
P=0.026; OR=1.89, P=0.004], whereas the TT genotype was 
significantly associated with a reduced risk of ACL rupture 
(OR=0.32, P=0.019). Furthermore, ACL injury patients with 
non‑contact sports carrying the GG genotype and G allele 
exhibited a significantly higher risk of ACL rupture (OR=2.13, 
P=0.031; OR=1.84, P=0.029). In addition, overweight patients 
carrying the GG genotype and G allele had a significantly 

increased (8‑fold) risk of ACL rupture (OR=8.00, P<0.001; 
OR=5.15, P<0.001), whereas overweight patients with the 
adiponectin +276G/T GT genotype had a significantly lower 
risk of ACL rupture (OR=0.13, P<0.001). Therefore, the adipo-
nectin +276G/T polymorphism GG genotype and G allele 
were significantly associated with the risk of ACL rupture, 
particularly in overweight patients. These findings indicate 
that the adiponectin +276G/T polymorphism may play a role 
in the development of ACL rupture in the Thai population.

Introduction

Anterior cruciate ligament (ACL) rupture is one of the 
most common musculoskeletal soft tissue injuries sustained 
by athletes (1) and a leading cause of disability due to the 
development of knee osteoarthritis (2). However, it has been 
suggested that ACL rupture also commonly occurs during 
non‑contact sports (3). The increasing rates of ACL rupture 
caused by non‑contact events highlight the need to elucidate 
the molecular mechanisms underlying its pathology. Although 
the precise etiology of ACL rupture remains unclear, the patho-
physiology of this injury is far more complex, with multiple 
extrinsic and intrinsic risk factors, including genetics  (4). 
Indeed, a familial predisposition has been reported to be 
involved in ACL injury (5). This has prompted researchers to 
try and elucidate the possible effects of genetic factors on the 
development of ACL injury.

Adiponectin, an adipokine secreted into the circulation by 
white adipose tissue, plays key roles in regulation of glucose 
and lipid metabolism in addition to insulin sensitivity  (6). 
Apart from its primary functions, adiponectin has also been 
shown to possess anti‑atherogenic and anti‑inflammatory 
properties in different types of cells and tissues (7,8). With 
such a potent effect‑mediated inflammation, adiponectin exerts 
its additional effects on bone biology and ligament injury, by 
eliciting the production of matrix metalloproteinases (MMPs) 
induced by the transduction of a mitogen‑activated protein 
kinase (MAPK) signaling cascade (9,10). Given that MMPs 
are considered as the main physiological stimulators of extra-
cellular matrix (ECM) degradation and remodeling, it is not 
surprising that adiponectin has been proposed to be a possible 
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mediator of ACL pathology. It has been well established that the 
biological activities of adiponectin are regulated by numerous 
factors, including nutritional behavior, physical activity and, 
notably, genetic factors, such as single‑nucleotide polymor-
phisms (SNPs) within the adiponectin gene (11). Interestingly, 
one SNP located 276 bp downstream of the translational start 
site within the adiponectin gene (+276G/T, rs1501299) has 
been reported to be associated with reduced circulating levels 
of adiponectin and an elevated risk of type 2 diabetes (12). 
To date, it remains unclear whether the adiponectin +276G/T 
(rs1501299) polymorphism is associated with the development 
of ACL injury; however, three common variants within the 
MMP3 gene have been previously associated with suscepti-
bility to ACL rupture in the Thai population (13). Therefore, 
it appears likely that DNA sequence variants within the 
adiponectin gene controlling its biological function‑induced 
MMP activity regulation of ECM homeostasis may be one of 
contributory factors associated with the risk of ACL rupture.

Although accumulating data indicate that genetic varia-
tions of the adiponectin gene are associated with increased risk 
of several chronic diseases (14), there is limited information on 
the association of adiponectin polymorphisms with the risk of 
ACL injury. Accordingly, the present study aimed to investigate 
whether the adiponectin +276G/T (rs1501299) polymorphism 
is associated with susceptibility to ACL rupture.

Materials and methods

Ethics. The study protocol conformed to the ethical standards 
outlined in the Declaration of Helsinki and was approved by 
the Ethics Committee on Human Research of the Faculty of 
Medicine, Chulalongkorn University. All study subjects were 
fully informed regarding the study protocol and procedures 
prior to participating in the study. Written informed consent 
was obtained from all participants.

Study subjects. A total of 98 patients with surgically diagnosed 
ACL rupture were recruited for the case‑control study from 
the Sports Medicine Clinic, King Chulalongkorn Memorial 
Hospital (Bangkok, Thailand). In addition, 95 healthy subjects 
without any self‑reported history of ligament or tendon injury 
were enrolled as controls. Patients with ACL rupture were 
categorized in terms of the mechanism of ACL injury into 
those who sustained the injury through contact sports (n=47) 
and non‑contact sports (n=51), according to the American 
Orthopedic Society for Sports Medicine Classification 
system (15). Based on their body mass index (BMI) values, ACL 
patients were also classified into overweight (BMI ≥25 kg/m2, 
n=35) and non‑overweight (BMI <25 kg/m2, n=63).

Genotyping the adiponectin +276G/T polymorphism. Genomic 
DNA was extracted from peripheral blood leukocytes using a 
DNA Purifcation kit (GE Healthcare, Buckinghamshire, UK), 
according to the manufacturer's protocol. Allelic discrimina-
tion of the adiponectin +276G/T (rs1501299) polymorphism 
was performed using polymerase chain reaction‑restriction 
fragment length polymorphism (PCR‑RFLP). Extracted DNA 
was amplified using forward primer 5'‑ACA‑CTG‑ATA‑TAA‑
ACG‑CCA‑TGA‑A‑3' and reverse primer 5'‑GCA‑GCA‑AAG
‑CCA‑AAG‑TTT‑C‑3'. PCR was performed in a final volume 

of 25 µl containing 10 ng DNA template, 20 µM primers, 
200 mM dNTPs, 25 mM MgCl2 and 0.25 U Taq polymerase 
(Fermentas, Glen Burine, MD, USA). The thermal cycling 
conditions for PCR started with a 95˚C incubation for 10 min, 
followed by 35 cycles at 95˚C for 30 sec, then 50˚C for 60 sec 
and 72˚C for 60 sec, and finally 72˚C for 7 min. After PCR 
amplification, adiponectin amplicons (168 bp) were subse-
quently digested with 2 U BglI in 1X buffer (New England 
BioLabs, Ipswich, MA, USA) and incubated at 37˚C overnight, 
followed by separation on a 12% non‑denaturing polyacryl-
amide gel stained with ethidium bromide. DNA fragments 
derived from enzymatic digestion of adiponectin products 
were divided into three fragments of the following sizes: 
147 bp and 21 bp in homozygotes GG genotype; 168, 147 and 
21 bp in heterozygotes GT; and 168 bp in homozygotes TT.

Statistical analysis. All statistical analyses were performed 
using SPSS statistical software, version 22.0 (IBM Corp., 
Armonk, NY, USA). Continuous variables, including demo-
graphic and clinical data, are expressed as means ± standard 
deviation (SD) and were compared between groups using the 
Student's unpaired t‑test. The genotype distribution of adipo-
nectin +276G/T (rs1501299) polymorphism in ACL patients 
and healthy controls was analyzed to evaluate whether they are 
in Hardy‑Weinberg equilibrium. Genotype and allele frequen-
cies between two groups were analyzed and compared using 
χ2 or Fisher's exact tests. Genotype‑ and allele‑based odds ratio 
(OR) and 95% confidence interval (CI) with adjustment for 
confounding factors, including age and BMI, were calculated 
using logistic regression analysis. All statistical tests were 
based on two‑tailed probability, with P‑value <0.05 considered 
to indicate statistically significant differences.

Results

Participant characteristics. The baseline characteristics of 
ACL patients and healthy controls are summarized in Table I. 
Of the 193 participants who were enrolled in this study, 98 were 
surgically diagnosed with ACL and 95 were healthy controls. 
The mean age at recruitment in ACL patients was significantly 
higher compared with that in healthy controls (P<0.001). As 
expected, the mean BMI values were significantly higher in 
ACL patients when compared with those in healthy controls 
(P<0.001). Among ACL subgroups, there were no significant 
differences between ACL patients with and without contact 
sports in terms of age and mean BMI, as illustrated in Table I.

Genotype and allele frequencies of the adiponectin +276G/T 
(rs1501299) polymorphism. The genotype and allelic frequen-
cies of adiponectin +276G/T (rs1501299) polymorphism are 
presented in Table II. The genotype distribution of adipo-
nectin +276G/T (rs1501299) polymorphism fell within the 
Hardy‑Weinberg equilibrium in both ACL patients and healthy 
controls (P=0.84 and P=0.23, respectively). Individuals with 
the adiponectin +276G/T (rs1501299) GG genotype had a 
significantly higher risk of ACL rupture compared with those 
with the adiponectin +276G/T (rs1501299) GT and TT geno-
types (OR=1.91, 95% CI: 1.04‑3.53, P=0.026). Likewise, the 
adiponectin +276G/T (rs1501299) G allele was significantly 
associated with a higher risk of ACL rupture (OR=1.89, 
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95% CI: 1.19‑3.01, P=0.004). By contrast, participants with 
the adiponectin +276G/T (rs1501299) TT genotype had a 
significantly lower risk of ACL rupture when compared with 
those with the adiponectin +276G/T (rs1501299) GT and GG 
genotypes (OR= 0.32, 95% CI: 0.11‑0.93, P=0.019).

On stratified analysis according to the mechanisms of 
ACL injury, ACL patients were divided into contact sport and 
non‑contact sport groups. There were no significant differences 
in the genotype or allele frequencies of adiponectin +276G/T 
(rs1501299) polymorphism between ACL patients with contact 
and non‑contact sports (Table III). Notably, the GG genotype 
and G allele in ACL patients with regards to non‑contact sports 
were significantly associated with an increased risk of ACL 
rupture (OR=2.13, 95% CI: 1.06‑4.27, P=0.031 and OR=1.84, 
95% CI: 1.06‑3.21, P=0.029, respectively).

We further explored the genotype and allele frequen-
cies of adiponectin +276G/T (rs1501299) polymorphism in 
a subgroup of ACL patients according to BMI values. The 
genotype and allele frequencies of adiponectin +276G/T 
(rs1501299) polymorphism in ACL subgroups based on BMI 
values are presented in Table IV. Interestingly, we also found 
that the adiponectin +276G/T (rs1501299) GG genotype was 
significantly associated with an 8‑fold increase in the risk 

of ACL rupture in overweight patients compared with those 
with the adiponectin +276G/T (rs1501299) GT and TT geno-
types (OR=8.00, 95% CI: 2.51‑27.18, P<0.001). Furthermore, 
overweight ACL patients with the adiponectin +276G/T 
(rs1501299) G allele had a significantly higher risk of ACL 
rupture (OR=5.15, 95% CI: 2.06‑12.86, P<0.001), whereas 
overweight patients carrying the adiponectin +276G/T 
(rs1501299) GT genotype had a significantly decreased risk 
of ACL rupture compared with those with the adiponectin 
+276G/T (rs1501299) GG and TT genotypes (OR=0.13, 
95% CI: 0.04‑0.46, P<0.001).

Discussion

It is generally recognized that ACL rupture is a complex 
condition associated with various intrinsic and extrinsic risk 
factors, particularly genetic variations, which have been iden-
tified as a cause of ACL injury. However, the exact etiology of 
ACL rupture has yet to be fully elucidated. Notably, a number 
of previous studies demonstrated that DNA sequence variants 
within several genes, such as alpha1 chain of type I collagen, 
proteoglycans, growth differentiation factor 5 and MMP3, 
were reportedly associated with susceptibility to ACL rupture 

Table I. General characteristics of controls, ACL patients and ACL subgroups.

	 ACL subgroups based on
	 mechanism of injury
	 ----------------------------------------------------------------------------
	 Controls	 ACL patients		  Contact sports	 Non‑contact
Variables	 (n=95)	 (n=98)	 P‑valuea	 (n=47)	 sports (n=51)	 P‑valueb

Age (years)	 23.2±5.3	 30.6±8.4	 <0.001	 29.2±6.9	 31.9±9.5	 NS
Height (cm)	 167.6±7.9	 171.6±9.6	 <0.001	 172.6±9.6	 170.9±7.0	 NS
Weight (kg)	 63.8±11.5	 70.7±9.8	 <0.001	 70.5±11.5	 70.8±8.5	 NS
BMI (kg/m2)	 22.2±4.7	 23.9±2.8	 0.003	 23.6±3.3	 24.2±2.4	 NS

aControls vs. ACL patients. bACL patients with contact sports vs. non‑contact sports. P‑value <0.05 indicates statistical significance. The 
variables are expressed as a mean ± standard deviation. ACL, anterior cruciate ligament; NS, not significant; BMI, body mass index.

Table II. Genotype and allele frequencies of adiponectin +276G/T polymorphism in ACL patients and controls.

	 Controls, n (%)	 ACL patients, n (%)	 Adjusted ORa

Variables	 (n=95)	 (n=98)	 (95% CI)	 P‑value

Genotype frequencies
  GG	 40 (42.11)	 57 (58.16)	 1.91 (1.04‑3.53)	 0.026b

  GT	 39 (41.05)	 35 (35.71)	 0.80 (0.43‑1.49)	 NS
  TT	 16 (16.84)	 6 (6.12)	 0.32 (0.11‑0.93)	 0.019c

Allele frequencies
  G	 119 (62.63)	 149 (76.02)	 1.89 (1.19‑3.01)	 0.004d

  T	 71 (37.37)	 47 (23.98)

aAdjusted for age and body mass index. bACL vs. control, GG genotype vs. TT + GT genotypes. cACL vs. control, TT genotype vs. GG + GT 
genotypes. dACL vs. control, G allele vs. T allele. P‑value <0.05 indicates statistical significance. ACL, anterior cruciate ligament; OR, odds 
ratio; CI, confidence interval; NS, not significant.
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(13,16‑18). As such, investigating genetic variations within 
specific genes encoding proteins that possibly affect soft tissue 
injury may help us better understand the mechanisms under-
lying the pathology of ACL rupture. Therefore, in the present 
study, we investigated the association of adiponectin +276G/T 
(rs1501299) polymorphism with ACL injury and observed 
that the GG genotype of adiponectin +276G/T (rs1501299) 
was significantly correlated with an increased risk of ACL 
rupture. This finding suggests that the adiponectin +276G/T 
(rs1501299) polymorphism may be used as a novel genetic 
marker for predicting individuals at a high risk of ACL injury.

It is well‑known that adiponectin is an adipokine 
constitutively produced by adipocytes and exerts its 

multivalent effects, including insulin‑sensitizing, enhancing 
lipid combustion, anti‑atherogenic and anti‑inflammatory 
properties, on various cell types through specific signal 
transduction pathways (19). As regards its beneficial effects 
on maintaining ligament homeostasis, adiponectin has been 
demonstrated to ameliorate the response of ligament lesions 
to wound healing and tissue regeneration (20), thereby 
establishing the protective role of adiponectin against the 
development of ACL rupture. However, the underlying 
mechanisms regulating the effect of adiponectin on ligament 
injury remain unclear. It is conceivable that the biological 
functions of adiponectin are affected by numerous factors, 
particularly genetic, such as polymorphisms within the 

Table III. Genotype and allele frequencies of adiponectin +276G/T polymorphism within the ACL subgroups.

	 ACL subgroups based on
	 mechanism of injury, n (%)	 Model 1	 Model 2
	 ----------------------------------------------------------	 ---------------------------------	 -------------------------------
		  Non‑contact	 Contact
	 Controls, n (%)	 sports	 sports	 Adjusted ORa			   Adjusted ORa

Variables	 (n=95)	 (n=51)	 (n=47)	 (95% CI)	 P‑value	 (95% CI)	 P‑value

Genotype frequencies
  GG	 40 (42.11)	 31 (60.78)	 26 (55.32)	 0.79 (0.36‑1.79)	 NS	 2.13 (1.06‑4.27)	 0.031b

  GT	 39 (41.05)	 16 (31.37)	 19 (40.43)	 1.48 (0.65‑3.40)	 NS	 1.52 (0.74‑3.13)	 NS
  TT	 16 (16.84)	 4 (7.84)	 2 (4.26)	 0.52 (0.091‑2.99)	 NS	 0.42 (0.13‑1.33)	 NS
Allele frequencies
  G	 119 (62.63)	 71 (75.53)	 78 (76.47)	 0.91 (0.47‑1.76)	 NS	 1.84 (1.06‑3.21)	 0.029c

  T	 71 (37.37)	 23 (24.47)	 24 (23.53)

Model 1: ACL patients with non‑contact sports vs. contact sports. Model 2: Healthy controls vs. ACL patients with non‑contact sports. aAd-
justed for age and body mass index. bHealthy controls vs. ACL patients with non‑contact sports, GG genotype vs. TT + GT genotypes. cHealthy 
controls vs. ACL patients with non‑contact sports, G allele vs. T allele. P‑value <0.05 indicates statistical significance. ACL, anterior cruciate 
ligament; OR, odds ratio; CI, confidence interval; NS, not significant.

Table IV. Genotype and allele frequencies of adiponectin gene +276G/T polymorphism in overweight and non‑overweight ACL 
patients.

	 ACL subgroups based on BMI value (kg/m2) 
	 --------------------------------------------------------------------------------------------------------------
Variables	 Overweighte, n (%)	 Non‑overweightf, n (%)	 Adjusted ORa

	 (n=35)	 (n=63)	 (95% CI)	 P‑value

Genotype frequencies
  GG	 30 (85.71)	 27 (42.86)	 8.00 (2.51‑27.18)	 <0.001b

  GT	 4 (11.43)	 31 (49.21)	 0.13 (0.04‑0.46)	 <0.001c

  TT	 1 (2.86)	 5 (7.93)	 0.34 (0.01‑3.24)	 NS
Allele frequencies
  G	 64 (91.43)	 85 (67.46)	 5.15 (2.06‑12.86)	 <0.001d

  T	 6 (8.57)	 41 (32.54)

aAdjusted for age and BMI. bACL overweight vs. non‑overweight, GG genotype vs. TT + GT genotypes. cACL overweight vs. non‑overweight, 
GT genotype vs. GG + TT genotypes. dACL overweight vs. non‑overweight, G allele vs. T allele. eBMI ≥25. fBMI <25. P‑value <0.05 indicates 
statistical significance. ACL, anterior cruciate ligament; BMI, body mass index; OR, odds ratio; CI, confidence interval; NS, not significant.
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adiponectin gene (11). In particular, among its polymorphisms, 
the adiponectin +276G/T (rs1501299) polymorphism, which 
is downstream of the translational start site, potentially alters 
circulating adiponectin levels (20,12). In this context, we 
investigated the genetic variations of adiponectin +276G/T 
(rs1501299) in patients with ACL rupture compared with 
healthy controls. We observed that the adiponectin +276G/T 
(rs1501299) GG genotype was significantly associated with 
a higher risk of ACL rupture. In addition, the adiponectin 
+276G/T (rs1501299) G allele was significantly associated 
with an increased risk of ACL rupture.

In accordance with our findings, the GG genotype and 
G allele within adiponectin +276G/T (rs1501299) have been 
previously associated with the risk of multifactorial diseases 
including type 2 diabetes (12), cardiovascular disease (21), 
polycystic ovary syndrome (22) and biliary atresia (23). By 
contrast, several studies demonstrated that the adiponectin 
+276G/T (rs1501299) TT genotype was commonly observed 
in control participants who are Japanese (12), Korean (24) and 
Han Chinese (25). These findings were in agreement with our 
results revealing that the frequency of the adiponectin +276G/T 
(rs1501299) TT genotype was significantly higher in controls 
rather than in ACL patients, suggesting that the TT genotype 
of the adiponectin +276G/T (rs1501299) polymorphism is 
associated with a lower risk of ACL rupture. Collectively, the 
abovementioned findings indicate that DNA sequence variants 
within the adiponectin +276G/T (rs1501299) polymorphism, 
particularly with the G allele, may represent a novel genetic 
target for predicting the risk of ACL rupture based on its poten-
tial association with ACL injury. In fact, it has been established 
that non‑contact rupture is the most common cause of ACL 
injury, which occurs from the athlete's own movements and 
does not result from contact with another athlete or objects (15). 
This mechanism prompts us to consider the hypothesis that 
intrinsic risk factors, including genetic polymorphisms, may 
play a potential contributing role in non‑contact ACL rupture. 
To address this issue, we further investigated the association 
between adiponectin +276G/T (rs1501299) polymorphism and 
the risk of ACL rupture in patients with non‑contact sports. 
However, the genetic variants within adiponectin +276G/T 
(rs1501299) did not differ between ACL rupture patients with 
and without contact sports. This may be attributed to the small 
sample size of ACL subgroups involving injury mechanisms 
between patients with and without contact sports. Of note, our 
additional findings demonstrated that the GG genotype and G 
allele within adiponectin +276G/T (rs1501299) in patients with 
non‑contact sports were significantly associated with ACL 
risk, suggesting that the adiponectin +276G/T (rs1501299) 
polymorphism, particularly the G allele, may be an indepen-
dent risk factor for ACL rupture.

In addition to non‑contact mechanism‑induced ACL 
rupture, epidemiological studies also highlighted body 
weight and BMI as factors for the development and progres-
sion of ACL rupture (26,27). In this regard, we assessed the 
effect of obesity on the connection of adiponectin +276G/T 
(rs1501299) polymorphism with the risk of ACL rupture and 
also found that overweight patients carrying the adiponectin 
gene +276G/T (rs1501299) GG genotype and G allele had a 
significantly increased risk of ACL rupture. This finding 
is consistent with a previous investigation, showing that the 

adiponectin +276G/T (rs1501299) G allele was associated with 
obesity in the Swedish (28). It is noteworthy that individuals 
carrying the adiponectin gene +276G/T (rs1501299) GG geno-
type and G allele, particularly overweight subjects, exhibited 
a significantly higher risk of ACL rupture. In the light of these 
considerations, the possibility of genetic variations within the 
adiponectin gene relevant to the susceptibility of ACL injury 
is of great interest for the development of the adiponectin 
+276G/T (rs1501299) polymorphism as a genetic biomarker 
for identifying who are at a greater risk of ACL rupture.

However, the exact mechanisms underlying the association 
between the adiponectin +276G/T (rs1501299) polymorphism 
and ACL injury remain elusive. It is tempting to hypothesize 
that the adiponectin +276G/T (rs1501299) variants located 
within intron 2 may play a possible role in the regulation of the 
transcriptional activity of the adiponectin gene. This hypoth-
esis has been attested by a previous study showing that this 
intronic polymorphism can alter the expression and produc-
tion of adiponectin (29). Moreover, the adiponectin +276G/T 
(rs1501299) G allele was reportedly associated with reduced 
circulating adiponectin levels in a Japanese population (30). 
However, the TT genotype within adiponectin +276G/T 
(rs1501299) has been shown to be associated with upregulated 
adiponectin expression and enhanced physical activity (31). 
Therefore, it appears possible that the adiponectin +276G/T 
(rs1501299) GG genotype may suppress the transcriptional 
and translational expression of adiponectin in patients with 
ACL rupture, which may lead to the degradation of EMC 
responsible for soft tissue injury. To support this hypothesis, 
it was demonstrated that adiponectin induces an increase in 
the synthesis of MMPs, contributing to the imbalance of the 
synthesis and degradation of ECM components via the acti-
vation of adenosine monophosphate‑activated protein kinase 
(AMPK)/MAPK signaling pathway (10), which may result in 
ACL injury. These phenomena may help explain why the GG 
genotype and G allele within adiponectin +276G/T (rs1501299) 
were associated with an increased risk of ACL injury.

It should be noted, however, that there were certain limita-
tions to the present study. First, we evaluated genetic variants 
within the adiponectin gene in ACL rupture patients, but did 
not measure the transcriptional and translational expression 
of adiponectin. Therefore, we were unable to determine the 
effect of genetic variants on the transcriptional and transla-
tional activity of adiponectin associated with ACL rupture in 
these results. Additional investigation involving the produc-
tion and expression of adiponectin will provide more valuable 
information on the pathophysiological role of adiponectin in 
ACL rupture. In addition, this study was a single‑center trial 
with a relatively small number of ACL rupture subjects, which 
limits its statistical power. For this reason, the sample size of 
ACL rupture subjects must be increased in order to reach an 
unequivocal conclusion. Another weakness is the lack of data 
regarding the association between the adiponectin +276G/T 
(rs1501299) polymorphism and other specific polymorphisms 
within the adiponectin gene. It is recommended that further 
analysis on haplotype should be conducted to elucidate the 
functional variation associated with adiponectin expression, 
and the findings may improve our knowledge on the pathways 
responsible for the association of the adiponectin gene with 
ACL rupture.
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In summary, the present study provided evidence that 
the adiponectin +276G/T (rs1501299) GG genotype and G 
allele were associated with an increased risk of ACL rupture, 
particularly in overweight subjects. The abovementioned find-
ings indicates that this polymorphism within the adiponectin 
gene may serve as a genetic candidate for the prediction of 
the risk of ACL rupture. However, additional investigations in 
different populations and/or in larger cohorts of ACL patients 
are warranted to elucidate the definitive association between 
adiponectin +276G/T (rs1501299) polymorphism and ACL 
rupture.
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