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Abstract

Objective: The aim of this research was to determine correlates of prevalent cervicovaginal human papilloma-
virus (HPV) infection in perimenopausal women.
Methods: A total of 178 women, ages 40–60, were recruited from four clinics in the metropolitan area of
Baltimore, Maryland. A self-collected cervicovaginal specimen and questionnaire were completed following
enrollment and consent. HPV was detected by L1 consensus polymerase chain reaction (PCR) and genotyped
using a prototype line blot assay. Adjusted prevalence ratios (aPR) and 95% confidence intervals (CIs) from
Poisson regression models with robust variance identified correlates of prevalent HPV infection.
Results: Prevalence of any HPV genotype at baseline among 172 women with complete data was 20% (6% for
high-risk HPV). HPV prevalence was higher among single compared to married women (aPR¼ 4.3 [95% CI: 2.0,
9.5]), and among women with �2 sex partners in the last six months compared to women who reported none
(aPR¼ 4.9 [1.7, 13.9]) after adjustment for confounders. Menopausal stage was also associated with HPV de-
tection, with increased prevalence among perimenopausal compared to premenopausal women (aPR 2.3 [1.1,
5.1]), after adjustment for confounders. Age was moderately correlated with menopausal staging (r¼ 0.57).
Conclusions: Our observations suggest the independent associations of sexual behavior and hormones on
prevalent HPV in perimenopausal women. Age was not a good surrogate for menopausal stage, as it was only
moderately correlated with menopausal stage.

Introduction

Cervicovaginal infection with human papillomavirus
(HPV) is the most common sexually transmitted disease.1

HPV infects an estimated 291 million women worldwide,
with variations in prevalence by geographic location and
age.2 HPV is considered a necessary causal factor for the de-
velopment of cervical cancer.3,4,5

Differences in age-specific HPV prevalence have been re-
ported in several international studies.2,6 While prevalence is
generally highest around the age of sexual debut and de-
creases with increasing age, a recent meta-analysis showed a
second increase in HPV prevalence among cytologically
normal women over age 40 in Europe and North and South
America, but not Asia.2 The reason for this second peak
in prevalence among women 40–60 years old remains un-
clear, but could conceivably reflect new sexual exposures,

reactivation of latent infection due to perimenopausal hor-
mone fluctuations, or both. Inconsistencies across geo-
graphical regions in the presence and average age of the
second peak have been used to argue against hormonal in-
fluences in the later-in-life increase in HPV prevalence.2

However, these inferences are based on using the average
age of menopause (50–51 years) as the sole marker of men-
opause. Perhaps more biologically relevant is capturing
measures of the menopausal transition, where hormones
tend to fluctuate unpredictably in the years preceding the
final menstrual period.7 Certain hormonal imbalances have
been associated with altered immune function8 and are re-
sponsible for the movement of the cervical transformation
zone during puberty through menopause. If hormonal
changes are indeed influencing HPV detection in adult
women by any of these hypothesized mechanisms, measures
more specific than chronologic age may be required to
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accurately classify women according to stage of the meno-
pausal transition.

The objectives of our study were three-fold. First, we esti-
mated the prevalence of HPV detection in a group of 40–60-
year-old women. Second, we determined the correlation of
age and menopausal stage classified using self-reported in-
formation of last menstrual date and cycle irregularities. Fi-
nally, we investigated the independent associations of sexual
exposure, and markers of endogenous and exogenous hor-
mone fluctuations with detection of prevalent HPV detection
in women in the menopausal transition.

Methods

A convenience sample of women aged 40–60 who were
attending one of four outpatient clinics affiliated with the
Johns Hopkins Medical Institutions in the greater Baltimore
area were recruited between May and November 2006. The
majority of patients are seen for routine medical examina-
tions, though we did not collect individual information on
reason for clinic attendance. Women were excluded from the
study if they reported having a hysterectomy or were cur-
rently pregnant.

All willing and eligible women provided written informed
consent and a self-collected vaginal swab, and completed a
self-administered questionnaire at the baseline visit. The
questionnaire collected exposure information, including de-
mographics, exogenous hormone use (including contracep-
tives and hormone replacement therapy), non-hormonal
medication use, menstrual and reproductive history, history
of an abnormal Pap test and treatment, lifetime and recent
sexual behavior, and presence of menopausal symptoms.

Menopausal stage (post-, peri-, or premenopause) was
classified based on menstrual history according to the exec-
utive summary of the Stages of Reproductive Aging Workshop
(STRAW),9 and used as an indirect measure of endogenous
hormone fluctuations. Specifically, postmenopause was de-
fined as �12 months since last reported menstrual period;
perimenopause was defined as self-reported changes in
menstrual cycle length; and premenopause was defined as
current menstruation with no change in menstrual cycle
length.

To collect the cervicovaginal specimen, participants were
provided with a pre-labeled Digene HPV Sampler (Qiagen,
Gaithersburg, MD) collection kit that contained a cervical
brush and 1 ml of standard transport medium (STM). Parti-
cipants were instructed verbally on how to collect the vaginal
swab and provided with illustrated and written instructions.
This cross-sectional study was approved by the Committee on
Human Research at Johns Hopkins Bloomberg School of
Public Health.

HPV genotyping was performed on all specimens. Speci-
mens were stored at 48C before being vortexed and trans-
ferred into cryovials for storage at�208C. DNA was extracted
by taking 90 ml of the STM specimen and digesting at 658C in a
digestion buffer (20 mM Tris-HCl, 1 mM EDTA pH 8.5) con-
taining 200mg=ml proteinase K and 0.1% of Laureth-12 for
1 hour. Following heat inactivation of proteinase K (958C for
10 minutes), DNA was precipitated with an ammonium ace-
tate and ethanol solution and resuspended in a final volume
of 75ml of TE buffer. For PCR, 5ml of DNA was amplified
using PGMY 09=11 and beta-globin consensus primers and

AmpliTaq Gold in a final volume of 100ml. Amplification was
performed using GeneAmp� PCR System 9600 thermal cy-
cler. The PCR product was denatured in 100ml of 0.4 N so-
dium hydroxide, and 75 ml was used for HPV genotyping
by the Roche prototype PCR-Line blot assay (kind gift of
Roche Molecular Systems, Pleasanton, CA) as previously
described,10,11 which detects 37 HPV genotypes (6, 11, 16, 18,
26, 31, 33, 35, 39, 40, 41, 51–59, 61, 62, 64, 66–73, 81–84, 82
subtype[IS39], and 89[CP6108]). HPV prevalence was calcu-
lated both for any HPV genotype and any high-risk genotype.

Statistical analysis

Fisher’s exact chi-squared test was used to test for a dif-
ference in proportions. Pearson’s correlation coefficient was
used to determine correlation. To avoid overestimation of
association due to frequent outcomes, Poisson regression
models with robust variance were used to determine uni-
variate (PR) and adjusted prevalence ratios (aPR) and 95%
confidence intervals (CI).12 A two-tailed p-value of <0.05
was considered significant. All analyses were conducted
using STATA version 9.0 (STATACorp., College Station,
TX).

Results

Of the 178 women enrolled, three participants were drop-
ped due to incomplete demographic information, and an
additional three participants were dropped due to a lack of
beta-globin amplification on the specimen. This resulted in
172 women (median age¼ 49.0 years) with complete infor-
mation who contributed to the analysis. We parsimoniously
combined women who were widowed (n¼ 7), divorced
(n¼ 25), separated (n¼ 6), or never married (n¼ 30) into a
single category of ‘‘not married’’ since the HPV prevalence
was not significantly different across the groups. The majority
of women with complete information were non-Hispanic
white, with fewer than five lifetime sexual partners, and did
not use HRT or other hormones (Table 1). Overall, the prev-
alence of any HPV was 20% (34=172), with 6% (11=172) having
a high-risk HPV detection.

Age (measured in 5-year age categories) and menopausal
stage were not strongly correlated (r¼ 0.57). Age was a poor
surrogate when attempting to differentiate pre- from peri-
menopausal women (Fig. 1).

After multivariate adjustment for potential confounding
effects, HPV prevalence was significantly different across the
5-year age groups; no clear trend with increasing age was
observed (Table 1). Measures of sexual exposure opportunity
(i.e., single marital status and recent sexual partners) were
positively associated with HPV prevalence. The univariate
association of HRT use and increased HPV prevalence was
attenuated, but marginally statistically significant, after ad-
justment for age and sexual behavior (aPR¼ 2.3 [95% CI of
1.0, 5.4]). Interestingly, the association between peri- versus
premenopausal stage increased in both strength and signifi-
cance (aPR¼ 2.3 [1.1, 5.1] for perimenopausal compared to
premenopausal stage) after adjustment for age and sexual
behavior.

The association of HPV with perimenopausal stage did not
appear to be confounded by sexual behavior, as perimeno-
pausal women were more likely to be married, have similar
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Table 1. Characteristics of Participants and Correlates of Prevalent HPV Infection

(N¼ 172), Baltimore, Maryland, 2006

Characteristics,
number (%)a

HPV
prevalence,

number (%)b

Unadjusted
prevalence

ratio (95% CI)c

Adjustedd

prevalence
ratio (95% CI)c

Age (in years)
�45 48 (28) 16 (33) 1.0 1.0
46–50 50 (29) 6 (12) 0.4 (0.2–0.8) 0.3 (0.1–0.7)
51–55 36 (21) 7 (19) 0.6 (0.3–1.3) 0.7 (0.3–1.7)
�56 36 (21) 5 (14) 0.4 (0.2–1.0) 0.2 (0.1–0.7)

Race=ethnicity
Non-Hispanic White 125 (73) 24 (19) 1.0
Other 46 (27) 10 (22) 1.1 (0.6–2.2)

Education
<College graduate 81 (47) 19 (24) 1.0
�College graduate 90 (52) 15 (17) 0.7 (0.4–1.3)

Marital status
Married 103 (60) 10 (10) 1.0 1.0
Not marriede 68 (40) 24 (35) 3.6 (1.9–7.1) 4.3 (2.0–9.5)

Smoking status
Not current 148 (86) 27 (18) 1.0 1.0
Current 24 (14) 7 (29) 1.6 (0.8–3.3) 1.4 (0.6–3.7)

Medical history
Current hormone replacement therapy (HRT) use

No 152 (88) 27 (18) 1.0 1.0
Yes 11 (6) 6 (55) 3.1 (1.6–5.8) 2.3 (1.0–5.4)

Other hormone use (not HRT)
No 141 (82) 26 (18) 1.0
Yes 31 (18) 8 (26) 1.4 (0.7–2.8)

History of Pap
Normal 84 (48) 15 (18) 1.0
Abnormal 68 (40) 16 (24) 1.3 (0.7–2.5)
Never screenedf 14 (8) 3 (21)
Don’t knowf 5 (3) 0 (0)

Treatment of abnormal Papg

No 22 (32) 3 (14) 1.0
Yes 43 (63) 12 (28) 2.0 (0.6–6.6)
Don’t knowf 3 (4) 1 (33)

Sexual and reproductive history
Parity

0 43 (25) 11 (26) 1.0
1 25 (15) 8 (32) 1.3 (0.6–2.7)
2 61 (36) 9 (15) 0.6 (0.3–1.3)
�3 42 (24) 6 (14) 0.6 (0.2–1.4)

Menopausal stageh

Premenopause 50 (29) 8 (16) 1.0 1.0
Perimenopause 56 (33) 15 (27) 1.7 (0.8–3.6) 2.3 (1.1–5.1)
Postmenopause 51 (30) 8 (16) 1.0 (0.4–2.4) 2.1 (0.9–5.1)

Lifetime number of partners
�5 108 (63) 17 (16) 1.0
>5 46 (27) 13 (28) 1.8 (1.0–3.4)
Decline to answer 18 (11) 4 (22) 1.4 (0.5–3.7)

Number of sexual partners in last 6 months
0 39 (23) 8 (21) 1.0 1.0
1 123 (72) 21 (17) 0.8 (0.4–1.7) 2.0 (0.9–4.8)
�2 6 (4) 4 (67) 3.3 (1.4–7.5) 4.9 (1.7–13.9)
Decline to answer 4 (2) 1 (25) 1.2 (0.2–7.5) 1.4 (0.4–4.4)

aDue to missing data, percentages may not add to 100%. Missing data was largely the result of omission in the self-administered questionnaire.
bPercentage calculated from strata-specific total.
c95% CI is the 95% confidence interval.
dAdjusted for age, marital status, smoking status, current hormone replacement therapy (HRT) use, menopausal stage, and number of sex

partners in the last 6 months.
eNot married includes all women not currently married, including women who are widowed (n¼ 7), divorced (n¼ 25), separated (n¼ 6), or

single women who have never been married (n¼ 30).
fExcluded from unadjusted prevalence ratio analysis.
gPercentage calculated out of 68 women reporting abnormal Pap.
hPremenopause was defined as not reporting irregular menstrual periods. Perimenopause was defined as reporting irregular menstrual

periods. Postmenopause was defined as �12 months since last reported menstrual period. Fifteen women were not classified into any
menopausal stage due to missing data of menstrual periods.
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number of lifetime sex partners compared to pre- and post-
menopausal women, and were less likely to have �2 recent
sex partners compared to premenopausal women (Fig. 2).

Discussion

The suggestion of independent effects of hormones and
sexual behavior on HPV detection observed in this study is
intriguing. We observed an association between surrogates
for sexual exposure opportunity (i.e., likelihood of recent
contact with infected partner) and HPV prevalence. This ob-
servation supports the notion that women at all ages may be
at risk of new HPV infections, given exposure. Even among
the sexually active women, however, reactivation cannot be

excluded as a source of the HPV detection, as sexual exposure
may have been coincidental.

Markers of exogenous and endogenous hormones were also
associated with HPV detection in this population. Previous
studies have reported conflicting associations between ex-
ogenous hormone use (i.e., HRT) and HPV detection,13,14,15,16

with one study suggesting that duration of use may be im-
portant.14 We only collected information on current HRT use in
this pilot study, and only 11 women reported this exposure.
Despite these small numbers, 55% of HRT users had prevalent
HPV detected versus 18% of non-users ( p¼ 0.01). While this
association was attenuated after adjustment for age, meno-
pausal stage, and sexual behavior, the statistically significant
point estimate supports a possible association between preva-
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lent HPV detection and HRT use which should be resolved in
larger studies.

To our knowledge, this is the first study investigating the
correlates of HPV detection to specifically measure the stage of
the menopausal transition. The STRAW menopausal transi-
tion staging criteria categorizes menstruating women report-
ing changes in their menstrual cycle length as being in the
‘‘early transition’’ and women reporting 60 days of amenor-
rhea as being in the ‘‘late transition.’’ Postmenopausal stage is
retrospectively defined as 12 months since the last menstrual
period. Using information on self-reported regular versus ir-
regular menstrual cycles and date of last menstrual period, we
were able to categorize our study participants as premeno-
pausal, perimenopausal (combines both early and late tran-
sition), and postmenopausal. Using this more refined measure
of staging of the menopausal transition, we observed a sig-
nificant increase in HPV detection only among the perime-
nopausal women. Most studies dichotomize menopausal
stage as pre- versus postmenopause, failing to quantify peri-
menopause. Indeed, in this study, we found no association
with HPV detection using a binary pre=post menopause cat-
egorization.

There is biological relevance to differentiating premeno-
pausal women with predictable, cyclical hormone levels, from
perimenopausal women who experience periods of severe
hormonal fluctuations during the menopausal transition,7

since such hormonal imbalances can result in significant
physiologic and immunologic dysregulation. Importantly,
due to the substantial variation in the frequency and severity
of hormonal changes associated with the menopausal transi-
tion, use of individual-level data to define menopausal stag-
ing, rather than population averages, will be critical to assess
the effects of the transition on disease risk. For example, the
Study of Women Across the Nation (SWAN) study is a multi-
center study of perimenopause in the United States that used
stratified sampling to ensure adequate representation of sev-
eral ethnic groups including Caucasians, African Americans,
Hispanics, Asians, and Native Americans.17 SWAN data
demonstrated a strong effect of body mass index, age, and
ethnicity on hormonal patterns (including total cycle length) in
pre- and early perimenopausal women.18 Caucasians, African
Americans, and Hispanic women were all significantly more
likely to report estrogen surges in excess of premenopausal
levels, progesterone declines, and menopausal symptoms
compared to their Asian-American counterparts.18 It is in-
triguing that these ethnic differences show an ecological cor-
relation with the geographical differences in the age-specific
HPV prevalence trends.2

Our observation that menopausal staging was more
strongly associated with HPV prevalence than chronologic
age has important implications when considering the influ-
ence of sex hormones on HPV detection among older women.
Specifically, in our study, age (measured in 5-year age groups)
was not strongly correlated with menopausal stage. There-
fore, the misclassification of menopausal stage using age as a
surrogate can bias the estimated effect of the menopausal
transition on HPV natural history, and may explain the lack of
association in previous studies which used age as a surrogate
marker for menopause.

We considered whether direct measures of hormonal
biomarkers could increase the precision of estimated asso-
ciations of menopausal stage and prevalent HPV detection.

Biomarkers, including a monitor of the gradual increase in
follicle stimulating hormone levels throughout the transition
period, have been investigated to more precisely define
menopausal stage.7 However, intra-individual variability is
high using a single measure, and setting meaningful cut-offs
has proven difficult.9 Future studies of HPV in perimeno-
pausal women can increase specimen sampling densities to
best capture temporal changes in both HPV and hormones,
and thereby more accurately estimate the effect of meno-
pause transitioning and hormone fluctuations on HPV de-
tection.

Given the observational design of the study, there are
limitations to be considered when interpreting these results.
Our study population was comprised of a convenience sam-
ple of women attending Johns Hopkins Medical Institutions
outpatient clinics; therefore, we cannot completely rule out
selection bias as a potential explanation for the observed ef-
fects. However, since we have collected information on the
most common risk factors for prevalent HPV detection, we do
not believe that this is a strong possibility. We acknowledge
the findings are limited in generalizability as some racial
and ethnic groups, namely Hispanic and Asian, are under-
represented in our study population.

We used cervicovaginal self-collected samples to measure
HPV outcomes rather than direct cervical sampling. The
self-collection methodology, however, has been shown to
be a reliable surrogate for clinician-collection.19,20,21,22,23 The
agreement of clinician-collected and self-collected specimens
has been shown to be high, with the most comprehensive
study reporting kappa¼ 0.73.19 It is noted that while many
studies have observed the prevalence of high-risk HPV ge-
notypes to be similar in both cervical and vaginal epithelium,
some studies suggest a higher prevalence of low-risk or any
HPV genotypes in the vagina compared to the cervix.19,21,24

We are underpowered to investigate the risk-stratified asso-
ciations of HPV with our exposure variables, therefore future
studies are needed to determine whether the effects of men-
opausal staging on HPV detection are different between the
oncogenic risk groups.

Finally, we were limited in power to investigate interac-
tions of menopause-associated changes and sexual behavior,
such as decreased sexual activity due to vaginal atrophy or
increased sexual activity due to HRT in postmenopausal
women. However, perimenopausal women in our study were
of similar (or even slightly lower) risk of sexual exposure
compared to the pre- and postmenopausal groups. Specifi-
cally, the perimenopausal women were slightly less likely to
report �2 recent sex partners, slightly more likely to be mar-
ried, and reported no differences in lifetime number of sex
partners compared to the pre- and postmenopausal groups
(Fig. 2). It is unlikely, therefore, that the association of men-
opausal stage was confounded by sexual behavior.

Conclusions

The findings in this study highlight some of the short-
comings of conventional methods of measuring menopause
stage. Most clinically relevant, age was not a good surrogate
of menopausal stage as it was only moderately correlated
with menopausal stage defined using date of last menstrual
cycle and cycle irregularities similar to the STRAW recom-
mendations.9 To fully understand the roles of sexual behavior
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and sex hormones in the increased HPV prevalence observed
during the menopausal transition, comprehensive informa-
tion on sexual behavior, endogenous hormone fluctuations,
and exogenous hormone use=duration is needed. A larger
study with more frequent monitoring is necessary in order to
better understand the driving forces behind the increase in
prevalent HPV infection among women aged 40–60.
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