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Introduction
Vulvovaginal candidiasis is an inflam-

matory condition caused by yeast, pre-
dominately Candida albicans. This condi-
tion results in severe genital itching,
vaginal odor, and abnormal discharge.
Self-reported history of vulvovaginal can-
didiasis ranges from 20% among stu-
dents' to 45% of a general population
sample2 to 72% of family practice clinic
users.3 Widely available vaginal antifun-
gals cure the condition, but some 15% to
20% of women experience a second
infection within 1 to 3 months.4'5 An
estimated $600 million per year is spent
on the diagnosis and treatment of vulvo-
vaginal candidiasis amongwomen aged 15
to 45 years.6

Investigation of possible risk factors
for vulvovaginal candidiasis should lead to
an increased understanding of its patho-
genesis, resulting in an improved ability to
treat and prevent it. To date, oral contra-
ceptives, sexual activity, antimicrobial use,
and many other possible risk factors have
been associated with vulvovaginal candi-
diasis in anecdotal reports and occasion-
ally in clinic-based studies, but none of
these associations has been conclusive.5'6

To determine the age distribution of
first onset in young women and to
examine possible associations of this con-
dition with sexual activity, contraceptive
practices, and demographic characteris-
tics, we conducted two mailed cross-
sectional surveys of students at a large
university. This is the first population-
based study to address the age distribu-
tion of first onset and one of the few to

examine possible risk factors for vulvovagi-
nal candidiasis.

Methods
Survey recipients were randomly se-

lected from all female students registered
at the University of Michigan in the fall
terms of 1992 and 1993, stratified by year
in school (four undergraduate years plus
graduate students). Of those selected, 952
of 1000 in 1992 and 979 of 1050 in 1993
had correct local addresses, with 603
(63.3%) responding in 1992 and 458
(46.8%) in 1993. Graduate students were
slightly more likely to respond than
undergraduates. Of the 1061 respondents,
34 had data missing for multiple variables
and were excluded, leaving a final sample
size of 1027. All survey recipients received
an explanatory letter, a return envelope, a
small incentive, and an anonymous ques-
tionnaire asking about their history of
clinically diagnosed vulvovaginal candidia-
sis, demographic characteristics, past
sexual activities, and use ofvarious contra-
ceptives. The University of Michigan
School of Public Health Human Subjects
Review Committee approved both studies.

The Kaplan-Meier method,7 along
with 95% Hall-Wellner confidence bands,8
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was used to estimate the cumulative
probability of first clinical diagnosis of
vulvovaginal candidiasis by age. Propor-
tional hazards (Cox) models7 were used to

explore associations between age at first
onset and demographic characteristics,
sexual activity, and use (ever/never) of
contraceptive practices. Sexual activity
was defined as genital touching by the
respondent or a partner, receptive oral
sex, or vaginal intercourse, and it was

modeled as a time-dependent variable
(age at initiation of sexual activity) in the
proportional hazards model. Eleven
women without a vulvovaginal candidiasis
diagnosis whose age was missing were

assigned the median age at survey comple-
tion. Forty-seven women with a vulvovagi-
nal candidiasis diagnosis but no age at first
diagnosis were assigned the median age at
first diagnosis. These medians were calcu-
lated separately for each survey and year

in school. Reanalysis deletingwomen with
missing dates gave similar results. Sepa-
rate analysis of the surveys identified no

significant differences in the results, so the
combined analysis is presented here.
Analyses were completed with EGRET9
and SAS.10

Results
Women responding to the survey had

a median age of 21.0 years (range = 17.0
to 52.2); 27.6% were graduate students,
85.3% were never married, and most
(88.6%) had been sexually active. The
racial composition of respondents (76.3%
White, 10.1% Asian, 7.2% Black, and
6.3% other or missing) was similar to that
of nonrespondents and the female stu-
dent body (data not shown).1112 With the
exception of later age at first sexual
activity among Asians, there were no

statistically significant differences be-
tween the races in age at first sexual
activity and in proportions ever participat-
ing in specific sexual activities (data not
shown).

A clinical diagnosis of vulvovaginal
candidiasis was reported by 37.5% of
respondents. The proportion of women
ever diagnosed increased rapidly after age
17, with an estimated 54.7% of women
diagnosed by age 25 (Figure 1). In a

proportional hazards model (Table 1),
diagnosis of vulvovaginal candidiasis was

associated with initiation of sexual activ-
ity; ever use of oral contraceptives; and
White, Black, or other race (vs Asian).
Past participation in both receptive oral
sex and vaginal intercourse was more

common in women with vulvovaginal
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Note. The cumulative probability of diagnosis (solid line) equals 1 minus the probabiiity of surviving
without a diagnosis (1 - Kaplan-Meier Estimate). Confidence bands (dotted lines) were

calculated with the Hall-Wellner method.

FIGURE 1-Age at first clinical diagnosis of vulvovaginal candidiasis (VVC)
among 1027 university students.

TABLE 1-The Association of Clinically Diagnosed Vulvovaginal Candidiasis
(VVC) with Possible Risk Factors among 1027 University Students

Students Students Hazard Crude
withWC withoutWC Rate Odds

(n = 385), % (n = 642), % Ratioa Ratio 95% Cl

Initiation of 97.7 83.2 2.9 ... 2.2, 3.8
sexual activityb

Ever used oral 75.3 42.1 1.7 ... 1.4,2.2
contraceptives

Race
Asian 2.9 14.5 1.0 ... Reference
Other/missing 5.5 6.9 2.8 ... 1.4, 5.9
White 81.0 73.5 3.1 ... 1.7, 5.7
Black 10.6 5.1 5.9 ... 3.0, 11.5

Sexual activities
ever donec

Not active 2.4 17.0 ... 1.0 Reference
Genital touching 2.4 7.1 ... 2.4 0.8, 7.1

only
Receptive oral 3.7 7.2 ... 3.7 1.4, 9.9
sex only

Vaginal inter- 3.1 4.7 ... 4.8 1.7, 13.9
course only

Both receptive 88.5 64.1 ... 9.9 4.8, 21.3
oral sex and
vaginal intercourse

aFrom a proportional hazards model including initiation of sexual activity, oral contraceptive use

ever, and race.
bModeied as a time-dependent variable, such that women are considered not active until the age at
which they report their first sexual activity.

cMutually exclusive categories, but receptive oral sex, vaginal intercourse, and both categories
together may or may not include genital touching. Data unavailable for eight respondents (three
with vuivovaginal candidiasis diagnosis and five without).
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candidiasis, but we could not determine
which specific sexual activities preceded
the diagnosis. Use of contraceptives other
than oral contraceptives was less frequent
and not associated with vulvovaginal can-
didiasis (data not shown). Proportional
hazards models run separately for each
racial group provided similar hazard ra-
tios for the initiation of sexual activity and
oral contraceptive use (data not shown).

Discussion

Previous studies have also suggested
that sexual activity21'2S-8 and oral contra-
ceptive use2"l922 are associated with vulvo-
vaginal candidiasis. The mechanism by
which sexual activity may increase the risk
for this condition is unknown, but possibili-
ties include sexual transmission of yeast6'13
and trauma facilitating the invasion of
vaginal mucosa by yeast.' Oral contracep-
tives may promote yeast adhesion and
growth through increased nutrient avail-
ability or estrogen stimulation.6'24

To our knowledge, race has never
been associated with vulvovaginal candi-
diasis. Racial groups may differ in per-
sonal hygiene habits,25 sexual activities,
and contraceptive practices,26'27 all of
which could contribute to differing inci-
dences of the condition. To the extent that
we could evaluate them, however, no
important differences in sexual activity
were found among the races. Finally,
sexual activity, oral contraceptive use, and
membership in certain racial groups may
all result in increased pursuit of medical
care for and/or diagnosis of vulvovaginal
candidiasis.

Although this is one of the first
population-based studies of vulvovaginal
candidiasis, some limitations deserve men-
tion. Women with a history of the condi-
tion may have been more likely to
complete the survey, resulting in inflated
estimates of its diagnosis. Reported diag-
noses may be incorrect, either through
respondent error or clinician misdiagno-
sis. Because our data were limited, we

were unable to evaluate adequately the
role of specific sexual activities, contracep-
tive practices, antimicrobial use, and
other potential risk factors for vulvovagi-
nal candidiasis. Nevertheless, this is clearly
a common condition, with further re-
search required to define the role of
sexual activity, contraceptive use, race,
and other suspected risk factors in its
pathology. O
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