
Abstract
Elevated Uric acid levels in humans have been associated with

cancer, though the pathogenic mechanism is still unclear. The pres-
ent study attempts to investigate if elevated uric acid levels could
be used to investigate the pre-malignant lesions leading to cervical
cancer. The study which was carried out at the Department of
Obstetrics and Gynaecology, University of Benin Teaching
Hospital Benin City and Department of Chemical Pathology, Edo
University Iyamho, Edo state Nigeria, between August, 2017 and
January 2019, examined the capacity of detecting Cervical
Intraepithelial Neoplasia (CIN) early with serum  uric acid in order
to increase the chances of survival of women at risk. A total of 197
female participants were recruited for the study. Based on histolog-
ical diagnosis, they were grouped as CIN 1, CIN 2 and CIN 3. The
control group were negative for CIN. Venous blood was obtained
from participants and serum uric acid levels were determined using

standard laboratory methods. The benchmark for serum uric acid
levels in diagnosing CIN presented in this study was at 6.55
mg/dL. The probability that uric acid level higher than 6.55 mg/dL
indicate the disease probabilty was 93.1%. The age category within
the CIN group with the highest level of uric acid was 31-40 years
(10.86 mg/dL). The use of serum uric acid as an  excellent  bio-
marker for the diagnosis of CIN is therefore suggested due to its
high sensitivity

Introduction
The incidence of invasive cervical cancer in Sub-Sahara Africa

is on the increase. This is the most common cancer in women glob-
ally.1 It is one of the leading cause of death among the female pop-
ulation in Nigeria.2 This type of cancer being a slow progressive
disease can take from one to numerous years to progress from a
precancerous state to cancer.3 The precancerous state is known as
cervical intraepithelial neoplasia (CIN) and is categorized accord-
ing to the cell abnormality levels CIN 1, CIN 2 and CIN 3.4 

Metabolic related factors have been suggested in the onset of
cancer, including hyperuricemia.5 Recent evidence demonstrated
that elevated serum uric acid is associated with a high risk of  can-
cer incidence.6 There is dearth of  information on the association
between uric acid levels and cervical cancer. Uric acid is the final
metabolite of purine metabolism and is associated with significant
health problems but it can be harnessed into a life line for millions
of women who are potentially at risk of cervical cancer. 

Hyperuricemia is caused by abnormal metabolism of uric acid,
due to either rapid cell turnover as seen in malignancy or poor clear-
ance in patients with renal impairment.7 It can be thought therefore
that elevated uric acid does not cause cancer but the very early stage
of cell malfunctioning causes hyperuricemia. Although serum uric
acid possesses antioxidant properties, increased levels of serum uric
acid can lead to inflammatory response in human body and thus pro-
mote the occurrence of tumors.8 Consequently, serum uric acid ele-
vation can be exploited as a biomarker of disease risk at the connec-
tion of these critical pathophysiologic developments. Investigations
to explore the diagnostic potential of uric acid as an early biomarker
for the diagnosis of Cervical Intraepithelial Neoplasia (CIN) is crit-
ical in the mitigation of cervical cancer. The study therefore exam-
ined the possibility of exploring the benefits of elevated uric acid in
early detection of CIN. 

Materials and Methods
Study location

The study was conducted in the Department of Obstetrics and
Gynaecology, University of Benin Teaching Hospital (UBTH) as
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well as the Metabolic Research Unit of the Department of
Chemical Pathology, Edo University Iyamho, Edo State, Nigeria,
where biochemical analysis of the research participants was done

Participants
A total of 197 female participants were recruited for the study

from August 2017 to January 2019. Based on histological diagno-
sis, they were grouped as CIN 1, CIN 2 and CIN 3. The partici-
pants in the control group were negative for CIN. Cases included
patients with histological diagnosis of cervical intraepithelial neo-
plasm and abnormal Pap smear referred from Gynaecology Clinic,
General Practice Clinic, Community Development Clinic in
University of Benin Teaching Hospital (UBTH) and also referrals
for Colposcopy from private hospitals in Benin City.

Inclusion and exclusion criteria 
The inclusion criteria were patients aged between 18 and 75

years and with histological diagnosis of cervical intraepithelial
neoplasm and abnormal Pap smear referred from Gynaecology
Clinic, General Practice Clinic, Community Development Clinic
in University of Benin Teaching Hospital. The exclusion criteria
for this study included patients with kidney diseases, lead poison-
ing, tumour (e.g. leukaemia, myeloma), psoriasis, alcoholism,
drugs (e.g. salicylate, thiazide diuretics), trauma. Patients on radio-
therapy and chemotherapy were also excluded.

Methodology
Venipuncture was done for all the participants for collection of

blood sample for biochemical analysis. Five mL of blood samples
was collected into a plain tube, allowed to clot and retract, there-
after centrifuged at 2000 rpm for 15 minutes. The serum was col-
lected with Pasteur pipette into a plain tube and then stored at
about – 4 °C until the biochemical analysis was carried out.  Uric
acid was determined using the Enzymatic Colorimetric method. In
this method, the enyzme uricase transforms uric acid in the sample
into Allantoin, Carbon dioxide and Hydrogen peroxide. By the
action of peroxidase and in the presence of phenol-derivative,
DHBS and 4-Aminoantipyrine, Hydrogen peroxide gives a
coloured indicator reaction, which can be measured at 520nm. The
increasing in absorbance correlates with the uric acid concentra-
tion of the sample.9

Data analysis
Data collected were analyzed using SPSS version 20. Results

were presented using Tables, Plates and Graphs. Quantitative vari-
ables were expressed as mean ± standard deviation while qualita-
tive data were presented using frequencies and proportions.

Results
The Socio-demographic data of the study participants showed

that out of 197 participants recruited for the study, 53 were nega-
tive for CIN lesions, compared to 144 that had CIN lesion based on
histological diagnosis (Table 1). The participants were also
grouped according to age, with most of the participants in both
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Table 1. Socio-demographic characteristics of the study population.

                                              CIN group (n=144) Control group (n=53)                           c2                    p-value
                                                                         (n)                     (%)                   (n)                (%)                                                           

CIN.Staus                                    Normal                                0                                0                              53                        26.9                                    0.463                           0.925
                                                      Stage 1                               45                             22.8                             0                            0                                                                               
                                                      Stage 2                               49                             24.9                             0                            0                                                                               
                                                      Stage 3                               50                             25.4                             0                            0                                                                               
Age group (years)                    31-40                                   17                             11.8                            15                        28.3                                    5.784                           0.216
                                                      41-50 yrs                            32                             22.2                            10                        18.9                                                                            
                                                      51-60 yrs                            56                             38.9                            20                        37.7                                                                            
                                                      61-70 yrs                            10                              6.9                              8                         15.1                                                                            
                                                      >70 yrs                               29                             20.1                             0                            0                                                                               
Educational Stage                     Primary Ed.                       58                             40.3                             5                          9.4                                         2                              0.368
                                                      Secondary Ed.                  16                             11.1                            26                        49.1                                                                            
                                                      Tertiary Ed.                       70                             48.6                            22                        41.5                                                                            
Parity                                            1                                            0                                0                               9                           17                                     11.501                          0.175
                                                      2                                            6                               4.2                              0                            0                                                                               
                                                      3                                           24                             16.7                            11                        20.8                                                                            
                                                      4                                           38                             26.4                            17                        32.1                                                                            
                                                      5                                           32                             22.2                             6                         11.3                                                                            
                                                      6                                           19                             13.2                             8                         15.1                                                                            
                                                      7                                            0                                0                               2                          3.8                                                                             
                                                      8                                           22                             15.3                             0                            0                                                                               
                                                      11                                          3                               2.1                              0                            0                                                                               
Unsuccessful conception       0                                          142                            98.6                            49                        92.5                                    4.386                           0.223
                                                      1                                            0                                0                               4                          7.5                                                                             
                                                      2                                            1                               0.7                              0                            0                                                                               
                                                      7                                            1                               0.7                              0                            0                                                                               
Marriage type                            Monogamy                        127                            88.2                            37                        69.8                                      2.4                             0.121
                                                      Polygamy                            17                             11.8                            16                        30.2                                                                            
Smoking habit                            Smokers                            46                             31.9                             7                         13.2                                      2.4                             0.121
                                                      Non Smokers                    98                             68.1                            46                        86.8                                                                            
History of usage of OCP          No history                         66                             45.8                            24                        45.3                                    5.564                           0.234
                                                      <1 year                              68                             47.2                             9                           17                                                                              
                                                      1-3 years                             4                               2.8                              5                          9.4                                                                             
                                                      4-6 years                             0                                0                              12                        22.6                                                                            
                                                      >6 years                             6                               4.2                             3                          5.7                                                                            
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control and CIN groups belonging to the 51-60 years of age cate-
gory. The mean uric acid levels in the control group was 5.68
mg/dL, whereas participants histologically diagnosed with CIN 3
had a mean uric acid level of 10.55mg/dL (Table 2). Participants
diagnosed with CIN 1 and 2 had uric acid levels of 7.68 mg/dL and
7.36 mg/dL respectively. The result in Figure 1 defined the
Receiver Operator Characteristic (ROC) curve for Uric acid
benchmark for possible use as a biomarker to diagnose CIN. The
best model presented in this study of serum uric acid levels for
diagnosing CIN was at 6.55 mg/dL (Table 3).  This model proved
to be a sensitive and specific biomarker as presented in Table 4.
The sensitivity of uric acid as a marker was 93.8% while the speci-
ficity was 81.1%. The probability that serum uric acid level higher
than 6.55 mg/dL indicates the disease (PPV) was 93.1%. However,
the possibility that serum uric acid level <6.55 mg/dL indicates the
absence of CIN (NPV) was 82.7 %. 

Uric acid levels of the control and CIN subjects were assessed
according to age (Table 5). There were significant differences
between the serum uric acid levels of healthy participants in all age
categories examined. There were 20 subjects within 51-60 years of
age histologically classed in the control group with uric acid level
of 7.34 mg/dL while 15 individuals in the control group of ages 31-
40 years had 5.84 mg/dL uric acid level. In the histologically diag-
nosed CIN group, all 144 subjects across all age categories had
uric acid level statistically higher than the benchmark 6.55 mg/dL.
Fifty-six women of ages 51-60 years in the CIN group had 10.14
mg/dL uric acid level, 32 subjects in the CIN group within the ages
of 41-50 years had uric acid level of 7.71 mg/dL. The age category
within the CIN group with the highest serum levels of uric acid
were 31-40 years and 51-60 years (10.86 and 10.14 mg/dL respec-
tively). All participants above 70 years of age (29 women) were
histologically diagnosed of cervical intraepithelial lesions and had
a uric acid level of 8.30 mg/dL. The participants of this study were
separated into CIN and control groups by the gold standard (Pap
smear test) and by serum uric acid levels (Table 6). By gold stan-
dard, 144 women had CIN while 53 participants were healthy
whereas by serum elevated uric acid, 145 women were diagnosed
with CIN and 52 individuals were suggested healthy.

Discussion
The sensitivity of a biomarker is the probability that the test

results will be positive if the disease is present.10 Based on the
result presented by the ROC curve, uric acid was highly sensitive
to CIN and suggested useful as an early marker (Tables 3 and 4).
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Figure 1. Receiver operator curve for uric acid in the possible
diagnosis of CIN.

Table 2. Mean uric acid levels in the study participants.

                                              (n)                   Uric acid (mg/dL)

Normal                                                  53                                        5.68a 
Stage 1                                                   45                                        7.68b 
Stage 2                                                   49                                        7.36b
Stage 3                                                   50                                       10.55c
F-stat                                                       -                                         67.634
p-value                                                    -                                        <0.001
The mean p values with similar alphabet letters do not differ from each other (p>0.05).

Table 3. Coordinates of the receiver operator curve.

Coordinates of the Curve            
Positive if Greater                                                1-
Than or Equal Toa              Sensitivity        Specificity            Difference

2.9000                                                      1.000                         1.000                                  0
6.3000                                                      0.938                         0.321                               0.617
6.4500                                                      0.938                         0.283                               0.654
6.5500                                                     0.938                  0.189                      0.749
6.6500                                                      0.931                         0.189                               0.742
8.7000                                                      0.292                         0.075                               0.216
8.9000                                                      0.292                         0.038                               0.254
10.0000                                                    0.278                         0.000                               0.278
11.1500                                                    0.271                         0.000                               0.271
11.9500                                                    0.132                         0.000                               0.132
13.6000                                                    0.000                         0.000                                  0
The test result variable(s):  Uric acid has at least one tie between the positive actual state group and the
negative actual state group. aThe smallest cutoff value is the minimum observed test value minus 1, and
the largest cutoff value is the maximum observed test value plus 1. 

Table 4. Sensitivity and specificity values for uric acid in the diag-
nosis of cervical intraepithelial neoplasm.

                                                                    Uric acid

AUC                                                                                        0.841
p-value                                                                                 <0.001
Cut-off value                                                                         6.55
Sensitivity                                                                              93.8
Specificity                                                                             81.1
PPV                                                                                          93.1
NPV                                                                                         82.7
Prevalence                                                                            73.1
Likelihood Ratio                                                                108.73
LLA                                                                                        111.24
Cramer's V                                                                            0.75
aOR                                                                                        64.50
RR                                                                                          11.99
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Although, in a study to determine the association of plasma uric
acid levels with an endogenous oxidant in women with cervical
intraepithelial neoplasia, it was reported that Plasma uric acid was
significantly lower in women with CIN without any detectable
alteration in the oxidized form. Findings in the present study dis-
agree and provide evidence that elevated uric acid is a significant
indicator of CIN. It was also suggested by the previously men-
tioned study that alteration in uric acid levels in women with CIN
could not be attributed to abnormal renal function.11 The non-attri-
bution of hyperuricemia in CIN patients to renal abnormality, was
not covered in the scope of this study, though further investigation
into the subject is suggested.

It has been documented that high levels of uric acid can pro-
mote the proliferation of cervical cancer cells, suggesting that uric
acid may be a risk factor for this disease.6 The present study did
not provide evidence to that claim but suggests that rapid turnover
of cells and breakdown of nucleotides at the very early stage of a
premalignant condition may be a risk factor for hyperuricemia.
Consequently, as CIN progresses, hyperuricemia also progresses
(Table 2) leading to cervical cancer. A retrospective meta-analysis
examining 12 prospective studies spanning 632,472 subjects found
that elevated uric acid levels were associated with increased risk of
cancer mortality with a larger effect in females in a variety of can-
cers.12 

In the present study, a fraction of the subjects termed healthy
(38 out of 53 women) by the Pap smear test were found to have
increased uric acid levels. This may have been due to derangement
in uric acid metabolism from any other cause. A previous study
provided evidence of possible reasons for elevated serum uric acid.
They found that patients with increased serum uric acid had
increased rates of proteinuria, metabolic acidosis, osteoporosis,
and anemia.13 Another study highlighted some hyperuricemic dis-
orders such as gout, nephrolithiasis and cases of acute and chronic
kidney disease.14

Apart from disorders correlated with hyperuricemia, increase
in serum uric acid may also be as a result of pro antioxidants pro-
viding defensive guard for the system.  It was hypothesized in
1981 that uric acid provides a primary defense against human can-
cer based on its capacity to scavenge free radicals and also inhibit
lipid peroxidation.15 It is possible that the subjects in the current
study  with elevated uric acid levels without proof CIN lesions may
have had physiological antioxidant function of uric acid. The pro-
tective antioxidant properties of uric acid have been identified in
many different organ systems.16 Uric acid as a diagnostic marker
in the current research was validated in comparison to the gold
standard test (Pap smear) and it was found to be an excellent bio-
marker. It detected 145 women with CIN while Pap smear identi-
fied 144 women.

Study limitations
The index study has some limitations. Firstly, most patients

were unwillingly to participate in the study; however, this did not
affect the quality of the study as the study protocol was followed
strictly. Secondly, all the patients did not adhere to strict dietary
control, which may affect the level of uric acid in the blood.
Finally, the study did not control for other medications the patients
may be on which also may affect uric acid levels.

Conclusions
This  study suggest that serum uric acid level higher than 6.55

mg/d is an indicator for the onset of cervical intraepithelial neo-
plastic lesions and may be used as an alternative to Pap smear test.
However when uric acid is used for screening a population for
CIN, a Pap smear should be employed secondarily to isolate true
CIN patients from patients having hyperuricemia from other health
conditions
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