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Abstract

Objective. To identify factors that are associated with an
increased risk of developing high-grade cervical intraepithe-
lial neoplasia (CIN) or cancer among human papillomavirus
(HPV)-positive women in Mexico. Material and Methods.
A case-control study design was used. A total of 94 cases
and 501 controls who met the study inclusion criteria were
selected from the 7 732 women who participated in the
Morelos HPV Study from May 1999 to June 2000.Risk factor
information was obtained from interviews and from HPV viral
load results. Odds ratios and 95 percent confidence intervals
were estimated using unconditional multivariate regression.
Results. Increasing age, high viral load, a young age at first
sexual intercourse, and a low socio-economic status are as-
sociated with an increased risk of disease among HPV-positive
women. Conclusions. These results could have important
implications for future screening activities in Mexico and
other low resource countries.
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Resumen

Objetivo. [dentificar factores asociados con un mayor riesgo
de desarrollar neoplasia intraepitelial cervical (NIC) de alto
grado o cancer en mujeres con virus de papiloma humano
(VPH),en México.Material y métodos. Se utilizé un diseiio
de casos y controles. Un total de 94 casos y 501 controles
fueron seleccionados de las 7 732 mujeres que participaron
en el Estudio de VPH en Morelos, de mayo de 1999 a junio
de 2000. La informacion sobre factores de riesgo se obtuvo
de entrevistas y de los resultados de carga virales de VPH.
Se estimaron razones de momios e intervalos de confianza
de 95% con modelos multivariados de regresion no condi-
cionada. Resultados. El incremento de edad, la carga viral
elevada, la edad temprana al inicio de la vida sexual y el nivel
socioecondémico bajo se asocian con un mayor riesgo de
enfermedad en mujeresVPH positivas. Conclusiones. Estos
resultados podrian tener implicaciones importantes a futuro
para las actividades de tamizaje en México y en otros paises
de bajos recursos.

Palabras clave: cancer cervical, VPH, factores de riesgo, ta-
mizaje, México
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Ithough a national screening program has existed

since 1974, cervical cancer remains a leading cause
of death for women in Mexico. The incidence and mor-
tality estimates for cervical cancer in Mexico in 2000
were 40.5 and 17.1, respectively. In 2000, an estimated
6 650 women died from cervical cancer in Mexico, the
second highest number in Latin America after Brazil.!
The high incidence and mortality rates of late-stage
cervical cancer can be considered indirect evidence of
the low impact of the Mexican National Cervical Cancer
Screening Program.

The recognition of human papillomavirus (HPV)
infection as a necessary cause of cervical cancer*? has
increased the use of HPV diagnostic tests for screening
activities. However, most women who receive a positive
HPYV test result do not go on to develop high-grade cer-
vical intraepithelial neoplasia (CIN) or cervical cancer.
Thus, determining which factors may be associated with
high-grade CIN for women who are high-risk HPV DNA
positive is important, so that limited colposcopy and
treatment services can be used most efficiently. Estimates
of the prevalence of HPV infection vary greatly (between
2% and 44%) around the world,*® so the factors that
contribute to the rare occurrence of cervical cancer after
HPV infection might also differ from country to coun-
try. One of the objectives of the Morelos HPV Study®”
was to investigate the role of HPV infection and other
co-factors for the risk of developing high-grade CIN or
cervical cancer among a sample of Mexican women.

Certain factors that were once thought to be associ-
ated with an increased risk of cervical cancer are now
considered to be risk factors for HPV infection. Some
of these factors include a woman’s age at first sexual
intercourse and number of lifetime sexual partners.®1
These factors can now be examined to determine their as-
sociation with progression to high-grade CIN and cancer
among HPV positive women. Behavioral factors such as
reproductive history and exposure to hormones, !4 as
well as smoking'>1” have also been associated with an
increased risk of cervical cancer in some studies. Other
factors such as history of use of cervical cancer screening
services and lower socio-economic status, as defined by
income and education, have also been associated with
cervical cancer risk.!81° A high HPV viral load has previ-
ously been identified as a risk factor for the progression
to CIN and cervical cancer,?>? although other studies
have not found this association 2%

Since an HPV infection is necessary for the de-
velopment of cervical cancer, more recent case-control
studies have examined these risk factors by comparing
HPV-positive cases to HPV-positive controls.26?® This
has been done to differentiate the effects of these factors
as promoters of HPV infection, from their participation
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in the progression of an HPV infection to cervical cancer.
However, the role of other factors besides the presence
of a high-risk HPV infection for the development of
high-grade CIN or cancer has still not been completely
determined. Examining the role of HPV co-factors in
different populations is important to determine if these
factors are universal and etiologic.

We compared high-risk HPV infected cases to
high-risk HPV infected controls to examine the associa-
tion between additional risk factors —such as age, viral
load, age at first sexual intercourse, number of sexual
partners, parity, and socio-economic status— and risk of
developing high-grade CIN or cancer. The purpose of
this type of analysis is to find ways to identify which
HPV-positive women may have an increased risk of
developing disease. In low-resource countries such as
Mexico, screening and treatment facilities should focus
on reaching women who are at greatest risk of having
treatable lesions, to prevent the occurrence of incurable
invasive cancer.”

Materials and Methods

Population. A case-control study design was used to
assess co-factors among a sample of women aged 20
to 80 attending cervical cancer screening services at
IMSS clinics in Morelos, Mexico from May 1999 to June
2000. This study was nested within a fixed cohort of
women who participated in the Morelos HPV Study
(total baseline population= 7 732) (figure 1). The design
and methods of this study are described elsewhere and
the ethical committees at the participating institutions
approved the study protocol and consent forms for
this study.5” Subjects entered the study after providing
signed informed consent.

Total population 7732 All women
who came to
All women with colposcopy

any positive test
were referred to
colposcopy

| 147 1015 (88.5%)
C-HPV + women

who came to

colposcopy
/ / \ (88.6%)

| 83 ] | 94 | [ 501 |

All women with a
C-HPV + test result

Unsatisfactory or ~ HPV+  HPV +
CIN | (excluded)  cases  controls

FIGURE |. CASE-CONTROL STUDY POPULATION
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All of the participating women provided a self-col-
lected vaginal specimen and a clinician also obtained a
separate cervical specimen during the pelvic examina-
tion. The Digene Hybrid Capture 2 (HC2) test (Digene
Corporation, MD) was used to detect high-risk HPV
DNA in the separate vaginal and cervical samples. A
total of 1 147 women who had at least one positive Pap,
self- or clinician-collected HPV test result were asked to
return for a colposcopy evaluation. Women with a Pap
result of ASCUS or worse were referred to colposcopy.

The case-control study subjects were selected from
the 720 study participants who were HPV-positive as
detected by the HC2 test using clinician-collected cervi-
cal specimens, and had a colposcopic evaluation (1=638).
The 82 HPV-positive women who did not receive a
colposcopic evaluation were excluded from this study.
A total of 94 cases and 501 controls were selected from
the 638 women who met the study inclusion criteria;
43 HPV-positive women were excluded from the study
population because they had a low-grade CIN diagnosis
or an unsatisfactory histology result (figure 1). The 638
women who met the study inclusion criteria do not
differ statistically from the 720 women in terms of age,
viral load, age at first sexual intercourse, number of
births, and number of pregnancies.

Cases were defined as women between the ages of
20 to 80, who were HPV-positive, as detected by the HC2
test using clinician-collected cervical specimens, with a
histologically confirmed diagnosis of high-grade CIN or
cervical cancer during the specified screening period. A
total of seven women were diagnosed as having CIN 2,
75 women were diagnosed with CIN 3, and 12 women
were diagnosed with cervical cancer. Controls were de-
fined as women aged 20 to 80 who were HPV-positive, as
detected by the HC2 test, without a histologic diagnosis
of low-grade CIN or worse during the specified screen-
ing period. The 94 HPV-positive cases represent 93%
(94/101) of all the high-grade CIN and cervical cancer
cases that were detected at baseline in the Morelos HPV
Study. The 501 HPV-positive controls represent 100%
of the colposcopically confirmed HPV-positive women
without disease.

Alllesions observed during the colposcopic evalu-
ations were biopsied, and in some cases an endocervical
curetage was performed when the examination was not
satisfactory. A careful examination during colposcopy
helped to ensure that the determination and confirma-
tion of a disease outcome was as accurate as possible.
Histopathology results were used for diagnosis in order
to reduce misclassification of disease. Three patholo-
gists who received standardized training prior to their
participation in this study were employed to determine
the diagnoses in an individual and blind manner.

salud piiblica de méxico [ vol. 50, no. 1, enero-febrero de 2008

Data Collection and Instruments. Women who received
a positive HPV diagnosis were interviewed to obtain
information about their potential risk factors. The fol-
lowing data were collected (1) demographic data, (2)
reproductive and sexual histories, (3) risk factors for
HPV and cervical cancer, and (4) past use of the cervi-
cal cancer screening program. The information about
cervical cancer risk factors for the cases and controls
was obtained in a similar fashion. The cases and controls
were interviewed by trained personnel during their fol-
low-up visit at the colposcopy clinic. The data collection
instruments were pilot-tested using in-depth cognitive
interview techniques.

Measurement of Variables. Self-reported risk factors and
viral load results were evaluated in categories that were
used to determine different risk classifications for high-
grade CIN and cervical cancer. Variables were chosen
based on the existing literature and on the possibility
of using specific risk categories to triage women as
part of an HPV-based screening program. The age
categories we used are: (1) less than 30 vs. 30+; and (2)
less than 24 vs. 25-34, 35-44, 45-54, and 55+. The HC2
RLU/PC ratio results were used as a semi-quantitative
measure of viral burden. The tertile distribution of the
viral load results was used to create three categories of
log-transformed viral load: (1) low; (2) medium, and (3)
high. Age at first sexual intercourse was examined using
three groups: (1) less than 16, (2) 16-19, and (3) aged 20
and older. The respondent’s number of lifetime partners
was also modeled as a categorical variable, using two
groups: 1-2 partners vs. 3 or more.

The following socio-demographic variables were
included in the analysis: (1) socio-economic status
(SES), (2) area of residence, (3) level of education, and
(4) marital status. A SES index was created by dividing
the total household monthly income by the reported
number of dependents. Area of residence was examined
as a categorical variable with two groups: urban and
semi-urban. Education level (less than high school vs.
high school or greater) and marital status (married/
consensual union, partner, single) were also modeled
as categorical variables.

Number of pregnancies, live births, and cesarean
deliveries were modeled as categorical variables. Ad-
ditionally, a variable was constructed to indicate the
proportion of vaginal deliveries vs. cesareans, which
was divided in two categories: mostly vaginal deliver-
ies (>50%) and mostly cesarean deliveries (>50%). Use
of hormonal contraceptives was also examined. This
variable was modeled using the groups: (1) no use, (2)
<5 years of use, and (3) 5+ years of use. Smoking was
also examined by the following categories of years
smoked: (1) none, (2) <10 years, and (3) 10+ years. The
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total number of lifetime Pap tests was evaluated to
determine the use of cervical cancer screening services
and was also modeled as a categorical variable: (1) five
or more lifetime Paps vs. (2) less than five.

Statistical Methods. Odds ratios (OR) and 95% confidence
intervals (CI) were estimated from unconditional mul-
tivariate regression models to determine which factors
are associated with an increased risk of high-grade CIN
or cervical cancer. A first analysis was performed using
multivariate regression to determine the association be-
tween the independent variables and risk of high-grade
CIN or cervical cancer, after adjusting for age, viralload,
and age at first sexual intercourse (model 1, table I). A
second analysis was performed using an unconditional
multivariate regression model that included the main
independent variables: age, viral load and age at first
sexual intercourse, as well as other potential confound-
ers (model 2, table I). Some of the cases and controls
had missing data for the following variables: number of
lifetime sexual partners, income, number of dependents,
level of education, marital status, use of hormones, smok-
ing, and lifetime number of Paps. A missing category was
created and used in our adjustment analysis.

The ORs obtained from the logistic coefficients of
age, viral load, and age at first sexual intercourse were
used to estimate the population attributable fractions
(PAFs) of these factors. The PAFs indicate the proportion
by which the incidence rate of the outcome in the entire
population would be reduced if the exposure(s) were
eliminated.3® FoxPro 2.6 for Windows was used for data
management and Stata 9.0 was used for the statistical
analysis.

Results

The high-grade CIN and cervical cancer cases were, on
average, a year and a half younger than the controls
(median age= 39.5 for cases and 41 for controls). More
than 87% of the cases in this study occurred among
women aged 30 years or older. The results of our bivari-
ate analysis of age show that risk of high-grade CIN or
cervical cancer was almost five times greater for women
between the ages of 25-34 (95% CI=1.1-21.7), and nearly
six times higher for women aged 35-44 (95% CI=1.3-
25.6), as compared to women under the age of 25. For
women 45-54 years old the risk of high-grade CIN or
cervical cancer was 4.5 times greater (95% CI=1.0-20.2)
than for women under 25. Women over age 55 had a 3.5
greater risk (95% CI=0.78-15.6) than women under 25
(data not shown). After adjusting for viral load and age
at first sexual intercourse (AFSI), the OR of high-grade
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CIN or cancer was 1.85 (95% CI=0.96-3.6) for women 30
or older as compared to women under age 30 (model
1, table I).

Table I shows the results of two multivariate analy-
ses which examined the association between several risk
factors for high-grade CIN and cervical cancer. Model 1
indicates the relative risk of high-grade CIN and cervical
cancer for selected covariates after adjusting for age,
viral load and AFSI. Model 2 shows the relative risk as-
sociated with each variable of interest after adjusting for
age, viral load, AFSI, number of lifetime sexual partners,
SES, education level, area of residence, marital status,
number of live births, use of hormonal contraceptives,
smoking, and number of lifetime Paps. Both models
indicate a positive association between increasing HPV
viral load and risk of high-grade CIN or cancer. Women
with a medium viral load had a significantly greater risk
of high-grade CIN or cancer as compared to women with
a low viral load (OR= 3.26; 95% CI=1.2-9.2). The risk of
disease was also greater for women with a high viral
load (OR=5.50; 95% CI=2.3-13.6) than for women who
have a low viral load (model 2, table I). Additionally,
approximately 6% of the cases in this study had a low
viral load (<2.55 log RLUs), whereas 27% of the controls
had a low viral load diagnosis.

Both multivariate models also indicate that older
AFSI was significantly associated with a decreased
risk of high-grade CIN or cancer. Women whose AFSI
was between the ages of 16-19 had an OR of 0.49 (95%
(CI=0.28-0.87) as compared to women who had sexual
intercourse for the first time before the age of 16. Women
who began to have sexual intercourse after the age of 20
had an OR of 0.42 (95% CI=0.22-0.78), as compared to the
reference group (model 1, table I). After adjusting for the
other covariates in model 2, the protective association
between risk of high-grade CIN or cancer and an AFSI
of 20 or greater was still found to be significant (OR=
0.43; 95% CI=0.20-0.91) (model 2, table I). The average
AFSI for the total study population of 7 732 was found
to be age 19, while the AFSI for the clinician-collected
HPV-positive sample was age 18.

Having three or more lifetime sexual partners was
not significantly associated with risk of high-grade CIN
or cancer in either of the multivariate models. A statis-
tically significant protective association was observed
for high SES (OR=0.52, 95% CI=0.29-0.94) as compared
to low SES in model 2. After controlling for age, viral
load, and AFSI in model 1, and after adjusting for the
other covariates included in model 2, no statistically
significant association was found between education
level, area of residence, marital status, and risk of high-
grade CIN or cancer.

salud piiblica de méxico [ vol. 50, no. 1, enero-febrero de 2008
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Table |
MULTIVARIATE MODELS OF RELATIVE RISK FOR HIGH GRADE CIN AND CERVICAL CANCER AMONG HPYV POSITIVE WOMEN

Cases Controls
n (%) n (%) Model [* Model 2
Risk Factor (n=94) (n=1501) OR* 95% Cl p-value ORa 95% Cl p-value
Age (years)
<30 12 (12.8) 111 (222) 1.008 1.00
30+ 82 (87.2) 390 (77.8) 1.858 [0.96-3.6]  0.065 1.65 [0.75-3.6] 0214
Viral factors
HPV log transformed viral load
Low (<2.55) 6 (64) 133 (265) 1.00# 1.00
Medium (2.56-3.9) 16 (17) 92 (18.4) 3.81%  [14-102] 0.008 326 [1.2:92]  0.026
High (>3.92) 72 (76.6) 276 (55.1) 5.79%  [24-137]  0.000 550 [23-135] 0.000
Risk factors for HPV infection
Age at first sexual intercourse (years)
<lé6 26 (27.7) 74 (14.8) 1.00% 1.00
16-19 43 (45.7) 250 (49.9) 0.49%  [0.28-0.87] 0.015 0.56 [0.30-1.04] 0.067
20+ 25 (26.6) 177 (35.3) 0.42%  [0.22-0.78] 0.006 043 [0.20-0.91] 0.028
Number of lifetime sexual partners
1-2 64 (68.1) 316 (63.1) 1.00 1.00
3+ 21 (223) 84 (l6.8) 1.21 [0.68-2.2] 0513 126  [0.65-2.4] 0.494
Missing (n= 110) 9 (9.6) 101 (20.1)
Socio-demographic factors
Socio-economic status (pesos/mo./person)
Low (< $567) 54 (57.4) 198 (39.5) 1.00 1.00
Middle/High ($568+) 31 (33.0) 202 (40.3) 0.62 [0.38-1.0]  0.062 052 [0.29-0.94] 0.029
Missing (n= 110) 9 (9.6) 101 (20.1)
Education level (years)
Less than high school 65 (69.1) 292 (58.2) 1.00 1.00
High School or more 20 (21.3) 110 (22.0) 1.08 [0.59-2.0] 0.797 1.59  [0.78-3.2] 0.206
Missing (n= 108) 9 (96) 99(19.8)
Area
Urban 56 (59.6) 344 (68.7) 1.00 1.00
Semi-urban 38 (404) 157 (31.3) 1.43 [0.89-2.3]  0.139 1.55 [0.93-2.6] 0.093
Marital status
Married/consentual union 57 (60.6) 258 (51.5) 1.00 1.00
Partner 7 (7.5) 35 (7.0 1.02 [0.42-2.5] 0973 .13 [0.40-3.2] 0.823
No partner 21 (223) 94 (18.8) 1.02 [0.58-1.8] 0.936 125 [0.69-2.3] 0.483
Missing (n= 123) 9 (9.6) 114(227)

(Continues)
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Table |
(CoNTINUATION)

Cases Controls
n (%) n (%) Model [* Model 2
Risk Factor (n=94) (n=501) OR* 95% Cl p-value ORa 95% Cl p-value
Behavioral factors
Number of pregnancies
0-1 8 (85 84(l6.8) 1.00 _
2-3 25 (26.6) 150 (29.9) 1.28 [0.53-3.1]  0.583
4-5 26 (27.7) 120 (24.0) 1.41 [0.54-3.7]  0.483
6+ 35(372) 147 (29.3) 1.37 [0.51-3.7]7  0.529
Number of live births
0-1 14 (14.9) 141 (28.1) 1.00 1.00
2-3 32 (340) 161 (32.1) 1.62 [0.79-3.3]  0.189 141 [0.66-3.0] 0.379
4-5 25 (26.6) 89 (17.8) 2.10 [0.94-47]  0.069 1.85 [0.78-44] 0.163
6+ 23 (245) 110 (22.0) 1.41 [0.61-3.3] 0418 133 [0.54-3.3] 0.532
Proportion of vaginal births/cesarians*
Less vaginal, more c-section 5 (5.6) 58(I.6) 1.00 _
More vaginal, less c-section 89 (94.4) 443 (88.4) 1.73 [0.64-47] 0279
Use of hormonal contraceptives
No use 36 (38.3) 182 (36.3) 1.00 1.00
Less than 5 years 35(37.2) 180 (35.9) 0.97 [0.58-1.7] 0.922 093 [053-1.6] 0.802
5 years or more 9 (96) 38 (76) 1.26 [0.54-2.9]  0.593 120 [0.49-2.9] 0.689
Missing (n= 115) 14 (149) 101 (20.2)
Smoking
Never 62 (66.0) 307 (6| 3) 1.00 1.00
Less than 10 years 5 (53) 9 (9.8 0.50 [0.19-1.3]  0.16] 042 [0.15-1.2] 0.097
10 years or more 12 (12.8) 3 (8.6) 1.18 [0.57-2.4]  0.662 128 [0.59-2.8] 0.529
Missing (n= 103) 1(159) 102 (20 3)
Number of lifetime Paps
5 or more 42 (44.7) 243 (48.5) 1.00 1.00
Less than 5 42 (44.7) 158 (31.5) 1.58 [0.95-2.6] 0.078 1.55  [0.91-27] 0.0
Missing (n= 110) 10 (10.6) 100 (20.0)

* Adjusted for age, viral load, and age at first sexual intercourse (AFSI)
# Variables included in the model: age, viral load, AFSI, number of lifetime sexual partners, SES, education level, area of residence, marital status, number of live
births, use of hormonal contraceptives, smoking, and number of lifetime Paps

§ Adjusted for AFSI and viral load
# Adjusted for AFSI and age

& Adjusted for age and viral load
* n= 549 (495 controls, 90 cases)

Increasing number of pregnancies and live births, as tion was found for having a greater number of live births
well as type of delivery were not significantly associated and risk of high-grade CIN or cancer. The results of the
with high-grade CIN and cancer, after adjusting for age, multivariate analysis indicate that having more vaginal
viral load and AFSI. After controlling for the covariates deliveries may be associated with an increased risk of
included in model 2, a non-significant positive associa- high-grade CIN and cancer, as compared to having
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mostly cesarean deliveries. However, this association
was not statistically significant (model 1, table I).

In both models, a non-significant protective as-
sociation was observed for use of oral or injectable
contraception for less than five years, as compared to no
use. Likewise, a non-significant association was found
for the use of hormonal contraception for five years or
more and risk of disease. After controlling for age, viral
load, and AFSI in model 1, and after adjusting for the
other covariates included in model 2, no statistically
significant association was found between smoking
and increased risk of high-grade CIN or cancer. A non-
significant association was found for having less than
five lifetime Paps, as compared to five or more and risk
of disease in both models (table I).

The ORs for age, viral load, and AFSI were trans-
formed into population-attributable fractions (PAFs).
This was done to estimate the fraction of high-grade
CIN and cancer cases that can be attributed to other
exposures besides infection with HPV. In women who
are HPV-positive, 47% (95% CI=4-70) of the high-grade
CIN and cancer cases can be attributed to being 30 or
older, 58% (95% CI=42-70) to having a high viral load
(3.92+), and 14% (95% CI=0-29) to an AFSI of less than
16. The combined effect of having a high viral load and
being 30 or older accounts for 67% (95% CI=0-90) of the
high-grade CIN and cancer cases. Having a high viral
load, being 30 or older, and/ or having sexual intercourse
for the first time before age 16, accounts for 88% of the
cases (95% CI=13-98) (table II).

Discussion

This is the first study that examines which co-factors are
associated with an increased risk of high-grade CIN or

cancer among high-risk HPV-positive cases and controls
in Mexico. Our findings indicate that increasing age,
high viral load, low SES, and a young age at first sexual
intercourse (AFSI) are associated with an increased risk
of disease among HPV-positive women. Other factors
such as number of sexual partners, multiparity, use of
hormonal contraception, and smoking were not signifi-
cantly associated with an increased risk of high-grade
CIN or cancer in this population.

Our results support the fact that increasing age
is one of the principal risk factors for cervical cancer.
Invasive cervical cancer arises over many years, even
decades, with a peak or plateau in risk around 35-55
years of age.’! Studies have also reported that women
with a lower SES (as defined by income and education)
are at greater risk of infection with HPV and develop-
ment of cervical cancer.3234 Our viral load results concur
with several recent studies which conclude that a high
viral load for most high-risk HPV genotypes is associ-
ated with prevalent cervical cancer precursors and the
development of incident disease.?>%

The population attributable fraction (PAF) analysis
also identified that being 30 years or older, having a high
viral load (>3.92), and having sexual intercourse for the
first time before the age of 16 are significant risk factors
for the development of high-grade CIN and cancer
among HPV-positive women. Of the 94 HPV-positive
cases of high-grade CIN and cancer that were evaluated
in this study, 91 were identified as having a high viral
load and/or being 30 years or older (96.8%). A total
of 93 cases were identified as having a high viral load
and/or being 30 years or older and/or having sexual
intercourse before the age of 16 (98.9%). These PAF
results support the main findings of this study, which
indicate that increasing age, a high viral load, and an

Table Il
PRoPORTION OF HIGH-GRADE CIN AND CERVICAL CANCER CASES ATTRIBUTED TO AGE, VIRAL LOAD (VL),
AND AGE AT FIRST INTERCOURSE (AFSI)

OR Population Attributable
Exposure % Exposed No. Cases (95% CI* Fraction (95% CI)*
Age 30+ 79% 2 2.1 (1.1-4.1) 47% (4-70)
HighVL (>3.92) 40% 6l 3.51 (2.2-5.6) 58% (42-70)
AFSI <16 17% 26 2.11(1.2-3.6) 14% (0-29)
Age 30+ and/or high VL 92% 9l 3.14(0.96-10.3) 67% (0-90)
Age 30+ and/or high VL and/or AFSI <16 93% 93 873 (1.2-64.2) 88% (13-98)

* Adjusted odds ratios.Age OR adjusted for AFSI and VL,AFSI OR adjusted for age and VL,VL OR adjusted for age and AFSI

# 95% Cl calculated on log (1-AF) scale

PAF=p (r—1)/p (r- 1)+ 1 Where p is the characteristic or exposure and r is the relative risk or OR
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early age at first sexual intercourse are associated with
an increased risk of high-grade CIN or cancer among
HPV-positive women.

In this study, no association was observed between
number of lifetime sexual partners and risk of high-
grade CIN or cancer among HPV-positive women. This
could be explained, in part, because most of the women
in our study reported a low number of lifetime sexual
partners. This finding, in conjunction with the significant
association observed for AFSI, suggests that in Mexico,
the age at which a woman begins to be sexually active
may be as important as the total number of lifetime
sexual partners. Women who began to have sexual
intercourse before the age of 16 were found to have a
two-fold higher risk of high-grade CIN and cervical
cancer (OR=2.17,95% CI=1.3-3.7) than women who had
sexual intercourse for the first time after the age of 16,
after adjusting for age and viral load.

This increased risk could be due to the fact that
AFSI may be a proxy for the time of first HPV infection.
Women who had sexual intercourse for the first time at
a younger age may have been exposed to a persistent
HPV infection for a longer time than women who be-
gan to have sex at a later age.” An exposure duration
variable was created by substracting AFSI from current
age to serve as a proxy for the amount of time a woman
may have been potentially exposed to an HPV infection.
After adjusting for age, this variable was significantly
associated with an increased risk of high-grade CIN
and cervical cancer; however, it was not significantly
associated in the multivariate analysis.

Another explanation could be that women who
begin to have sexual intercourse before the age of 16 are
more vulnerable to HPV infection due to the fact that
during puberty the cervix undergoes cellular changes
at the transformation zone known as ectopy.* During
ectopy the cervix cells may not only be more susceptible
to infection with HPV, they may also be prone to persis-
tent HPV infection and to more lasting damage from an
infection.?*4° This could explain the observed increased
risk of high-grade CIN and cervical cancer among the
study participants who began to have sexual intercourse
before the age of 16.

Our findings did not substantiate those of other
studies that observed an association between number
of pregnancies, number of live births, and risk of
high-grade CIN and cancer.”® Age-adjusted analyses
indicated significant associations between number of
pregnancies, number of live births and risk of disease.
However, these associations were not significant in
the multivariate analyses. There are conflicting results
concerning the use of oral contraceptives and risk of
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high-grade CIN and cervical cancer.”*4! This study
did not find an association between use of hormonal
contraception and risk of developing disease. The lack
of association may be explained by the fact that most
studies report an increased risk of high-grade CIN and
cancer among long-term users of oral contraceptives.
Less than 8% of the Morelos HPV Study participants
reported using a hormonal contraceptive method for
a period of five years or more. Smoking has also been
associated with an increased risk of high-grade CIN
and cancer in several studies.*?*® The lack of associa-
tion between smoking and risk of cervical cancer in
this study may be due to the fact that only 11% of the
respondents reported having smoked for more than ten
years, and 22% reported having ever smoked.

Asignificant limitation of this study is the use of the
HC 2 test to infer viral load associations with high-grade
CIN and cancer. Gravittet al found that cumulative viral
load measurements by HC 2 may overestimate type-spe-
cific viral load.* One of the most important strengths of
this study is the use of HPV-positive cases and controls.
By comparing HPV-positive cases to HPV-positive con-
trols we were able to examine the associations between
different variables and high-grade CIN and cancer, while
accounting for any confounding by HPV.

Identifying the factors that contribute to the devel-
opment of cervical cancer after HPV infection is very
important because most women who receive a positive
HPYV test result do not go on to develop disease. The
results from this study indicate that certain factors, such
as increasing age, high viral load, a young age at first
sexual intercourse, and low SES are associated with an
increased risk of developing high-grade CIN and cervi-
cal cancer among high-risk HPV-positive women. This
information could be used to prioritize limited screen-
ing and treatment services to women who have specific
characteristics that may put them at an increased risk
of disease. Additionally, by identifying which women
have alower risk of disease it may be possible to reduce
the number of unnecessary colposcopies. These results
could have important implications for future screening
activities for the prevention of cervical cancer in Mexico
and other Latin American countries.
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