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Abstract
Objective. To assess the risk of cervical intraepithelial
neoplasia grades 2, 3 or higher (CIN 2/3+) for women
with normal cytology and concurrent high-risk human
papillomavirus infection (HR-HPV). Material and Methods. We examined 2 200 women every 6 months for an
average of 9 years. Cervical smears and samples for HPV
DNA were obtained at each visit.Absolute risk of subsequent
CIN2/CIN3+ was estimated using the Kaplan-Meier method.
Results.The absolute risk of CIN2/CIN3+ among HR-HPVpositive women with normal Pap smear results was 1.06%
(95%CI, 0.57–2.20), 5 times higher the risk among all women
with normal Pap smears (0.20%; 95%CI, 0.12–0.32) but 7 times
lower than that for women with HR-HPV infection and LSIL
(7.24%; 95%CI, 3.78–15.2). Conclusion. Short-term absolute
risk of CIN2/3+ after a normal Pap smear with concurrent
HR-HPV infection is low (~1%), suggesting that the HR-HPV
test has limited utility in short-term clinical decision-making
for women with normal cytology.

Resumen
Objetivo. Evaluar el riesgo a corto plazo de neoplasia intraepitelial cervical de alto grado (CIN2/CIN3+) en mujeres
con citología cervicouterina normal e infección por virus
del papiloma humano de alto riesgo (HR-HPV). Material y
métodos. Cohorte prospectiva de 2 200 mujeres evaluadas
cada seis meses durante 9 años en promedio. En cada visita
se tomó muestra cervical para extendido y detección de
HPV DNA. El riesgo absoluto de CIN2/CIN3+ a la siguiente
visita fue calculado utilizando el método de Kaplan-Meier.
Resultados. En mujeres con citología normal e infección
concomitante por HR-HPV el riesgo absoluto de presentar
CIN2/CIN3+ fue de 1.06% (95%CI, 0.57-2.20). Este riesgo fue
cinco veces mayor al observado en todas las mujeres con
citología normal (0.20%; 95%CI, 0.12-0.32) pero siete veces
menor que el observado en mujeres con lesiones intraepiteliales escamosas de bajo grado con infección concomitante
(7.24%; 95%CI, 3.78-15.2). Conclusión. El riesgo absoluto
de CIN2/3+ a corto plazo luego de una citología normal e
infección por HR-HPV es baja (~1%), sugiriendo que, a corto
plazo, la prueba de HR-HPV tiene utilidad clínica muy limitada
en mujeres con citología normal.
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nequivocal and extensive evidence supports
the conclusion that infection with certain types
of human papillomavirus (HPV) –such as high-risk
HPV (HR-HPV) types– is a necessary but not a sufficient cause of cervical intraepithelial neoplasia and
cervical cancer worldwide.1,2 This knowledge has had
enormous impact on health care, including the use of
HR-HPV testing in the triage of atypical squamous
cells of undetermined significance (ASCUS),3 which
has significantly reduced colposcopy referrals without
losing the sensitivity to detect cervical cancer. Further,
emerging evidence shows that HR-HPV detection is
a good alternative to cytology as a primary screening test.4 High expectations for the potential of HPV
screening have led certain countries to introduce it
into their screening programs –in addition to cervical
cytology– despite the lack of consensus on the clinical
management of women with normal Pap smear and
HR-HPV infection.5-7 Results from recent randomized
controlled trials comparing cytology alone to the use
of HPV tests in parallel with cytology have shown
that the latter detects more precancerous lesions of the
cervix than screening with cytology alone.8-10 In addition, a recent randomized controlled trial conducted in
Finland –in which the HPV assay was used as primary
screening, followed by triage with cytology– has shown
that this sequential screening strategy, when compared
with the traditional screening based on cytology, not
only increases the detection of precancerous lesions but
also the specificity.11 In Mexico, results from a recent
community-based study12 have shown that the introduction of HR-HPV testing can also improve cervical
cancer prevention in developing countries.
Few prospective studies have assessed the absolute
risk of precancerous cervical lesions among women with
normal Pap smear and positive HR-HPV results.13-15
Studies have previously determined long-term risks (i.e.,
5–10 years) but not the short-term or immediate risks
(i.e., the current risk or the risk at next visit), which is a
frequent question from patients seen in clinical practice.
Available case control studies do provide an answer to
this question, reporting increased odds of high-grade
squamous intraepithelial lesions (HSIL) immediately
after an HR-HPV infection among women with normal
Pap smear results.16,17 However, odds ratios (as a relative measure of effect) are not informative regarding
the absolute risk for defined exposure. Moreover, such
values are not always easy to interpret, making their
application in clinical practice fairly difficult.18 In fact,
high odds ratios do not necessarily mean high absolute
risks; thus, for the purpose of clinical decision-making it
would be useful to identify the absolute risk of CIN2/
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CIN3+ incidence at the next visit for regularly screened
women with an HR-HPV infection and normal Pap
smear. In other words, we will try to answer the following question: If a woman has a normal cytology and
an HPV-HR positive result, what is the risk of having a
CIN2/CIN3 in the next visit, 6-12 months later?
In this paper, we assessed the absolute risk of
subsequent CIN2/CIN3+ among women attending
scheduled screening visits, based on their Pap smear
results and HPV status. In addition, we assessed the
association of known risk cofactors of cervical cancer
among women with HR-HPV infection and normal Pap
smear results.

Material and Methods
Detailed methods of recruitment and data collection
have been described elsewhere.19 In brief, in 1992 the
Colombian National Institute initiated a national cervical cancer control program. We identified four health
districts in Bogota with low-income neighborhoods
and no previous access to an organized cervical cancer
screening program. Between 1993 and 1995, using the
recruitment files of this program, we invited the first
2 000 identified women aged 18 and over to participate
in a population-based cohort study that aimed to study
the natural history of HPV infection. In addition, we
invited 200 girls (selected consecutively) ages 13-17 seen
at family planning clinics in the same area to participate
in the study.
Ethical approval was obtained from the Review
Board of the National Cancer Institute of Colombia.
Written informed consent was obtained from each
patient prior to participation in the study. Follow-up
examinations included scheduled visits every 6 months
for up to 10 years. At each visit, a gynecological examination, a Pap smear test, and an epidemiological questionnaire on cervical cancer risk factors was administered to
each participant. Sixty-one women refused to participate
or were considered ineligible (because of mental illness, hysterectomy, or a history of cervical cancer). The
recruitment phase of the study lasted until the end of
1994, and the follow-up period ended in 2004.
Testing for HPV was conducted using a standard
GP5+/GP6+ polymerase chain reaction enzyme immunoassay (PCR-EIA) as previously described. 19
Briefly, HPV-positive samples by GP5+/GP6+ PCR
were subjected to EIA-HPV group-specific analysis
using cocktail probes for high-risk and low-risk HPV
types.20 The high-risk HPV cocktail probe consisted of
oligoprobes for HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66 and 68. HPV infection was analyzed based
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on the epidemiological categorization proposed by
Muñoz et al. for high-risk and low-risk HPV types.21
The β-globin gene was amplified in 94% of the sample
specimens, and the HR-HPV detection rate was 11%.
Pap smears were read by two expert pathologists using the Bethesda system22 and rated as follows: normal,
atypical squamous cells of undetermined significance
(ASCUS), atypical glandular cells (AGUS), and low- or
high-grade squamous intraepithelial lesions (LSIL or
HSIL, respectively). Women underwent colposcopy
(and further biopsy to visualize suspected lesions) if
abnormalities were detected in the Pap smear. The same
two pathologists read the biopsies and classified them
as follows: normal; cervicitis; cervical intraepithelial
neoplasia (CIN) grade 1, 2, or 3, or; invasive cervical
cancer (ICC). Pathologists and clinicians were always
blinded to the HPV results.
Statistical analysis
The unit of analysis was pairs of consecutive Pap smear
test results. Information regarding the exposures and
outcomes of interest were obtained from the first (index) and the second (follow-up) smears, respectively.
Women with only one Pap smear result, with pairs of
Pap smears without an HPV result at the index visit, or
with a time gap of 3 years or more between two visits
were excluded from the analysis. Our main composite
endpoint was CIN2, CIN3, invasive carcinoma, and
HSIL without histological confirmation. HSIL cases
without histological confirmation were included due
to the high specificity of Pap smear results and the
low sensitivity of colposcopy, since a recent report has
indicated that colposcopy with only one biopsy misses
at least 30% of CIN3-positive cases.23
The Kaplan-Meier method and 95% jackknife confidence intervals (95%CI) for clustered observations
were used to estimate the absolute risk based on the
index Pap smear results according to age group and
HR-HPV status. A longitudinal approach with changing
exposure status24 was considered, allowing several pairs
of visits by the same women (clusters) to be analyzed as
separate observations, each with a different HPV status
at index visit. To assess the association of relevant HPV
cofactors, we calculated adjusted ORs that fitted a random effects model for correlated data25 using Poisson
regression. The HPV cofactors related to cervical cancer
that we included in the analysis were age (<30 and ≥30
years), parity (<3 and ≥3 pregnancies), oral contraceptive use, smoking status (ever/never smoked) and the
time difference between subsequent visits. Only pairs
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of Pap smears with no more than a 3-year gap between
the index and follow-up visits were considered for this
analysis. All statistical analyses were performed using
STATA (Statistical Software: Release 9.0., Stata Corporation, College Station, TX: Stata Corporation).

Results
Of the 2 139 women who were eventually included in
the study, 261 came only for the initial visit and did
not return for further follow-up; they were therefore
excluded from this analysis. Of the remaining 1 878
women, 18 417 consecutive pairs of Pap smear results
were included, 13 284 of which had a valid HPV result
at the index visit, while 318 pairs had to be excluded due
to a gap of 3 years or more between visits. Thus, a total
of 12 949 (70%) pairs –clustered in 1 409 women– were
left for analysis. The average and median ages of the
women at the time of the index visit were 46 years and
44 years, respectively. The mean and median durations
between two visits were 10 and 6 months, respectively.
By 2003, 10 years after the first enrolment, 75% percent
of women with more than 1 visit were still attending
the scheduled visits.
Thirty-six incident cases (9 CIN2, 16 CIN3, 3 invasive carcinoma, and 8 HSIL) were observed during
11 717 p-years of follow up, of which 21 (7 CIN2; 7 CIN3;
2 invasive cancer and 5 HSIL) were detected following
a visit with normal Pap smear results.
Absolute risk of CIN2/CIN3+ among women with
normal Pap smear results and concurrent positive HRHPV infection was 1.06% (95%CI: 0.57–2.20), which is
5 times higher than the CIN2/CIN3+ risk observed
among all women with normal Pap smear results ( 0.20;
95%CI, 0.12–0.32) but less than half the risk among HRHPV-positive women with LSIL abnormality in the Pap
smear (3.00; 95%CI, 1.66- 5.97) (Table I). The absolute risk
(1.84%) related to HPV16 in women with normal Pap
smear results was 9 times higher than that for all women
with normal Pap smear results and lower than that for
women with LSIL (20.54%) and ASCUS (9.39%) results.
No risk difference for CIN2/CIN3+ was evident with
age. The risk of CIN2/3 was constant within 6-month
intervals of time (data not shown).
The multivariate analysis of cofactors associated
with CIN2/CIN3 risk among women with normal Pap
smear results and concurrent positive HR-HPV results
showed evidence of a borderline association with parity
(≥3 pregnancies; IRR 3.57; 95% CI, 0.83–15.40; p = 0.09),
including after taking clustering into account (p = 0.13)
(Table II).
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Table I

Table II

Absolute risk and 95% CI of CIN2/CIN3+, by age
group and HR-HPV status. Bogota, 1993-2004

Adjusted*,† incidence rate ratio of CIN2/CIN3/HSIL,
by age and parity, in HR-HPV-positive women
with normal Pap smears. Bogota, 1993-2004

Pap smear
Normal

Age group

HR-HPV status

Overall		

Cases

Rate

95% CI

21

0.20

(0,12-0,32)

Pairs of
consecutive Cases
smears

IRR*

95%CI

p-value

(0.11–2.54)

0.43

		

(+)

11

1.06

(0,57-2,20)

		

(-)

9

0.10

(0,50-0,20)

Age
< 30 years

804

5

1

		

HPV16 (+)

5

1.84

(0,65-7,30)

≥ 30 years

1256

6

0.53

		

HPV16 (-)

15

0.15

(0,09-0,26)

8

0.25

(0,12-0,56)

1366

5

1

688

6

3.57 (0.83–15.40) 0.09

1044

5

1

1016

6

0.92

1505

6

1

476

5

1.13

<30		
		

(+)

5

1.03

(0,43-2,99)

		

(-)

3

0.12

(0,03-0,57)

30+		

13

0.17

(0,10-0,31)

		

(+)

6

1.09

(0,49-2,86)

		

(-)

6

0.09

(0,04-0,23)

Overall		

3

0.65

(0,20-3,18)

Ascus-Agus

		

(+)

2

2.65

(0,56-25,8)

		

(-)

1

0.27

(0,09-0,10)

		

HPV16 (+)

2

9.39

(1,82-88,3)

		

HPV16 (-)

1

0.24

(0,08-0,09)

1

0.92

(0,29-0,43)

		

<30		
(+)

1

2.75

(0,71-1,89)

		

(-)

0

0.00

-

30+		

2

0.57

(0,12-5,66)

		

(+)

1

2.55

(0,82-1,30)

		

(-)

1

0.34

(0,11-0,13)

Overall		

LSIL

12

3.00

(1,66-5,97)

		

(+)

9

7.23

(3,78-15,2)

		

(-)

3

1.14

(0,36-5,47)

		

HPV16 (+)

5

20.54

(7,83-61,3)

		

HPV16 (-)

7

1.92

(0,84-5,41)

4

2.67

(0,99-9,48)

		

<30		
(+)

3

4.95

(1,54-23,5)

		

(-)

1

1.17

(0.36-0,57)

+30		

8

3.20

(1,51-8,01)

		

(+)

6

9.38

(4,23-24,3)

		

(-)

2

1.12

(0,24-10,8)
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Parity
0–2
3 or more
Oral contraceptive use
Never
Ever
Smoking status
Never
Ever

(0.23–3.62)

0.90

(0.30–4.19)

0.80

* Adjusted for time since normal Pap smear test and for fitting a random
effects model
†
p-value for the “no clustering” test= 0.13

Discussion
To our knowledge, this is the first report that focuses
on the short-term (immediate) risk of CIN2/CIN3+ for
women followed periodically for more than 5 years.
While previously published results exist on incidence
and determinants of HPV infection26 and on persistence
and risk of high-grade cervical lesions in this cohort27
–providing insight into long-term CIN2/CIN3 risk in
our population– our current analysis reveals the magnitude and differences in short-term CIN2/CIN3 risk
among women with differing Pap smear results and
HR-HPV status.
The risk of CIN2/CIN3+ for women with normal
Pap smear results and even those with concurrent positive HR-HPV status (cytology–ve/HR-HPV+ve) was low
as compared to that observed among women with mild
abnormalities. This result may imply that establishing
HR-HPV status for women with normal cytology who
were followed for 12 months or less is not as useful as
it is for women with ASCUS or LSIL cytology.
According to our results, HPV-HR testing of women
with a normal Pap smear result requires 125 screenings
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(NNS= /Risk difference of intervention * 100) to detect
CIN2/CIN3+ cases. This value is much higher compared
to the NNS of HPV-HR testing observed for women with
ASCUS or LSIL (50 and 25, respectively). Previous studies have already recognized that the positive predictive
value of a single Pap-negative, HPV-positive cotest for
CIN3 or higher remains less than ideal.28
The risk of CIN2/CIN3+ related to HPV 16 infection
is the highest among women with normal and abnormal cytology. This result agrees with the EUROGIN24
recommendation of using a single HPV 16 test as an
alternative, to increase the specificity of the HR-HPV
clinical test (i.e., Hybrid Capture II). However, the
low short-term absolute risk observed among women
with normal cytology and concurrent HPV 16 infection
(1.84%) contrasts with that observed among women
with LSIL (20.54%), suggesting a potential limitation
of the short-term clinical utility of HPV-HR testing for
women with a normal Pap smear result.
A recent clinical trial showed that CIN2+ lesions
–which may spontaneously regress among women aged
25-34 years– may be over diagnosed if such women are
immediately referred to colposcopy after a positive HRHPV result.29 In the case of older women, the results still
remain inconclusive. Data from the follow-up phase of
the same trial, which is currently underway, is expected
to provide a direct estimate of regression rates at different ages. Despite the fact that lesions found in the 35 and
older age group are expected to be potentially progressive, our results show that the absolute risk of CIN2/3 in
the short-term does not differ with age. This is in agreement with the accumulating evidence that highlights
the relevance of HR-HPV persistence to CIN2/CIN3+
etiology and progression.27,30 Thus, clinical decisionmaking based on a single HR-HPV-positive result must
be revaluated. Clinicians should bear in mind that the
number of women presenting with concurrent normal
Pap smear and positive HR-HPV results will probably
increase in the near future. A conservative approach, in
accordance with current evidence,28 would be to retest
the HPV status after 1 or 2 years of women with normal
cytology and concurrent HR-HPV positive result.
Higher absolute risk of CIN2/CIN3+ in women
with lesser abnormalities agrees with the natural progression of squamous intraepithelial lesions. Unfortunately, the low number of events does not let us draw
inferences regarding the differences in risk between
women with ASCUS and LSIL Pap smear results. Other
studies have shown overall higher rates of progression
in women with LSIL as compared to women with ASCUS, despite similar rates of HR-HPV infection.31
Parity was the only cofactor that influenced the
incidence risk of CIN2/CIN3+ for women in this popu490
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lation with normal Pap smears. Women with normal Pap
smear results and more than two pregnancies presented
a higher risk of detecting CIN2/CIN3 after an HR-HPVpositive test. Pregnancy has been shown to increase the
exposure of the transformation zone on the exocervix,
escalating the risk of repeated HPV infections. Recently,
a large pooled analysis of multicentric case-control studies on pregnancy and its association with cervical cancer
demonstrated that numerous pregnancies are related to
invasive cervical cancer and early pregnancies are related to CIN3+ lesions; thus, parity is a relevant cofactor
that can influence the difference in the cervical cancer
risk between developed and developing countries.32
Although our results are obtained from a population-based study, we acknowledge that they may not
be generalizable to all populations worldwide. In fact,
the likelihood of a concurrent HR-HPV-positive result
and a normal Pap smear test was higher among our
study population of women older than 30 years (7.4%)
in comparison with other population-based studies,28
reflecting differences in HR-HPV infection dynamics
across populations and thus affecting the positive predictive value of HR-HPV testing.
Our study has several strengths, including the relatively large sample size, the broad age range covered, the
low proportion of refusals, the long follow-up period,
the short interval between follow-up visits (median, 6
months), the comprehensive information collected at
baseline and during follow-up regarding risk factors,
and the use of sensitive and well-validated PCR assays
for the detection of HPV DNA in a central laboratory.
By considering the time-dependent changing HR-HPV
status in the analysis strategy, we have attempted to
overcome our main limitation, which was the low number of CIN2/CIN3+ cases. This strategy maximizes the
statistical power of the low number of cases observed
in our study during follow-up.
Our results may not be directly applicable to clinical
practice because the PCR methods used for the HR-HPV
diagnosis are not the same as the Hybrid Capture II
currently employed in clinical practice. Furthermore,
colposcopy referral was performed based only on Pap
smear results, which might lead to an under diagnosis
of CIN2+. However, regarding the PCR test differences, there is evidence supporting that the sensitivity
and specificity do not largely differ between the above
mentioned two techniques.33 On the other hand, the potential under diagnosis of CIN2+ in our study could be
similar to that observed in the vast majority of screening
programs in which women are referred to colposcopy
based on Pap smear results. Therefore, although our
results are not comparable to those derived from trials
or cohorts in which referral to colposcopy and biopsy
salud pública de méxico / vol. 52, no. 6, noviembre-diciembre de 2010
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is based on the results of the HPV test, they may closely
reflect actual clinical practice scenarios, making our
results more applicable, especially in Latin American
countries.
In conclusion, the short-term absolute risk of
CIN2/3 after a normal Pap smear with concurrent HRHPV infection is low (~1%), with no observed differences according to age. In contrast to the strong negative
predictive value of HPV testing, clinicians should understand the limited usefulness of an HR-HPV-positive
result to short-term clinical decision-making for women
with normal Pap smears.
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