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Abstract

Objectives—In many settings, human papillomavirus (HPV) DNA testing already plays an
important role in cervical cancer screening. It is unclear whether hormonal fluctuations associated
with menstrual phase or oral contraceptive (OC) use have any effect on HPV detection. We
evaluated the effects of OC use and timing of cervical sampling in relation to women’s last
menstrual period (LMP) on HPV detection, and viral load in the Brazilian Ludwig-McGill cohort
study.

Methods—Women in the cohort were followed every 4-6 months, and at each clinic visit they
were asked to complete a questionnaire and to provide a cervical sample for HPV testing.
Specimens from 6093 patient visits (n = 2209 women) were categorised according to date of LMP
into four distinct phases: follicular (days 5-9), midcycle (days 10-15), luteal (days 16—22), or late
luteal (days 23-31).

Results—Compared with follicular phase (referent group), HPV detection did not differ
according to reported LMP for midcycle (OR = 1.14, 95% CI 0.95 to 1.37), luteal (OR = 1.03,
95% CI 0.85 to 1.25), or late luteal menstrual phase (OR=1.01, 95% CI 0.83 to 1.24), and was also
not influenced by OC use. Analyses restricted to high-risk HPV types (grouped) and HPVs 16 and
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18 (separately), produced similar non-significant associations. For HPV-positive samples, we
found that the menstrual phase did not influence the total viral load.

Conclusions—These results indicate HPV detection is not associated with menstrual phase. Our
findings suggest that standardising the timing of specimen collection for HPV testing is not
necessary.

INTRODUCTION

There is now considerable interest in the use of human papillomavirus (HPV) DNA testing
for cervical cancer screening. However, there are still uncertainties regarding this test’s
accuracy and reliability that need to be addressed to inform evidence-based guidelines. It is
not clear whether the phase of a woman’s menstrual period at the time of cervical sampling
has an effect on HPV detection, as previous studies have provided conflicting results.2=8 A
recent study exploring the effect of oral contraceptive (OC) use on HPV detection revealed a
higher detection rate during the follicular phase among non-users, whereas OC users
experienced a higher detection rate during the luteal phase.” Using data collected in the
Ludwig-McGill cohort study conducted in Brazil, we evaluated the effect of menstrual phase
on HPV detection, and attempted to validate previous findings concerning OC use.

METHODS

Subject selection

Recruitment and follow-up for the Ludwig-McGill cohort study took place between 1993
and 2005 in a population of low-income women in S&o Paulo, Brazil. Eligible women were:
between 18 and 60 years of age, had an intact uterus, not pregnant or planning to become
pregnant in the next 12 months, and had not been treated for cervical disease in the last 6
months prior to enrolment.8 Study methods have been described in detail elsewhere. The
study was approved by review boards and ethical committees of the participating institutions
in Brazil and Canada. Informed consent was obtained from all participants prior to
enrolment.

Clinical procedures and HPV testing

Participants presented for clinic visits every 4 months (0, 4, 8 and 12 months) during the first
year of follow-up, and twice annually in subsequent years. At each visit, subjects were asked
to complete a questionnaire regarding risk factors for HPV and cervical cancer, and to
provide a cervical sample for Pap cytology and HPV testing. Although subjects were
followed for a total of 5 years, information on menstrual phase was only collected during the
first year of follow-up. During this first year (visits 1-4), approximately 10% of subjects
received an abnormal Pap screening result (ASCUS=4.3%; LSIL=4.1%; HSIL=1.3%).?

An Accelon biosampler (Medscand Inc, Hollywood, Florida, USA) was used to collect a
sample of ectocervical and endocervical cells for DNA extraction. Presence of HPV DNA
was determined using a PCR assay employing L1 PGMY consensus primers. Typing of the
amplified products was performed by hybridisation with individual oligonucleotide probes,
and by restriction fragment-length polymorphism analysis to identify 40 different mucosal
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HPV types. To measure viral load, all HPV-positive specimens were retested using a
quantitative low-stringency PCR protocol that detects a broad spectrum of HPVs.10

Statistical analyses

In total, 8504 samples were available from 2458 women during their first year of follow-up.
We excluded visits from women with invalid HPV DNA typing information (n=11), or
incomplete information on the date of their last menstrual period (LMP) (n=25). In our
primary analysis, we excluded visits made by women who were currently menstruating
(days 0-4), and by those who had not recently experienced menstruation (postpartum or
postmenopausal women). To accomplish that, we excluded visits where women reported
their LMP as occurring between <5 (n=907) or >31 days (n=1468) prior to the visit. After
applying all these exclusion criteria, information was available for 6093 patient visits from
2209 women with at least one eligible visit. The median duration between clinic visits for
these women was 124 days.

To investigate the effect of the phase of menstrual period on HPV positivity and HPV viral
load, we stratified the timing of cervical sample collection with reference to the date of LMP
into four categories: (1) days 5-9 (follicular phase); (2) days 10-15 (midcycle); (3) days 16—
22 (luteal phase) and (4) days 23-31 (late luteal phase). These phases coincide with low
serum hormone levels (oestrogen and progesterone), peak serum oestrogen levels and
ovulation, peak progesterone levels and reduced serum hormones (both oestrogen and
progesterone), respectively. In our primary analyses, the first category (follicular phase)
served as the referent group. We included reported LMP information for up to 31 days
(rather than 28) to account for those women with late cycles. To investigate whether OC use
modifies the effect of menstrual phase on HPV detection, we tested for interaction between
these variables and also performed separate stratified analyses according to OC use (never,
vs current user). Finally, in an attempt to validate the findings of Schmeink et al’ concerning
hormonal contraceptive use, we performed additional sensitivity analyses restricted to
women <30 years of age, stratified by OC use (ie, never, vs current user) and using similar
exposure categories.

Logistic regression analysis, implementing generalised estimating equations (GEE) was used
to estimate ORs and associated 95% CI for the effect of menstrual phase on HPV detection
(positivity for any type). GEE was used to account for unknown correlation between
outcomes of visits contributed by the same woman. We also present results for separate
analyses where the outcome was the detection of single HPV infections (ie, only one HPV
type present in specimen), multiple infections (ie, =2 HPV types present in specimen),
oncogenic HPV types (International Agency for Research on Cancer classification, 2009),11
and HPVs 16 and 18 (separately). We also evaluated the effect of menstrual phase on total
viral load on a logarithmic scale (limited to HPV-positive specimens only).

The possibility of confounding by other covariates (eg, age, smoking, parity, OC use and
number of sexual partners) was evaluated by including these variables in the model and
testing for any significant change in the crude estimates. Except for age, the inclusion of
other covariates in the model did not have an important effect on parameter estimates, and so
they were left out of the final model.
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Accounting for correlation between visits, we did not find appreciable variation in the
frequency of HPV-positive results between the four menstrual cycle phases. Among all
specimens collected during the follicular, midcycle, luteal and late luteal phases: 15.8%
(248/1567), 17.7% (309/1745), 16.3% (256/1570) and 16.5% (200/1211), respectively,
tested positive for HPV. Compared with follicular phase (referent group), HPV detection did
not differ according to reported LMP for midcycle phase (OR=1.14, 95% CI 0.95 to 1.37),
luteal phase (OR=1.03, 95% CI 0.85 to 1.25), or late luteal menstrual phase (OR=1.01, 95%
Cl 0.83 to 1.24). Similarly, no important differences were observed in the detection of
oncogenic HPV types, HPV 16 or HPV 18 (table 1). In comparing the percentage of cervical
specimens that tested positive for HPV (any type) according to the number of days since the
subject’s LMP (days 5 through 31; figure 1), we observed only minor random variation in
HPV detection across the cycle. Stratification by OC use did not result in a statistically
significant difference in HPV detection between phases (table 2). In our logistic regression
models (fitted using GEE), we also tested whether age or OC use acts as an effect modifier
of the relation between menstrual phase and HPV detection. As expected, no interactions
were observed between these variables and menstrual phase, that is, estimates remained
largely unchanged, and p values for interaction terms were >0.05 (results not shown).

The geometric mean viral load among HPV-positive samples was 4.26 viral copies/cell
(median=0.50, interquartile range=0.25-27). Using follicular phase as the referent group,
viral load detection (dichotomised at the upper tertile) did not differ according to reported
menstrual phase for midcycle (OR=1.17, 95% CI 0.91 to 1.51), luteal (OR=1.11, 95% ClI
0.85 to 1.44), or late luteal phase (OR=0.97, 95% CI 0.72 to 1.29). As shown in figure 2,
there was some minor variation between viral load detection and number of days since LMP,
particularly for days 29-31.

DISCUSSION

Our findings suggest that levels of HPV positivity do not vary during the menstrual cycle.
Previous studies that examined this topic have produced conflicting results. Four studies,
including a study based on PCR testing of tampon specimens, did not find any difference.
Other studies based on repeated testing have found higher HPV detection during the
follicular® and luteal phases® of the menstrual cycle. Only one other study evaluated HPV
viral load, and investigators found a modest increase during midcycle. It is unclear why
viral load detection would be higher for specimens collected during this time, but it has been
suggested that peak oestrogen levels at midcycle could promote this effect by enhancing
HPV viral replication, or by reducing cellular adhesion.# In this study, we found no
indication that viral load varies with menstrual phase. It is unlikely that the decrease in viral
load for days 29-31 was due to any true biological effect. This category had fewer data in
relation to the others and, therefore, variation found here may simply be a reflection of
sparse data. We were also unable to confirm previous findings suggesting that OC use acts as
an effect-modifier of the relation between menstrual phase and HPV detection. Additional
analyses designed to directly compare our results with Schmeink and colleagues,” (ie,
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restricted to women <30 years of age and with similar menstrual phase grouping) also did
not reveal any statistically significant differences in HPV detection according to OC use.

Major strengths of our study were its size and longitudinal design; however, we recognise
that there are some limitations. We had to depend on patient recall for information on the
date of LMP, and so there was likely some misclassification of this variable, which could
have biased our results towards the null. However, when we restricted our analysis to only
women who completed high school, or who reported a regular monthly period, there was no
meaningful change in our results.

In this study, subjects were asked not to attend the clinic for specimen collection during days
of active menstruation. This was based on evidence that cervical samples collected on these
days normally lead to poor quality smears1? that are more likely to result in false negative
diagnoses.1314 In our primary analysis, we therefore excluded samples collected from
subjects on these days (ie, reported LMP between 0 and 4 days). When we later included
these samples as part of our sensitivity analyses, we found it led to almost no change in our
results, and did not affect our overall interpretation.

Women in this study with normal Pap cytology results had lower HPV viral load in
comparison with those with abnormal cytology. Because these women may be more
susceptible to epithelial fluctuations during the menstrual cycle which could affect HPV
detection, we also performed analyses restricted to these cytologically normal women.
Again, we observed no important change in our results. Since we did not find much
variability in HPV viral load during the menstrual cycle, we did not expect there to be much
variation in detection of cytologic abnormalities. Nevertheless, for a complete assessment of
this issue, we also compared cytology results (stratified by lesion grade) according to
reported LMP As expected, we found no significant difference in lesion grade frequency
according to menstrual phase.

In conclusion, our findings are consistent with the bulk of the literature in suggesting that
menstrual phase does not have an effect on HPV detection It is expected that HPV testing
will eventually become the main primary screening tool in prevention of cervical cancer, and
concerns about the accuracy of HPV testing during different phases of the menstrual cycles
may compel clinicians to consider standardising the timing of specimen collection. Our
findings suggest that this will not be necessary.
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Key messages
> HPV DNA testing now plays an important role in cervical cancer screening.

> It is still not clear whether menstrual phase affects the accuracy of this test, or
if oral contraceptive use somehow modifies this effect.

> Results from this study strongly suggest that cervical HPV detection is not
affected by menstrual phase.
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Figure 1.
Percentage of cervical samples positive for human papillomavirus DNA according to

menstrual phase (number of days since last menstrual period) at time of clinic visit.
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Figure 2.

Human papillomavirus load (number of copies per cell among HPV-positive samples)
according to menstrual phase (hnumber of days since last menstrual period) at time of clinic
visit, measured using low-stringency PCR. This figure is only reproduced in colour in the
online version.
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