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Abstract – Background: Breast cancer is the most common cancer among Iranian women.
Therefore, its early diagnosis can reduce death and health costs. There is no specific method or
model for detecting individuals at a high-risk of breast cancer in Iran. Thus, a native model for
detecting groups at higher risk of breast cancer seems necessary. This research was designed to
develop a predictive model for detecting women with high-risk of breast cancer in Iran.
Patients and Methods: With a case control study, we will recruit 1000 women diagnosed with
breast cancer from Tehran’s cancer centers and another 1000 healthy controls from all regions of Tehran City. Data will be collected by a valid and reliable questionnaire consisting of 8 sections: 1) demographic and socio-economic information; 2) data related to pregnancy, medical records and life events;
3) family history of cancer and gynecological diseases; 4) history of drug use and occupational exposures; 5) weight and height measurement; 6) physical activity; 7) use of cigarettes, hookah, alcohol,
narcotics; 8) food consumption. Data analysis will be done with logistic regression models; to check the
appropriateness of the model, both ROC and net reclassification index will be applied. Moreover, h-fold
cross-validation and bootstrap techniques will be applied to examine the validity of the model.
Conclusions: We intend to build a suitable prediction model for detecting high-risk groups
of breast cancer in Iran. The results can be useful to estimate the risk of breast cancer for health
service providers in healthcare centers.
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INTRODUCTION
Nowadays, cancer is one of the main causes of morbidity and mortality and is considered one of the
most important health issues globally1. Among different types of cancers, breast cancer is the second
most common cancer in the world, affecting over 1.67
million people annually2. Worldwide, it is one of the

most common malignancies among women3-5. This
increase is seen especially in Asian countries where
its rate of mortality is raising6. Breast cancer has been
one of the most common types of cancer in Iran7, and
has been a major cost of the healthcare system8,9. The
incidence, morbidity and mortality of breast cancer in
Iran are estimated at 28.3 and 4.33 in every 100000
women, respectively10. Furthermore, the epidemi-
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ologic pattern of breast cancer in Iran differs from
the rest of the world; patients have been diagnosed at
more advanced stages of disease7 at a lower mean age
than the global average rate7,11; thus, a growing incidence in young women has been detected12.
The most important ways to reduce morbidity,
mortality and treatment costs of breast cancer are
the prevention and its early diagnosis, and the treatment in the preliminary stages of disease13. However, screening the entire population in order to identify high-risk individuals is neither cost-effective
nor affordable13,14. Therefore, predictive models are
needed to detect groups at a higher risk of breast
cancer15. Such models have been introduced in various countries across the world16. However, given
different epidemiologic profiles of patients with
breast cancer in different countries, make models
hardly to be replicable across countries17.
Hence, various studies have been conducted to
develop models for detecting groups at high risk of
breast cancer around the world; each reserach has
recommended a model appropriate to the population
under study. The models constructed in European
countries and United States for example, are not appropriate for Asian countries, and each country has
presented a model bearing in mind its own circumstances17-19.
In Iran, there is no method or model with which
groups at a higher risk of breast cancer can be detected, based on which they can be screened. Moreover, the population, risk factors and epidemiologic
distribution of breast cancer differ from the rest of
the world7,11-12. Thus, the models constructed elsewhere are not suitable for the Iranian population and
a native model is necessary.
Cohort studies are more suitable for detecting
high-risk groups and classifying individuals into ill
and healthy. However, they are expensive, time-consuming, and complex. Conversely case control studies are affordable and cost-effective in detecting high
risk groups20. As a result, this study will be conducted
by a case-control design to introduce a suitable model
for detecting groups at higher risk of breast cancer in
Iran, based on receiver operating characteristic curve
(ROC curve) and Net Reclassification Index (NRI).
Moreover we aim to calculate the sensitivity, specificity and validity of the constructed model.

PATIENTS AND METHODS
Patients
This study will be conducted in 2018 as a case control study in Tehran (Iran), a city where reside all
Iranian ethnicities, with a population exceeding 8
million people, approximately 10% of the country’s
entire population.
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Inclusion criteria: Women, Iranian, 25-75 years
old, resident of Tehran, which gave their consent to
participate in the study.
Exclusion criteria: Pregnant women, a woman
who has any other type of cancer – other than breast
cancer, a woman who is undergoing preventive
treatment for breast cancer (including, mastectomy,
tamoxifen, estrogen blockers).

Definition and selection of cases
Here, the cases are women who have a malignant
growth in the breast tissue that has originated from
breast tissue and has been confirmed by mammography, biopsy, and pathologic tests, and/or confirmed by a specialist as a breast cancer patient (new
cases: diagnosed within the last year). The sampling
of these individuals will be an ongoing process
wherein patients will be selected from breast cancer
diagnostic centers in Tehran. Patient selection from
diagnostic and treatment centers will be appropriate
to the share of each center from the total number
of diagnosed breast cancer patients. To this end, the
patients diagnosed in the past year in the main diagnostic centers of breast cancer in Tehran, which
are located in different areas of the city, will be examined, and appropriate to each center’s share of
all patients, ongoing sampling will take place from
each center. Sampling will continue up to completion in each center.
Selection of controls
The controls will be selected from the general population of Tehran who are not affected by breast cancer. The absence of breast cancer will be affirmed by
the person’s self-report (due to the low prevalence of
breast cancer, high costs of diagnosis of the disease
and the harmful nature of diagnostic techniques for
the control group’s self-statement will be chosen as
the grounds for selection. However, if a woman is
suspected to have breast cancer (self-stated) and yet
no definite diagnosis has been given, she will be excluded from the control group).
Selection of controls will be population – based
and probability proportional to size as follows: Tehran will be divided into 22 districts. Stratified sampling will be used to select the controls; each district
will be considered as stratum, and based on 2011’s
population data, the population of each district will
be estimated. Appropriate to the size of each district, individuals will be selected as samples. In
each district, the number of blocks appropriate to
the population of that district will be selected and
20 women will be selected from each block. Within the blocks, one house will be randomly selected based on the houses number, and then sampling
will continue up to 20 houses. After selecting the
house, if an eligible person will exist in that house,
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she will be included in the study; if not, that house
will not be included. If there are two or more eligible
individuals in that house, then one will be randomly
selected by Kish Method (in this case the number of
eligible individuals will be noted down and considered during weighting). In case the eligible person
is absent from the house, three more visits will be
made to the house to complete the questionnaire.

Assessment and measurement
The questionnaire includes: 1) demographic information and socio-economic status; 2) data related to
pregnancy, medical records and life events; 3) family history of cancer and gynecological diseases; 4)
history of drug use and occupational exposures; 5)
weight and height measurement; 6) physical activity; 7) use of cigarettes, hookah, alcohol and narcotics; 8) food consumption (Table 1).
To construct the questionnaire, first, studies on
breast cancer risk factors by using comprehensive
search in international and national database and
variables from other existing models for the detection of groups at a higher risk of breast cancer
were examined; the questions and framework for
the questionnaire were outlined. After preparing
questions and contents of the questionnaire, this was
given to experts in the field of breast cancer (oncologist), an epidemiologist and a methodologist in the
form of an assessment form. They were then asked
to give their opinions regarding the content of the
questionnaire, its comprehensiveness, and clarity of
the questions. Furthermore, the questionnaire was
given to a number of individuals possessing the inclusion criteria to obtain their opinions on the content and face validity of the questions. Their opinions were then applied to the questionnaire, and the
content validity of it was approved through qualitative approach.

Test-retest was applied to examine the reliability
of the questionnaire. To this end, once the validity was approved, the final questionnaire was given
to 30 women who possessed the inclusion criteria
to be completed. Two weeks later, they were given the questionnaire to be completed again. Using
the Intra-class Correlation Coefficient (ICC) and
kappa, the questionnaire was analyzed, and all the
questions that had an ICC and/or kappa greater than
0.7 were considered acceptable and were included21;
questions with low ICCs or kappa (less than 0.7)
were revised.

Statistical Analysis
In this study, the logistic regression model will
be used to construct the model, and different logistic regression models will be examined. Each
model will be assessed in comparison to its previous model. For every new risk factor, one coefficient will be added to the model and the predicted
probability will be estimated based on the logistic
model22. To examine the appropriateness of each
model, net reclassification improvement and ROC
will be used. The net reclassification improvement
(NRI) method is a method for assessing what percentage of individuals are correctly, or incorrectly,
classified from one risk group to another after adding a risk factor.
The NRI and ROC methods have been based on
predicted probabilities. The probabilities predicted
in logistic models of case control studies are incomprehensible. In this study, the baseline risk or intercept will be adjusted to estimate the risk by inverse
probability weighting.
To adjust the baseline risk or intercept, we will
consider the latest incidence of breast cancer in Tehran and the annual percent rise in the final incidence
rate for the year of executing this study.

TABLE 1. Details of the questionnaire.
Section

Subsection Questions
				
Demographic information and socio-economic
Age, marital status, education level, job, ethnicity, insurance status,
status	 socioeconomic status,)
Data related to pregnancy, medical records
History of related disease such as: carcinoma in situ, fibrocystic
and life events	  breast etc…
Life events: such as debt, migration and etc…
History of mammography, breast self-examination, biopsy etc…
Family history of cancer and gynecological
History of breast cancer in the first, second and third relatives,
diseases	  history of ovarian cancer in first and second degree relatives,
	  history of other cancers in the family
History of drug use and occupational exposures Drugs to prevent abortion, medication for regulating menstrual cycle,
	  medication for the treatment of infertility, menopause replacement
	  therapy etc…
Weight and height measurement
Weight, height, body mass index
Physical activity
International Physical Activity Questionnaire (IPAQ)
Use of cigarettes, hookah, alcohol and narcotics Cigarette, hookah, alcohol, drugs
Food consumption
Tea, fruit, greens, meat, beans, snacks etc..
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The following formula will be used to estimate
net reclassification improvement23.
NRI=P (up | event) – p (down | event) +
p (down | nonevent) – p (up | nonevent)
Here, upward movement refers to the predicted
risk change to a higher group, based on the model, and downward movement refers to the opposite
change in risk 23.
Finally, the model with the best prediction (based
on ROC and the significance of the NRI) will be
introduced as the final appropriate model for detecting groups at higher risk of breast cancer. Then, to
ensure its appropriateness for other individuals and
groups, its validity will also be examined.

Examining the validity of the final model
The appropriateness of the model will be determined
based on AUC; thus, upon examining the validity, the
AUC will be compared. Here, the h-fold cross-validation method in which h is equal to 5 will be used, such
that the data will be divided into 5 random and equal
sets. At each stage, one of the sets will be put aside and
the model will be fitted on the remaining data. In each
stage cross-validation will be calculated for each subset and this procedure will be repeated ten times until
the AUC is calculated for the cross-validated set and
will be compared with the ROC of the data24. Furthermore, we will use the bootstrap validation technique
to examine validation in this study. In this method, the
original data set is used to create new random sets by
random sampling with replacement. Usually, a large
number of new data sets are created. Here, we will
have a maximum of 200 separate sets of healthy and
ill individuals. The model will be fitted separately for
each of these 200 sets, and then the AUC will be calculated 200 times and compared with the model’s AUC25.
All the codes required to fit the model, calculate
the diagnostic values and perform cross-validation
will be written by Stata and R software. p-value <
0.05 is considered as significant.
Ethical considerations
This study complies with the Declaration of Helsinki’s principles of treating human subjects and has
been approved by Tehran University of Medical Sciences’ Ethics Board under grant number IR.TUMS.
VCR.REC.1395.1630. We will obtain the subjects
consent to enter the study and the results will be
published as group data; the subjects’ personal data
will remain confidential throughout the study.
DISCUSSION
This study will develop a model for the classification
of women based on their risk of becoming affected
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with breast cancer wherein individuals are divided
into high-risk and low-risk groups. Breast cancer is
on the rise in Iran, and its resultant morbidity and
mortality are high7 since patients used to be diagnosed at more advanced stages of the disease11,12.
Thus, having a simple model for detecting highrisk groups and focusing screening and preventive
services on those groups can lead to a reduction in
health costs and disease complications.
This study will be conducted as a case control
population – based study by adjusting base rate and
will employ a comprehensive questionnaire and use
a large sample size. The latter two are the study’s
strengths. However, being a case control, it has its
own shortcomings. Moreover, people’s genetic characteristics will not be examined, which can also be
considered as limitation. Nevertheless, an appropriate model for primary screening should be cheap and
based on variables that can be easily evaluated with
the least amount of costs. Therefore, this limitation
can be overlooked. Despite the shortcomings, the results of this study can provide a local model for detecting groups at a higher risk of breast cancer in Iran.

CONCLUSIONS
This study intends to build a suitable prediction
model for detecting high-risk groups of breast cancer in Iran. The results can be useful to estimate the
risk of breast cancer for health service providers in
healthcare centers.
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