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Abstract
Strong association has been recently observed between periodontitis/gingivitis and Oral squamous cell carcinoma 
(OSCC). A high incidence of oral cancer  has been reported in the case of chronic periodontitis. Recently Cell cycle 
regulatory /Senescence genes have been associated with Gingivitis/ Periodontitis susceptibility. Cyclin D1 is one 
such cell cycle regulatory gene. Several findings have reported that Cyclin D1 (CCND1) G870A Single nucleotide 
polymorphism is associated with oral cancer (OC) risk, but yielded inconsistent data across different studies. 
This meta-analysis explores the precise relationship between CCND1 G870A polymorphism and OC risk. PubMed 
(Medline), EMBASE, & Google Scholar databases were searched for eligible studies and pooled odds ratios (ORs) 
and 95% confidence intervals (CI) were calculated. Newcastle-Ottawa analysis was done for selected articles qual-

* Corresponding author: Saif Khan, Department of Basic Dental and Medical Sciences, College of Dentistry, Ha’il 
University, Ha’il-2440, Saudi Arabia. E-mail: saifkhan.bio@gmail.com

Research article



Revista Română de Medicină de Laborator Vol. 29, Nr. 4, Octombrie, 2021350

Introduction

Soaring annual incidence (300,373/year), mor-
tality rate (145,238/ year), and five-year prev-
alence (702,149) of oral cancer characterizes it 
as a subtype which requires immediate response 
from oncology fraternity (1). Several epidemio-
logical studies have implicated the role of peri-
odontitis in OSCC (2-9). Recently, mechanistic 
insight into this association of the red complex 
pathogens of periodontitis and oral cancer  has 
revealed the role of cell cycle regulatory genes 
in OSCC. Several cell cycle regulatory genes 
including CCND1 were found to be dysregulat-
ed or abnormally induced.  P. gingivalis and F. 
nucleatum, were found to stimulate the critical 
molecules involved in OSCC and associated ma-
lignancies (i.e., IL-6, cyclin D1, TNFα, MMP9, 
heparanase) (7-12). Here we  a risk analysis 
based on the recently explored mechanistic link 
(CCND1) between periodontitis and oral cancer. 
Cyclin D1 (CCND1) gene is located on chromo-
some 11q13. CCND1 is vital for G1 to S phase 
transition (13). Regulation of CCND1 expres-
sion (overexpression, repression and/or inhibi-
tion) results in abnormal cell cycle progression. 
Repressed and/or inhibited CCND1 may result 
in the seizure of the cell cycle at the G1 phase. 
Overexpression may culminate into premature 
S transition, a crucial aspect of cancerous cell 
growth (14). CND1 gene is known to exhibit sin-
gle nucleotide polymorphism (SNP: rs603965; 
codon 242, exon 4) that produces G to A mod-
ification at 870 (G870A) (15). It has been sug-
gested that the cell cycle carrying CCND1 870A 
allele may bypass G1/S checkpoint easily and is 

more likely to contribute to cancer development 
than cells harboring opposite wild allele G (16).  
Since CCND1 plays a critical role in the cell 
cycle control, it is obvious to hypothesize that 
G870A SNP may affect the cell cycle ability and 
infer susceptibility of OC. In the recent past sev-
eral case-control studies have been carried out to 
appraise the association between CCND1 G870A 
polymorphism and OC risk. However, their find-
ings were inconclusive and even conflictive (17-
27). Such inconsistencies in the outcomes are 
possibly because of individual studies with rel-
atively insufficient sample sizes having low sta-
tistical power to identify low penetrance genetic 
variant. Thus, we performed this meta-analysis 
with inclusion of most recent eligible published 
studies to solve the inconsistence of previous ob-
servations and update the more precise estima-
tion on the relationship between the association 
of CCND1 G870A polymorphism and OC risk. 
In recent times, meta-analysis has been proven a 
reliable tool for establishing the genetic associa-
tions with the complex diseases by employing a 
quantitative approach for combining the individ-
ual results (28). 

Materials and Methods 

Identification and eligibility of studies 
All the eligible studies were identified by per-
forming a systematic search on PubMed, Med-
line and Google Scholar electronic databases; 
last update was done in January 2020. The key 
words used for the search were ‘CCND1’or ‘Cy-
clin D1’, ‘polymorphism’ and ‘oral cancer’ or 
‘oral tumor’ or ‘oral carcinoma’ ‘oral malignan-

ity assessment, bias in publication (if any) was estimated through Funnel plots and Egger’s test. Pooled analysis 
from eleven eligible studies suggests that CCND1 G870A polymorphism is not significantly associated with OC 
risk. Sub-group analysis by ethnicity failed to show any association. Sequential single study omission was per-
formed to determine the credibility and resilience of the inferences drawn.
Keywords: CCND1 gene; periodontitis; meta-analysis; trial sequential analysis; oral cancer 
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cy’, and other single nucleotide polymorphisms 
(SNPs) associated keywords. In addition, we 
manually checked all the references found in the 
articles mined and found eligible for the present 
meta-analysis. Redundant cases found in multi-
ple articles were identified and one with the larg-
est sample size was selected for meta-analysis. 
All articles were screened for their potential el-
igibility.  

Article eligibility criteria
Clinical Polymorphism research articles includ-
ed in the present analysis were screened as per 
the following criteria, i.e., (i) original studies 
dealing with CCND1 G870A gene polymor-
phism and OC susceptibility; (ii) OC cases con-
firmed by histology or pathology; (iii) studies 
must be of case-control or cohort design; (iv) 
must provide detailed case and control frequency 
of all the three genotypes. Likewise, studies not 
included for analysis were: (i) case reports, edi-
torial, reviews, overlapped data and animal stud-
ies; (ii) studies having none/incomplete genetic 
data; (iii) tumor recurrence studies and clinical 
observations based on treatment response; (iv) 
if no usable data were reported. Conflicts among 
authors regarding study inclusion/exclusion 
were resolved through discussion based on the 
above mentioned criteria and by involving an-
other author acting as adjudicator.

Quality assessment of the studies 
Newcastle-Ottawa scale (NOS) quality assess-
ment was employed to evaluate the quality of all 
included studies of this meta-analysis (29). The 
publications were scored on three categories: se-
lection, comparability, and exposure (case-con-
trol studies). These further include eight sub-
classes (29). This rating scale has a score range 
of 0 to 9, and a star-based method is applied to 
weigh the quality of the articles considered in this 
meta-analysis. Eligible studies scoring 5 or more 
stars are classified as moderate to high-rank-

ing quality. At least two authors were involved 
in quality assessment as discussed above. Dis-
agreements on any item of the retrieved studies 
occurring between the investigators were re-
solved by open debate until the achievement of a 
mutual agreement. The results were reviewed by 
a third investigator.

Statistical analysis
We performed this meta-analysis by using allele 
contrast, homozygous, heterozygous, dominant, 
and recessive genetic models.  Overall risk, ORs 
and 95% CIs were estimated for each included 
study. Heterogeneity assumption between the 
studies was gauged chi-square-based Q- and I2 

analysis (30). The random effects model (DerSi-
monian and Laird method) was applied for stud-
ies having significant heterogeneity (31). Fixed 
effects model (Mantel-Haenszel method) was 
selected for studies having non-significant het-
erogeneity (32). Bias in publication was estimat-
ed through Funnel plots and Egger’s test (33). 
The effect of individual study on the overall pool 
was estimated via sensitivity analysis, wherein 
a single study was removed from the pool each 
time to estimate the effect on the overall ORs. 
Significance value was set for two sided p-value 
< 0.05.  Comprehensive Meta-Analysis (CMA) 
Version 2 software program (Biostat Inc., USA) 
was used to perform the meta analysis. Data en-
try was done by two contributing authors sepa-
rately in order to avoid mistakes. 

Trial Sequential analysis 
Trial sequential analysis was performed (i) to 
adjust the threshold significance Z-boundary, or 
(ii) whether the quantity of the trials included 
in the study sufficed the minimal requirement 
for threshold significance. In studies where the 
Z-curve exceeded the Z-boundary prior to min-
imal required trial cases limit, no further trials 
were required to establish a significant relation-
ship, if not, further trials were necessary to dis-
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cover a significant relationship between the poly-
morphism and associated disease. In the present 
study, TSA was performed through “TSA statis-
tical tool from Copenhagen Trial Unit, Center 
for Clinical Intervention Research, Denmark”.

Results

Literature search and meta-analysis databases 
extraction
Nine articles of CCND1 G870A polymorphism 
and OC association were selected. All the studies  
independently and carefully reviewed the litera-
ture and the information was extracted according 
to the pre-designed standardized data-collection 
form by two investigators. The characteristics 
collected from the included studies were: name 
of the first author, year of publication, ethnicity, 
country of origin, sample size, gene detection 
method, type/design of study, source of genotyp-
ing, frequency of the minor allele (MAF), and 

the frequency of genotypes of the cases and con-
trols. OC therapy response analysis studies in-
volving CCND1 SNP and mRNA analysis were 
rejected. The chronological strategy of selecting 
the germane studies used in this meta-analysis is 
given as PRISMA 2009 Flow Diagram (Fig 1). 
Table 1 and Table 2 provide the detailed char-
acteristics including genotype distribution ac-
companied by MAF of the cases and controls 
of all the eleven studies included in the present 
meta-analysis. 
Most of polymorphism articles (~80%) retrieved 
and considered to derive this meta-analysis  
scored 5 stars or even more on NOS quality eval-
uation that indicates modest to good quality of 
all the studies included (Table 3). 
Evaluation of publication bias and heterogeneity
Funnel plot and Egger test were used to analyze 
the publication bias in all the studied genetic 

Fig. 1. PRISMA 2009 Flow-Diagram.
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models and the results indicated no significant 
publication bias for CCND1 G870A gene poly-
morphism (Supplementary Information - Fig 
SI1: overall; Fig SI2: Caucasian; Fig SI3: Asian) 
(Table 4: overall; Table 5: Caucasian; & Table 
6: Asian). 
Heterogeneity assessment revealed significant 
heterogeneity in all the genetic models for over-
all risk. Therefore, we applied the random-ef-
fects model for the analysis (Table 4).  Likewise, 
observable diversity was conceived in the four 
genetically different models (Caucasian: Table 5 
and Asian population: Table 6).  

Table 1. Characteristics features from articles of CCND1 G870A gene polymorphism and OC risk.
First author and 
year Country Ethnicity Genotyping 

method Control Cases Type of 
study

Source of  
Genotyping

Atac et al. 2014 Germany Caucasian PCR-Sequencing 102 83 HB Blood and tissue
Murali et al. 2014 India Asian TaqMan 449 445 HB Blood
Liu et al. 2011 China Asian PCR-RFLP 101 102 HB Oral mucosa 

swabs
Tsai et al 2011 China Asian PCR-RFLP 620 620 PB Blood
Gomes et al. 2008 Brazil Mixed PCR-RFLP 80 80 PB Oral mucosa 

swabs
Sathyan et al. 2006 India Asian PCR-RFLP 137 146 HB Blood and Tissue
Holley et al. 2005 Germany Caucasian PCR-RFLP 155 174 HB Blood
Nishimoto et al. 2004 Brazil Mixed PCR 135 147 HB Blood
Wong et al. 2003 China Asian PCR-SSCP 93 70 HB Blood
Zheng et al. 2001 USA Caucasian PCR-SSCP 248 233 HB Blood
Matthias et al. 1998 Germany Caucasian PCR-RFLP 191 38 HB Blood

Table 2. CCND1 G870A gene polymorphism from eligible publications

Eligible Publications Controls Cases HWE*

GG GA AA MAF GG GA AA MAF p-value
Atac et al. 2014 20 56 26 0.529 13 55 15 0.512 0.303
Murali et al. 2014 110 206 126 0.518 121 188 132 0.512 0.161
Liu et al. 2011 45 29 27 0.410 23 43 36 0.563 0.000
Tsai et al 2011 365 155 565 0.592 84 323 213 0.604 0.000
Gomes et al. 2008 28 29 23 0.468 25 30 25 0.5 0.014
Sathyan et al. 2006 40 61 36 0.485 36 71 39 0.510 0.203
Holley et al. 2005 40 87 28 0.461 66 94 14 0.350 0.107
Nishimoto et al. 2004 40 69 26 0.448 53 68 26 0.408 0.698
Wong et al. 2003 17 49 27 0.553 15 36 19 0.528 0.523
Zheng et al. 2001 78 129 41 0.425 62 116 55 0.484 0.313
Matthias et l. 1998 55 101 35 0.447 7 20 11 0.552 0.338

* Hardy-Weinberg equilibrium

Table 3. Newcastle-Ottawa analysis Results

First author and 
year

Quality indicators
Selec-
tion

Compara-
bility

Expo-
sure

Atac (2014) ** * ***
Murali (2014) ** * **
Liu (2011) ** * **
Tsai (2011) ** * **
Gomes (2008) *** * ***
Sathyan (2006) ** * **
Holley (2005) ** * **
Nishimoto (2004) *** * ***
Wong (2003) ** * **
Zheng (2001) ** * ***
Matthias (1998) *** * **

http://rrml.ro/articole/annex/Annex_rrlm-2021-0028.pdf
http://rrml.ro/articole/annex/Annex_rrlm-2021-0028.pdf
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Association of CCND1 G870A gene polymor-
phism and overall OC risk
Clinical genotype data retrieved from eleven el-
igible studies resulted in 2138 cases and 2311 
controls. All the subjects were examined for the 
association between CCND1 G870A SNP and 
overall OC risk. No significant association was 
found between CCND1 G870A gene polymor-
phism and overall oral cancer risk in allele (A / G: 
p=0.0511; OR=1.050, 95% CI=0.908 to 1.215),  
homozygous (AA / GG: p=0.387; OR=1.151, 
95% CI=0.837 to 1.581), heterozygous (AG 
/ GG: p=0.315; OR=1.389, 95% CI=0.732 to 
2.636), dominant (AA+AG / GG: p=0.269; 
OR=1.254, 95% CI=0.839 to 1.875) and reces-

sive (AA / AG+GG: p=0.677; OR=0.932, 95% 
CI=0.671 to 1.296) genetic models (Fig 2). 

Ethnicitybased sub-group analysis. 
Sub-group analyses were then performed based 
on the ethnicity in Caucasian and Asian popula-
tion. Caucasian sub-group exhibited inter-study 
heterogeneity, hence the model with randomized 
effect was selected for analysis. CCND1 G870A 
gene polymorphism and OC risk was not ob-
served for any gene combination (A/G: p=0.928; 
OR=1.018, 95% CI=0.689 to 1.504), homo-
zygous (AA / GG: p=0.976; OR=1.014, 95% 
CI=0.406 to 2.534), heterozygous (AG / GG: 
p=0.948; OR=1.009, 95% CI=0.762 to 1.336), 

Table 4. Publication bias and heterogeneity Analysis, Overall population

Comparison
Egger’s regression Heterogeneity

ModelsIntercept 95% Confidence Interval p-value Q-value Pheterogeneity I2 (%)

A / G 0.44 -2.41 to 3.30 0.73 25.53 0.004 60.83 Random
AA / GG -1.02 -3.93 to 1.88 0.44 29.96 0.001 66.63 Random
AG / GG -3.75 -11.64 to 4.19 0.30 169.25 0.000 94.09 Random
AA+AG / GG -2.18 -7.26 to 2.89 0.35 76.19 0.000 86.86 Random
AA / AG+GG 2.47 -0.52 to 5.48 0.09 50.56 0.000 80.22 Random

Table 5. Publication bias and heterogeneity Analysis, Caucasian Population

Comparison
Egger’s regression Heterogeneity

Models Intercept 95% Confidence Interval p-value Q-value Pheterogeneity I2 (%)
A / G 0.39 -23.35 to 24.13 0.94 14.63 0.002 79.49 Random
AA / GG -1.33 -23.81 to 21.15 0.82 16.35 0.001 81.65 Random
AG / GG 1.95 -7.71 to 11.62 0.47 5.13 0.160 41.62 Fixed
AA+AG / GG 1.65 -12.96 to 15.59 0.66 8.99 0.029 66.64 Random
AA / AG+GG -3.82 -26.33 to 18.68 0.54 14.37 0.002 79.12 Random

Table 6. Publication bias and heterogeneity Analysis, Asian population

Comparisons
Egger’s regression Heterogeneity

ModelsIntercept 95% Confidence Interval p-value Q-value Pheterogeneity I2 (%)
A / G 1.37 -4.00 to 6.75 0.47 9.01 0.06 55.62 Fixed
AA / GG -0.32 -6.77 to 6.11 0.88 10.21 0.03 60.83 Random
AG / GG -4.30 -28.08 to 19.48 0.60 125.02 0.00 96.80 Random
AA+AG / GG -2.22 -16.65 to 12.20 0.65 48.76 0.00 91.79 Random
AA / AG+GG 3.94 -3.16 to 11.04 0.17 29.84 0.00 86.59 Random
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Fig. 2. CCND1 G870A SNP Forest plot for OC risk, 95% CI (overall population). 
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dominant (AA+AG / GG: p=0.783; OR=1.074, 
95% CI=0.646 to 1.785) and recessive (AA / 
AG+GG: p=0.843; OR=0.931, 95% CI=0.459 to 
1.887) of Caucasian sub-group (Fig 3). 
In the Asian population, the study between het-
erogeneity was observed in four genetic mod-
els. Thus, the meta-analysis was performed us-
ing random model, however the remaining one 
was performed using the fixed effects model. 
The combined results based on all the studies 
showed that allele (A / G: p=0.225; OR=1.064, 
95% CI=0.962 to 1.177), homozygous (AA / 
GG: p=0.122; OR=1.331, 95% CI=0.926 to 
1.913), heterozygous (AG / GG: AA / GG: 
p=0.280; OR=1.902, 95% CI=0.593 to 6.097), 
dominant (AA+AG / GG: p=0.201; OR=1.544, 
95% CI=0.794 to 3.004) and recessive (AA / 
AG+GG: p=0.694; OR=0.908, 95% CI=0.561 to 
1.470) genetic models failed to show any signif-
icant association between the cases and controls 
(Fig 4).  

Analysis of sensitivity
Leave-one-out sensitivity analysis was per-
formed to determine the effect of studies (sepa-
rately, one at a time) and pooled ORs for CCND1 
G870A gene polymorphism were derived for 
each case.
Leave-one-out sensitivity analysis was per-
formed to determine if the overall analysis was 
effected by singular studies. The results of the 
sensitivity analysis revealed that no bias was 
caused by any specific singular  study on the 
overall analysis (Supplementary Information - 
Fig SI4: overall; Fig SI5: Caucasian; Fig SI6: 
Asian). This approves the credibility and reli-
ability of the final inferences.  

Trial sequential analysis 
TSA was used to investigate the relevance of 
CCND1 G870A gene polymorphism with OC 
development risk. The dominant model was used 
to study this polymorphism. As we found, the 

cumulative Z-curve for this polymorphism did 
not surpass the  monitoring boundary without 
achieving the required number of samples, hence 
it indicated that the cumulative evidence was 
inadequate and further trials were required for 
overall (Fig 5c) and sub-group analysis of Cau-
casian (Fig 5b) and Asian (Fig 5a) population. 

Discussion

Genetic alterations occurring in important mo-
lecular pathways may play significant roles in 
cancer development together with environmen-
tal or lifestyle factors (37). It is vital to identify 
the molecular biomarkers as risk factors for bet-
ter understanding of the pathogenesis of OC in 
order to improve the diagnostic accuracy, reduce 
the incidence rate, and help to plan suitable treat-
ments strategies. 
CCND1 is activated by Cyclin-dependent kinase 
4 and 6 (CDK4 and CDK6) (38). Cyclin D1 cat-
alyzes the phosphorylation of the tumor suppres-
sor protein retinoblastoma (RB). The phosphor-
ylation of RB releases the transcriptional factor 
E2F, which then activates a number of down-
stream genes necessary for cell cycle progres-
sion and transition from the G1 to S phase (39). 
Transition through G1 to S phase is an important 
checkpoint to prevent the replication of damaged 
DNA and allow DNA damage to be repaired 
(40). Earlier scientific studies have reported that 
alteration in the expression of proteins in the cell 
cycle is associated with malignant lesions that 
arise in the oral cavity (41, 42). Given the signif-
icance of control of the cell cycle for the main-
tenance of genomic integrity, it is conceived that 
common polymorphism in CCND1 gene may 
play an important biological role and initiate OC 
development.  
The G870A polymorphism of CCND1 gene is 
associated with a splice site variation coding, 
which increases alternative splicing for two 
mRNA transcripts (15). The transcript ‘b’ is as-

http://rrml.ro/articole/annex/Annex_rrlm-2021-0028.pdf
http://rrml.ro/articole/annex/Annex_rrlm-2021-0028.pdf
http://rrml.ro/articole/annex/Annex_rrlm-2021-0028.pdf
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Fig. 3. CCND1 G870A SNP Forest plot for OC risk, 95% CI (Caucasian population).
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Fig. 4. CCND1 G870A SNP Forest plot for OC risk, 95% CI  (Asian population).
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Fig. 5. TSA analysis of polymorphism in CCND1 G870A gene (dominant model) , (a) Asian (b) Caucasian, 
(c) Overall population and OC risk. 
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sociated with A allele, while G allele is associat-
ed with both transcript ‘a’ and transcript ‘b’ (15, 
43). The encoded protein half-life for transcript 
‘b’ was found to be more than that of transcript 
‘a’. It is suggested that cells overexpressing 
transcript ‘a’ promote entry into the cell cycle, 
whereas the transcript ′b’ expressing cells are as-
sociated with cell cycle exit (43). Elevated pres-
ence of CCND1 may cause damaged DNA and 
associated genetic errors conveyed to daughter 
cells via G1–S transition due to premature cell 
cycle exit (44). The conventional approach of us-
ing individual case-control studies yields many 
basic elements of analytic complexity and can 
seriously underestimate the true sample size re-
quirement. The present study meta-analyses the 
effect of eleven case control studies to discov-
er any association between CCND1 gene SNP 
and OC risk. We observed no association risk of 
OC development linked with CCND1 G870A 
SNP based on overall population and subgroup 
analysis by ethnicity in Caucasian and Asian 
population. These results suggest that CCND1 
G870A SNP might not contribute to the devel-
opment of OC risk. The possible explanation is 
that CCND1 G870A SNP has different biolog-
ical significance to various cancers, but not as 
a potential risk factor for OC development. The 
present findings correspond well with those of 
previous analyses (45, 46).

Strengths and limitations
As predicted earlier that etiology of OC is poly-
genic in nature, therefore, a single genetic vari-
ant is usually insufficient to predict the risk of 
this lethal disease. The current meta-analysis had 
a certain level of comprehensiveness, but still 
there were some limitations, which should be 
taken into consideration. In the present study, we 
detected significant heterogeneity which was ac-
cordingly minimized by applying the random-ef-
fects model. Random-effects model is generally 
used to consolidate the highly heterogeneous re-
sults to give more conservative and more precise 

results. It is worth noting that the results must be 
interpreted with caution, since our estimations 
regarding the sub-group analysis were based on 
the limited studies. Only published articles in-
dexed in three reliable databases were included 
in our meta-analysis, therefore other relevant 
studies available in other databases might be 
omitted. These results are based on unadjusted 
OR and without gene environment interactions. 
A more precise analysis must be done using the 
data from individuals, allowing researchers to 
adjust for covariates including age, ethnicity, 
family history, environmental factors, and life-
style. This being said, the present meta-analysis 
does promise valuable genotype to phenotype 
information. Foremost, all the eligible studies 
comprising the present meta-analysis followed 
the strict pre-set inclusion/exclusion criteria. 
Secondly, no bias was detected in the publica-
tions included in this meta-analysis, which sug-
gests that the inferences drawn are resilient and 
reliable. The results of sensitivity analysis fur-
ther vindicate our claim of strong and reliable in-
ferences, since no significant effect on the pooled 
OR was observed for all the studies included in 
this analysis. Statistical analysis performed in 
the present analysis is as per the standard proto-
col prescribed for meta-analysis. 

Conclusions

Overall, the current meta-analysis suggests that 
CCND1 G870A gene polymorphism is unlikely 
to be associated with the risk of OC. The im-
portance of this polymorphism as a predictor of 
the risk of OC is probably very small and the 
screening utility of this genetic polymorphism 
in asymptomatic individuals might not be war-
ranted. 
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