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Abstract

Objective: This meta-analysis was conducted to examine the possible association between
serum zinc concentration and cervical cancer risk.

Methods: PubMed, WanFang, China National Knowledge Infrastructure, and SinoMed databases
were searched for relevant articles published between January 1980 and September 2017. Results
were combined using a random-effects model, and pooled standardized mean differences (SMD)
and 95% confidence intervals (Cl) were calculated to compare serum zinc levels in patients with
cervical cancer versus controls. Publication bias was evaluated using Begg’s funnel plot and Egger’s
regression asymmetry test.

Results: Twelve articles regarding serum zinc levels and cervical cancer were included in this
meta-analysis. Combined results showed that serum zinc levels in cervical cancer cases were
significantly lower than in controls without cervical cancer (summary SMD -1.379, 95% CI
—1.527, —1.231), with high heterogeneity (I>=98.8%). Analysis of data stratified by geographic
location showed a significant association between serum zinc levels and cervical cancer risk in
Asian populations (summary SMD —1.391, 95% CI —1.543, —1.239).

Conclusions: Higher serum zinc levels may be a protective factor for cervical cancer in
Asian women.
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Introduction

In 2016, cervical cancer was rated as one of
the most common gynaecological cancers
worldwide and the third leading cause of
cancer-related death among women in devel-
oping countries.! Although cervical cancer
incidence and mortality rates have decreased
due to improvements in diagnostic techniques
and treatment strategies, the overall progno-
sis of patients with cervical cancer remains
poor, particularly in developing countries.*
Studies have suggested that cervical cancer
is related to genetic factors,*> and that micro-
nutrients also play a role in the development
of cervical cancer.®’ Zinc is used for cell
growth and is also useful in maintaining the
integrity of cell membranes, therefore, cancer
cells may absorb zinc from the circulation to
maintain cancer growth and membrane integ-
rity.® Zinc ions (Zn®>") have also been sug-
gested to inhibit viral replication and
various other viral functions in many virus-
es.”!” However, to the best of the present
authors’ knowledge, there is no published
comprehensive meta-analysis specifically con-
cerning the association between serum zinc
levels and cervical cancer risk. Thus, the
aim of the present study was to clarify poten-
tially inconsistent results and compare serum
zinc levels between patients with cervical
cancer and controls without cervical cancer.

Materials and methods

Literature search

The PubMed, WanFang, China National
Knowledge Infrastructure (CNKI) and

SinoMed databases were searched for per-
tinent studies published between January
1980 and September 2017, using the follow-
ing search terms: (‘zinc concentration’” OR
‘zinc level” OR ‘zinc® OR ‘Zn’ OR ‘trace
element’) AND ‘cervical’ AND (‘cancer’
OR ‘tumor’ OR ‘carcinoma’). References
cited in the retrieved articles were also man-
ually searched to find any additional rele-
vant articles. Titles and abstracts of articles
retrieved from the database search were ini-
tially screened for eligibility by two inde-
pendent investigators (YX and JW)
according to the inclusion criteria. The
remaining articles then underwent full
paper review, and data were extracted
from articles that still met the inclusion cri-
teria and were included for meta-analyses.

Inclusion and exclusion criteria

Inclusion criteria for this study were as fol-
lows: (1) observational studies or random-
ized controlled trials; (2) studies that
investigated the association between serum
zinc concentration and cervical cancer; (3)
availability of data regarding study group
numbers, and mean + SD serum zinc levels
for cases and controls; (4) human studies;
and (5) studies published in English or
Chinese language.

Articles were excluded if they: (1)
reported on animal or cell (in vitro) studies;
(2) were reviews, letters to the editor or
comments; (3) contained insufficient data
for statistical analyses; and (4) were overlap
studies.
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Data extraction

The following data were extracted by
two independent investigators (YX and
JW) according to a predefined standardized
form: the first author’s last name; publica-
tion year; geographical region for the
study; study type; mean age or age range;
follow-up duration if available; study
group numbers; mean+SD serum zinc
levels for cases (data for zinc levels
following diagnosis and before receiving
treatment were extracted) and controls;
and adjustment for covariates. Any dis-
agreements were resolved by a third review-
er (XZhao).

Statistical analyses

Standardized mean differences (SMD) and
corresponding 95% confidence intervals
(CI) were pooled to evaluate the association
between serum zinc levels and cervical
cancer risk.'" Heterogeneity was evaluated
using the FI° statistic,'”> where F val-
ues < 25% indicated low heterogeneity, F
values 25-50% indicated moderate hetero-
geneity, and I° values > 75% indicated high
heterogeneity.'*> Due to a high level of
between-study heterogeneity in the present
meta-analysis, the random-effects model
was used to combine the results. Meta-
regression analysis was used to explore the
high level of between-study heterogeneity.'*
Sensitivity analysis was performed to eval-
uate the potential effects of individual stud-
ies on the overall results when a single study
was removed.'> Publication bias was evalu-
ated using Begg’s funnel plot and Egger’s
regression asymmetry test.'® All analyses
were two sided, and a P value < 0.05 indi-
cated statistical significance. Statistical
analyses were performed using Stata statis-
tical software, version 12.0 (StataCorp LP,
College Station, TX, USA).

Results

Included studies

The initial database search resulted in 521
articles (169 articles from PubMed, 112
articles from WanFang, 131 articles from
CNKI and 109 articles from SinoMed data-
bases), and an additional two articles were
found through other sources (Figure 1).

Following removal of duplicates, 393
articles remained for initial title and
abstract screening. Forty-two articles

remained after screening and underwent
full text review, which resulted in exclusion
of a further 30 articles due to the following:
15 were review articles, five articles did not
report mean+ SD serum zinc levels, nine
were animal studies, and there was one
letter to the editor. Hence, 12 articles'” %
were suitable for inclusion in the present
study (Figure 1). All the included articles
reported case—control studies. Nine studies
came from China, two from India and one
from the United Kingdom. In total, the
studies comprised 591 patients with cervical
cancer and 946 controls, and the study and
population characteristics are shown in
Table 1.

Serum zinc levels and risk of
cervical cancer

In the overall meta-analysis, patients with
cervical cancer were found to have signifi-
cantly lower zinc levels compared with con-
trols without cervical cancer (summary
SMD -1.379, 95% CI -1.527, —-1.231; Z
score =18.27, P<0.001), with significant
evidence of between-study heterogeneity
(?=98.8%, P<0.001) (Figure 2). There
were 11 studies from Asia and one study
from Europe (UK). In the analysis stratified
by geographic location, a significant associ-
ation was found between serum zinc levels
and cervical cancer risk in Asian popula-
tions (summary SMD -1.391, 95% CI
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Figure |. Flow diagram and results of the literature search for published studies relating to serum zinc

levels and cervical cancer

—1.543, —1.239; Z score=17.92, P <0.001).
The results for the European population
was not further analysed as only one rele-
vant study was included.

Between-study heterogeneity

Significant evidence of between-study het-
erogeneity appeared when the overall data
were pooled. Therefore, univariate meta-
regression, with publication year, geograph-
ic location and case numbers as covariates,
was performed to explore the reason for

high heterogeneity. None of the investigat-
ed covariates were found to have contribut-
ed to the high heterogeneity level
(publication year, P=0.231; geographic
location, P=0.237; and case num-
bers, P=0.291).

Publication bias and sensitivity analysis

Egger’s regression asymmetry test indicated
significant publication bias in the overall
analysis (P=0.025). When a trim and fill
method was used to adjust for the
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Figure 2. Forest plot showing meta-analysis of published studies regarding the association between serum
zinc levels and cervical cancer risk. Data presented as standardized mean difference (SMD) with corre-
sponding 95% confidence intervals (Cl); The size of the grey square for each study is proportional to the
sample size, and the horizontal line represents the 95% Cl of the SMD

significant publication bias, the pooled
result remained significant (SMD -1.281,
95% CI -1.436, —1.116; P for Egger’s
regression asymmetry test=0.191).

The sensitivity analysis, in which one
study was removed at a time, showed that
no single study was responsible for the
overall result. Summarized SMDs remained
statistically significant, and ranged from
—1.665 (95% CI —1.831, —1.500) to —1.182
(95% CI —1.331, —1.032) when one study
was removed at a time.

Discussion

A total of 12 case—control studies were
identified that investigated the association
between serum zinc levels and cervical

cancer risk. Results from the present
meta-analysis suggested that serum zinc
levels in patients with cervical cancer were
significantly lower compared with controls.
Sub-analysis of studies in Asian popula-
tions revealed the identical result.

A previously published meta-analysis of
six studies indicated that serum folate defi-
ciency may increase cervical cancer risk
among Asian populations.” Other studies
have suggested that serum vitamin A
levels and serum vitamin E levels were
also inversely associated with cervical
cancer risk.>>** In addition, a study that
investigated the association between trace
elements and cervical cancer risk concluded
that serum selenium exposure may be a pro-
tective factor for cervical cancer.®
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The results obtained in the present meta-
analysis of serum zinc levels were consistent
with these published studies.

The role of zinc in cell growth and divi-
sion, as well as in basal homeostasis is of
key importance.’’ Zinc deficiency has
adverse consequences, particularly on
immune functioning, and zinc is one of
the rare elements whose serum level changes
are effective in oxidation and regeneration
processes, as well as in carcinogenesis.
Moreover, zinc may directly prevent DNA
damage and eventually gene mutation, and
in this way, the element is thought to
decrease the risk of cancer.?

In the present meta-analysis, a high level
of between-study heterogeneity was found
regarding the association between serum
zinc levels and cervical cancer risk.
Between-study heterogeneity in meta-
analyses is said to be a common phenome-
non,>* and it is essential to explore any
existing heterogeneity between the studies.
In the present study, meta-regression was
used to explore the causes of heterogeneity,
however, none of the covariates investigat-
ed (publication year, geographic location
and case numbers) were found to have con-
tributed to the observed heterogeneity.
A sensitivity analysis was subsequently con-
ducted to evaluate the stability of pooled
results, in which one study was removed
at a time, and revealed that no individual
study had potential effects on the overall
result. It should be noted, however, that
genetic or environmental factors would
also affect the occurrence of cervical cancer.

A highlight of the present study is that to
the best of the authors’ knowledge, this was
the first meta-analysis concerning the asso-
ciation between serum zinc levels and cervi-
cal cancer risk. Secondly, a positive result
was found, which may provide data to sup-
port further studies regarding cervical
cancer prevention. Thirdly, although the
number of cervical cancer patients and con-
trols in each study was relatively small,

these studies were pooled to obtain a more
comprehensive result using meta-analysis.
In addition, no single study was found to
have a key impact on the whole pooled
result, and although evidence of significant
publication bias was found, no bias was
observed when using the trim and fill anal-
ysis to adjust for the high publication bias.

Some limitations regarding the present
results should be mentioned. First, all the
included studies were case—control studies,
which may produce selection bias and recall
bias. Case—control studies are an important
observational research method, however,
further studies with a prospective design
would be of benefit to confirm the present
result. Secondly, almost all of the included
studies were from Asia, and only one study
came from Europe (UK). Therefore, the
present result is more representative of
Asian populations. Further studies in
other countries are warranted to confirm
the present results in terms of the wider
population. Thirdly, only studies that were
published in English or Chinese language
were included, and evidence of publication
bias was found, however, as mentioned
above, the bias was not significant when
the trim and fill method was used to
adjust for this high bias, and the pooled
outcome was not changed. Fourthly, only
one article (Naidu et al., 2007)*° presented
detailed data on cervical cancer stages
(stage I, II, IIT and IV). Some articles
reported the cervical cancer grade in
patients, but did not report detailed data
on the grade. Therefore, more studies are
required that report detailed data regarding
stage, grade, and type of cervical cancer in
order to further assess the association
between serum zinc levels and cervical
cancer risk.

In conclusion, higher serum zinc levels
may be a protective factor for cervical
cancer in Asian women. Further studies
that include populations from other
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countries

and ethnic backgrounds are

required to validate the present results.
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