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Association Between p53 codon 72 Polymorphism and Cervical
Cancer Risk Among Asians: a Huge Review and Meta-analysis

Xin Zhou*, Yang Gu, Shu-Lan Zhang

Abstract

Objective: The aim of this Human Genome Epidemiology (HuGE) review and meta-analysis was to derive a
more precise estimation of the association between p53 codon 72 polymorphism (Arg72Pro, rs1042522 G>C) and
cervical cancer risk among Asians. Methods: A literature search of Pubmed, Embase, Web of Science and CBM
databases from inception through June 2012 was conducted. The meta-analysis was performed using STATA
12.0 software. Crude odds ratios (ORs) with 95% confidence intervals (CIs) were used to assess the strength of
any association. Twenty-eight case-control studies were included with a total of 3,580 cervical cancer cases and
3,827 healthy controls. When all the eligible studies were pooled into the meta-analysis, the results showed that
the Pro/Pro genotype was associated with increased risk of cervical cancer under the heterozygous model (Pro/
Pro vs. Arg/Pro: OR =1.25,95%CI: 1.02-1.53, P= 0.005). However, no statistically significant associations were
found under four other genetic models (Pro vs. Arg: OR = 0.97, 95%CI: 0.85-1.10, P= 0.624; Pro/Pro + Arg/
Pro vs. Arg/Arg: OR = 0.84, 95%CI: 0.70-1.01, P= 0.058; Pro/Pro vs. Arg/Arg + Arg/Pro: OR =1.13,95%CI:
0.92-1.39,P=0.242; Pro/Pro vs. Arg/Arg: OR =0.97,95%CI: 0.76-1.22, P= 0.765; respectively). In the subgroup
analysis based on country, the Pro/Pro genotype and Pro carrier showed significant associations with increased
risk of cervical cancer among Indian populations, but not among Chinese, Japanese and Korean populations.
Conclusion: Results from the current meta-analysis suggests that p53 codon 72 polymorphism might be associated

with increased risk of cervical cancer, especially among Indians.
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Introduction

Cervical cancer is one of the most common
gynecological malignancies, and its prevalence has
increased during the last 10 years (Pecorelli et al., 2003).
In 2010, there were 43,470 newly diagnosed cases and
7,950 deaths in the United States (Jemal et al., 2010).
Cervical cancer has predominantly been considered a
genetic disease, characterized by sequential accumulation
of genetic alterations (Lax, 2004; Soliman et al., 2005).
Cervical carcinogenesis is a multi-factorial interaction
between environmental triggers and genetic susceptibility.
Mutagens in the living environment can create DNA
adducts and strand breaks, causing genomic instability.
Loss of genomic stability and the resulting gene alterations
appear to be a crucial molecular and pathogenic step
that occurs early in the cervical carcinogenesis process.
Recent studies have revealed that genetic variants in genes
controlling carcinogen metabolism, DNA repair and cell
proliferation or apoptosis may be important in determining
individual susceptibility to the occurrence and progression
of cervical cancer (Zucchetto et al., 2009; Yang et al.,
2010). Therefore, the identification of genetic factors
may be helpful in better understanding the mechanisms

underlying cervical carcinogenesis and improving cancer
detection and molecular staging.

The p53 tumor suppressor gene, which is located on
chromosome 17p13, is one of the most commonly mutated
genes in all types of human cancer (Harris and Hollstein,
1993). The p53 gene, which induces cell cycle arrest,
apoptosis or DNA damage repair, negatively regulates
the cell cycle and requires loss of function mutations for
tumor formation (Berchuck et al., 1994). There are several
single nucleotide polymorphisms (SNPs) in the p53 gene,
and codon 72 polymorphism (Arg72Pro, rs1042522 G>C)
in exon 4 is the most common candidate (Whibley et al.,
2009). This polymorphism changes amino acid residue
72 from arginine to proline (Arg—>Pro), which can be
easily detected by polymerase chain reaction (PCR)
(Grochola et al., 2010). These two alleles of p53 codon
72 polymorphism exhibit different oncogenic properties,
but contradictory outcomes have been reported in various
types of cancers (Fan et al., 2000; Koushik et al., 2004).
Over the past decade, considerable epidemiological
studies have focused on the association between p53 codon
72 polymorphism and cervical cancer risk. However, the
specific association is still controversial due to different
ethnicities, tumor types or differentiation. For these
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reasons, we conducted this meta-analysis to derive a more
precise estimation of these associations by conducting
pooled analysis from all eligible case-control studies
published to date. To the best of our knowledge, this is
the first meta-analysis that has investigated the association
between p53 codon 72 polymorphism and cervical cancer
risk among Asians.

Materials and Methods

Literature search strategy

Relevant papers published before June 1th, 2012 were
identified through a search of Pubmed, Embase, Web of
Science and CBM databases using the following terms:
(“genetic polymorphism” or “polymorphism” or “SNP”
or “gene mutation” or “genetic variants”) and (“cervical
neoplasms” or “cancer of cervical” or “cervical cancer” or
“cervical tumors” or “cervical carcinogenesis’) and (“p53
genes” or “TP53 genes” or “genes, p53”). The references
of the eligible articles or textbooks were also reviewed to
check through manual searches to find other potentially
studies. Any disagreement was resolved by discussion
between the authors.

Inclusion and exclusion criteria

To be eligible for inclusion in this meta-analysis, the
following criteria were established: (i) case-control studies
that addressed cervical cancer cases and healthy controls;
(i1) studies that evaluated the association between p53
Arg72Pro polymorphism and cervical cancer risk among
Asians; (iii) studies that included sufficient genotype data
for extraction. Studies were excluded when: (i) not case-
control studies that evaluated the association between
pS3 Arg72Pro polymorphism and cervical cancer risk
among Asians; (ii) case reports, letters, reviews, meta-
analysis and editorial articles; (iii) studies that were based
on incomplete raw data and those with no usable data
reported; (iv) studies that included duplicate data; (v)
family-based design was used; (vi) and healthy controls
were not in Hardy-Weinberg equilibrium (HWE).

Data extraction

Using a standardized form, data from published studies
were extracted independently by two authors to populate
the necessary information. For each study, the following
characteristics were collected: the first author, year of
publication, country, language, study design, numbers of
subjects, source of cases and controls, pathological type,
detecting sample, genotype method, allele and genotype
frequencies, and evidence of HWE in controls. In case
of conflicting evaluations, an agreement was reached
following a discussion between the authors.

Statistical analysis

The strength of the association between p53 codon 72
polymorphism and cervical cancer risk was measured by
ORs with 95%CIs under five genetic models, including
allele model (Pro vs. Arg), dominant model (Pro/Pro +
Arg/Pro vs. Arg/Arg), recessive model (Pro/Pro vs. Arg/
Arg + Arg/Pro), homozygous model (Pro/Pro vs. Arg/
Arg), and heterozygous model (Pro/Pro vs. Arg/Pro). The
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statistical significance of the pooled ORs was examined
by Z test. Between-study variations and heterogeneities
were estimated using Cochran’s Q-statistic, and P <
0.05 was considered to be manifestation of statistically
significant heterogeneity (Higgins and Thompson, 2002).
We also quantified the effect of heterogeneity by using
I2 test, which ranges from 0 to 100% and represents the
proportion of inter-study variability that can be contributed
to heterogeneity rather than by chance (Zintzaras and
Toannidis, 2005). When a significant Q-test (P < 0.05)
or I > 50% indicated that heterogeneity among studies
existed, the random effects model (DerSimonian Laird
method) was conducted for meta-analysis. Otherwise, the
fixed effects model (Mantel-Haenszel method) was used.
To establish the effect of heterogeneity on the conclusions
of meta-analyses, we also performed subgroup analysis
by country, language and HWE test. We tested whether
genotype frequencies of controls were in HWE using the
¥ test. Sensitivity was performed by omitting each study
in turn to assess the stability of results. Begger’s funnel
plots were used to detect publication bias. In addition,
Egger’s linear regression test which measures funnel plot
asymmetry using a natural logarithm scale of OR was used
to evaluate the publication bias (Peters et al., 2006). All
the P values were two-sided. All analyses were calculated
using STATA Version 12.0 software (Stata Corp, College
Station, TX).

Results

Studies included in the meta-analysis

According to the inclusion criteria, 28 studies
(Minaguchi et al., 1998; Ngan et al., 1999; Baek et al.,
2000; Kim et al.,2000; Kim et al.,2001; Yang et al.,2001;
Bhattacharya et al.,2002; Kawamata et al.,2002; Nagpal
et al., 2002; Saranath et al., 2002; Xi et al., 2002; Cho et
al.,2003; Katiyar et al., 2003; Cho et al., 2004; Lee et al.,
2004; Li et al., 2004; Wang et al., 2004; Wu et al., 2004;
Yoshimitsu et al., 2004; Masatsugu et al., 2005; Mitra et

Potential relevant papers
identified by electronic databases
search (June 1, 2012)
(n=105)

Title and key words were reviewed.
Studies were excluded, due to:

(n=22) Letters, reviews, meta-analysis
(n=12) Not human studies

(n=18) Obviously irrelevant studies

Abstract retrieved for further
evaluation
(n=53)

Full-text retrieved for detail
evaluation
(n=37)

Studies were excluded, due to:
(n=11) Not case-control study

(n=2) Not relevant to cervical cancer
(n=3) Not relevant to p53 codon 72
polymorphism

Studies were excluded, due to:

(n=8) Duplicate publications

(n=4) Not healthy controls

(n=2) Not provide sufficient data for further
analysis

Studies included in this

meta-analysis
(n=28)

Figure 1. Flow Chart of Literature Search and Study
Selection
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Table 1. Meta-analysis of the Association Between p53 codon72 Polymorphism and Cervical Cancer Risk

Subgroups Pro vs. Arg Pro/Pro + Arg/Pro vs. Arg/Arg Pro/Pro vs. Arg/Arg + Arg/Pro Pro/Pro vs. Arg/Arg Pro/Pro vs. Arg/Pro
(Allele model) (Dominant model) (Recessive model) (Homozygous model) (Heterozygous model)
OR 95%CI P P, OR 95%CI P P, OR 95%CI P P, OR  95%CI P P, OR 95%CI P P,
Country
China 093 0.75-1.15 0.518f <0.001 0.77 0.57-1.04 0.089% 0.002 1.16 0.85-1.58 03471 0.028 095 0.67-1.36 0.790f 0.021 1.35 1.00-1.81 0.047 0.093
Korea 097 0.78-120 0.758 0.146 098 0.68-1.40 0.9001 0.026 0.88 0.66-1.18 0.392 0.963 091 0.67-1.24 0.541 0.874 0.89 0.64-123 0473 0.527
Japan 1.18 0.82-1.71 03791 <0.001 1.11 0.78-1.58 0.5661 0.044 128 0.65-2.52 0473 <0.001 1.35 0.63-2.89 04461 <0.001 121 0.68-2.17 0.517F 0.003
India 0.86 0.63-1.15 03031 0.05 054 036-0.81 0.003 0234 122 0.74-200 0.435f 0.068 0.69 0.35-1.38 0.298+ 0.035 1.53 1.00-233 0.049 0212
Language
English 1 0.88-1.13 0.978% <0.001 09 0.75-1.07 02211 0.002 1.13 091-1.40 0.281f 0.001 0.99 0.78-1.25 0923+ 0004 121 0.96-1.52 0.109Ff 0.002
Chinese 0.86 0.52-142 0.5541 <0.001 0.66 0.36-1.19 0.1671 0.002 1.17 0.62-222 0.6211 0.03 0.89 0.38-2.08 0.782f 0.002 153 1.01-232 0.043 0.719
HWE test
HWE 098 0.84-1.15 0.8361 <0.001 09 0.73-1.11 0.308f <0.001 1.08 0.84-1.38 0.565% <0.001 097 0.72-1.29 0.812Ff <0.001 1.16 091-147 0.238% 0.003
Non-HWE 0.93 0.73-1.17 0.524 0.071 0.68 047-0.97 0.035 0.08 131 0.98-1.75 0.068 0424 098 0.66-145 0916 0251 1.65 1.19-228 0.003 0.751
Overall 097 0.85-1.10 0.6241 <0.001 0.84 0.70-1.01 0.058f <0.001 1.13 0.92-1.39 0.242f <0.001 097 0.76-1.22 0.765 <0.001 125 1.02-1.53 0.029% 0.005
HWE, Hardy-Weinberg equilibrium; OR, odds ratios; 95%CI, 95% confidence interval; Ph, P value of heterogeneity test; festimates for random effects model
Study ID OR(95%C) Weight % Study D OR (9% C) Weight %
" R 2 Japan :
Minaguchi et al (1998) —— 086(050,150) 403 Minaguchi etal (1998) 086(050,150) 422
Ngan etal (1999) e 065(032,132) 324 Kawamata et al (2002) H ——— 5,05 (185,13.79) 233
Yamashita etal (1999) _‘,_ 087(058,132) 480 Yoshimitsu et al (2004) e — 104(068,159) 493
o ) Masatsugu et al (2005) 1.26(067,237) 381
Baek et al 2000) e 096(0.55,1.69) 397 Wannapa etal (2005) 082(042,160) 363
Kim et al (2000) ! [ 154(101,234) 479 Subtotal (I~squared =62.0%, p=0.033) " 121(077,189) 1891
. 1]
Kim etal (2001 ) !l* 163(0.93,285) 399 China :
Yangetal (2001 ) —p— 088(043,1.80) 324 Ngan et al (1999) ———— 065(032,132) 343
Bhattacharya etal (2002) —eii— 1.00(051,1.96) 343 Yangetal (2001) s 088(043,180) 344
—— 505 (155, 13. : Xietal (2002) _—— 100025392 151
Kawamata etal (2002) ! 505(185,1379) 217 Letal (2008 f S—— 1920091407 326
Nagpal etal (2002) ——— 027(007,1.01) 150 Wang etal (2004) —— 085(044,164) 370
Saranath et al (2002) —‘-Ih- 058(030,1.10) 355 Wu etal (2004) .h e 142(083,241) 433
; Hou etal (2006 ) ——— h 021(010,044) 333
Xietal (2002) —I — 100(0.25392) 139 Yangetal 200) ¢ 0500030,084 441
Choeetal (2003) —_—l— 051(018,1.46) 205 Yao etal (2008) —_—l— 057(026,126) 309
Katiyar et al (2003) —0—!- 046(0.23,094) 327 Zheng etal (2008) == 0.74(050,1.08) 518
Zhou etal (2009) ] 094(070,127) 560
Choetal 2004 et 055(027,110) 328 Subtotal (1-squared = 64.4%, p = 0.002) 077(057,104) 4128
Leeetal (2004) —pr 080(056,116) 5.1 H
Lietal (2004) | Ne— 192(091,407) 307 Korea '
Wangetal (2004 B 085044164 351 gt . = b b
Wuetal (2004) :'-‘— 142(083,241) 414 Kim etal (2001) | Na— 163(093,285) 418
Yoshimitsu et al (2004) e 104(068,159) 476 Choetal (2003) ————— 051(018,146) 221
— Cho etal (2004) =t 055(027,110) 347
M.asatsugu etal (2005 ) B 126(067,237) 361 Lee etal (2004) — 080(056,116) 527
Mitra et al (2005) —— 036(0.16,079) 291 Subtotal (I-squared = 60.8%, p = 0.026) <> 098(068,140) 2425
Wannapa etal (2005) e 082(042,160) 343 1
Hou et al (2006) —— 1 021(010,044) 314 India H
' R . Bhattacharya et al (2002) e — 1.00(051,1.96) 363
Yang etal (2008) —#—: 050(030,084) 422 Nagpal et al (2002) =4 = 027(007,101) 163
Yao etal (2008) ——— 057(026,126) 290 Saranath et al (2002) —t—— 058(030,1.10) 374
Katiyar et al (2003) e 046(023,094) 347
Zheng etal (2008) = 074(050,108 501 "

9 B 8 Mitra et al (2005) e 0.36(0.16,0.79) 309
Zhouetal (2009) —— 094(070,127) 546 Subtotal (~squared =28.2%, p=0.234) <> 054(036,081) 1556
Overall (I-squared = 61.6%, p = 0.000) 084(0.70,1.01) 100,00 .

Overall (I-squared = 63.0%, p = 0.000) ¢ 0.84(0.69,1.01) 100.00
NOTE: Weights are from (and?mEﬁeCtsanalysis : t T NOTE: Weights are from random effects analysis :
A_I_L T
00725 1 138 00725 1 138

Figure 2. Forest Plot of ORs with a Random-effects
Model for Associations Between p53 Codon 72
Polymorphism and Cervical Cancer Risk Among
Asians Under the Dominant Model (Pro/Pro + Arg/
Pro vs. Arg/Arg)

al., 2005; Wannapa et al., 2005; Hou et al 2006; Yang et
al., 2008; Yao et al., 2008; Zheng et al., 2008; Zhou et
al., 2009) were included and 103 were excluded in this
meta-analysis. The flow chart of study selection is shown
in Figure 1. The total of cervical cancer cases and healthy
controls were 3,580 and 3,827 respectively in these nine
case-control studies, which evaluated the relationship
between p53 codon 72 polymorphism and cervical cancer
risk. The publication year of involved studies ranged
from 1998 to 2009. Source of controls was mainly based
on healthy population. Diverse genotyping methods
were mainly used polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). HWE test
was conducted on genotype distribution of the controls
in all included studies. However, there were eight studies
showed evidence of deviation from HWE (P < 0.05).

Quantitative data synthesis
A summary of the meta-analysis findings of the

Figure 3. Subgroup Analysis by Country of ORs with
a Random-effects Model for Associations Between p53
codon 72 Polymorphism and Cervical Cancer Risk
Among Asians under the Dominant Model (Pro/Pro +
Arg/Pro vs. Arg/Arg)

association between p53 codon 72 polymorphism and
gastrointestinal cancer risk is provided in Table 1. The
heterogeneity was significant (P < 0.05), so random effect
models were used. The meta-analysis result showed that
the Pro/Pro genotype was related to cervical cancer risk
under the heterozygous model (Pro/Pro vs. Arg/Pro:
OR =1.25,95%CI: 1.02-1.53, P = 0.005). However, no
statistically significant associations were found under
other four genetic models (Pro vs. Arg: OR =0.97,95%CI:
0.85-1.10, P=0.624; Pro/Pro + Arg/Pro vs. Arg/Arg: OR
=0.84,95%CI: 0.70-1.01, P=0.058; Pro/Pro vs. Arg/Arg
+ Arg/Pro: OR = 1.13,95%CI: 0.92-1.39,P =0.242; Pro/
Pro vs. Arg/Arg: OR=0.97,95%CI:0.76-1.22,P=0.765;
respectively) (Figure 2).

In the subgroup analysis based on country, the results
showed that the Pro/Pro and Pro carrier were significantly
related to cervical cancer risk among Indians (Pro/Pro +
Arg/Pro vs. Arg/Arg: OR =0.54,95%CI: 0.36-0.81,P =
0.003; Pro/Pro vs. Arg/Pro: OR = 1.53,95%CI: 1.00-2.33,
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Figure 4. Sensitivity Analysis of the Summary Odds
Ratio Coefficients on the Association Between p53
Codon 72 Polymorphism and Cervical Cancer Risk
among Asians under the Dominant Model (Pro/Pro +
Arg/Pro vs. Arg/Arg). Results were computed by omitting
each study in turn. Meta-analysis random-effects estimates
(exponential form) were used. The two ends of the dotted lines
represent the 95% CI
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Figure 5. Begger’s Funnel Plot of Publication Bias in
Selection of Studies on the Association Between p53
Codon 72 Polymorphism and Cervical Cancer Risk
among Asians under the Dominant Model (Pro/Pro +
Arg/Pro vs. Arg/Arg). Each point represents a separate study
for the indicated association. Log[OR], natural logarithm of OR.
Horizontal line, mean magnitude of the effect

P = 0.049; respectively), but not among China, Japan
and Korea populations (Figure 3). Further subgroup
analysis by language, the pooled results showed that
there was no significant association between p53 codon
72 polymorphism and cervical cancer risk. Furthermore,
in subgroup analysis by HWE test, we found significant
associations between p53 codon 72 polymorphism and
cervical cancer risk (Table 1).

Sensitivity analysis

Sensitivity analysis was performed to assess the
influence of each individual study on the pooled ORs
by omission of individual studies. The analysis results
suggested that no individual study significantly affected
the pooled ORs under dominant model of p53 codon 72
polymorphism (Figure 4), indicating that our results are
statistically robust.
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Publication bias

Publication bias exists to the extent that available
research results are unrepresentative of all research results.
Begger’s funnel plot and Egger’s linear regression test
were performed to assess the publication bias of included
studies. The shapes of the funnel plots did not reveal any
evidence of obvious asymmetry under dominant genetic
model (Figure 5). Egger’s test also showed that there was
no significantly statistical evidence of publication bias for
any of the genetic models (all P> 0.05).

Discussion

There is growing evidence that genetic variation
plays an important role in the determination of
individual susceptibility to complex disease traits.
Functional polymorphisms, which affect the regulation
of gene expression, can contribute to differences between
individuals in susceptibility to various cancers (Ye, 2000).
Several studies have shown that SNPs in the p53 gene
are associated with the production of the p53 protein in
cervical carcinogenesis (Risinger et al., 1992; Sherman,
2000). Expression of the p53 protein was associated with
both poor prognosis and metastasis in cervical cancer
(Ozalp et al., 2003). Recently, a number of molecular
epidemiological studies have been conducted to examine
the association between p53 codon 72 polymorphism
(Arg72Pro, rs1042522 G>C) and cervical cancer risk.
Roh et al have demonstrated that there is a significant
association between p53 gene polymorphisms and cervical
cancer risk in Korean women (Roh et al., 2004). Other
genetic studies also confirmed that the Pro/Pro genotype
of p53 codon 72 polymorphism may increase the risk of
cervical cancer in Japanese populations and p53 gene
polymorphisms appear to be related to a higher grade of
cervical cancer (Ashton et al., 2009; Nunobiki et al.,2009).
However, Zubor et al did not demonstrate any significant
association between p53 codon 72 polymorphism and
the risk of cervical cancer in Caucasians (Zubor et al.,
2009). Therefore, the possible influence of p53 codon
72 polymorphism on p53 production as well as tumor
development and progression in cervical cancer is still
controversial. It was necessary to investigate the influence
of p53 codon 72 polymorphism on susceptibility to
cervical cancer by means of meta-analysis.

Our meta-analysis quantitatively assessed the
association between p53 codon 72 polymorphism and
cervical cancer risk among Asians. Finally, 28 case-
control studies were included and comprised a total of
3,580 cervical cancer patients and 3,827 healthy controls.
Meta-analysis results showed that the Pro/Pro genotype
of p53 codon 72 polymorphism was significantly related
to cervical cancer risk among Asians, suggested that the
Pro/Pro genotype may be a risk factor. In addition, we
performed subgroup analysis based on country. The results
showed that the Pro/Pro and Pro carrier may be risk factors
for cervical cancer among Indians, while no associations
were found among China, Japan and Korea populations,
suggesting a possible role of geographical differences
in genetic backgrounds and the environment they lived
in. Such evidence on the functionality of p53 codon
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72 polymorphism may lead to a better understanding
of cervical cancer biology and behavior. It was also a
strong rationale for the development of novel anti-cancer
drugs interfering with p53 protein production in cervical
carcinogenesis.

In interpreting our results of the current meta-analysis,
some limitations need to be addressed. Firstly, the
sample size is still relatively small and might not provide
sufficient power to estimate the association between
p53 codon 72 polymorphism and cervical cancer risk
among Asians. In addition, the selection bias may exist
because of the differences in the source of controls or
detection samples. Besides, our meta-analysis was based
on unadjusted ORs estimates because not all published
presented adjusted ORs or when they did, the ORs were
not adjusted by the same potential confounders, such as
age, gender, geographic distribution, etc. Nevertheless,
it is well acknowledged that many other factors, such as
gene-gene or gene-environment interaction may affect
the risk of cervical cancer. Finally, although all cases and
controls of each study were well defined with similar
inclusion criteria, there may be potential factors that
were not taken into account that may have influenced our
results. In spite of these limitations, our meta-analysis
still had some advantages. To the best of our knowledge,
this is the first meta-analysis of the relationship of p53
codon 72 polymorphism and cervical cancer risk among
Asians. It is worthwhile to mention that we established
perfectly searching strategy based on computer-assisted
and manual search, which allowed the eligible studies
included as possible as it can. By this means, the quality of
studies included in current meta-analysis was satisfactory
according to our selection criteria. Besides, explicit
methods for study selection, data extraction, and data
analysis were well designed before initiating. Last but
not the least, there was no evidence of publication bias in
this meta-analysis and the sensitivity analysis indicated
that the results are statistically robust.

In conclusion, our meta-analysis indicates that
p53 codon 72 polymorphism might be associated with
increased risk of cervical cancer, especially among
Indians. As few studies are available in this field and
current evidence remains limited, this conclusion should
be further confirmed by large case-control studies with an
adequate methodological quality and properly controlling
for possible confounds.
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