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Abstract

Objective: We determined whether self-reported new or recurrent yeast infections were a risk factor for and/or
consequence of vulvodynia and then determined the extent to which various levels of misclassification of self-
reported yeast infections influenced these results.

Materials and Methods: In this case—control study we retrospectively assessed self-reported new and recurrent
yeast infections prior and subsequent to first vulvar pain onset among 216 clinically confirmed cases and during
a similar time period for 224 general population controls.

Results: A history of >10 yeast infections before vulvodynia onset was strongly but imprecisely associated with
currently diagnosed vulvodynia after adjustment for age, age at first intercourse, and history of urinary tract
infections [adjusted odds ratio=35.5, 95% confidence interval (CI) 1.7-17.8]. Likewise, a history of vulvodynia
was associated with a twofold risk of subsequent new or recurrent onset of yeast infections after adjustment for
age, age at first intercourse, and history of yeast infections before vulvodynia onset (comparable time period
among controls, 95% CI 1.5-2.9). Bias analyses showed that our observed associations were an underestimation
of the true association when nondifferential misclassification of self-reported yeast infections and certain
differential misclassification scenarios were present. However, if women with vulvodynia more frequently
misreported having them when they truly did not, our observed associations were an overestimate of the truth.
Conclusions: There appears to be a positive relationship between yeast infections preceding and following
the diagnosis of vulvodynia, but this relationship varies from strong to nonexistent depending on the rela-
tive accuracy of the recalled diagnosis of yeast infections among cases and controls. To better understand the
bidirectional associations between yeast infections and vulvodynia, future validation studies are needed to
determine the extent to which misclassification of self-reported yeast infections differs between women with
and without vulvodynia.
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Introduction

VULVODYNIA IS HIGHLY prevalent in the general popula-
tion,l defined as debilitating vulvar discomfort due to
burning pain or pain on contact that occurs in the absence of
clinically visible pathological findings or identifiable disor-
ders.” Over the years, many studies have suggested an asso-
ciation between vulvodynia and vulvovaginal candidiasis
(yeast) infections.>> Although several biological hypotheses

have been suggested, including genetic susceptibility to
Candida antigens, eliciting an altered immune response that
results in chronic inflammation,® or abnormal sensory pro-
cessing as a result of repeated candidiasis infections,’ it is
difficult to conclude that Candida infections are causally
associated with new onset of vulvodynia. This is largely due
to the inability of women to accurately recognize candidiasis
infections, the poor reliability between telephone consulta-
tion with clinical providers and a true diagnosis, and the
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inadequate workup when women do seek care for their in-
fections.* ' Add to that the limitation of prior studies to
elucidate the timing of the yeast infections in relation to the
onset of vulvodynia symptoms and this association becomes
very challenging to study.

However, it is difficult to ignore much of the biologically
relevant evidence that suggests an important role for Candida
in understanding vulvodynia pathogenesis. Evidence free of
yeast exposure misclassification and the temporal relation-
ship between yeast exposure and vulvar pain comes from a
preclinical study of 15 mice where after 3 rounds of induced
Candida infections, 6 experienced allodynia, based on hind
paw sensitivity to von frey filament applications and visible
signs of increased vulvar innervation, suggesting that multi-
ple antecedent infections may be a potential risk factor for
new onset vulvodynia.” This is somewhat consistent with our
earlier finding of a substantially increased risk of vulvodynia
as a consequence of increasing numbers of self-reported past
urogenital tract infections.''

Determining whether yeast infections (1) lead to the de-
velopment of vulvar pain symptoms, or (2) can increase in
frequency as a result of immunological or microbiota chan-
ges that might have occurred as a consequence of devel-
oping vulvodynia, is critical for understanding the biological
mechanisms underlying this disorder. In our recently com-
pleted population-based study of women with and without
clinically confirmed vulvodynia, we assessed self-reported
yeast infections prior and subsequent to new and clinically
confirmed vulvodynia onset to begin to sort out the temporal
relationship between recurrent yeast infections and vulvo-
dynia. Because self-reported candidiasis infections may be
measured imperfectly, we used quantitative bias analysis to
explore how these findings would change under plausible
assumptions on the range of sensitivity and specificity of self-
reported candidiasis infections under scenarios of non-
differential and differential misclassification.

Materials and Methods

The University of Minnesota Institutional Review Board
approved this study and all participants provided written
consent. Data for the present analyses were collected as part
of a case—control study to explore etiological predictors of
vulvodynia. Women 1840 years of age, who were part of the
administrative database of a large healthcare network that
represents ~ 27% of the population in the Minneapolis/Saint
Paul metropolitan area, were initially recruited through self-
administered surveys to examine the prevalence of vulvar
pain. They had been seen for any reason in 1 of over 40
community health clinics within a 2-year window between
March 2010 and October 2013; 30,676 screeners were re-
ceived. This self-administered vulvar pain assessment has
been previously described.'?

Women likely to meet the International Society for the
Study of Vulvovaginal Diseases criteria for vulvodynia based
on their initial survey responses were invited to participate in
a clinical visit to confirm the diagnosis.13 Of the 1,398 wo-
men invited, 350 completed their examination, and 234 were
clinically confirmed. We compared screener questionnaire
characteristics of those who agreed and did not agree to a
clinical evaluation. In this assessment, we found no important
differences in demographic characteristics (age, race, and
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marital status) or reproductive history (age at menarche,
cycle regularity, and history of oral contraceptive use).
Likewise, characteristics of the vulvar pain, such as limiting
or preventing sexual intercourse, having never had a period of
pain free intercourse versus secondary onset of pain that
developed after a period of pain free intercourse, whether
pain was provoked as opposed to continuous, and having
sought care for their vulvar pain, were similar between those
who did and did not agree to the clinical assessment.

Women from this same pool of screened women with no
history of vulvar discomfort were randomly selected and in-
vited to serve as controls. Of 2,287 women invited, 251 agreed
and 234 were clinically confirmed as having no ongoing or
past history of vulvar pain. These clinically confirmed, eli-
gible, and enrolled controls were matched to a case and as-
signed a reference age identical to the age at first onset of
vulvar pain in the matched case. Controls had to be older than
the age at which their matched case was diagnosed with
vulvodynia. On average controls were about 2 years older
than cases. The interval length between actual age and age at
onset of vulvodynia in cases, and actual age and reference age
in controls, was no more than 2 years as well. This allowed for
assessments of exposures in controls that were comparable to
cases both prior and subsequent to onset of vulvodynia.

Additional eligibility criteria for both cases and controls
included having no active genitourinary infections at the time
of their clinical visit, and if parous, being at least 1-year
postpartum. Women were asked to refrain from introducing
anything into their vaginas for 48 hours before the clinical
visit. Clinically confirmed, eligible, and enrolled cases self-
reported the age at which they first experienced vulvar pain.

All cases and controls completed a background and medical
history questionnaire by telephone that covered demographic
characteristics, sexual and reproductive history, and personal
hygiene practices. For cases, we attempted to collect all his-
torical information within the temporal context of their age at
first onset of vulvar pain (before and after) when appropriate.
The same information was obtained for controls based on their
assigned reference age. Thus, exposures were assessed using
the same temporal context for both cases and controls.

We recorded the age of the woman at the time of her first
self-reported yeast infection and whether she indicated the
infection was clinically confirmed. We then asked the par-
ticipant to indicate the category (0, 1-4, 5-10, 11-20, 21-30,
>30) that represents the number of infections, subsequent
to the initial infection, that occurred before vulvodynia onset
(or reference age in controls) and then the number of infec-
tions subsequent to vulvodynia onset (or reference age in
controls). We then obtained the following information for the
aggregated category of number of yeast infections: propor-
tion self-reported as clinically confirmed, frequency of use of
over-the-counter medication, and treatment success. We also
collected information on other urogynecological infections,
including urinary tract infections, gonorrhea, genital warts,
bacterial vaginosis, trichomoniasis, chlamydia, and genital
herpes. All were temporally assessed in relation to first onset
of vulvar pain in cases and reference age in controls.

Statistical analysis

The analyses were based on 216 cases and 224 controls in
which all main exposure and primary covariates were
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successfully obtained. Thus, the reference age matching was
not retained, but assessed as a covariate. We first assessed
differences in key demographic, personal, and medical history
characteristics and then differences in these same characteristics
among those who did and did not self-report yeast infections.

Models were created to examine two distinct time periods—
before the onset of vulvodynia or reference age (referred to as
the antecedent model) and at or after the onset of vulvodynia
or reference age (referred to as the post-onset model). The
association between yeast infections and subsequent onset of
vulvodynia is based on a case—control analysis, and odds
ratios are presented. The post-vulvodynia onset (reference
age in controls) yeast infection estimate is based on a retro-
spective cohort analysis and we therefore present relative risk
estimates. For both analyses, potential confounders were
selected from the literature and are described in the results in
reference to Table 1. The models were refined using logistic
regression with stepwise selection.

After assessing all potential confounders and effect mod-
ifiers, our final antecedent model to estimate the influence of
yeast infections on risk of vulvodynia included number of
antecedent yeast infections (none, 1-4, 5-10, >10), current
age, age at first sexual intercourse, and history of urinary tract
infections.

The post-onset model, which assesses the risk of post-onset
yeast infection among those with and without vulvodynia,
used log-binomial models to estimate risk ratios (RRs). The
post-onset model adjusted for current age, age at first inter-
course, and history of yeast infections and categorized yeast
infections as <5 or =5. A post-onset sensitivity analysis was
conducted limited to the subset of women with no antecedent
yeast infections. This allowed for the assessment of vulvo-
dynia on the risk of new and post-onset only yeast infections.
All analyses were conducted using SAS 9.3 statistical soft-
ware (SAS Institute, Inc., Cary, NC).

To assess the impact of misclassification of yeast infection
in both the antecedent infection and post-onset infection ana-
lyses, we performed a quantitative bias analysis.'* We inves-
tigated two distinct hypotheses about the misclassification,
scenarios that applied to both the antecedent infection analysis
and the post-onset analysis. In the first scenario, we considered
it plausible that misreporting of yeast infections was the same
regardless of whether a woman had vulvodynia or not (i.e.,
nondifferential misclassification). This scenario might occur if
all women had difficulty remembering how many infections
they had or there were errors in self-diagnosis, but with no
distinct pattern (i.e., the rates of misclassification would be the
same among those with and without vulvodynia). This would
lead to an expected bias toward the null such that we would
have underestimated the true association. However, the mag-
nitude of that bias is unclear.

For the second scenario, we considered it plausible that
women with vulvodynia would be less likely to underreport
their number of yeast infections (both before and after di-
agnosis of vulvodynia) if they had =5 yeast infections but
more likely to over report their number of yeast infections if
they in fact had <5 yeast infections. This scenario might
occur if women with vulvodynia spent more time trying to
explain their pain by carefully recounting their yeast infec-
tions and potentially remembering more than there were,
while women without vulvar pain would not have such
stimulus to help them remember their infections. This would
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF 216 WOMEN
WITH CHRONIC VULVAR PAIN (CASES) AND 224 WOMEN
WITH NO VULVAR PAIN HISTORY (CONTROLS)

Controls

n=224

Cases

n=216

Characteristics

Current age, years, mean (SD)
Current age in categories, n (%)

29.1 (£5.2) 31.6 (£5.0)

18-24 years 37 (17.1) 19 (8.5)
25-29 years 82 (38.0) 60 (26.8)
30+ years 97 (44.9) 145 (64.7)

Reference/onset age, years, 21.0 (£5.7) 21.1 (#5.8)
mean (SD)

White, n (%)

Age at first sexual intercourse,
years, mean (SD)

No. of sexual partners, mean (SD) 8.1 (£9.2) 9.3 (£11.1)

189 (87.9) 199 (88.8)
18.1 (£3.6) 17.8 (£3.8)

Family members with 1.6 (£1.7) 1.2 (£1.6)
depression, mean (SD)

History of abuse,” n (%)
None 70 (32.4) 82 (36.6)
Moderate 28 (13.0) 37 (16.5)
Severe 67 (31.0) 47 (21.0)
Not reported 51 (23.6) 58 (25.9)

Antecedent” urinary tract 98 (45.4) 65 (29.0)
infection, n (%)

Antecedent bacterial 27 (12.5) 16 (7.1)
vaginosis, n (%)

Antecedent chronic 20 (9.3) 4 (1.8)
constipation, n (%)

Antecedent anxiety, n (%)
None 125 (57.9) 165 (73.7)
Yes, not diagnosed 27 (12.5) 28 (12.5)
Yes, diagnosed 64 (29.6) 31 (13.8)

Antecedent depression, n (%)
None 135 (62.5) 150 (67.0)
Yes, not diagnosed 15(6.9) 21094
Yes, diagnosed 66 (30.6) 53 (23.7)

Antecedent allergies to 79 (36.6) 49 (21.9)
medications, n (%)

Antecedent hormonal 133 (61.6) 125 (55.8)
contraceptive use, n (%)

Antecedent pain 59 (27.3) 20 (8.9)

conditions,® n (%)

“Physical or sexual abuse through age 11.

®Antecedent to onset age (if case) or reference age (if control).

“Pain conditions include Chronic Fatigue Syndrome, Tempor-
omandibular Joint and Muscle Disorders, Irritable Bowel Syn-
drome, Fibromyalgia, and Interstitial Cyst.

SD, standard deviation.

likely lead to our associations over estimating the truth, but
again the magnitude is unclear.

In the antecedent infection model, we assessed the impact
of misclassification of number of pre-onset yeast infections as
the exposure at levels of specificity ranging from 0.85 to 1.0
among vulvodynia cases (the greatest range possible based on
only 16.2% of cases reporting =5 yeast infections before the
reference age). For controls, we assessed a specificity range
from 0.93 to 1.0 (the greatest range possible based on only
8.5% of controls reporting =5 yeast infections after the ref-
erence age). For both cases and controls, we assessed sensi-
tivity values of 0.50, 0.70, and 0.90.
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In the post-onset models, we assessed the potential for
misclassification of number of post-onset yeast infections as
the outcome by varying specificity among those exposed
(vulvodynia) from 0.70 to 1.0 (the greatest range possible
based on 33.3% of those exposed reporting =5 new post-onset
yeast infections) and unexposed from 0.85 to 1.0 (again, the
greatest range based on plausible values from our observed
data). We retained the same sensitivity values of 0.50, 0.70,
and 0.90 as in the pre-vulvodynia onset models.

Results

Cases were younger than controls by 2 years, but the ref-
erence age assigned to controls was comparable to that of age
at first onset of vulvodynia symptoms within a few months
(Table 1). Relative to controls, women with vulvodynia were
more likely to report a history of anxiety, prior urinary tract
infections, a family history of depression, chronic constipa-
tion, allergies to medications, and chronic overlapping pain
conditions. All the variables presented in Table 1 were as-
sessed as potential confounders or modifiers of the associa-
tions between yeast infections and vulvodynia. It should be
noted that only one case and eight controls self-reported a
history of diabetes which, although associated with greater
risk of yeast infections, had little impact on our results.

After adjustment for current age and age at first sexual
intercourse, there was little difference in risk of vulvodynia
by age at first onset of yeast infections. Among women who
reported a history of yeast infections before onset of vulvo-
dynia or assigned reference age, those whose first yeast in-
fection was diagnosed by clinicians had about a 60% greater
odds of vulvodynia than women whose first yeast infection
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was not diagnosed by a clinician (Table 2). A strong dose
response was observed in the association between antecedent
yeast infections and vulvodynia with a sevenfold increase in
adjusted odds associated with reporting a history of more than
10 antecedent infections and a fivefold increased odds after
further adjustment for history of urinary tract infections.

In Table 3 we estimated the extent to which misclassifi-
cation of the number of self-reported prior yeast infections
may have impacted our results when comparing 5 or more
self-reported infections versus <5 yeast infections in women
with vulvodynia versus controls (crude odds ratio=2.1).
Each cell in Table 3 represents an estimate of the association
given the assumptions about the sensitivity and specificity of
yeast infection misclassification. Each set of five rows rep-
resents the same assumptions about the sensitivity of the
classification (probability of correctly reporting =5 infec-
tions when a woman truly had =5), but varies the assump-
tions about specificity (i.e., the probability of reporting <5
infections when a woman truly had <5). The cells shaded
show the scenarios that resulted in our estimate of 2.1 being
biased away from the null (a potential spurious inflation of
the true association). Table 3 shows that under the scenario
of nondifferential misclassification (shown as the bolded out-
lined cells), the bias was as expected toward the null (our
observed estimate of 2.1 potentially underestimated the true
effect). However, under nondifferential misclassification,
the magnitude of effect would only increase dramatically if
the probability of overreporting was as low as was plausible
within the dataset (i.e., specificity of 93% among controls).

Under the more plausible scenario of recall bias (where
sensitivity among cases is higher compared with controls and
specificity is lower among cases compared with controls), the

TABLE 2. RELATIVE ODDS OF VULVODYNIA AMONG THOSE WITH SELF-REPORTED YEAST INFECTIONS
BEFORE ONSET OF VULVODYNIA OR COMPARABLE TIME PERIOD AMONG CONTROLS, COMPARED
TO THOSE WITHOUT YEAST INFECTIONS

Cases Controls Crude OR Adjusted OR? Adjusted OR®

Yeast infections n (%) n (%) 95% CI 95% CI 95% CI
Age at first onset, years®

<17 40 (18.5) 27 (12.1) 1.7 (1.0-3.0) 1.9 (1.1-3.4) 1.6 (0.89-2.9)

17-21 26 (12.0) 38 (17.0) 0.80 (0.46-1.4) 1.0 (0.56-1.8) 0.81 (0.45-1.5)

>21 28 (13.0) 18 (8.0) 1.8 (0.96-3.5) 2.2 (1.2-4.4) 1.8 (0.90-3.5)
No history of yeast infections 120 (55.6) 141 (63.0) 1.0 (referent) 1.0 (referent) 1.0 (referent)
MD Dx at first onset®®

No 19 (8.8) 24 (10.7) 1.0 (referent) 1.0 (referent) 1.0 (referent)

Yes 76 (35.2) 59 (26.3) 1.6 (0.82-3.2) 1.6 (0.79-3.3) 1.6 (0.78-3.3)
Antecedent infections

None 120 (55.6) 141 (63.0) 1.0 (referent) 1.0 (referent) 1.0 (referent)

1-4 61 (28.2) 64 (28.6) 1.1 (0.73-1.7) 1.3 (0.80-2.0) 1.1 (0.68-1.7)

5-10 18 (8.3) 15 (6.7) 1.4 (0.68-2.9) 1.9 (0.89-4.1) 1.6 (0.76-3.5)

>10 17 (7.9) 4 (1.8) 5.0 (1.6-15.2) 7.3 (2.3-23.0) 5.5 (1.7-17.8)
Antecedent infections

04 181 (83.8) 205 (91.5) 1.0 (referent) 1.0 (referent) 1.0 (referent)

>5 35 (16.2) 19 (8.5) 2.1 (1.2-3.8) 2.8 (1.5-5.2) 2.3 (1.2-4.4)

?Adjusted for current age and age of first sexual intercourse.
®Model (a) plus adJustment for antecedent urinary tract infections.

“Two cases missing age at onset.

9One case missing MD Dx.

“Excludes women who never reported yeast infections and those whose yeast infections only occurred after reference age (120 cases and

141 controls).

CI, confidence interval; MD Dx, Physician diagnosis at first onset; OR, odds ratio.
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TABLE 3. ESTIMATES OF THE EFFECT (ODDS RATIO)
OF ANTECEDENT INFECTIONS (=5 vs. 0—4) oN VULVODYNIA
CORRECTED FOR EXPOSURE MISCLASSIFICATION
FOR VARIOUS ASSUMPTIONS OF SENSITIVITY (0.90, 0.70,
0.50) anD SpecIFICITY (1.0, 0.95, 0.93, 0.85; CASES ONLY)
OF CLASSIFICATION OF =5 PRIOR YEAST INFECTIONS

Specificity (controls
Sensitivity Sensitivity Specificity pecificity ( )

(cases) (controls) (cases) 1.0 0.95 0.93
0.90 0.90 1.0

0.95 1.5

0.93 1.2 2.9

0.90 0.81 2.0 4.6

0.85 0.16 0.38 0.90
0.70 0.70 1

0.95 L5

0.93 12 30

0.90 0.84 2.0 4.8

0.85 0.16 0.40 0.93
0.50 0.50 1

0.95

0.93

0.90 0.90 2.2 5.1

0.85 0.17 0.42 1.0
0.90 0.70 1 1.6

0.95 1.1 2.7

0.93 0.90 2.2 5.2

0.90 0.61 1.5 3.5

0.85 0.12 0.29 0.68
0.90 0.50 1 1.1

0.95 0.74 1.8

0.93 0.61 1.5 3.5

0.90 0.41 1.0 2.4

0.85 0.08 0.19 0.46
0.70 0.50 1 1.5

0.95 1.0 2.5

0.93 0.84 2.0 4.8

0.90 0.56 1.4 3.2

0.85 0.11 0.27 0.63

Observed OR: 2.1.
Scenarios that attenuated observed findings (<2.1).
[ Nondifferential misclassification scenarios.
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bias was such that our estimates may have overestimated the
true effect. However, we overestimated the true association
most often when the specificity among controls was perfect, a
likely implausible scenario.

We then assessed the influence of vulvodynia on the risk of
new or recurrent yeast infections (Table 4). Women with
vulvodynia were twice as likely to self-report =5 yeast infec-
tions subsequent to their vulvodynia onset compared to con-
trols after adjustment for current age, age at first intercourse,
and yeast infections occurring before the onset of vulvodynia
or reference age among controls. Furthermore, when we con-
ducted a sensitivity analysis restricted only to women who’s
first and all subsequent yeast infections occurred after onset of
vulvodynia or reference ages among controls, we observed the
same twofold association (95% confidence interval 1.5-3.4)
after adjustment for the same covariates above.

For the misclassification bias analysis, we estimated the
extent to which our exposure (vulvodynia) was associated
with 5 or more subsequent self-reported yeast infections
(outcome) versus <5 (crude RR=1.9) and how misclassifi-
cation of the outcome (reporting of yeast infection) might
affect this association. As with Table 3, each row in Table 5
shows a single RR corrected for the misclassification under
the assumed values of sensitivity and specificity. As ex-
pected, when the misclassification is nondifferential (i.e., the
same between cases and controls), our observed estimate of
1.9 may have been an underestimate of the true effect (as
shown in the bolded outlined cells). The value of sensitivity
(i.e., correctly reporting 5 or more yeast infections) plays
very little role, while the value of specificity (i.e., correctly
reporting fewer than 5 yeast infections) leads to a range of
corrected estimates between 1.9 and 6.7. Under the more
plausible situation of recall bias the corrected estimates are
nearly or almost always toward the null (i.e., underesti-
mates) suggesting our results may be an overestimate of the
true effect.

Finally, we assessed differences in the diagnostic and
treatment characteristics of yeast infections in women with and
without vulvodynia, by analyzing infections that occurred prior
and subsequent to vulvodynia onset or reference age among
controls. The proportion of yeast infections always diagnosed
by a clinician did not differ among those with and without
vulvodynia before onset of vulvar pain (36.5% vs. 39.8%) or
subsequent to onset of vulvar pain (31.7% vs. 30.5%). Women
with vulvodynia used over-the-counter medications for yeast

TABLE 4. RELATIVE RISK OF =5 NEW OR RECURRENT SELF-REPORTED YEAST INFECTIONS
SUBSEQUENT TO VULVODYNIA DIAGNOSIS COMPARED TO WOMEN WITHOUT VULVODYNIA

No. of post-onset yeast infections Crude RR Adjusted RR*

Exposure Total =5 04 95% CI 95% CI
New or recurrent post-onset yeast infections

Vulvodynia 216 79 (36.6) 137 (63.4) 2.2 (1.5-3.0) 2.1 (1.5-2.9)

No vulvodynia 224 38 (17.0) 186 (83.0) 1.0 (referent) 1.0 (referent)
New post-onset yeast infections”

Vulvodynia 120 40 (33.3) 80 (66.6) 1.9 (1.2-2.9) 23 (1.5-34)

No vulvodynia 141 25 (17.1) 116 (82.3) 1.0 (referent) 1.0 (referent)

?Adjusted for current age, age of first sexual intercourse, and antecedent yeast infections (any, none).
b . . . . . .
Includes only women who had no antecedent yeast infections, Adjusted RRs in this category no longer adjust for antecedent yeast

infections.
RR, risk ratio.
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TABLE 5. ESTIMATES OF THE EFFECT (RR) OF VULVODYNIA
(ExposeD) VERSUS NO VULVODYNIA (UNEXPOSED)

ON POST-ONSET YEAST INFECTIONS (=5) CORRECTED
FOR OUTCOME MISCLASSIFICATION FOR VARIOUS
ESTIMATES OF SENSITIVITY (0.9, 0.7, 0.5) AND SPECIFICITY
(1.0, 0.90, 0.85, 0.7; CASEs ONLY) PARAMETERS

Specificity (controls)
1.0 0.90 0.85

Sensitivity Sensitivity Specificity
(cases) (controls)  (cases)

0.90 0.90 1.0
0.90
0.85
0.70
0.70 1.0

0.90

1.5
1.2
0.28

2.5 .
0.57 1.5

0.70
1.5

0.85 1.3
0.33

2.6

0.70 0.65 1.7

0.50 1.0
0.90
0.85
0.70

0.70 1.0
0.90

0.85
0.70

0.50 1.0
0.90
0.85
0.70

1.0

0.90
0.85
0.70

0.50

0.90

0.90

0.70 0.50

0.24

Observed RR: 1.9.
Scenarios that attenuated observed findings (<1.9).
[CINondifferential misclassification scenarios.

infections most or all of the time less frequently than controls
(41.9% vs. 57.9% for antecedent infections and 33.1% vs. 50%
for post-onset infections). Yet women with vulvodynia com-
pared to those without vulvodynia reported a greater likelihood
of failed Candida treatment success before onset of vulvodynia
(15.8% vs. 4.9%) and subsequent to vulvodynia onset or ref-
erence age among controls (19.8% vs. 0.8%). Our data did not
allow us to distinguish between treatment outcomes of using
over-the-counter versus prescription medications.

Discussion

In an earlier study conducted in the Boston metropolitan
area, women with a self-reported history of yeast infections
had twice the odds of vulvodynia compared to those without
after adjustment for a number of demographic and sexual
history variables.'" In this study, we report a nearly sevenfold
association of vulvodynia with 10 or more antecedent yeast
infections. Furthermore, in the analyses presented in this
study, we adjusted for urinary tract infections (UTIs), of
particular importance, because the treatment of UTI’s often
involves therapeutic administration of antibiotics that may
put women at greater risk of yeast infections due to disrup-
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tions in the normal microbial ecology of the vaginal epithe-
lium."® Although this adjustment did result in a substantial
attenuation of the association from an odds ratio of 7.3 to an
odds ratio of 5.5, it still remained highly elevated.

Our study is the first to assess the extent to which misclas-
sification of self-reported yeast infections alters the association
with vulvodynia and in which direction. In our bias analyses,
our observed associations were most often present under the
implausible scenario where specificity is perfect (or near per-
fect) among the controls, but imperfect among the cases.

Certainly, women suffering from vulvodynia are likely
vigilant about identifying factors that may contribute to their
vulvar pain. Our strongest association with vulvodynia was
observed among those women reporting greater than 10 in-
fections and thus we cannot rule out that some of this associ-
ation might be due to hypervigilance of reporting on the part of
women with vulvar pain. Nevertheless, the association with
vulvodynia was stronger in those who reported clinically con-
firmed first onset of yeast infections versus those who reported
that their first yeast infection was not clinically evaluated. This
may suggest that the misclassification that exists with respect to
self-reported yeast infections may be more nondifferential, and
thus, as shown in Tables 3 and 5 stronger than what we actually
observed. Furthermore, although our data limited our ability to
assess misclassification of specificities lower than 0.85 among
cases, we showed that as specificity decreased among controls,
the risk of vulvodynia associated with yeast infections in-
creased. However, it should also be noted that at all levels
of specificity among controls, as specificity among cases
decreased, the original estimate of association became more
attenuated. We note that our lowest detectable values for
specificity are higher than what has been reported in many
studies. Unfortunately, lower values were not possible to assess
within our dataset as they led to negative (i.e., impossible)
corrected cells within our two-by-two tables.

To our knowledge, we are the first to use temporal analyses
to suggest that vulvodynia may increase the risk of new or
recurrent yeast infections and that post-vulvodynia onset
infections are reported to be less successfully treated, com-
pared to women with no history of vulvar pain. Biological
evidence for mechanisms underlying such an association
between vulvodynia and yeast infections is beginning to
emerge. In a series of studies, Foster et al.'®"'® have shown
that vestibular fibroblasts isolated from vulvodynia patients
produce higher levels of inflammatory cytokines, compared
to fibroblasts isolated from controls, when challenged with
yeast antigens in vitro. Most recently, this group of re-
searchers has demonstrated that the production of high
levels of prostaglandin E2 (PGE2) and interleukin-6 (IL-6)
by vulvodynia-positive vestibular fibroblasts is regulated
by Dectin-1 (a pattern recognition receptor that recognizes
p-glucan on fungal cell walls) signaling through the tran-
scription factor NFxB (nuclear factor kappa light chain
enhancer of activated B cells).'® This is particularly inter-
esting in light of the well-characterized increases in mast
cell numbers and activation status observed in vulvar bi-
opsies of vulvodynia patients.'”?° IL-6 is a survival factor
for mast cells,21 and activated mast cells derived from pa-
tients with atopic eczema have shown exaggerated cytokine
responses to the commensal skin yeast Malassezia sympo-
dialis,”* suggesting that mast cell accumulation in tissue
as is seen in vulvodynia patients can provoke dysregulated
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responses to yeast antigens thereby changing the frequency
and nature of inflammatory responses to vulvovaginal Can-
dida exposures after vulvodynia onset. Mast cells release
nerve growth factor (NGF) and are increasingly recognized as
neuromodulatory players in a variety of inflammatory and
chronic pain disorders.”> PGE2 has been shown to enhance
expression of NGF in rat hippocampal cultures®* and could
therefore potentially directly contribute to the increased in-
nervation seen in the vestibular tissue of vulvodynia patients.
Since Foster et al. have demonstrated that as few as 100
Candida albicans colony forming units were needed to elicit
this IL-6/PGE2 response in vitro by vestibular cells from
vulvodynia patients,'” their findings suggest that vestibular
fibroblast-mediated inflammation can be triggered by low
levels of yeast exposure (i.e., nonclinically apparent infections
that may be sufficient to maintain or trigger tissue changes
associated with vulvar pain). One caveat is that these studies
were performed in vitro, and therefore, the dynamics and ki-
netics of inflammatory cytokine production observed may
differ from those occurring in vivo. However, these and other
mechanistic studies of fibroblast-mediated tissue changes can
be performed in preclinical models of Candida- or allergen-
provoked vulvar pain that have been recently described.”*
Such studies may also explain why post-vulvodynia yeast
infections may be slower to resolve or more resistant to
treatment by elucidating specific immune and neuroimmune
characteristics of the altered vestibular tissue environment in
which these infections take place.

Along with others, we have speculated that vulvodynia may
develop as a consequence of exg)osures such as early life stress-
ors,”®?’ allergenic exposures,® or repeated urogynecological
infections,'' which affect immune response to vulvovaginal
pathogens. Profound immunodeficiency certainly exacerbates
susceptibility to Candidiasis in HIV+ individuals,?® while au-
toreactive immune cells activated in the context of Candida
infection have been proposed to predispose women with sus-
ceptible genetic backgrounds to recurrent yeast infections.>° It
is possible that, in a subset of women, the altered immune
characteristics of affected vulvar tissue are associated with the
development of autoimmunity that can promote recurrent yeast
infections due to dysregulated local inflammation.

Given the specific temporal intersections of vulvar pain and
yeast infection we discuss in this study, it is also interesting to
consider that antecedent exposures and/or tissue changes ac-
companying the onset and maintenance of vulvar pain may
alter the composition of the vaginal microbiota (dysbiosis)
further dysregulating protective immune responses to Candida
and other urogynecological pathogens.’’ Bornstein et al.
implicated heparanase-mediated degradation of the vestibu-
lar stroma and epithelial basement membrane in tissue
damage associated with localized provoked vulvodynia.*?
Exposure to pathogens, allergens, or injuries may all lead to
such compromised mucosal barrier function that can perturb
the balance of the vaginal microbiome by exposing com-
mensals to the host immune system, inciting inappropriate
inflammation and/or facilitating the colonization of non-
commensal species. Across many chronic diseases, it is be-
coming universally recognized that persistent inflammation
is accompanied by the shift of local tissue microbiomes from
a “healthy” to “diseased” profile.*® Since the 1890s, lac-
tobacilli have been recognized as the gatekeepers of a healthy
vaginal ecosystem and it is likely that if this balance is dis-
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rupted, the vulvovaginal tissue will lack the ability to make
balanced and appropriate responses to pathogens such as
noncommensal yeasts leading to recurrent infections after the
onset of vulvodynia.

It remains to be determined whether recurrent yeast infec-
tions themselves, or the self-initiated treatments for the infec-
tions, play a role in predisposing toward vulvodynia or
recurrent onset of yeast infections as a consequence of the
development of vulvodynia. However, both are biologically
plausible. Other limitations in our data, beyond that of self-
reported nondifferential and differential misclassification
which we have tried to address in this report, may be the impact
of recall between cases and controls irrespective of whether
they recall accurately their yeast infection history. To some
extent this is taken into account in our bias analyses. In the post-
onset models, cases had on average 2 years less follow-up time
to report the development of yeast infections compared to
controls (women without vulvodynia), which may have led to
an underestimation of this association. Furthermore, our study
is restricted to women with and without vulvodynia with no
active infections at the time of the clinical examination. We
excluded 17 potential cases and 4 potential controls due to an
active yeast infection at the time of the clinical examination.
However, given that women with, compared to women with-
out, vulvodynia are likely to experience a greater number of
yeast infections, excluding women at the time of the clinical
examination due to active infections may have preferentially
skewed our cases toward those less likely to suffer from yeast
infections. This would then have underestimated our observed
associations. We also conducted our bias analysis using values
from the literature, but were restricted based on the limitations
imposed by the size of our study regarding the lowest possible
sensitivities and specificities that could be explored. We note
that the values for specificity, in particular, are higher than what
has been published in the literature. We also note that these
values may be changing over time since diagnosis within our
cohort, which is something we were not able to model.

Conclusions

We have shown that a history of recurrent yeast infections is
associated with risk of first onset vulvodynia. We have further
shown that once women receive a diagnosis of vulvodynia,
they are more likely to report subsequent recurrent yeast in-
fections. However, we have also shown that there are scenarios
by which misclassification of self-reported yeast infections
can attenuate these findings. New research that focuses on
both sorting out the potential misclassification and also un-
derstanding the complex inflammatory changes that may un-
derlie tissue sensitivity and the effects of altered vaginal
microbiota may help to clarify these epidemiological findings.
Clinicians caring for women with vulvodynia should be aware
of this potential risk and structure their clinical care and
maintenance to treat each condition accurately and effectively
to help reduce the risk of subsequent yeast infections.
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