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Abstract
Background: Serbia is one of the countries with highest incidence and mortality rates for cervical cancer in
Central and South Eastern Europe. Introducing a risk index could provide a powerful means for targeting groups
at high likelihood of having an abnormal cervical smear and increase efficiency of screening. The aim of the
present study was to create and assess validity ofa index for prediction of an abnormal Pap test result. Materials
and Methods: The study population was drawn from patients attending Departments for Women’s Health in two
primary health care centers in Serbia. Out of 525 respondents 350 were randomly selected and data obtained
from them were used as the index creation dataset. Data obtained from the remaining 175 were used as an index
validation data set. Results: Age at first intercourse under 18, more than 4 sexual partners, history of STD and
multiparity were attributed statistical weights 16, 15, 14 and 13, respectively. The distribution of index scores
in index-creation data set showed that most respondents had a score 0 (54.9%). In the index-creation dataset
mean index score was 10.3 (SD-13.8), and in the validation dataset the mean was 9.1 (SD=13.2). Conclusions:
The advantage of such scoring system is that it is simple, consisting of only four elements, so it could be applied
to identify women with high risk for cervical cancer that would be referred for further examination.
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Introduction
Due to high incidence and mortality rates, cervical
cancer represents significant public health problem
around the world. Serbia is one of the countries with
highest incidence and mortality rates in Central and
South Eastern Europe (Vrdoljak, et al., 2011). Despite
some efforts and pilot projects, organized screening for
cervical cancer failed to cover significant proportion
of women (Kesic et al., 2012; Schoueri-Mychasiw and
McDonald, 2013). Evidence from research showed
that some factors significantly increase risk for cervical
cancer, and these findings could help health professionals
to focus preventive efforts. Sexual behaviors such as
number of lifetime sexual partners, becoming sexually
active at early age, history of sexually transmitted diseases
(STD) were consistently found to be associated with
increased risk for cervical carcinoma (Stone et al., 1995;
International collaboration of Epidemiological Studies
of Cervical Cancer, 2006, 2007, 2009; Reich, 2005).
Multiple sexual partners of woman’s partner, along with
partner’s history of sexually transmitted disease and
history of intravenous drug use, were also identified as
important risk factors (Maree et al., 2011; Remschmidt

et al., 2013). Along with sexual behavior, some other
characteristics proved to be significant for the occurrence
of cervical cancer, such as multiparity, smoking and lower
educational status (Corral et al., 1996; Sherris et al., 2009;
Raychaudhuri and Mandal, 2012). Numerous studies have
established positive association between duration of oral
contraceptives use and increased risk for cervical cancer
(Kjellberg et al., 2000; Castellsague and Munoz, 2003;
Smith et al., 2003).
Despite wide range of studies assessing individual
risk factors associated with cervical carcinoma, only
few studies attempting to calculate composite risk index
could be identified. Wilkinson et al. (1994) constructed
a scoring system by calculating number of selected risk
factors. Introducing such index could provide powerful
means for targeting groups at high risk of having abnormal
cervical smear and increase efficiency of screening. Patil et
al created a risk scoring system for prediction of cervical
cancer using only demographic variables of women (Patil
et al., 2006). Within the CARE study, Ritter et al developed
and validated risky sexual behavior risk index for cervical
cancer, based on sexual behavior of the respondents, and
using self-reported Pap test results as outcome measure
(Reiter et al., 2009).
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Our aim was to create and assess validity of index for
prediction of abnormal Pap test using both demographic
and sexual behavior characteristics of women.

Materials and Methods
The study population was drawn from the patients
attending departments for women’s health in two primary
health care centers in Serbia. All women who visited
department for women health during three month period
(1.1.2013-31.3.2013) were selected and their medical
records were reviewed for eligibility. Inclusion criteria
were: attending primary care gynecologist and having
medical records for at least three years, age 18 years and
over, not pregnant at the moment of study, not having had
hysterectomy, not being diagnosed with invasive cervical
cancer. Total number of enrolled patients was 525. All
women were informed about the study and signed consent
to participate.
Ethical committee of the Faculty of Medicine, University
of Belgrade has approved the study (Decision number
29/1-15).
Data were obtained using specially designed and
pretested questionnaire, as well as patient’s medical
records. Data regarding socio-demographic characteristics
of patients and their behavior was obtained using
questionnaire. Data regarding Pap test results were taken
from medical records and filled in by the gynecologist.
As abnormal Pap test results we considered grade III, IV
and V.
As risk factors in present study we analyzed factors
which, in previous research, showed significant association
with cervical cancer, as well as socio-demographic
characteristics. We analyzed: education, marital status
(widow, separated, single vs. married), self-assessed
socio-economic status (very bad/bad vs. good/very good),
low education (elementary or less vs. higher education)
multiparity (more than three), ever smoker (smoked at
least 100 cigarettes in lifetime), number of lifetime sexual
partners (>4 vs. ≥4), sexual partner with history of sexually
transmitted disease (STD), personal history of STD, age at
first sexual intercourse (<18 vs. ≥18), age at first delivery
(<18 vs. ≥18), use of condom (inconsistent vs. consistent),
use of oral contraceptives (>5 years), sexual partner with
history of injecting drug use.
Statistical analysis
Out of 525 respondents 350 were randomly selected
and data obtained from them were used as index creation
dataset. Data obtained from the remaining 175 were used
as index validation data set.
Risk factor index creating
In order to analyze significance of socio-demographic
and risk factors, univariate logistic regression was
performed with Pap test result as dependent variable.
Variables with statistically significant association with
abnormal Pap test (grade III, IV and V) were then used
to obtain logistic regression model containing eight
risk factors as independent, and abnormal Pap test as
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dependent variable. The model was constructed to
determine association of each risk factor with abnormal
Pap test, while controlling for all other factors. Risk factors
found to be significantly associated were included in the
final model of logistic regression. In order to calculate the
risk index based on the final model of logistic regression
significant factors in final model were then allotted
weights. The weight for factor was calculated based
on regression coefficient in the final model. Regression
coefficients representing the difference in the log odds
of the occurrence of abnormal Pap test for subjects with
risk factor vs those without, after controlling for the
confounding effects of the covariates in the model.
In order to make risk score more simple to calculate
in every day practice, we used linear transformation for
weights using the following formula:
Weight=bx10. (Patil et al., 2006). Weights were
assigned to risk factors, and calculated for each
respondent. For each risk factor respondent was assigned
appropriate weight, if she had reported having risk, or 0 if
not. Total index score was calculated by adding weighted
risk factors for each respondent. Sensitivity and specificity
of the index were calculated and Receiver Operating Curve
was constructed and used to identify cut-off point.
Index validation
The validation dataset was used to validate risk factor
index. Univariate logistic regression was performed using
Pap test as dependent and risk index as independent
variable. Hosmer-Lemeshow test was used to assess
goodness-of-fit.

Results
Demographic characteristics of respondents are
presented in Table 1. Mean age of respondents was 40.5
(SD 10.8), 30% perceived their socioeconomic status as
bad or very bad. Women included in the analyses were
most likely to have had secondary level of education
(57.1%). One third of respondents were single/divorced/
widowed.
Distribution of risk factors is presented in Table 2.
Most prevalent risk factors were inconsistent condom use
Table 1. Socio-Demographic Characteristics of the
Respondents
Characteristic

Index Creation
Dataset

Validation
Dataset

Age (Mean, Sd)
40.0 (10.8)
41.6 (10.8)
Self-Assessed Socio-Economic Status		
Very Good
53 (15.3%)
26 (14.9%)
Good
202 (58.4%)
106 (60.9%)
Bad
77 (22.3%)
33 (19.0%)
Very Bad
14 (4.0%)
9 (5.2%)
Education		
Elementary
41 (11.7%)
17 (9.7%)
High School
203 (58.0%)
97 (55.4%)
College/University
106 (30.3%)
61 (34.9%)
Marital Status		
Single/Divorced/Widowed 114 (32.6%)
53 (30.3%)
Married/Common Law
236 (67.4%)
122 (69.7%)
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(82.0%), smoking (53.0%) and having had first intercourse
under the age of 18 years (22.5%).
Univariate logistic regression models were created for
all socio-demographic and risk factors as independents
variables, and abnormal Pap test as dependent variable. All
factors that were significantly associated with abnormal
Pap test were included in multiple logistic regression
model, as independent variables and abnormal Pap
test as dependent variable. Multiple logistic regression
model showed that multiparity, more than 4 lifetime
sexual partners, personal history of STD and age at first
intercourse were significantly associated with abnormal
Pap test, even when controlling for other factors (Table
3). Final model was created using 4 before mentioned
risk factors as independent variables, in order to obtain b
coefficients. Final model was used to calculate weights
for risk factors. Weights were derived from b coefficients
(Table 3). Age at first intercourse under 18, more than
Table 2. Frequency of Risky Sexual Behavior among
Respondents in Index-Creation and Validation Dataset
Risk behaviour

Index creation
dataset

Validation
dataset

Multiparity
44 (12.6%)
15 (8.7%)
Ever smoker
190 (54.3%) 88 (50.3%)
Number of sexual partners >4
68 (19.4%) 30 (17.1%)
Sexual partner with STD
11 (3.1%)
7 (4.0%)
Sexual partner IV drug user
3 (0.86%)
0
History of STD
42 (12.0)
23 (13.1)
Age at first intercourse<18
89 (25.4%) 39 (22.3%)
Age at first delivery<18
29 (8.3%) 18 (10.3%)
Inconsistent condom use
284 (81.14%) 147 (84.0%)
Use of oral contraceptives >5 years 10 (2.86%)
1 (0.57%)

Table 3. Multiple Logistic Regression Coefficients and
Weights for the Risky Sexual Behavior in the Index
Creation Dataset (n=350)
Risk behavior

b

sig

Marital status (not in the relationship) 0.253
0.511
Multiparity
1.413
0.002
Ever smoker
0.043
0.91
Number of sexual partners >4
1.445
0
Sexual partner with STD
0.439
0.609
History of STD
1.263
0.009
Age at first intercourse<18
1.675
0
Age at first delivery<18
-0.279
0.757
Final model			
Multiparity
1.297
0.003
Number of sexual partners >4
1.522
0
History of STD
1.398
0.001
Age at first intercourse<18
1.637
0

weight

13
15
14
16

Table 4. Sensitivity and Specificity of Index in IndexCreation Sample
Value

Sensitivity

Specificity

Cohen’s Kappa (SE)

≥6.5
13.5
14.5
15.5
22
28.5
29.5
30.5

0.794
0.73
0.714
0.683
0.603
0.603
0.54
0.508

0.624
0.697
0.739
0.812
0.927
0.934
0.965
0.976

0.2627 (0.0436)
0.2979 (0.0471)
0.3348 (0.0488)
0.4084 (0.0514)
0.5435 (0.0534)
0.6687 (0.0754)
0.5722 (0.0523)
0.568 (0.051)

4 sexual partners, history of STD and multiparity
were attributed statistical weights 16, 15, 14 and 13,
respectively. The distribution of index scores in indexcreation data set showed that most of respondents had
score 0 (54.9%).
In index-creation dataset mean index score was 10.3 (SD13.8), and in validation dataset mean was 9.1 (SD=13.2)
The ROC curve was constructed from index-creation
dataset, and area under the curve was 0.808. Sensitivity
and specificity for selected cutoff points are presented in
Table 4. Maximum Cohen’s Kappa score was at the value
of index of ≥28.5. This was validated in index-validation
dataset, where overall predictive accuracy of the risk
scoring system calculated with Wilcoxon statistics was
0.926 (CI 0.823-0.957).
The Hosmer-Lemeshow goodness-of-fit test didn’t
indicate a lack of fit in index-validation dataset (n=175,
p=0.130), successfully validating scoring index created.

Discussion
The overall objective of this study was to create and
validate an index to identify women with high risk of
cervical cancer based on known risk factors for cervical
cancer. As the study was cross sectional, we used
abnormal Pap test as proxy for risk of cervical cancer.
We included in the analysis known socio-demographic
and behavioral factors (Raychaudhuri and Mandal, 2012;
Antic et al., 2014). Regarding demographic characteristics
of the respondents being single (never married, divorced
or widowed) as well as multiparity were significantly
associated with abnormal Pap test in univariate analysis.
However, after controlling for other behavioral factors
marital status was no longer significantly associated with
abnormal Pap test. The explanation is probably that marital
status has high correlation with some behavioral factors.
Multiparity remained significant and was included in the
final model. Significance of multiparity was recognized
by other researchers as well (Patil et al, 2006; Uysal and
Birsel, 2009; Paçarada et al, 2010). Looking at behavioral
risk factors smoking (Sherris et al, 2009; International
collaboration of Epidemiological Studies of Cervical
Cancer, 2006; Collins et al, 2010), life-time number of
sexual partners (Maree et al, 2011; Reiter et al, 2009;
Petry et al, 2013), personal history of STD (International
collaboration of Epidemiological Studies of Cervical
Cancer , 2009; Al-Daraji and Smith, 2009), as well as
sexual partner with history of STD (Maree et al, 2011;
Reiter et al, 2009), age at first intercourse (Stone et al,
1995; International collaboration of Epidemiological
Studies of Cervical Cancer , 2009) and age at first delivery
under 18 (International collaboration of Epidemiological
Studies of Cervical Cancer, 2006) were significantly
associated with abnormal Pap test, which was consistent
with findings in previous studies. However, having sexual
partner with history of intravenous drug use was indicated
in previous studies as significantly associated with cervical
cancer (Reiter et al, 2009; Cole et al, 2007; Conti et al,
1993), in our study only three respondents indicated
having had sexual partner with history of drug use. In
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the final model four factors were extracted representing
the main contributors associated with the abnormal Pap
test: multiparity, more than 4 lifetime sexual partners,
personal history of STD and having had first sexual
intercourse before age of 18. Taking into account these
four factors it was possible to predict abnormal Pap test in
the validation dataset with the overall accuracy of 0.926.
The value of index of 28.5 or above was the point from
which there was significantly higher risk of abnormal Pap
test. Combination of having had first intercourse before
age of 18 with any other risk factor, or having more than
four lifetime sexual partners combined with a personal
history of STD renders a woman at higher risk of having
abnormal Pap test.
Authors stress the importance of sexual partner‘s
behavior as risk factor for cervical cancer in women (18).
We did not include them in the index as those factors
were not significantly associated with abnormal Pap
test. The explanation is probably related to very small
number of respondents who indicated that they have had
sexual partner with history of STD or sexual partner with
history of intravenous drug use. Such a small percentage
is probably underestimated due to either reluctance of
respondents to reveal it to investigators or the fact that
they were not aware of their partner’s risk behavior.
In our study we created risk index using combined
demographic and sexual behavior factors. Even though
some studies used self-reported Pap test results (Reiter
et al., 2009), we decided to use Pap test results from the
respondents’ medical records. It has been demonstrated
that self-report is much less valid than medical records
(Schroder et al., 2003; Nelson et al., 2009; Lofters et al.,
2013).
The advantage of such scoring system is that it is
simple, consisting of only four elements, so could be
applied to identify women with high risk for cervical
cancer that would be referred for further examination.
It could be especially important in developing countries
where significant proportion of women is not covered with
screening for cervical cancer, particularly in rural areas
(Smith et al., 2003; Reiter et al., 2009). Using the index
to assess potential risk for cervical cancer could serve to
identify individuals as well as population groups with
increased risk, and focus educational efforts in order to
stimulate those with increased risk to modify behavior and
undertake Pap test regularly (Reiter at al, 2009).
There were few limitations of this study. The study
population was limited to women who were visiting
gynecologist. Data regarding sexual behavior were
gathered using questionnaire, so the validity of answers
could not be confirmed. Some respondents could have
underreported risk sexual behavior, however the index
was successfully validated in validation dataset indicating
that index could be of use in health care practice. In order
to validate the index for predicting abnormal Pap test,
additional longitudinal studies are preferable.
In summary, our study has identified four risk factors
independently associated with risk for cervical cancer
(early sexual activity, lifetime number of sexual partners,
history of STD and multiparity) which were used to create
risk index. Practical application of the index would be
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simple. It would be serve primary health care workers to
identify women with increased risk for cervical cancer,
which could be significant for health education, screening
recommendation and future research.
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