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An Objective Measure of Vaginal Lubrication in Women With
and Without Sexual Arousal Concerns

Ariel B. Handy and Cindy M. Meston

Department of Psychology, University of Texas at Austin, Austin, TX, USA

ABSTRACT
Changes in vaginal blood flow and lubrication are primary components of
physiological sexual arousal in women. Despite the existence of well-estab-
lished tools for measuring vaginal blood flow, there is not yet a consist-
ently implemented measure of physiological lubrication. To address this
methodological gap, researchers have begun examining the utility of lit-
mus test strips, primarily in sexually healthy women. The present study
builds on this work by examining the utility of an alternative tool, the
Schirmer Tear Test strips, in women with (n¼ 32) and without (n¼ 32) sex-
ual arousal concerns. Significant increases in physiological lubrication were
found in response to a sexual film, and these changes were moderately
correlated with self-reported genital arousal (r ¼ .41) and lubrication (r ¼
.30). No between-group differences in lubrication were observed. These
results indicate the Schirmer Tear Test strips are sensitive enough to detect
increases in lubrication and may be valuable in clinical and research assess-
ments of female sexual arousal.

Genital sexual arousal in women involves changes in blood flow and lubrication. During periods
of arousal, blood flow to the genitals increases, creating pressure on the vaginal walls. This pres-
sure is believed to cause a seepage of moisture from within the vaginal walls onto the vaginal sur-
face, known as vaginal lubrication (Levin, 2003). A number of techniques is currently available
for measuring genital blood flow in a laboratory setting, of which vaginal photoplethysmography
is most common (for a review of measurement techniques, see Kukkonen, 2015). The vaginal
photoplethysmograph contains a light-emitting diode or transistor that emits infrared or incan-
descent light. The light reflects off blood within the vaginal walls and is subsequently reabsorbed
by the probe (Hoon, Wincze, & Hoon, 1976; Sintchak & Geer, 1975). Vaginal photoplethysmog-
raphy has consistently been found to be a sensitive and reliable marker of genital sexual arousal
in women (e.g., Laan, Everaerd, & Evers, 1995).

In contrast to this well-established method of measuring genital blood flow, until recently,
measures of physiological lubrication have been notably absent in research and clinical use. This
is noteworthy given lubrication is a defining feature of sexual arousal concerns from both diag-
nostic (American Psychiatric Association, 2000; World Health Organization, 2019) and epidemio-
logical (e.g., Lewis et al., 2010; Mitchell et al., 2013) perspectives, and that women with and
without sexual arousal concerns identify lubrication as a highly valued marker of genital sexual
arousal (Handy, Freihart, & Meston, under review). Although the vaginal photoplethysmograph
measures blood flow which is considered a precursor to lubrication (Giraldi & Levin, 2006),
research has yet to demonstrate the quantity of blood required to produce lubrication. As such,
conclusions about a woman’s lubrication response based solely on measures of genital blood flow
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is highly speculative. Furthermore, evidence from experimental research indicates weak correla-
tions between genital blood flow and lubrication (Dawson, Sawatsky, & Lalumi�ere, 2015;
Sawatsky, Dawson, & Lalumi�ere, 2018).

The dearth of research quantifying physiological lubrication in women is largely due to the
lack of a consistently implemented and validated tool. Early studies surrounding physiological
lubrication examined the use of cotton swabs (Stone & Gamble, 1959) and tampons (e.g., Godley,
1985; Odeblad, 1964; Preti, Huggins, & Silverberg, 1979) as methods of measuring the quantity
and composition of lubrication during both unaroused and aroused states. However, due to the
high absorbency and wicking capacity of tampons and cotton swabs, repeated testing is not rec-
ommended as the vaginal epithelium may become atypically dry (Levin, 2003).

The lack of an instrument for assessing physiological lubrication has led treatment developers
to rely exclusively on women’s subjective assessments, even among studies in which other physio-
logical metrics of the vagina were able to be obtained (e.g., epithelial thickness; Chatsiproios,
Schmidts-Winkler, K€onig, Masur, & Abels, 2019). This reliance on self-report data for physio-
logical concerns such as vaginal dryness is questionable, as there is research indicating discrete
self-report data do not always align with physiological genital responses (e.g., Handy, Stanton,
Pulverman, & Meston, 2018; Laan, van Driel, & van Lunsen, 2008).

To address this methodological gap, researchers have begun examining the use of litmus strips
as a tool for measuring physiological lubrication. Carranza-Lira et al. (2003) measured changes in
basal lubrication (i.e., lubrication during an unaroused state) in 40 postmenopausal women before
and three months after initiating a regimen of estrogen-based hormone replacement therapy. The
litmus strips, which were placed at the vaginal introitus (i.e., vaginal opening), detected significant
increases in lubrication from pre- to post-treatment, providing objective evidence that the estro-
gen-based treatment was effective at increasing lubrication. Using litmus strips and the protocol
outlined by Carranza-Lira et al. (2003), Dawson et al. (2015), Sawatsky et al. (2018), and
Bouchard, Dawson, Shelley, and Pukall (2019) later examined changes in lubrication in response
to sexual and nonsexual stimuli in small samples of sexually healthy, premenopausal women. In
these studies, participants measured post-stimulus lubrication using blue litmus paper affixed to a
plastic applicator. Participants held the applicator at the base of their vaginal opening for 60 s,
and the test strips were measured immediately after the study session. These studies consistently
found significantly greater levels of lubrication were found following the sexual films in compari-
son to the nonsexual films, suggesting that the litmus strips are sensitive enough to detect lubrica-
tion produced in response to sexual arousal.

These studies represent an important step forward in our understanding of women’s physio-
logical lubrication response and overall sexual function. The development of an objective measure
of lubrication is both methodologically and clinically meaningful; it provides researchers and
clinicians alike with a greater understanding of women’s genital arousal patterns and treatment
response (e.g., Carranza-Lira et al., 2003). Litmus strips, however, are designed to assess the rela-
tive acidic or basic nature of a liquid, rather than the quantification of liquids. It is possible that
litmus strips may not be as sensitive to change as would be test strips specifically designed for
moisture quantification. As such, the present study builds off this burgeoning body of research by
examining the feasibility of an alternative tool for assessing physiological lubrication, Schirmer
Tear Test strips, which were specifically designed for measuring the moisture production of
mucous membranes. These test strips are approved by the Food and Drug Administration for the
clinical assessment of dry eyes, and are also commonly used in clinical research examining mois-
ture produced by mucous membranes such as the eyes (e.g., Sall, Stevenson, Mundorf, & Reis,
2000), nose (e.g., Lindemann et al., 2014), and mouth (e.g., L�opez-Jornet, Camacho-Alonso, &
Bermejo-Fenoll, 2006). It is plausible that these tests strips may be effective at detecting the mois-
ture production of other mucous membranes such as the vagina. The present study also extends
this area of research to include the assessment of women with sexual arousal concerns.
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This study had two primary aims: (1) to evaluate the use of the Schirmer Tear Test strips as a
measure of physiological lubrication by comparing results before and after exposure to a sexual
film, and by correlating these results with self-report measures of genital arousal and (2) to assess
whether this test can differentiate women with and without sexual arousal concerns.

Method

Participants

Participants were recruited through online (e.g., social media, local university listservs) and
printed (e.g., laundromats, coffee shops) advertisements. Women who expressed interest in this
study were screened for eligibility over the phone. Women were eligible to participate in the
study if they were at least 18 years old, premenopausal, fluent in English, sexually active within
the past 4 weeks (to align with the timeframe assessed in the Female Sexual Function Index), het-
erosexual or bisexual (due to the content of the sexual stimuli), and if they reported no history of
sexual abuse. In order to compare lubrication between women with and without sexual arousal
concerns, it was further required that women who did not report sexual arousal concerns score
above the clinical cutoff on the Female Sexual Function Index (26.55; Rosen et al., 2000; Wiegel,
Meston, & Rosen, 2005), and those endorsing sexual arousal concerns score below the cutoff. In
total, 67 women participated in this study. Three women were excluded due to incomplete survey
responses, leaving a final analytic sample of 64 women. See Table 1 for descriptive statistics.

Measures

Experimental stimulus
The experimental stimulus consisted of a 10-min film presentation composed of a 4-min neutral
clip and a 6-min sexual clip. The neutral clip was comprised of a 1-min display of the text
“Relax” followed by a 3-min panoramic nature scene. The sexual clip depicted a heterosexual cou-
ple engaging in sexual activity, progressing from 2min of foreplay to 2min of oral sex to 2min
of vaginal intercourse. The film was selected based on prior use in similar studies wherein it was
shown to increase sexual arousal in women (e.g., Handy & Meston, 2018).

Table 1. Participant characteristics.

No arousal concerns Arousal concerns
(n¼ 32) (n¼ 32)

Variables M (SD) M (SD)

Age (range: 18–48) 25.00 (7.16) 23.59 (6.70)
n (%) n (%)

Race/Ethnicity
African American 2 (6) 3 (9)
Asian 8 (25) 2 (6)
Caucasian 17 (53) 17 (53)
Hispanic 5 (16) 8 (25)
Other 0 (0) 2 (6)

Highest Level of Education
High school diploma/GED 3 (9) 2 (6)
Some college 12 (38) 20 (63)
College degree 13 (40) 9 (28)
Advanced degree 4 (13) 1 (3)

Relationship Status
Single, not dating 1 (3) 3 (9)
Single, dating 7 (22) 12 (38)
In a committed relationship 19 (59) 16 (50)
Married 5 (16) 1 (3)

Note. M¼mean; SD¼ standard deviation; GED¼General Equivalency Development
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Lubrication
Schirmer Tear Test strips were used to measure lubrication. The Schirmer Tear Test is a Food
and Drug Administration-approved measurement of tear production. These test strips are com-
monly used to assess moisture in the eyes (Sall et al., 2000) as well as mucous membranes such
as those in the nose (Lindemann et al., 2014) and mouth (L�opez-Jornet et al., 2006). The test
strips are ruled in millimeter increments and are 40mm in length. Test strips were adhered via
double-sided tape to wooden applicators beginning at 5mm, allowing for a standardized length of
the test strip (i.e., 5mm) to be inserted into the vaginal opening. Moisture absorption was indi-
cated via color change, and the highest continuous point of absorbed moisture was recorded.

Self-reported genital arousal
Self-reported genital arousal was measured via the genital arousal subscale of the Film Scale (Heiman
& Rowland, 1983). This subscale contains five items that specifically assess genital responses, includ-
ing genital “warmth,” “wetness/lubrication,” “pulsing/throbbing,” “tenseness/tightness,” and “any
genital feeling.” Items are rated on a 7-point Likert scale ranging from 1 (not at all) to 7 (intensely).
Responses to these five items are summed (range: 5� 35) to create a composite score of self-reported
genital arousal, where greater scores indicate greater levels of genital arousal. The item “wetness/
lubrication” was also examined separately as an indicator of self-reported lubrication.

Sexual function
The Female Sexual Function Index (FSFI; Rosen et al., 2000) and a sexual arousal assessment
were administered in order to classify women with and without sexual arousal concerns.

Female Sexual Function Index. The Female Sexual Function Index (FSFI; Rosen et al., 2000) is a
19-item self-report questionnaire that assesses desire, arousal, lubrication, orgasm, satisfaction,
pain, and overall sexual functioning. Total scores range from 1.2 to 36, where poorer sexual func-
tion or sexual inactivity is represented by lower scores. The FSFI has been found to have good
internal reliability (r¼ 0.89-0.97), test-retest reliabilities (a¼ 0.79–0.88), and has confirmed dis-
criminant validity in distinguishing women with sexual complaints from women without those
complaints (Rosen et al., 2000; Ryding & Blom, 2015; Wiegel et al., 2005).

Sexual arousal assessment. The sexual arousal assessment was developed to assess for arousal
concerns based on ICD-10 criteria for female sexual arousal disorder (World Health
Organization, 2004). The assessment includes a series of questions regarding the participants’ cur-
rent ability to become sexually aroused. The questions examine whether: (a) women had ever
experienced various genital sensations (e.g., warmth, wetness, tingling); (b) there had been any
change in the extent to which these sensations are experienced during sexual activity (i.e., no
change in genital sensations, decreased sensations, or absent sensations); (c) any changes were
situational in nature; (d) women self-identified as having an arousal problem; and (e) women
were distressed by this problem (see Handy, Stanton, & Meston, 2018).

Participants were included in the sexual arousal concerns group if they reported scores on the
FSFI that fell below the clinical cutoff of 26.55 (Wiegel et al., 2005) and reported having an
arousal-specific concern on the sexual arousal assessment. Women were categorized as having an
arousal-specific concern per the sexual arousal assessment if they reported: (a) experiencing
decreased or absent genital sensations for the past six months or longer; (b) their arousal problem
was generalized, rather than situational, in nature; (c) self-identifying as having an arousal prob-
lem; and (d) that they were distressed by this problem. Participants were included in the no
arousal concerns group if they scored above the clinical cutoff score on the FSFI and did not
endorse any items on the sexual arousal assessment.
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Procedure

Upon arrival to the laboratory, participants received an explanation of all study procedures and
instruments, and they were provided the opportunity to ask the researcher any questions that
arose. After providing informed consent, women were supplied with a labeled diagram of the vul-
var region and with a detailed description of where to insert the test strip (i.e., at the bottommost
location of the vaginal opening, or 6 o’clock). Participants then completed a demographic ques-
tionnaire and the measure of self-reported genital arousal.

Women were then instructed to undress from the waist down and engaged in the first measure
of physiological lubrication, which followed procedures reported in previous research (Carranza-
Lira et al., 2003; Dawson et al., 2015; Sawatsky et al., 2018). During this task, women were seated
in a chair with their feet elevated on an ottoman. To avoid transference of moisture from the
labia to the test strip, women were instructed to part their labia with one hand. Using a mirror
as a guide, women inserted the test strip with their free hand until the tip of the wooden applica-
tor touched their vaginal skin. This was done to ensure that the test strips were inserted at a
standardized depth (5mm) and location (6 o’clock) for each woman.

Women held the test strip in place for 60 s. At 60 s, women were instructed to remove the test
strip, place it in a plastic bag, and cover up with a drape provided by the researchers. When
alerted that the participant was covered, one researcher entered the room to obtain the test strip.
Two researchers then independently recorded the length of moisture that had been absorbed into
the test strip immediately after leaving the participant’s room. Inter-rater reliability for this study
was excellent (j ¼ .98). To minimize potential bias, researchers running the study sessions were
blind to the sexual function status of the participants. To account for unaroused (i.e., baseline)
levels of vaginal moisture and capture lubrication that was secreted in response to the sexual film,
this procedure was conducted immediately before and after watching the film presentation.

Participants then completed the self-report measure of genital arousal for a second time to
assess changes in response to the sexual film. Women were instructed to get dressed and then
open the testing room door. They were debriefed and compensated with $20 for their time. This
study was approved by the Institutional Review Board at the University of Texas at Austin.

Statistical analyses

Primary analyses were conducted in R 3.2.3 using Base R (R Core Team, 2019). Between-group
analyses were performed using Welch’s t-tests, multivariate analyses of variance (MANOVAs),
and Pearson’s product–moment correlations. A binary logistic regression was conducted to deter-
mine whether results from the Schirmer Tear Test could differentiate women with and without
sexual arousal concerns. Exponentiated coefficients from this model were extracted to calculate
an odds ratio, and accuracy statistics (i.e., whether the test strips can classify women with vs.
without an arousal concern) were performed using fitted values from the original model. See
Hosmer, Lemeshow, and Sturdivant (2013) for a description of this statistical approach.

Results

Aim I: Compare pre- and post-film measures of lubrication and correlate with self-report
measures of genital arousal

Changes in physiological lubrication in response to the sexual film
On average, women’s baseline lubrication was 3.19mm (SD¼ 3.28) with a median of 2.75mm.
Post-film levels of lubrication increased, on average, to 6.27mm (SD¼ 4.96) with a median of
6.00mm. Results from a paired samples t-test indicate that this represents a significant increase
in lubrication from pre- to post-film, t(63) ¼ 6.017, p < .0001, d¼ 0.751 supporting the use of
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these test strips. Women’s average change in lubrication, which was measured as post-film minus
pre-film levels of lubrication, was 3.08mm (SD¼ 4.09) with a median of 2.75mm. Data exhibited
a floor effect at zero, thus pre- and post-film levels of lubrication were positively skewed (0.83
and 0.67, respectively). Despite this, pre- and post-film tails were reflective of a roughly normal
distribution, with slightly fatter tails at the post-film time point (kurtosis of 2.61 and 3.05,
respectively; see Figure 1).

A MANOVA model indicated that women with and without arousal concerns did not differ on
pre- or post-film measures of lubrication, F(61) ¼ 0.168, p ¼ .84. A Welch’s t-test comparing
changes in lubrication between the two groups of women confirmed this finding, t(61.996) ¼ 0.234,
p ¼ .815. This suggests that, though there were significant increases in lubrication from pre- to
post-film for both groups of women, no notable differences in this change emerged based on wom-
en’s sexual function. Three-quarters of women in the arousal concerns group (78.12%; n¼ 25) and
75% (n¼ 24) of those in the no concerns group exhibited increases in physiological lubrication in
response to the sexual film. See Table 2 for descriptive statistics of the measures of arousal.

Changes in self-reported genital arousal in response to the sexual film
To confirm that the sexual stimulus was effective at increasing women’s self-reported genital
arousal response, a paired samples t-test was conducted comparing pre- to post-film levels of this
construct. Indeed, women reported significant increases in genital arousal, t(63) ¼ 9.341, p <
.0001, d¼ 1.168, from pre- to post-film. On average, women experienced an increase of 7.35 units
(SD¼ 6.30) on the Likert scale, with a median of 6.50. With regards to the individual item assess-
ing lubrication, a significant increase from pre- to post-film was also found, t(63) ¼ 8.365, p <
.0001, d¼ 1.051. On average, women reported an increase of 1.60 units (SD¼ 1.53) on the Likert
scale, with a median of 1.00. This suggests that, in addition to increasing women’s perception of
their overall genital arousal response, the films were effective at increasing women’s perception of
their lubrication response, specifically.

Figure 1. Density plot reflecting the distribution of pre- and post-film measures of physiological lubrication across all women.
The rightward shift in central density at the post-film time point indicates greater amounts of lubrication in response to the sex-
ual film.
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A second MANOVA model was run to assess group differences in pre- and post-film measures
of self-reported genital arousal. The model was significant, F(61) ¼ 5.674, p ¼ .005, indicating
that either pre- or post-film levels of this construct differed between the groups. An examination
of this model revealed a significant group difference at the post-film time point such that, after
viewing the sexual film, women with sexual arousal concerns reported significantly lower levels of
genital arousal, F(1) ¼ 11.1, p ¼ .001. A Welch’s t-test comparing changes in self-reported genital
arousal for each group confirmed this finding, t(54.132) ¼ 3.158, p ¼ .002, d¼ 0.789. This indi-
cates that women with sexual arousal concerns reported perceiving a lesser genital arousal
response than did women without sexual arousal concerns.

A separate MANOVA model was conducted to assess for possible group differences in self-
reported lubrication. The model was significant, F(61) ¼ 7.264, p ¼ .001, and an ANOVA
conducted on this model indicated that the group differences in lubrication were present at the
post-film time point, F(1) ¼ 13.96, p ¼ .0004. This finding was confirmed by a Welch’s t-test
conducted on changes in self-reported lubrication, t(58.759) ¼ 3.426, p ¼ .001, d¼ 0.856. These
results indicate that women with sexual arousal concerns reported experiencing significantly less
lubrication at the end of the film compared to women without these concerns.

Correlations between physiological lubrication and self-reported genital arousal
Pearson’s product-moment correlations were performed to examine whether changes in physio-
logical lubrication were associated with changes in women’s self-reported experience genital
arousal. Indeed, increases in lubrication were moderately correlated with changes in self-reported
genital arousal (r ¼ .41) and lubrication (r ¼ .30). This suggests that, in general, physiological
lubrication appears to be related to women’s perceptions of their arousal.

To determine the effect of sexual function on these relationships, separate correlations were
calculated for women with and without sexual arousal concerns. When examining the relation-
ship between changes in physiological lubrication and self-reported genital arousal by group,
moderately strong correlations emerged for women with and without sexual arousal concerns (r
¼ .41 and .46, respectively). However, when assessing the relationship between changes in physio-
logical and self-reported lubrication, a notably weaker relationship emerged for women with than
without sexual arousal concerns (r ¼ .13 vs. .47, respectively). This suggests that women with sex-
ual arousal concerns may have greater difficulty estimating specific aspects of genital arousal (i.e.,
lubrication) than genital arousal in general.

Aim II: Assessing whether Schirmer Tear Test strips can differentiate women with and
without sexual arousal concerns

A binary logistic regression was conducted to determine whether the Schirmer Tear Test can dif-
ferentiate women with and without sexual arousal concerns. The model was not significant,
b¼ 0.014, p ¼ .812, indicating that the test strips could not differentiate the sexual functioning of

Table 2. Descriptive statistics of physiological lubrication, self-reported genital arousal, and self-reported lubrication by group.

No arousal concerns Arousal concerns
(n¼ 32) (n¼ 32)

Variables (in mm) M (SD) M (SD)
Pre-film physiological lubrication 2.96 (3.08) 3.42 (3.50)
Pre-film self-reported genital arousal 8.43 (3.15) 7.65 (3.92)
Pre-film self-reported lubrication 1.84 (0.88) 1.71 (1.08)
Post-film physiological lubrication 6.16 (4.81) 6.38 (5.18)
Post-film self-reported genital arousal 18.12 (7.61) 12.69 (5.22)
Post-film self-reported lubrication 4.06 (1.72) 2.71 (1.08)

Note: M ¼ mean; SD ¼ standard deviation; mm¼millimeters. Self-reported genital arousal ranges from 5 to 35 and lubrication
ranges from 1 to 7. Higher scores indicate greater arousal/lubrication.
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participants. As physiological lubrication increased by one standardized unit, the odds of report-
ing an arousal problem increased by 1.014 (95% CI: 0.89–1.14). A comparison of the predicted
probabilities against true class values indicated that the logistic regression correctly classified
54.68% of women. These findings support the lack of group differences evidenced between
women with and without sexual arousal concerns on this measure. Taken together, these results
suggest that any physiological differences in lubrication that may exist may not be substantial
enough to be detected by Schirmer Tear Test strips in a laboratory setting.

Discussion

The present study evaluated the use of Schirmer Tear Test strips for measuring physiological
lubrication in women and is the first laboratory study to compare the lubrication responses of
women with and without sexual arousal concerns. Significant increases in physiological lubrica-
tion in response to a sexual film were evidenced in both groups of women, indicating that the
test strips were sensitive enough to detect laboratory-induced changes in lubrication. These results
are promising and suggest that Schirmer Tear Test strips may be a useful addition to the tools
researchers use for measuring genital arousal in women. Given the diagnostic (American
Psychiatric Association, 2000; World Health Organization, 2018), epidemiological (Lewis et al.,
2010; Mitchell et al., 2013), and personal (Handy, Freihart, & Meston, under review) importance
of lubrication in women’s experience of arousal, it is crucial that objective measures be incorpo-
rated into research and clinical work to gain more accurate assessments of this construct.

We found no between-group differences in lubrication, and an analysis of the test strip’s ability
to discriminate between women with and without sexual arousal concerns was not significant;
only 54% of cases were correctly classified. We offer two possible explanations for the lack of sig-
nificant differences in lubrication between women with and without sexual arousal concerns.
First, it is possible that there truly are no between-group differences in pre- or post-film measures
of physiological lubrication for these populations. This is corroborated by a large body of research
examining changes in mean blood flow from pre- to post-film that has similarly not found differ-
ences among women with and without sexual dysfunction (e.g., Heiman et al., 2011; Laan et al.,
2008; Rellini & Meston, 2011; Salemink & van Lankveld, 2006). However, research that examines
changes in blood flow over time has found that women with and without sexual dysfunction have
distinct trajectories of genital responding (Handy, Stanton, Pulverman, et al., 2018). Handy,
Stanton, and Meston (2018) found that, though women with clinical and sub-clinical sexual dys-
function did not differ from sexually functional women on pre- or post-film levels of genital
arousal, the slopes of their paths of arousal did differ. It is therefore possible that the discrete
approach to measuring lubrication employed in the present study is correctly capturing between-
group similarities in pre- and post-film levels of arousal, but simply does not account for changes
in slope, which is where between-group differences may lie. If future research finds that this is,
indeed, the case, the development of pharmacological treatments designed to alter the time of
onset of lubrication may be useful.

Second, it is possible that women’s sexual responses were inhibited due to the testing environ-
ment. A study by Bloemers et al. (2010) found no differences in physiological responding between
women with and without sexual dysfunction in the laboratory, but they did find significant differ-
ences when the same measure was conducted in their home environment. The authors suggested
that sexually functional women may have an inhibited genital arousal response in the laboratory,
causing their ultimate level of genital responding to mimic that of women with sexual dysfunc-
tion. A benefit to the use of the Schirmer Tear Test is that it is highly portable and could easily
be used in a home environment; other measures of sexual arousal typically require equipment
that cannot reasonably be implemented in the home without unique ambulatory equipment.
Future research should examine the lubrication response of women with and without sexual
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dysfunction in their own home, as this approach may more accurately reflect any group differen-
ces that exist.

The present study also examined correlations among physiological lubrication and self-
reported genital arousal and lubrication. Moderate correlations were found between physiological
lubrication and self-reported genital arousal in both groups of women. This finding is supported
by results presented in Dawson et al. (2015) and Sawatsky et al. (2018), which reported correla-
tions of .51 and .37, respectively. The authors suggest that women may use cues such as the
experience of lubrication when estimating their overall genital arousal response, which would the-
oretically manifest in these moderate correlations. It is important to note, however, that a much
weaker correlation emerged between physiological and self-reported lubrication for women with
(r ¼ .13) compared to without (r ¼ .47) sexual arousal concerns. Women with sexual arousal
concerns reported lower levels of lubrication despite experiencing a physiological response similar
to that of women with no arousal concerns, manifesting as this low correlation. It is possible
that, because these women report struggling with sexual arousal, they may believe they “should”
have a greater lubrication response than they experienced, and therefore rate this as occurring to
a lesser degree than did their healthy counterparts. If this is the case, women who present clinic-
ally with sexual arousal concerns may benefit from cognitive restructuring around expectations
for their arousal response. This interpretation is similar to Barlow’s model of sexual dysfunction
(Barlow, 1986), which suggests that an individual’s assumptions of how they should perform may
be a maintaining factor in their experience of sexual dysfunction.

There are a few limitations to the present study that are worth noting. First, we recruited
women with sexual arousal concerns in general, rather than women with concerns surrounding
lubrication specifically. It is possible that examining women with lubrication concerns may have
yielded different results and, possibly, significant between-group effects. A second limitation to
the present study is that the measure of lubrication was self-administered. Although participants
were thoroughly instructed on how and where to insert the test strip to minimize between-person
variability, it is possible that not all participants inserted the test strip correctly. This could have
interfered with the accuracy of these particular data and impacted the study results. The applica-
tors used in this study were also wooden, which could have absorbed moisture and possibly influ-
enced results. Researchers may wish to use plastic in lieu of wooden applicators in future studies.
Furthermore, to keep the timing of the lubrication measure as close to the film as possible, the
order of assessing self-reported genital arousal and physiological lubrication was reversed from
pre-to post-film. This could have biased some of women’s self-reported responses. Finally, women
participated in this study during various phases of their menstrual cycle, which could have influ-
enced individual patterns of lubrication; a large body of research supports the hormonal modula-
tion of genital arousal, including lubrication (Davis, Worsley, Miller, Parish, & Santoro, 2016;
Santoro, Worsley, Miller, Parish, & Davis, 2016). Future research should examine possible varia-
tions in women’s physiological responses based on their menstrual phase or their use of exogen-
ous hormones.

Despite these limitations, the Schirmer Tear Test appears to be a viable method of assessing
physiological lubrication in women. These test strips identified significant increases in lubrication
from before to after exposure to a sexual film, and these increases were correlated with increases
in self-report measures of genital arousal. Using direct, objective measures of lubrication will help
researchers better understand women’s sexual arousal responses and, clinically, may assist with
treatment development and evaluation. Treatment development is generally more effective when
its targets have greater specificity (e.g., Siev & Chambless, 2007). As such, shifting from self-
report to physiological assessments may increase the efficacy of treatments in this area.

As this was a preliminary study examining the feasibility of the Schirmer Tear Test strips,
future research is needed to determine the psychometric properties of this method (e.g., response
specificity, test–retest reliability) prior to incorporating these test strips into clinical practice.
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Given the lack of research on this topic and the importance of lubrication in women’s overall
sexual arousal response, researchers are encouraged to include physiological measures of lubrica-
tion in future sexual psychophysiology studies.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders (4th ed.).
Washington, DC: American Psychiatric Publishing.

Barlow, D. H. (1986). Causes of sexual dysfunction: The role of anxiety and cognitive interference. Journal of
Consulting and Clinical Psychology, 54(2), 140–148. doi:10.1037/0022-006X.54.2.140

Bloemers, J., Gerritsen, J., Bults, R., Koppeschaar, H., Everaerd, W., Olivier, B., & Tuiten, A. (2010). Induction of
sexual arousal in women under conditions of institutional and ambulatory laboratory circumstances: A com-
parative study. Journal of Sexual Medicine, 7, 1160–1176. doi:10.1111/j.1743-6109.2009.01660.x

Bouchard, K. N., Dawson, S. J., Shelley, A. J., & Pukall, C. F. (2019). Concurrent measurement of genital lubrica-
tion and blood flow during sexual arousal. Biological Psychology, 145, 159–166. doi:10.1016/j.biopsycho.2019.05.
003

Carranza-Lira, S., Fragoso-D�ıaz, N., MacGregor-Gooch, A. L., Gardu~no-Hern�andez, M. P., R�ıos-Calder�on, K., &
Aparicio, H. (2003). Vaginal dryness assessment in postmenopausal women using pH test strip. Maturitas,
45(1), 55–58. doi:10.1016/S0378-5122(03)00082-3

Chatsiproios, D., Schmidts-Winkler, I. M., K€onig, L., Masur, C., & Abels, C. (2019). Topical treatment of vaginal
dryness with a non-hormonal cream in women undergoing breast cancer treatment - An open prospective mul-
ticenter study. PLoS One, 14(1), e0210967. doi:10.1371/journal.pone.0210967

Davis, S. R., Worsley, R., Miller, K. K., Parish, S. J., & Santoro, N. (2016). Androgens and female sexual function
and Dysfunction-Findings From the Fourth International Consultation of Sexual Medicine. The Journal of
Sexual Medicine, 13(2), 168–178. doi:10.1016/j.jsxm.2015.12.033

Dawson, S. J., Sawatsky, M. L., & Lalumi�ere, M. L. (2015). Assessment of introital lubrication. Archives of Sexual
Behavior, 44(6), 1527–1535. doi:10.1007/s10508-015-0519-z

Giraldi, A., & Levin, R. J. (2006). Vascular physiology of female sexual function. In I. Goldstein, C. M. Meston,
S. R. Davis, & A. M. Traish (Eds.), Women’s sexual function and dysfunction: Study, diagnosis and treatment
(pp. 174–180). Boca Raton, FL: Taylor & Francis.

Godley, M. J. (1985). Quantitation of vaginal discharge in healthy volunteers. British Journal of Obstetrics &
Gynaecology, 92(7), 739–742. doi:10.1111/j.1471-0528.1985.tb01457.x

Handy, A. B., & Meston, C. M. (2018). Interoception and awareness of physiological sexual arousal in women with
sexual arousal concerns. Journal of Sex & Marital Therapy, 44(4), 398–409. doi:10.1080/0092623X.2017.1405305

Handy, A. B., Stanton, A. M., & Meston, C. M. (2018). What does sexual arousal mean to you? Women with and
without sexual arousal concerns describe their experiences. Journal of Sex Research, 56, 345–355. 10.1080/
00224499.2018.1468867

Handy, A. B., Stanton, A. M., Pulverman, C. S., & Meston, C. M. (2018). Differences in perceived and physiologic
genital arousal between women with and without sexual dysfunction. The Journal of Sexual Medicine, 15(1),
52–63. doi:10.1016/j.jsxm.2017.11.009

Heiman, J. R., & Rowland, D. L. (1983). Affective and physiological sexual response patterns: The effects of
instructions on sexually functional and dysfunctional men. Journal of Psychosomatic Research, 27(2), 105–116.
doi:10.1016/0022-3999(83)90086-7

Heiman, J. R., Rupp, H., Janssen, E., Newhouse, S. K., Brauer, M., & Laan, E. T. (2011). Sexual desire, sexual
arousal and hormonal differences in premenopausal US and Dutch women with and without low sexual desire.
Hormones and Behavior, 59(5), 772–779. doi:10.1016/j.yhbeh.2011.03.013

Hoon, P. W., Wincze, J. P., & Hoon, E. F. (1976). Physiological assessment of sexual arousal in women.
Psychophysiology, 13(3), 196–204. doi:10.1111/j.1469-8986.1976.tb00097.x

Hosmer, D. W., Lemeshow, S., & Sturdivant, R. X. (2013). Applied logistic regression (3rd ed.). Hoboken, NJ:
Wiley. Retrieved from https://www.wiley.com/en-us/Applied+Logistic+Regression%2C+3rd+Edition-p-
9780470582473

Kukkonen, T. M. (2015). Devices and methods to measure female sexual arousal. Sexual Medicine Reviews, 3(4),
225–244. doi:10.1002/smrj.58

10 A. B. HANDY AND C. M. MESTON

https://doi.org/10.1037/0022-006X.54.2.140
https://doi.org/10.1111/j.1743-6109.2009.01660.x
https://doi.org/10.1016/j.biopsycho.2019.05.003
https://doi.org/10.1016/j.biopsycho.2019.05.003
https://doi.org/10.1016/S0378-5122(03)00082-3
https://doi.org/10.1371/journal.pone.0210967
https://doi.org/10.1016/j.jsxm.2015.12.033
https://doi.org/10.1007/s10508-015-0519-z
https://doi.org/10.1111/j.1471-0528.1985.tb01457.x
https://doi.org/10.1080/0092623X.2017.1405305
https://doi.org/10.1080/00224499.2018.1468867
https://doi.org/10.1080/00224499.2018.1468867
https://doi.org/10.1016/j.jsxm.2017.11.009
https://doi.org/10.1016/0022-3999(83)90086-7
https://doi.org/10.1016/j.yhbeh.2011.03.013
https://doi.org/10.1111/j.1469-8986.1976.tb00097.x
https://www.wiley.com/en-us/Applied+Logistic+Regression%2C+3rd+Edition-p-9780470582473
https://www.wiley.com/en-us/Applied+Logistic+Regression%2C+3rd+Edition-p-9780470582473
https://doi.org/10.1002/smrj.58


Laan, E. T., Everaerd, W., & Evers, A. (1995). Assessment of female sexual arousal: Response specificity and con-
struct validity. Psychophysiology, 32(5), 476–485. doi:10.1111/j.1469-8986.1995.tb02099.x

Laan, E. T., van Driel, E. M., & van Lunsen, R. H. W. (2008). Genital responsiveness in healthy women with and
without sexual arousal disorder. The Journal of Sexual Medicine, 5(6), 1424–1435. doi:10.1111/j.1743-6109.2008.
00827.x

Levin, R. J. (2003). The ins and outs of vaginal lubrication. Sexual and Relationship Therapy, 18(4), 509–513. doi:
10.1080/14681990310001609859

Lewis, R. W., Fugl-Meyer, K. S., Corona, G., Hayes, R. D., Laumann, E. O., Moreira, E. D., … Segraves, T. (2010).
Definitions/epidemiology/risk factors for sexual dysfunction. The Journal of Sexual Medicine, 7(4 Pt 2),
1598–1607. doi:10.1111/j.1743-6109.2010.01778.x

Lindemann, J., Tsakiropoulou, E., Rettinger, G., Gutter, C., Scheithauer, M. O., Picavet, V., & Sommer, F. (2014).
The intranasal Schirmer test: A preliminary study to quantify nasal secretion. European Archives of Oto-Rhino-
Laryngology, 271(11), 2963–2967. doi:10.1007/s00405-014-2988-4

L�opez-Jornet, P., Camacho-Alonso, F., & Bermejo-Fenoll, A. (2006). A simple test for salivary gland hypofunction
using oral Schirmer’s test. Journal of Oral Pathology & Medicine, 35(4), 244–248. doi:10.1111/j.1600-0714.2006.
00411.x

Mitchell, K. R., Mercer, C. H., Ploubidis, G. B., Jones, K. G., Datta, J., Field, N., … Wellings, K. A. (2013). Sexual
function in Britain: Findings from the third National Survey of Sexual Attitudes and Lifestyles (Natsal-3). The
Lancet, 382(9907), 1817–1829. doi:10.1016/S0140-6736(13)62366-1

Odeblad, E. (1964). Intracavitary circulation of aqueous material in the human vagina. Acta Obstetricia et
Gynecologica Scandinavica, 43(4), 360–368. doi:10.3109/00016346409162686

Preti, G., Huggins, G. R., & Silverberg, G. D. (1979). Alterations in the organic compounds of vaginal secretions
caused by sexual arousal. Fertility and Sterility, 32(1), 47–54. doi:10.1016/S0015-0282(16)44115-4

Rellini, A. H., & Meston, C. M. (2011). Sexual self-schemas, sexual dysfunction, and the sexual responses of women
with a history of childhood sexual abuse. Archives of Sexual Behavior, 40(2), 351–362. doi:10.1007/s10508-010-
9694-0

Rosen, R. C., Brown, C., Heiman, J. R., Leiblum, S. R., Meston, C. M., Shabsigh, R., … D’Agostino, R. (2000). The
Female Sexual Function Index (FSFI): A multidimensional self-report instrument for the assessment of female
sexual function. Journal of Sex & Marital Therapy, 26(2), 191–205. doi:10.1080/009262300278597

Ryding, E. L., & Blom, C. (2015). Validation of the Swedish version of the Female Sexual Function Index (FSFI) in
women with hypoactive sexual desire disorder. The Journal of Sexual Medicine, 12(2), 341–349. doi:10.1111/jsm.
12778

Salemink, E., & van Lankveld, J. J. D. M. (2006). The effects of increasing neutral distraction on sexual responding
of women with and without sexual problems. Archives of Sexual Behavior, 35(2), 179–190. doi:10.1007/s10508-
005-9014-2

Sall, K., Stevenson, O. D., Mundorf, T. K., & Reis, B. L. (2000). Two multicenter, randomized studies of the effi-
cacy and safety of cyclosporine ophthalmic emulsion in moderate to severe dry eye disease. Ophthalmology,
107(4), 631–639. doi:10.1016/S0161-6420(99)00176-1

Santoro, N., Worsley, R., Miller, K. K., Parish, S. J., & Davis, S. R. (2016). Role of estrogens and estrogen-like com-
pounds in female sexual function and dysfunction. Journal of Sexual Medicine, 13(3), 305–316. doi:10.1016/j.
jsxm.2015.11.015

Sawatsky, M. L., Dawson, S. J., & Lalumi�ere, M. L. (2018). Genital lubrication: A cue-specific sexual response?
Biological Psychology, 134, 103–113. doi:10.1016/j.biopsycho.2018.02.003

Siev, J., & Chambless, D. L. (2007). Specificity of treatment effects: Cognitive therapy and relaxation for generalized
anxiety and panic disorders. Journal of Consulting and Clinical Psychology, 75(4), 513–522. doi:10.1037/0022-
006X.75.4.513

Sintchak, G., & Geer, J. H. (1975). A vaginal plethysmograph system. Psychophysiology, 12(1), 113–115. doi:10.
1111/j.1469-8986.1975.tb03074.x

Stone, A., & Gamble, C. J. (1959). The quantity of vaginal fluid. American Journal of Obstetrics & Gynecology,
78(2), 279–281. doi:10.1016/0002-9378(59)90173-5

R Core Team. (2019). R: A language and environment for statistical computing. Vienna, Austria: R Foundation for
Statistical Computing.

Wiegel, M., Meston, C. M., & Rosen, R. C. (2005). The Female Sexual Function Index (FSFI): Cross-validation and
development of clinical cutoff scores. Journal of Sex & Marital Therapy, 31(1), 1–20. doi:10.1080/
00926230590475206

World Health Organization. (2004). ICD-10 : International statistical classification of diseases and related health
problems : Tenth Revision, 2nd ed. World Health Organization.

World Health Organization. (2018). International classification of diseases for mortality and morbidity statistics
(11th Revision). https://icd.who.int/browse11/l-m/en

JOURNAL OF SEX & MARITAL THERAPY 11

https://doi.org/10.1111/j.1469-8986.1995.tb02099.x
https://doi.org/10.1111/j.1743-6109.2008.00827.x
https://doi.org/10.1111/j.1743-6109.2008.00827.x
https://doi.org/10.1080/14681990310001609859
https://doi.org/10.1111/j.1743-6109.2010.01778.x
https://doi.org/10.1007/s00405-014-2988-4
https://doi.org/10.1111/j.1600-0714.2006.00411.x
https://doi.org/10.1111/j.1600-0714.2006.00411.x
https://doi.org/10.1016/S0140-6736(13)62366-1
https://doi.org/10.3109/00016346409162686
https://doi.org/10.1016/S0015-0282(16)44115-4
https://doi.org/10.1007/s10508-010-9694-0
https://doi.org/10.1007/s10508-010-9694-0
https://doi.org/10.1080/009262300278597
https://doi.org/10.1111/jsm.12778
https://doi.org/10.1111/jsm.12778
https://doi.org/10.1007/s10508-005-9014-2
https://doi.org/10.1007/s10508-005-9014-2
https://doi.org/10.1016/S0161-6420(99)00176-1
https://doi.org/10.1016/j.jsxm.2015.11.015
https://doi.org/10.1016/j.jsxm.2015.11.015
https://doi.org/10.1016/j.biopsycho.2018.02.003
https://doi.org/10.1037/0022-006X.75.4.513
https://doi.org/10.1037/0022-006X.75.4.513
https://doi.org/10.1111/j.1469-8986.1975.tb03074.x
https://doi.org/10.1111/j.1469-8986.1975.tb03074.x
https://doi.org/10.1016/0002-9378(59)90173-5
https://doi.org/10.1080/00926230590475206
https://doi.org/10.1080/00926230590475206
https://icd.who.int/browse11/l-m/en

	Abstract
	Method
	Participants
	Measures
	Experimental stimulus
	Lubrication
	Self-reported genital arousal
	Sexual function
	Female Sexual Function Index
	Sexual arousal assessment


	Procedure
	Statistical analyses

	Results
	Aim I: Compare pre- and post-film measures of lubrication and correlate with self-report measures of genital arousal
	Changes in physiological lubrication in response to the sexual film
	Changes in self-reported genital arousal in response to the sexual film
	Correlations between physiological lubrication and self-reported genital arousal

	Aim II: Assessing whether Schirmer Tear Test strips can differentiate women with and without sexual arousal concerns

	Discussion
	Disclosure statement
	References


