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Introduction

In 2012, invasive cervical cancer was rated fourth 
among women in the world, with an age-adjusted 
incidence rate of 14.0 per 100,000 (WHO, 2013). Cervical 
Intraepithelial Neoplasia 3 (CIN3) is a local in-situ 
transformation, which represents with abnormal growth of 
squamous cells on the surface of the cervix and is on the 
natural continuum leading from a Human Papillomavirus 
(HPV) infection to cervical cancer. According to the 
Israel National Cancer Registry, in 2012 the age-adjusted 
incidence rate of cervical cancer among Jewish women 
was low (5.1 per 100,000) while that of CIN3 was 
relatively high, 24.5 per 100,000 (ICDC, 2015). 

Risk factors for cervical diseases are divided into 
two major groups: proven and possible. One of the well-
accepted proven risk factor for cervical morbidity is HPV 
infection. The causal relationship between HPV infection 
and cervical cancer has been proven beyond doubt 
(Kirwan et al., 2001; Bosch et al., 2002). Walboomers 
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Abstract

 Purpose: The aim of the study was to identify risk and protective factors/markers for cervical cancer and 
cervical intraepithelial neoplasia 3 (CIN3) in Israeli Jewish women in order to settle the discrepancy of low 
incidence rate of cervical cancer and relatively high incidence rate of CIN3. Materials and Methods: We conducted 
two case control studies, which examined the association between potential risk and protective factors/markers 
for cervical cancer or CIN3 using self administered detailed questionnaires. Results: For studying cervical cancer, 
40 cases and 40 matched controls were interviewed. In the univariable and multivariable analyses older age, 
depression or anxiety and ever smoking seemed to act as independent risk factors/markers, while older age at 
first intercourse was protective. For studying CIN3, 99 cases and 79 controls were interviewed. Multivariable 
analysis has demonstrated that being born in Israel, depression or anxiety and ever smoking were independent 
risk factors/markers for CIN3. Conclusions: The risk factors/markers studied, that were associated with cervical 
cancer or CIN3 among Jewish women in Israel, are similar to those reported in other parts of the world, and 
do not explain the observed discrepancy of high in-situ cervical cancer rates and low invasive cervical cancer 
incidence in Israel. 
Keywords: Cervical cancer - CIN3 - risk factors - case control studies - Israel
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and colleagues (Walboomers et al., 1999) have shown 
in 1999 that 99.7% of women with cervical cancer were 
HPV-positive. They were also able to demonstrate that 
HPV attributable fraction in cancer incidence among 
humans is the highest detected (Walboomers et al., 1999). 
Yet, HPV was defined as a risk factor which is necessary 
but not exclusive nor sufficient for the development 
of cervical cancer (Giuntoli et al., 2008). In addition, 
age is another proven risk factor, since cervical cancer 
occurs mainly in middle life or later, with an average age 
of diagnosis at 52 years. However, there are two main 
incidence peaks: in the age groups 35-39 and 60-64 years 
(Cox, 2006; Giuntoli et al., 2008). Smoking is also a 
proven independent risk factor for cervical cancer through 
genotoxic and immunosuppressive mechanisms (Giuntoli 
et al., 2008). Possible risk factors for cervical morbidity 
includes: low socio-economic status, having sexually 
transmitted diseases, hormonal factors (such as number 
of pregnancies, intake of ovulation-inducing agents, 
exposure to DiEthylStilbestrol, etc.), low compliance 
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to Pap test, younger age at first intercourse, having sex 
with multiple partners and medical conditions such as 
immunosuppression (Sillman et al., 1984; Bornstein et 
al., 1995; Ngelangel et al., 1998; Giuntoli et al., 2008). 
Possible protective factor for cervical morbidity includes 
high consumption of fruits and vegetables and other 
dietary factors (Bornstein et al., 1995; García-Closas et 
al., 2005).

Israel does not have a national cervical cancer 
screening program, and pap testing is opportunistic and 
selective. Hence incidence rates in Israel are expected to 
reflect the natural disease course, as is the case in other 
countries, where higher incidence of pre-malignant and 
in-situ tumors is in correlation with the rates of invasive 
carcinomas. In light of the discrepancy of the relatively 
high incidence of CIN3 and the relatively low incidence 
of invasive cervical cancer in Israel, the aim of this study 
was to explore risk and protective factors associated with 
cervical cancer and CIN3 among Israeli women, in order 
to identify unique exposures that may partially explain 
this picture.

Materials and Methods

Two case control studies based on prevalent cases (due 
to the rarity of the disease) were conducted to detect risk 
factors/markers, the first focusing on invasive cervical 
cancer and the second, on CIN3.

Invasive Cervical Cancer Matched Case-Control Study
Invasive cervical cancer cases were obtained from 

the following clinics: a. Sheba Medical Center (SMC), 
a tertiary hospital in the center of Israel with a turnover 
of around 40 new cervical cancer cases each year. The 
study was presented to patients who attended the onco-
gynecology clinic, after diagnosis and initial treatment. 
The patients were requested by their medical doctors to 
participate in the study after detailed explanation of its 
importance and women who agreed, signed an informed 
consent form and received a self-administered structured 
questionnaire. b. Maccabi Healthcare Services (MHS), 
the second largest Health Maintenance Organization 
(HMO) in Israel, covering approximately 30% of the 
total population. Women diagnosed with invasive 
cervical cancer were asked to participate in the study 
by a specialized gynecologist. After obtaining an oral 
agreement, the questionnaire was mailed to the women 
with a prepaid stamped return envelope. 

Controls were defined as healthy women, who reported 
not having an abnormal Pap test in the last 15 years, and 
who attended their MHS gynecologist for a periodic 
examination. To avoid differences between cases and 
controls in sexual behavior expected between different 
regions in Israel, controls were matched to cases by 
residency.

Sample size was calculated based on the expected 
smoking proportions among cases and controls. For the 
following indices: α=0.05, power (1-β)=0.8, smoking 
proportion of 0.5 among cases and 0.2 among controls, 
2 sided tests, the sample size calculated was 39 in each 
group.

Response rate: In SMC, 50 patients were treated for 
invasive cervical cancer between November 2011 and 
January 2013 (personal communication), of whom 18 
agreed to participate (response rate 36.0%). In MHS, the 
number of women diagnosed with invasive cervical cancer 
between 2008 and 2010 was 119, of them, 9 died, 35 agreed 
to participate but only 22 have sent the questionnaire back 
(response rate 20.0%). Totally, 40 cases participated (total 
response rate: 25.0%). Between July 2010 and December 
2012, 79 controls agreed to participate, representing 30% 
of the women who were asked to participate in the study, 
according to their gynecologist. Of them, 40 controls were 
matched to the cases by address (selecting the control 
living in the immediate vicinity of the case).  

Statistical Analysis: Differences in proportions between 
cases and controls were assessed using the McNemar’s 
test and for continuous variables, using the paired t-test. 
Conditional logistic regression models were used for the 
univariable and multivariable analyses. Matched odds 
ratios (MORs) and 95% confidence intervals (95% CI) 
were calculated for all variables. Multivariable analysis 
included variables which were significantly associated 
with cervical morbidity in the univariable analysis. Effect 
modification and interaction were assessed for each 
covariate associated with morbidity.

CIN3 Case-Control Study
CIN3 cases were obtained from MHS clinic in central 

Israel (Tel-Aviv city) by a specialized gynecologist, who 
contacted patients that underwent conization due to CIN3 
in his clinic and asked them to participate. Women who 
consented to participate received a self-administered 
structured questionnaire. 

Controls were defined as healthy women, who reported 
not having an abnormal Pap test in the last 15 years, and 
who attended their MHS gynecologist for a periodic 
examination. The control participants were not matched 
to the cases.

Sample size was calculated based on the expected 
smoking proportions among cases and controls. For the 
following indices:, α=0.05, power (1-β)=0.8, a smoking 
proportion of 0.4 among cases and 0.2 among controls, 
2 sided tests, the sample size calculated was 82 in each 
group.

Response rate: Between June 2010 and June 2013, 
255 CIN3 cases were treated due to CIN3 in the MHS 
clinic in Tel Aviv, of whom 99 agreed to participate and 
the total response rate was 38.8%. Between July 2010 and 
December 2012, 79 control women agreed to participate, 
representing 30% of the women requested to participate 
in the study by their gynecologist.

Statistical Analysis: Differences in proportions 
between cases and controls were assessed using the 
chi-square test and for continuous variables, using the 
student t-test. Logistic regression models were used for 
the univariable and multivariable analyses. Odds ratios 
(ORs) and (95% CI  were calculated for all variables. 
Multivariable analysis included variables which were 
significantly associated with cervical morbidity in the 
univariable analysis. Effect modification and interaction 
were assessed for each covariate associated with morbidity.
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Table 2. Univariate and Multivariable Conditional Logistic Regression Analyses for Variables Predicting Cervical 
Cancer

Univariate analysis Cases n/N (%) Controls n/N (%) MOR* 95%CI P value
Age (Mean±S.E.) 44.5±1.8 36.1±1.6 1.1 1.0-1.2 <0.01
Birth country (Israel vs. Other)* 23/40 (57.5) 25/40 (62.5) 1.7 0.5-5.6 0.42
Income (<Average vs. ≥Average)* 16/38 (42.1) 9/36 (25.0) 4.3 0.8-22.2 0.08
Performing screening test (mammography or 
pap) routinely (Yes vs. No)* 27/40 (67.5) 26/40 (65.0) 0.3 0.1-1.4 0.13

Age at first intercourse (Mean±S.E.)* 18.2±0.3 19.2±0.6 0.6 0.4-0.9 0.02
Number of sex partners during life (>5 vs. 
≤5)* 18/40 (45.0) 11/40 (27.5) 2.7 0.9-8.3 0.08

Cervical cancer or CIN3 in a family member 
(Yes vs. No)*  4/40 (10.0) 4/40 (10.0) 0.7 0.1-8.0 0.74

Physical illness (Yes vs. No)* 27/40 (67.5) 23/40 (57.5) 1.4 0.4-4.9 0.57
Depression or anxiety (Yes vs. No)* 10/40 (25.0) 2/40 (5.0) 11.6 1.1-120.8 0.04
Sexual transmitted diseases (Yes vs. No)* 11/40 (27.5) 5/40 (12.5) 1.8 0.4-7.7 0.4
Consumption of medications (Yes vs. No)* 25/40 (62.5) 20/40 (50.0) 2.2 0.7-6.7 0.17
Consumption of birth control pills (Yes vs. 
No)* 23/40 (57.5) 28/40 (70.0) 1.4 0.4-4.7 0.6

Contraceptive use (Yes vs. No)* 29/39 (74.4) 24/40 (60.0) 2.4 0.7-8.8 0.17
Smoking ever (Yes vs. No)* 29/40 (72.5) 16/40 (40.0) 4.2 1.3-14.0 0.02
Dietary supplements (Yes vs. No)* 27/40 (67.5) 29/40 (72.5) 0.4 0.1-1.4 0.14
Healthy lifestyle (Yes vs. No)* 30/40 (75.0) 28/40 (70.0) 1.1 0.4-3.7 0.83
High risk sex (Yes vs. No)* 26/40 (65.0) 28/40 (70.0) 1.4 0.4-4.6 0.54
Number of pregnancies (Mean±S.E.)* 3.3±0.5 1.8±0.3 1.2 0.9-1.6 0.12
Multivariable analyses
  Model 1
    Age 1.3 1.1-1.6 0.01
    Age at first intercourse 0.4 0.2-0.9 0.02
    Depression or anxiety 90.8 2.1-4016.1 0.02
    Smoking ever 2.4 0.3-17.2 0.38
  Model 2
    Age 1.2 1.1-1.3 <0.01
    Age at first intercourse 0.7 0.5-1.0 0.08
    Smoking ever 2.6 0.7-9.3 0.15
  Model 3 
    Age 1.2 1.0-1.3 <0.01
    Depression or anxiety 17.8 1.2-271.3 0.04
    Smoking ever 5.5 1.2-25.8 0.03

*Age adjusted; S.E. - Standard Error

Table 1. Demographic Characteristics of Cases (Cervical Cancer and CIN3) and Controls

Cervical Cancer CIN3
Cases (N=40) Controls (N=40) Cases (N=99) Controls (N=79)

Age

Age (mean±Standard 
Error) 44.5±1.8 36.1±1.6 34.0±0.7 34.4±1.1

Age at immigration 
(mean±Standard Error) 30.4±3.2 15.1±2.5 12.1±2.0 15.0±1.8

Birth country Israel 23/40 (57.5) 25/40 (62.5) 81/99 (81.8) 49/79 (62.0)
Other 17/40 (42.5) 15/40 (37.5) 18/99 (18.2) 30/79 (38.0)

Religion Jewish 32/40 (80.0) 40/40 (100.0) 97/99 (98.0) 78/79 (98.7)
Other 8/40 (20.0) 0/40 (0.0) 2/99 (2.0) 1/79 (1.3)

Marital status
Single 4/40 (10.0) 11/40 (27.5) 27/98 (27.6) 29/79 (36.7)

Other (married/widow/
divorcee) 36/40 (90.0) 29/40 (72.5) 71/98 (72.4) 50/79 (63.3)

Education
High school diploma 

or less 23/39 (59.0) 17/39 (43.6) 37/97 (38.1) 33/76 (43.4)

Academic degree 16/39 (41.0) 22/39 (56.4) 60/97 (61.9) 43/76 (56.6)

Income
Beyond average^ 16/38 (42.1) 9/36 (25.0) 11/90 (12.2) 15/69 (21.7)
Equal or among 

average^ 22/38 (57.9) 27/36 (75.0) 79/90 (87.8) 54/69 (78.3)

^ The average income in Israeli in 8,500 New Israeli Shekels
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The questionnaire retrieved data on screening 
tests performance (Pap or mammogram), age at first 
intercourse, number of sex partners, family history of 
cervical diseases, physical illness (headaches, allergy, 
asthma, diabetes, immunodeficiency, autoimmune 
diseases, cancer, any other chronic disease), depression 
or anxiety, sexually transmitted diseases, consumption 
of medications (any medication aimed at treating asthma 
and allergy, non-steroidal anti-inflammatory agents, 
immune system depressants, di-ethyl stilbestrol, anti-
depressants, any other chronic medication), contraceptive 
use, smoking habits, consumption of food supplements, 
health lifestyle (balanced diet and exercising), sex habits, 
number of pregnancies and demographic variables (age, 
country of birth, income, etc.). The questionnaire was 
self-reported, self-administered and anonymous because 
of its intrusiveness.

The study obtained the approval of the Ethics 
Committee of the SMC and the MHS.

Data analysis was performed using SAS software 
release 9.1.3 (SAS Institute Inc., USA). For all statistical 
tests, two-sided p-value of <0.05 was considered 
statistically significant.

Results 

Table 1 presents the demographic characteristics of 
cervical cancer and CIN3 cases and their corresponding 
controls. The mean age of the 40 invasive cervical cancer 
cases was 44.5 years and that of the 40 matched controls 

was 36.1 yaears . The mean age of the 99 CIN3 cases was 
34.0 years while that of the 79 non-matched controls was 
34.4 years. Most patients were Jewish (80.0% of cervical 
cancer and 98.0% of CIN3 cases).

Table 2 presents the univariable and multivariable 
conditional logistic regression analyses for variables 
associated with cervical cancer. The univariable 
analysis traced a significant association with the 
following risk factors/markers: age (Matched Odds 
Ratio (MOR)=1.1, p-value<0.01), depression or anxiety 
(MOR=11.6, p-value=0.04) and ever smoking (MOR=4.2, 
p-value=0.02). Older age at first intercourse (MOR=0.6, 
p-value=0.02) was found to be a protective factor. 
Interaction and effect modification were not detected. In 
the multivariable analyses, these variables continued to be 
significantly associated with cervical cancer in different 
models.

Table 3 presents the univariable and multivariable 
logistic regression analyses for CIN3. The univariable 
analysis traced significant associations with the following 
risk factors/markers: being born in Israel (vs. being born 
in other countries) (OR=2.8, p-value<0.01), number of sex 
partners during life (>5 vs. ≤5) (OR=1.9, p-value=0.04), 
depression or anxiety (OR=3.9, p-value=0.02) and ever 
smoking (OR=2.4, p-value<0.01). Interaction and effect 
modification were not detected. In the multivariable 
analysis, being born in Israel (vs. being born in other 
countries) (OR=2.6, p-value=0.01), depression or anxiety 
(OR=4.4, p-value=0.02) and ever smoking (OR=2.1, 
p-value=0.02) kept their significant association with CIN3.

Table 3. Univariable and Multivariable Logistic Regression Analyses for Variables Predicting CIN3

Cases n/N (%) Controls n/N (%) OR 95%CI P value
Univariable analysis
  Age (Mean±S.E.) 34.0±0.7 34.4±1.1 1.0 0.9-1.1 0.73
  Birth country (Israel vs. Other) 81/99 (81.8) 49/79 (62.0) 2.8 1.4-5.5 <0.01
  Income (<Average vs.≥Average) 11/90 (12.2) 15/69 (21.7) 0.5 0.2-1.2 0.11
  Performing screening test (mammography or pap) 
    routinely  (Yes vs. No) 68/99 (68.7) 52/79 (65.8) 1.1 0.6-2.1 0.69

  Age at first intercourse (Mean±S.E.) 18.3±0.2 18.9±0.4 0.9 0.8-1.0 0.13
  Number of sex partners during life (>5 vs. ≤5) 53/99 (53.5) 30/79 (38.0) 1.9 1.0-3.4 0.04
  Cervical cancer or CIN3 in a family member (Yes vs. No) 12/99 (12.1) 3/79 (3.8) 3.5 0.9-12.8 0.06
  Physical illness (Yes vs. No) 55/99 (55.6) 46/79 (58.2) 0.9 0.5-1.6 0.72
  Depression or anxiety (Yes vs. No) 17/99 (17.2) 4/79 (5.1) 3.9 1.3-12.1 0.02
  Sexual transmitted diseases (Yes vs. No) 21/99 (21.2) 14/79 (17.7) 1.2 0.6-2.7 0.56
  Consumption of medications (Yes vs. No) 46/99 (46.5) 39/79 (49.4) 0.9 0.5-1.6 0.7
  Consumption of birth control pills (Yes vs. No) 88/99 (88.9) 62/79 (78.5) 2.2 0.9-5.0 0.06
  Contraceptive use (Yes vs. No) 73/99 (73.7) 56/79 (70.9) 1.2 0.6-2.2 0.67
  Smoking ever (Yes vs. No) 67/99 (67.7) 37/79 (46.8) 2.4 1.3-4.4 <0.01
  Dietary supplements (Yes vs. No) 65/99 (65.7) 56/79 (70.9) 0.8 0.4-1.5 0.46
  Healthy lifestyle (Yes vs. No) 78/99 (78.8) 60/79 (76.0) 1.2 0.6-2.4 0.65
  High risk sex (Yes vs. No) 86/99 (86.9) 63/79 (79.8) 1.7 0.8-3.7 0.2
  Number of pregnancies (Mean±S.E.) 1.7±0.2 1.5±0.2 1.0 0.9-1.2 0.6
Multivariable analysis
  Birth Country (Israel vs. Other) 2.6 1.3-5.3 0.01
  Number of sex partners during life (>5 vs. ≤5) 1.5 0.8-2.9 0.23
  Depression or anxiety 4.4 1.3-13.5 0.02
  Smoking ever 2.1 1.1-4.1 0.02

S.E. - Standard Error
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Discussion

The aim of this study was to identify risk and protective 
factors/markers for invasive cervical cancer and CIN3 in 
Israel in order to settle the conflict between the relatively 
high rates of pre-malignant morbidity and the relatively 
low rates of invasive tumors in the Jewish population.

Ever smoking was found to be a risk factor for cervical 
cancer and for CIN3. Other studies have also demonstrated 
an association between smoking and cervical disease 
(Trevathan et al., 1983; Castle et al., 2002). In a cohort 
study performed in Portland, Oregon, among 1,812 
women positive for oncogenic-type HPV with a follow 
up that lasted 10 years, the  relative risk (RR) for cervical 
cancer and CIN3 (combined) among smokers compared 
with non-smokers was 3.3 (95% CI: 1.6-6.7) (Castle et 
al., 2002). A case-control study conducted among 374 
cases and 266 controls in the age group of 17-55 years in 
Atlanta, Georgia, found that smoking was associated with 
in-situ cervical cancer, i.e., CIN3 (rate ratio=3.6, 95%CI: 
2.1-6.2), with severe dysplasia (rate ratio=3.3, 95%CI: 1.9-
5.8) and with mild to moderate dysplasia (rate ratio=2.4, 
95%CI: 1.6-3.7) (Trevathan et al., 1983). Previous study 
from the former Soviet Union concluded that smoking 
in itself is not an independent risk factor for CIN2+, but 
is mediated by the presence of high risk HPV (Syrjänen 
et al., 2007). However, a study from North Sweden had 
demonstrated that smoking is independently associated 
with CIN2-3, even after adjustment to HPV (Kjellberg et 
al., 2000). Possible explanations for the association found 
between smoking and cervical morbidity are: (a) Damage 
to the local immune system - a decrease in the number 
of Langerhans cells in the cervix epithelium, which has 
demonstrated an inverse dose-response association with 
the number of cigarettes smoked (Barton et al., 1988). The 
Langerhans cells play an important role in the immune 
system: after identifying an antigen, these cells migrate 
towards the closest lymph node, present the antigen and 
promote the creation of memory cells (Barton et al., 
1988). (b) Direct carcinogenic effects - the carcinogenic 
nitrosamine 4-(methylnitrosamino)-1- (3-pyridyl)-1-
butanone (NNK) found in cigarettes was detected in 
the cervical mucus of women who smoke cigarettes 
(Prokopczyk et al., 1997). Cotinine and nicotine were also 
present in cervical mucus of cigarette smokers (Bornstein 
et al., 1995). These compounds are related to a decline 
in the local protective immune mechanisms (Bornstein 
et al., 1995).

Depression or anxiety were found in the current study 
to be risk markers for cervical cancer and for CIN3. 
Additional studies have demonstrated an association 
between cervical morbidity and anxiety and stress (Coker 
et al., 2003; Pereira et al., 2003; Wang et al., 2005). 
The ASCUS LSIL Triage Study (ALTS) conducted on 
women positive for oncogenic-type HPV found high risk 
for having CIN2 among women who reported higher 
levels of depression (OR=1.9, 95%CI: 1.1-3.1) (Wang et 
al., 2005). A study conducted in South Carolina among 
low income women found that stress plays a role in the 
development of precancerous lesions (Coker et al., 2003). 
A study conducted among 32 African-American and 

Caribbean-American women positive for HPV and HIV 
has shown that psychological stress is a risk marker for the 
development of precancerous lesions (OR=8.6, 95%CI: 
1.1-69.1) (Pereira et al., 2003). Possible explanations for 
this finding are: (a) Depression or anxiety and medical 
therapy for depression and anxiety may have a negative 
impact on the immune system thus impairing its ability 
to eliminate HPV from the body after infection or from 
the formed lesion at a later stage. (b) Depression or 
anxiety may be related to other risk factors that influence 
exposure to HPV, such as smoking and having sex with 
multiple partners. Thus, depression or anxiety may be 
a mediator and not necessarily a direct risk marker. (c) 
Depressed women are less likely to perform routine Pap 
smears (Vigod  et al., 2001) and may be diagnosed only 
after the onset of symptoms. (d) Reversed causality: 
Invasive cervical cancer cases were asked to fill out the 
questionnaire after initial treatment while CIN3 patients 
were asked to do so just before their surgery. Therefore 
the findings may be attributed to the anxiety the patients 
were in because of their physical condition. The question 
whether depression or anxiety precede cervical disease 
or are caused by cervical morbidity is controversial; a 
study from Canada that explored this issue found more 
psychological disorders among women undergoing 
colposcopy assessment, i.e. before they knew their final 
diagnosis (Le et al., 2006). Thus there is high likelihood 
that the explanation to our finding is not circumstantial, 
and in depth study will provide further insight to this 
important issue.

Being born in Israel was found in this study to be 
a risk marker for developing CIN3. This finding may 
be explained by the fact that women born in Israel may 
have a more permissive sexual behavior in comparison 
to those not born in Israel, raising the comprehensive sex 
education issue. Another explanation is the awareness 
of Israel-born women to Pap test, which increases their 
chances of being diagnosed.

Having sex with more than five partners was found to 
be positively associated with CIN3 in the current study. A 
similar association was reported by a study conducted in 
the United Kingdom, that found that the risk for Cervical 
Squamous Cell Carcinoma and Adenocarcinoma was 
higher among women who had sexual relations with 5+ 
partners, compared to only one (Green et al., 2003). This 
finding may be explained by the increased chance of 
acquiring sexually-transmitted HPV infection.

Older age was found in our study to be a risk marker for 
cervical cancer. This issue was already discussed in detail 
by others (Cox, 2006; Giuntoli et al., 2008) and may be 
explained by: (a) There is long latency period between the 
exposure to HPV and the diagnosis of CIN3 and cervical 
cancer. (b) Advancing age is often accompanied by a 
decrease in the immune system function and in its ability 
to cope with abnormal growth of cells. (c) Advanced age 
is associated with higher likelihood of ever being exposed 
to certain risk factors, including HPV, and a cumulative 
effect of these factors may occur. 

We found an inverse association between age at first 
intercourse and the risk for invasive cervical cancer, an 
observation previously reported by others (Ngelangel  
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et al., 1998; Deacon et al., 2000). A case-control study 
nested in the Manchester cohort found that having sex for 
the first time at the age of >21 years was associated with 
lower risk of acquiring CIN3 (OR=0.3, 95%CI: 0.1-0.8) 
(Deacon et al., 2000). A case-control study conducted 
in the Philippines found that women whose first sexual 
intercourse happened at the age of <18 years, had higher 
chance for a Cervical Squamous Cell Carcinoma (OR=5.0, 
95%CI: 3.1-7.9), after adjustment for age (Ngelangel et al., 
1998). Women experiencing their first sexual relationship 
at an older age are probably less exposed to HPV.

The main advantage of the study is the relatively 
large number of CIN3 cases and the variety of risk and 
protective factors/markers for cervical malignancy that 
was examined. 

However, the following limitations should be kept 
in mind: (a) Low response rate. For cervical cancer, 
the response rate was 25%, for CIN3, 39% and for the 
controls, 30%. Other studies reported higher response 
rates (Hoyo et al., 2000; Shields et al., 2004). The low 
response rates may be explained by the fact that patients 
were mostly from outpatients clinics and from an HMO, 
and their low response rates reflect those of healthy people 
(CDC, 2008). The low response rate among cases and 
controls may also be explained by the intricacy of the 
questionnaire. (b) We had no data on HPV infection history 
among the patients. (c) Data on non-respondents was not 
available and we could not compare the characteristics 
of those who participated to the characteristics of those 
who declined participation. (d) The study heavily relied 
on personal report. (e) Recall bias - in case-control study, 
cases are more likely to remember exposures differently 
than the controls, especially exposures that are commonly 
perceived as associated with the outcome. 

In conclusion, our study does not satisfactorily 
resolve the discrepancy of the high incidence of CIN3 
and the low incidence of invasive cervical cancer 
in Israeli Jewish women, primarily hypothesized to 
be associated with differences in the distribution of 
certain risk factors. The discrepancy, however, cannot 
be explained by the opportunistic screening policy in 
Israel, which unfortunately covers only around 40% of 
the target population and is usually less accessible to 
those at the highest risk for cervical cancer. Since we 
have previously demonstrated that the distribution of 
HPV genotypes among cervical cancer and CIN3 cases 
in Israel is similar to that reported from other countries 
in the world (Bassal et al., 2015), different distribution of 
HPV types in Israeli women cannot serve as a potential 
explanation either. However, another hypothesis that 
should be taken into consideration, and which was not 
yet tested in Israel, is the differences in the HPV genome 
variants, as was demonstrated by Freitas et al. (2014) or 
the polymorphism of p53 proteins in Jewish population, as 
was demonstrated by Arbel-Alon et al. (2002), so further 
research is warranted.
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