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Abstract
Objective: To determine the relationship between the serum level of selenium and cervical intraepithelial neoplasia
(CIN). Methods: A case controlled study that compared the serum level of selenium in 45 women with CIN (cases) to
45 women (age matched controls) with normal cervical cytology. Socio-demographic data and information on known
risk factors for cervical cancer among the sample was compared between both groups using inferential statistics.
Results: There was no significant difference in the mean selenium values between the cases and controls [p- 0.076,
95% CI (-15.08 – 0.76)]. However, subgroup analysis showed a statistically significant difference between patients
with normal cervical cytology, CIN I, II and III (p= 0.021). In addition, there was also significant difference in the
selenium level between women with normal cervical cytology and CIN III (p value = 0.016) with a significant inverse
linear trend (p= 0.025). Conclusion: With increasing severity of CIN, a significant reduction in the level of selenium
in serum was observed. This reducing value of serum selenium, a surrogate marker for increased oxidative stress, may
be important factor for the development of persistent HPV infection and in particular high grade CIN III lesions. This
observation requires further research.
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Introduction
Cervical cancer, with an estimated 528,000 new cases
and 266,000 deaths annually, is a leading cause of death
from cancer among women worldwide especially in
developing countries (Franco et al., 2003; Ferlay et al.,
2015). Oncogenic human papilloma virus (HPV) infection
has been established as a ‘necessary’ but not solely
sufficient cause of cervical cancer. About 80% of sexually
active individuals become infected with a high-risk HPV
type with 90% of these infections cleared by immune
responses of the host within two years (Ma et al., 2017).
The exact determinants and mechanisms modulating viral
clearance or persistence (cofactors) are not quite clear.
Therefore, additional research focused on identifying these
additional HPV cofactors for better cervical cancer control
has been advocated (Franceschi et al., 2015; Muwonge et
al., 2016; Chih et al., 2013).
Several studies have linked dietary factors, to cervical
cancers either as promoters or inhibitors of carcinogenesis
(Ozgu et al., 2016; Jia et al., 2016; Cunzhi et al., 2003;
Kim et al., 2003). Selenium an essential trace element and

component of the intracellular antioxidant glutathione
peroxidise enzyme has been shown from several lines
of evidence to have a protective effect against cancer
development (Cunzhi et al., 2003; Kim et al., 2003).
Recent studies suggest that risk of premalignant disease
of the cervix increases with decreasing serum antioxidant
system activity and reduced serum levels of micronutrients
such as selenium and Vitamin E (Kim et al., 2003; Hu et
al., 2017).
Sub-Saharan Africa, with widespread poverty (a risk
factor for micronutrient deficiency) and the highest
incidence of cervical cancer worldwide, has not been able
to implement a successful population based screening
and treatment program for cervical cancer control due to
unavailability of the required resources and a weak health
system infrastructure. Similarly, there is a paucity of
published data on the relationship between HPV infection,
micronutrients such as selenium and the development of
cervical cancer from Africa.
This study was therefore designed to evaluate the
relationship between serum selenium levels in women
with CIN and those with normal cervical cytology. In
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addition, it attempts to explore if any trend exists in the
mean serum selenium values and worsening severity
of CIN. The findings from this work can assist in the
provision of evidence for a nutrient mediated program in
the control of cervical cancer which will be comparatively
cheaper and simpler to implement than existing standards
of care.

Materials and Methods
This study was a case control study conducted at
the Gynae-oncology unit, department of Obstetrics and
Gynaecology, University of Benin Teaching Hospital.,
Nigeria from January 2015 to December 2015. The
Hospital has a comprehensive cervical cancer control
program which includes screening using pap smears,
colposcopy, surgery and radiotherapy. It performs over
1,500 smears and 200 colposcopy evaluations annually.
Approval for the study was obtained from the Ethics and
Research Committee of the University of Benin Teaching
Hospital.
The cases consisted of women referred to the
Gynae-oncology Clinic with an abnormal cervical smear
for colposcopy and directed cervical biopsy which
confirmed CIN. The next consecutive woman seen at
the clinic with a normal Cervical histology served as the
control. Inclusion criteria included women ≤65 years
old attending the Gynae-oncology Clinic and who gave
informed consent to participate in the study.
Pregnant women or persons with chronic illnesses
such as cancer, hypertension, diabetes mellitus, chronic
liver disease, renal failure and those on multivitamin
supplementation were excluded. Interviewer administered
data forms were used to collect information on
socio-demographic and reproductive health characteristics.
The research outcome of interest was the trend in the mean
serum selenium values between the cases and controls and
within the various sub-groups of CIN. Serum selenium
level was determined with the use of the graphite Atomic
Absorption Spectrophotometer (AAS) as described by
Paschal and Kimberly (1986).
For case control studies with two independent samples
and a continuous outcome variable, the minimum sample
size of 86 was calculated for this study (Edwardes, 2001).
It assumed a type I error (α) of 5%, type II error (β) of
20%, a level of significance of 0.05 and case: control
ratio of 1:1. Also, based on a previous work in Southern
Nigeria (Babalola et al., 2003), the mean serum selenium
level of 2.39 (±.33µmol/L) was used with an effect size of
0.33µmol/L considered significant for patients with CIN.
The generated data was analysed with the IBM
Statistical Package for the Social Sciences, version 20.0
(SPSS Inc., Chicago IL USA) using inferential statistics.
Categorical variables were expressed as absolute numbers
with percentages and compared using the Chi square test
or Fisher exact test where appropriate. The magnitude
of observed differences between the variables was
estimated using the odds ratio at 95% confidence interval.
Continuous variables were presented as mean values with
standard deviation and compared with the t test or Analysis
of variance (ANOVA) test. The level of significance was
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set at p<0.05.

Results
Ninety (90) participants were recruited for this
study with 45 cases and 45 controls respectively. The
distribution of CIN sub groups among cases were: 41.6%
CIN I, 35.4% CIN II, 22.8% CIN III. Both groups had
comparable socio-demographic characteristics. There
was no significant difference between the cases and the
controls in terms of their age group, social class and level
of education. The overall mean serum selenium level
for the study population was 55.90±19.14µg/L (range
7.26-90.99 µg/L). The mean value for the cases (with
CIN) was 52.32 ± 20.46µg/L while the value for the
controls with normal cervix (59.49 ± 17.20µg/L). This
difference was not statistically significant {p- 0.076, 95%
Table 1. Risk of CIN for Selected Socio-Demographic
and Clinical Factors
Factor

Case [N(%)]

Control [N(%)]

OR (95% CI)

Marital status
Married

38 (84.4)

34 (75.6)

1

Widow

4 (8.9)

6 (13.3)

2.00(0.37-10.92)

Single

3 (6.7)

5 (11.1)

1.20 (0.13-11.05)

Age at first marriage (years)
<20

7 (16.7)

5 (12.5)

1

21-25

14 (33.3)

15 (37.5)

0.66 (0.16-2.63)

26+

21 (50.0)

20 (50.0)

0.67 (0.18-2.52)

Parity
0

7 (15.6)

7 (15.6)

1

1-4

23 (51.1)

30 (66.7)

1.00 (0.20-4.96)

5+

15 (33.3)

8 (17.8)

4.50 (0.49-41.25)

Age at first childbirth (years)
<20

5 (13.2)

5 (13.2)

1

21-25

13 (34.2)

15 (39.5)

0.76 (0.16-3.66)

26+

20 (52.6)

18 (47.4)

1.10 (0.27-4.49)

>16

39 (86.7)

40 (90.9)

1

£16

6 (13.3)

4 (9.1)

1.67 (0.40-6.97)

Coitarche

Life time sexual partners
1

19 (42.2)

17 (38.6)

1

2–4

23 (51.1)

21 (47.7)

1.08 (0.43-2.72)

3 (6.7)

6 (13.6)

0.52 (0.12-2.20)

>4

Use of oral contraceptives
No

36 (80.0)

35 (77.8)

Yes

9 (20.0)

10 (22.2)

1.17 (0.39-3.47)

Duration of OCP use
Non use

36 (80.0)

35 (77.8)

1

< 2 years

7 (15.6)

7 (15.6)

0.92 (0.30-2.99)

2-10 years

1 (2.2)

1 (2.2)

10+ years

1 (2.2)

2 (4.4)

Monogamy

36(85.7)

38(95.0)

1

Polygamy

6(14.3)

2(5.0)

3.17(0.60-16.72)

0.49 (0.43-5.58)

Type of marriage
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Table 2. Comparison of Mean Serum Selenium Values
between Controls and CIN Subgroups (Using ANOVA)
Histological diagnosis

Number

Mean selenium (SD)
(mg/L)

Normal

45

59.38 (17.39)

CIN I

18

53.43 (17.79)

CIN II

17

59.52 (17.06)

CIN III

11

40.48 (24.67)

Test for trend, 0.025; P value, 0.021

CI (-15.08 – 0.76)}.
In Table 1, the risk of CIN was compared to selected
reproductive health characteristics of the study population.
Although the observed differences between both groups
were not statistically significant, widows were twice
as likely to have CIN compared to married women.
Respondents who reported early sexual debut (<16 years)
had a 2 fold risk for developing CIN compared to those
who did not while women in polygamous marriages were
three times more likely to have CIN. Grand multiparous
women (Para 5 and above) had a 5 fold increased risk of
CIN compared to nulliparous women.
In Table 2, there was a statistically significant
difference in the mean value of serum selenium observed
between the controls and histological subgroups within
the cases (CIN I, CIN II, and CIN III) using the ANOVA
test (p= 0.021). Post Hoc tests still showed a statistically
significant linear trend for serum selenium to decrease
with increasing grade of CIN (p value= 0.025) and a
statistically significant difference between controls (with
normal cervix) and CIN III (p value = 0.016).

Discussion
The results from this study shows that overall mean
value of the serum selenium level reported is comparable
to similar studies from this region of Nigeria (Babalola
et al., 2003; Arinola and Charles-Davies, 2008; Nwagha
et al., 2011; Karaye et al., 2015). Although it is lower
than values reported from Asia and Europe, this may
be explained by the fact that dietary and geographic
factors (soil type) have been documented to influence
levels of selenium in human serum (Thompson et al.,
2002; Coombs, 2001; Stoffaneler and Morse, 2015).
Also, although the cases had lower average selenium
levels than the control group, this difference was not
statistically significant. This implies an acceptance of
the null hypothesis for this study. It is noteworthy that
the case group in this study consisted of both low grade
CIN 1 (majority of whom are able to ultimately clear their
HPV infection) and high grade CIN 2 and CIN 3 who have
a comparatively much high risk for progression of HPV
infection to cervical cancer. Therefore, it is possible that
this combination may have blunted the magnitude and
significance of the observed difference in the selenium
levels between both groups.
A systematic review with meta-analyses on persistent
HPV infection and cervical neoplasia reported that HPV
persistence was strongly and consistently associated with

CIN2 and CIN 3 (Koshiol et al., 2008). It reported that this
association increased with increasing severity of the grade
of CIN. It therefore suggested that, mild disease (CIN1)
may represents currently active but mainly transient HPV
infection that will ultimately regress due to the actions of
other cofactors to HPV infection.
In our study, we noted a trend for a progressive decline
in the mean serum selenium levels from the control
group to increasing severity of CIN. This trend reached
statistical significance between the control group and CIN
3. It is consistent with the results from the meta-analyses
earlier highlighted. Also, a recent meta-analysis on the
relationship between Selenium levels and cervical cancer
using pooled estimates reported serum selenium levels in
cervical cancer cases were also significantly lower than
in controls (He et al., 2017). From an epidemiological
standpoint, the low selenium levels in CIN and Cervical
cancer cases suggests that women with high grade CIN
disease may represent a distinct group from those with low
grade disease. It is possible that they may have peculiar
attributes that puts them at increased risk of cervical cancer
from persistent HPV infection. The significantly reduced
serum selenium levels in these women compared to
controls may represent an impairment in their anti-oxidant
pathway that has been shown to have a protective effect
on the development of human cancers by mopping up
injurious free radicals (Cunzhi et al., 2003; Kim et al.,
2003).
There are limitations to the results from this study. The
sample size was powered to detect significant differences
between women with normal cervices and those with
CIN. It was not powered to detect differences between
sub groups of CIN and the control group. Also, although
an important micronutrient in oxidative metabolism in
humans, there are other important micro nutrients such
as Vitamin A, Vitamin E, Copper and Zinc that help
in oxidative metabolism in the body which were not
investigated in this study. However, our results remain
valid because selenium is an important component of the
most important glutathione antioxidant system in humans.
Although epidemiological evidence currently suggests
that there may be a possible protective effect of anti-oxidant
nutrients in HPV persistence and the risk of developing
of cervical cancer, the exact mechanism how this occurs
isn’t quite clear. The result from this work suggests that
the critical population of interest in the natural history of
HPV infection and progression to cervical cancer may be
among persons with high grade CIN disease. Further well
designed and adequately powered research is required to
effectively explore this observation.
It is our conclusion that the serum selenium levels
differ significantly between women with normal cervices
and those with high grade CIN 3. This difference may be
a pointer to the existence of other biomarkers especially
antioxidant micronutrients that may be important cofactors
that modulate the progression of HPV infection to CIN and
invasive cervical cancer. If so, it presents an opportunity
to use a cost effective and simple intervention like
micronutrient supplementation and dietary advice in the
control and prevention of cervical cancer especially in
Asian Pacific Journal of Cancer Prevention, Vol 20
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sub Saharan Africa which has been unable to replicate
the successes recorded in developed countries using
conventional screening techniques.
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