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Frequency of Penile–Vaginal Intercourse is Associated with Verbal
Recognition Performance in Adult Women
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Abstract Previous studies have identiﬁed a number of factors
that contribute to improved cognitive function, and to memory
function speciﬁcally, in cognitively normal individuals. One such
factor, frequency of penile–vaginal intercourse (PVI), has been
reported in a number of animal studies to be advantageous to
memory for previously presented objects by increasing neurogenesis in the dentate gyrus of the hippocampus. However, studies
investigating the potential beneﬁts of frequent PVI on memory
function in young women are to the best of our knowledge absent
from the literature. The current study thus investigated whether
the self-reported frequency of sexual intercourse was related to
memory function in healthy female college students. To determine whether variation in PVI would be associated with memory
performance, we asked 78 heterosexual women aged 18–29 years
to complete a computerized memory paradigm consisting of
abstract words and neutral faces. Results showed that frequency
of PVI was positively associated with memory scores for abstract
words, but not faces. Because memory for words depends to a
large extent on the hippocampus, whereas memory for faces may
rely to a greater extent on surrounding extra-hippocampal structures, our results appear to be speciﬁc for memory believed to rely
on hippocampal function. This may suggest that neurogenesis in
the hippocampus is higher in those women with a higher fre-
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quency of PVI, in line with previous animal research. Taken
together, these results suggest that PVI may indeed have beneﬁcial effects on memory function in healthy young women.
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Introduction
Results from animal and human studies have documented a variety
of factors that may beneﬁcially contribute to memory function. For
example, environmental enrichment has proven to enhance longterm memory in rats (Bruel-Jungerman, Laroche, & Rampon,
2005). Similarly, exercise and dietary ﬂavonoids have been found
to affect memory function advantageously in animals and humans
(Berchtold, Castello, & Cotman, 2010; Spencer, 2010).
Frequent sexual experience is another factor implicated in
memory function that has emerged from animal studies. For
instance, Leuner, Glasper, and Gould (2010) demonstrated
that acute and chronic sexual experience enhanced cell proliferation in the dentate gyrus of adult male rats. Leuner et al.
exposed the rats to sexually receptive females either once (acute
sexual experience) or chronically (once per day for 14 consecutive days). Histological analyses of the number of new cells in
the hippocampus suggested that a single copulation increased
the number of new neurons in the hippocampus when compared
to naı̈ve controls or to rats exposed to unreceptive females. In
addition, frequent sexual experience resulted in greater adult neurogenesis, as measured by a larger increase in the number of dendriticspinesondentategyrusgranule neurons, dendriticlength,and
the number of branch points of granule neurons compared to rats
from the acute sexual experience condition.
Other studies have demonstrated a relationship between
sexual behavior and neurogenesis in the dentate gyrus of

Konstanzer Online-Publikations-System (KOPS)
URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-2-3wnd7im6z47p8

442

females. Pheromones of dominant males stimulate neurogenesis in the olfactory bulb as well as the hippocampus of female
mice (Mak et al., 2007). Similarly, female sheep exposed to a
novel male increased the number of new cells in their dentate
gyri as well (Glasper & Gould, 2013; Hawken et al., 2009;
Leuner et al., 2010). In addition, a study by Ormerod and Galea
(2001) investigated the effect of estradiol and reproductive
status on the rate of cell proliferation and cell survival in groups
of sexually inactive and sexually active female meadow voles.
Those females who were sexually active displayed a greater
rate of cell survival than reproductively inactive females after
5 weeks.
The results of these studies support the hypothesis that the
presence and frequency of sexual intercourse might indeed
stimulate neurogenesis in the hippocampus of both males
and females. Given the importance of the hippocampus in
learning and memory (e.g., Gould, Beylin, Tanapat, Reeves,
& Shors, 1999), and previous studies which have implicated
neurogenesis in such facets of memory as pattern separation
(the ability to form distinct memories of very similar stimuli
that occurred closely in space or time), long-term retention
of spatial memory, and recognition memory (Bruel-Jungerman et al., 2005; Clelland et al., 2009; Jessberger et al., 2009;
Nakashiba et al., 2012; Sahay et al., 2011), it can be hypothesized that PVI may also be linked to improved memory
function. Accordingly, in a follow-up study to their original experiment, Glasper and Gould (2013) investigated whether
the neuronal proliferation that occurred in sexually experienced
male rats also enhanced their cognitive function. Middle-aged
retired breeder rats were exposed either to a sexually receptive
female once daily for 28 consecutive days or for 14 consecutive
days followed by 14 days of no sexual experience. The rats then
completed novel object recognition testing, a task associated
with the hippocampus (Broadbent, Gaskin, Squire, & Clark,
2010). The results demonstrated that 28 days of sexual experience not only enhanced the number of newly generated neurons in the dentate gyrus of middle-aged rats, but also improved
cognitive function. Speciﬁcally, Glasper and Gould found that
the object recognition ability of these rats was similar to the
performance of young adult rats and that naı̈ve controls and
those middle-aged rats that had undergone a 14-day withdrawal
period after copulating for 2 weeks showed no evidence of object
recognition.
Another study conducted on male mice investigated whether
chronic sexual experience counteracts the negative effects of stress
on adult hippocampal neurogenesis and object recognition memory (Kim et al., 2013). Kim et al. used three experimental groups
of mice. The ﬁrst group copulated daily with a receptive female
for3 weeks.Themembersofthesecondgroupalsocopulateddaily,
but were concurrently restrained for 3 h a day as well to induce
chronic stress. The third group was also restrained daily, but did
not engage in sexual activity of any sort. After the 3 weeks, the
mice were tested on a novel object recognition task similar to the

one conducted in the Glasper and Gould (2013) study. Mice
subjected to chronic stress showed a signiﬁcant decrease in hippocampal cell survival compared to controls, yet mice who were
similarly stressed but also engaged in daily sexual activity displayed signiﬁcantly higher levels of cell survival than the chronic
stress group, levels that were not signiﬁcantly different from control mice. Furthermore, the combined stress and sexual activity
group also performed signiﬁcantly better on the object recognition task at the 24-h retention interval than the chronically stressed
mice. These results prompted Kim et al. to suggest that sexual
experience could be helpful for buffering adult hippocampal neurogenesis and recognition memory function against the suppressive actions of chronic stress.
Taken together, the results from animal studies allow for the
formulation of the hypothesis that frequent sexual intercourse
may bebeneﬁciallyassociatedwithmemoryfunction inhumans. If
a comparable biological process to that which occurs in sexually
active rodents also takes place in human adults, it is possible to
hypothesize that more frequent PVI may be linked to increased
neurogenesis in the hippocampus and superior hippocampusdependent memory performance.
Possible Mechanisms for the Association Between PVI
Frequency and Memory Function
There are a number of possible explanations as to why engagement in PVI might instigate neurogenesis and/or improve memory function. Firstly, PVI is a form of physical activity, and numerous rodent studies have found associations between running,
neurogenesis, and enhanced cognition (Marlatt, Potter, Lucassen,
& van Praag, 2012; Stranahan, Khalil, & Gould, 2006; van Praag,
Kempermann, & Gage, 1999; van Praag, Shubert, Zhao, & Gage,
2005). Secondly, it is also possible that the reward aspect of PVI
may be the mechanism by which neurogenesis is promoted and
memory performance is enhanced (Glasper & Gould, 2013). The
ﬁnding that exposure to dominant male pheromones both activates the female mouse reward system and stimulates neurogenesis in the dentate gyrus corroborates the supposition that the
rewarding aspect of mating may enhance neurogenesis (Mak
et al., 2007; Moncho-Bogani, Martinez-Garcia, Novejarque,
& Lanuza, 2005). Thirdly, engaging in sex is also associated
with decreased stress and symptoms of depression (Burleson,
Trevathan, & Todd, 2007; Gordon, Burch, & Platek, 2002).
As increased stress is related to increased blunting of neurogenesis (Kim et al., 2013), and depression is related to impaired
memory function and decreased neurogenesis (Burt, Zembar, &
Niederehe, 1995; Goshen et al., 2008), alleviation of both factors
may result in higher memory performance.
Moreover, given that PVI increases endogenous levels of
serotonin and oxytocin (Carter, 1992; Lorrain, Matuszewich,
Friedman, & Hull, 1997; Lorrain, Riolo, Matuszewich, &
Hull, 1999; Pfaus, 2009), two neurotransmitters that are involved
in stimulating neurogenesis (Jacobs, van Praag, & Gage, 2000;
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Leuner, Caponiti, & Gould, 2012; Malberg, Eisch, Nestler, &
Duman, 2000), it is possible that these chemicals may mediate the
supposed effect of PVI on neurogenesis and memory function
through their increased release during PVI.

Neurogenesis in Adult Humans
The possibility that neurogenesis occurs in the adult human
brain has been investigated since the early 1960s. It is now generally accepted that this phenomenon does occur in humans, due
in part to the seminal work of Eriksson et al. (1998). Eriksson
et al. obtained postmortem brain tissue from cancer patients who
had been treated with bromodeoxyuridine (BrdU), a thymidine
analog that is incorporated into the newly synthesized DNA of
dividing cells, and which can be detected in their resulting daughter cells (del Rio & Soriano, 1989; Kempermann, Kuhn, & Gage,
1997; Kuhn, Dickinson-Anson, & Gage, 1996). Immunohistochemicalstainingrevealedthatthedentategyrusofthehippocampus of the patients contained BrdU-positive cells, indicating that
proliferating cells are present in the adult human dentate gyrus.
Additionally, to determine the cell fate of the labeled cells, they
immunoﬂuorescently labeled for BrdU and the neuronal markers
NeuN, calbindin, or neuron-speciﬁc enolase. Eriksson et al. found
neurons double-labeled with BrdU and each of the three neuronal
markers, demonstrating that new neurons are generated in the
dentate gyrus of adult humans, an ability that the hippocampus
retains throughout life.
The seminal work of Spalding et al. (2013) corroborated
this ﬁnding by measuring the level of nuclear-bomb-test-derived
14
C in the DNA of human hippocampal neurons in order to retrospectively birth date the cells. Capitalizing on the ﬁnding that
14
C levels in the human body mirror levels in the atmosphere,
Spalding et al. demonstrated that the 14C concentration in the
genomic DNA of hippocampal neurons corresponds to the
concentration in the atmosphere after the birth of the individual, evidencing the postnatal generation of hippocampal neurons in humans. Moreover, Spalding et al. found that only a
subpopulationofhippocampalneurons,theneuronsofthedentate
gyrus, turn over and that approximately 700 neurons are added to
thisstructureperday.Itwasconcludedthattherateofadulthuman
neurogenesis is comparable to middle-aged mice. Continued
research suggests that besides the hippocampus, the subventricular
zone of the lateral ventricles is also capable of neurogenesis in the
adulthumanbrain(Ming&Song,2011)andthatthesenewneurons
migrate to the striatum (Ernst et al., 2014).
There is also evidence that adult neurogenesis can be detected
in living humans. One method developed by Manganas et al.
(2007) employed magnetic resonance spectroscopy, an MRI
modality, to identify neural progenitors in the live human brain,
while Pereira et al. (2007) used magnetic resonance imaging and
measurements of cerebral blood volume to identify an in vivo
correlate of neurogenesis.

Associations Between PVI and Beneﬁcial
Psychological Factors
It is also commonly accepted that penile–vaginal intercourse
is linked with beneﬁcial states in humans. PVI has been associated with a wide range of positive psychological factors, such as
relationship satisfaction (Costa & Brody, 2007; Heiman et al.,
2011), happiness (Blanchﬂower & Oswald, 2004; Laumann
et al., 2006; Wadsworth, 2014), lower perceived and physiological stress levels (Brody, 2006; Burleson et al., 2007), and mental
health (Brody & Costa, 2009; Kashdan et al., 2014). It is important to note that these associations do not imply causation; more
sexual intercourse could be a cause, consequence, or an epiphenomenon of the above states. Though PVI’s exact relation to
these beneﬁcial states is not yet conclusive, some evidence suggests that non-PVI sexual behaviors, such as masturbation, are
not associated with aspects of better mental and physical health
(Brody, 2010). Nevertheless, given other research that has found
positive associations between masturbation and beneﬁcial factors(Hurlbert & Whittaker,1991; Levin,2007;Shulman& Horne,
2003), it is possible that both PVI and masturbation might confer
beneﬁcial effects on memory function.
While many studies have investigated the relationship between
PVI and beneﬁcial psychological factors, systematic studies testing the possibility that PVI may be linked to neurogenesis and
improvedmemoryfunctioninyoungadulthumansaresofarlacking from the literature. Therefore, the current study aimed to investigate the relationship between frequency of sexual intercourse
and hippocampal-dependent memory function. We used a
recognition memory test for our memory paradigm, as recognition memory is believed to involve the hippocampus (Glasper
& Gould, 2013; Kim et al., 2013). As proof of principle, we
concentrated on assessing frequency of PVI through questionnaires, recognition memory for abstract words, and recognition
memory for neutral faces in adult women. It was hypothesized
that PVI frequency would be positively related to both recognition for words and recognition for faces, as encoding of both
stimulus modalities relies on the hippocampus (Fernández et al.,
1998; Haxby et al., 1996). We also assessed a number of additional factors we believed could also affect memory performance, including participants’ school performance, menstrual
cycle stage, use of oral contraceptives, frequency and intensity
of exercise, non-PVI sexual activities, length of romantic relationship, and relationship strength.

Method
Participants
The sample consisted of 78 heterosexual females aged 18–29
(Mage,21.07 ± 2.08 years). Forsome of the assessments, part of
the data acquisition was incomplete for various reasons (see
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below). As a result, analyses of memory for abstract words and
faces were performed with n = 60 (77 %), analyses of intimacy
and sexuality were performed with a minimum of n = 30 (38 %),
and analyses of exercise with a minimum of n = 27 (35 %). To
avoid interaction effects between the subjects’ gender and the
female study coordinator available for this project, only female
subjects were tested. Participants were recruited via the university’s psychology faculty extra course credit participant pool,
as well as through the university’s Classiﬁed Ads website, under
‘‘Employment/Services.’’ These advertisements invited students to take part in a study investigating demographic variants
of memory performance and stipulated that participation would
involve completion of a memory test and short survey. Participants recruited through Classiﬁed Ads received $10 in compensationuponcompletionofthestudy,andparticipantsrecruited
through the participant pool obtained 1 % extra credit for an eligible course within the department. The research institute’s
research ethics board approved the study, and informed consent
was obtained from all individual participants included in the study.
Procedure
Participants were scheduled for onelaboratory session. All testing
took place between 10h00 and 17h00 on regular weekdays. Participants arrived at the laboratory for their scheduled appointment
and were presented with information pertaining to the project
contained in the informed consent form. After providing written
informed consent, participants were presented with a computerized memory paradigm (a recognition paradigm), which required
20–30 min to complete. To minimize distractions for the participant and to avoid the participant being inﬂuenced by the awareness that she was being observed, the researcher left the room during the memory test procedure.
Once participants had completed the memory assessment,
they were asked to complete an in-house questionnaire assessing participants’ demographics, cumulative GPA, menstrual
cycle phase, use of oral contraceptives, aspects of intimacy and
sexual behavior, and exercise. This questionnaire took about
10 min to complete. After completion, participants were presented with a debrieﬁng form detailing the purpose of the study
and were provided with compensation, if eligible. The whole
study took on average\1 h.
Measures
Memory Assessment
Participants performed a recognition task in which they were
required to distinguish previously presented (old) faces and
words from new (distractor) faces and words. A total of 90 neutral faces and 90 abstract words (i.e., words that were intangible
nouns, such as ‘‘chastity’’) were used in this study. Black-and-

white neutral faces were taken from Kennedy, Hope, and Raz
(2009). Words with a concreteness rating lower than 4.0 were
selected from Paivio, Yuille, and Madigan (1968). Concreteness ratings ranged from 1 (highly abstract) to 7 (highly concrete). A total of 60 faces and 60 abstract words were used for
the encoding phase of the task, while the remaining 30 faces
and 30 words were used as distractors during the recognition
phase. The faces used as targets during the encoding phase and
those used as distractors at the time of recognition were equalized for picture quality, ethnicity, familiarity, age, sex, and memorability across lists. The words used as targets during the encoding phase and those used as distractors were matched in length,
frequency, imagery, and concreteness.
Participants were instructed to memorize faces and words
that were presented to them on an Apple computer running
SuperCard 4.7 (Solutions Etcetera, CA, USA). The encoding
phase was performed in four encoding blocks separated by a
cross-screen of 10 s. In each block, participants were shown
either a series of 15 neutral faces or 15 abstract words and were
instructed to indicate whether they found each stimulus‘‘pleasant,’’ ‘‘neutral,’’ or ‘‘unpleasant.’’ Individual stimuli were presented in the middle of the computer screen for 4 s and were followed by a 500-ms interstimulus interval. Participants were then
presented with 15 stimuli from the complementary stimulus
group (i.e., words if they were shown faces before, and vice versa)
and again gave a valence rating. This was followed by three more
sets of 15 words and 15 faces, so that a total of 120 novel stimuli
were shown. The order of faces and words was counterbalanced
between participants.
The recognition phase took place immediately after the encodingphase.Participantswereﬁrstpresentedwithinstructionsabout
the forthcoming recognition procedure. Participants were then
presented with all of the face and word stimuli used in the encoding phase as well as 30 new faces and 30 new words, which served
as distractors. Therefore, a total of 180 faces and words were presented in the recognition phase. Stimuli appeared in three groupings of 30 words and 30 faces, in randomized order. Subjects were
asked to indicate whether the word or face depicted on the screen
was new or old.
A sensitivity score represented each participant’s recognition performance on the recognition paradigm. The sensitivity score was calculated separately for abstract word recognition and face recognition using the number of hits and false
alarms the participant made during the recognition phase of
the memory test. The correct indication of a previously presented stimulus as old constituted a hit, while a false alarm
was deﬁned by the incorrect indication of a new stimulus (a
distractor) as old. Sensitivity scores were then calculated by
computing the difference between the percent of old stimuli
correctly identiﬁed and the percent of distractors incorrectly
accepted as old. Therefore, higher sensitivity scores represent
superior recognition performance (Table 1).
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Demographics
We assessed participants’ age, height, weight, and sexual orientation through use of an in-house questionnaire. Further, participants provided their cumulative grade point average (GPA), as
there is substantial evidence for a positive relationship between
GPA and intelligence (Richardson, Abraham, & Bond, 2012), of
which memory function is one important aspect. In addition,
participants reported the ﬁrst day of their last menses, if known,
to allow calculation of theirmenstrual cyclephase. Likewise, the
use of oral contraceptives was assessed by the survey question
‘‘Do you take oral contraceptives?’’
Intimacy and Sexuality
The in-house survey investigated the individual’s experience
of intimacy with 3 items. These items inquired about the type
and duration of the participant’s relationship and included an
assessment of the depth of affection she felt for her partner (if
the individual was involved in a romantic relationship). Possible relationships included committed monogamous, semimonogamous, casual dating,singleand sexually active(including
sexual intercourse), single and sexually active (excluding sexual
intercourse), and single and not engaging in sexual activity of any
kind. Those participants who reported that they were in a committed monogamous relationship, a semi-monogamous relationship,
or were casually dating a partner recorded the length of their current relationship and completed a series of questions measuring
their experience of romantic love. Here, participants indicated the
natureoftheromanticrelationshipthattheywerecurrentlyengaged
in, by completing the Measurement of Romantic Love Scale
(Rubin, 1970). The scale measures the participant’s afﬁliative
and dependent need for her partner, her predisposition to help
him, and the exclusiveness and absorption she feels for him.
Response items for the Measurement of Romantic Love Scale
are found in‘‘Appendix.’’Two pools of participants were established from the women who completed this questionnaire. Participants who scored above the median on the Love scale were
designated as being in a‘‘strong love’’relationship, while those
who scored below the median were designated as being in a
‘‘weak love’’relationship.
In addition, the in-house questionnaire contained 6 items
that assessed participants’ current (within the last month) sexual behaviors, including whether or not they engaged in sexual
intercourse, how often they engaged in sexual intercourse, how
often they partook in other partnered sexual activities excluding PVI, whether their partner intravaginally ejaculated during PVI without a condom, how often they achieved orgasm
from PVI, and whether and how often they masturbated. Sexual behavior questionnaire items are found in ‘‘Appendix.’’
Not all participants answered all of these questions as completion of all items on the questionnaire was voluntary, and
because not all items were applicable to all participants (for

instance, if a participant indicated that she did not engage in
PVI, the question of ejaculation did not apply). Therefore, this
additional information was only available in part of the study
group. In 59 participants, information about the frequency of
non-PVI partnered sexual activity was available. Information
about ejaculation during PVI was available in 31 of these participants, use of condoms during PVI in 38, orgasm during sexual intercourse in 32, and masturbation in 30.
Exercise
Finally, we also assessed the amount of physical exercise a subset
of participants engaged in per week. Participants indicated the
length of time (in minutes) they spent exercising, the intensity of
the exercise (high, medium, or low), and how often they exercised per week.
Analyses
The main analysis aimed to investigate the association between
memory performanceand thefrequency of sexual intercourse and
toestablish whethertherewasanysigniﬁcantassociationbetween
these two measures. To obtain a proxy of memory, we employed
the sensitivity scores from the recognition paradigm, separately for
abstract words and neutral faces. We performed a multiple linear
regression with sensitivity scores as the criterion variable, and
frequency of sexual intercourse, menstrual cycle phase, grade
point average, use of oral contraceptives, and relationship length
as predictors. Menstrual cycle phase was dummy coded into‘‘1,’’
corresponding to the follicular phase of their menstrual cycle
(Day 1–14) or‘‘2,’’representing the luteal phase of their menstrual cycle (Day 15–28), where Day 1 was their ﬁrst day of
menstruation.

Results
Words
Association of Sexual Intercourse Frequency with Sensitivity
Scores for Abstract Words
The mean sensitivity score for abstract words was .70, with a
SD of ± .16. Sensitivity scores for the sample ranged from .33
to 1.00. Performing a multiple linear regression with sensitivity scores as the criterion variable, frequency of sexual intercourse as the predictor variable, and entering participants’ GPA,
phase of menstrual cycle, oral contraceptive use, and relationship
length as additional predictors yielded a signiﬁcant regression
model with R2 = .19, F(5, 55) = 2.65, p = .032. As hypothesized,
PVI frequency was positively associated with abstract word
sensitivity scores on the memory paradigm. In the model, only
PVI frequency was a signiﬁcant predictor, b = .49, t(55) = 3.45,
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Table 1 Summary of multiple regression analyses for variables predicting sensitivity scores for words and sensitivity scores for faces
Variable

Sensitivity words

Sensitivity faces

SE B b

B

B

SE B b

-0.03

0.05

B

PVI frequency

0.44 0.01

0.49**

Oral contraceptive use

0.07 0.05

0.21

-0.04 0.05

-0.10

0.02 0.04

0.04

0.02

0.05

0.06

-0.01 0.02

-0.05

-0.01

0.02

-0.04

GPA
Menstrual cycle phase
Relationship length

-0.001 0.06

-0.11
-0.003

Frequency of orgasm attainment during PVI
Frequency of sexual activity other than PVI
R2
F

0.19
2.65*

-0.01 0.01
0.049
0.41

SE B b

B
0.01

0.01

0.15

0.04

0.05

0.11

-0.07

0.06

-0.17

0.03

0.05

0.001 0.02
0.04

a

SE B b

0.02

0.10
0.005

0.52*

-0.16
0.27

0.055

4.78*

0.64

* p\.05; ** p = .001
a

Regression conducted for women who do not take oral contraceptives

p = .001, while the other factors did not reach signiﬁcance. This
suggests that 19 % of the variability in abstract word sensitivity
scores was explained by the model. Since sensitivity scores are
derived from the difference between hits and false alarms, this
relationship is also represented in the correlation between frequency of PVI and number of hits and false alarms. For hits, a
positive correlation with frequency of sexual intercourse, r = .34,
p = .009, n = 61, was observed, while the number of false alarms
was negatively correlated with frequency of sexual intercourse,
r = -.28, p = .035, n = 61 (Figs. 1, 2).
We next wanted to explore whether the frequency of engaging in partnered sexual activity other than intercourse would have
asimilareffectonthesensitivityscoresforabstractwords.Forthat
purpose, we entered frequency of partnered sexual activity other
than PVI, menstrual cycle phase, oral contraceptive use, GPA,
and relationship length into a regression model as predictor variables, with sensitivity scores for words employed as the criterion
variable. No signiﬁcant effect could be observed for this analysis,
R2 = .049, F(5, 40) = .41, p[.20, 1 - b = .16, and frequency of
partnered sexual activity other than PVI did not signiﬁcantly predict sensitivity scores, b = -.16, t(40) = -.96, p[.20.
Association of Orgasm Attainment During PVI
with Sensitivity Scores for Abstract Words
To investigate whether orgasm frequency might be related to
memory, a regression analysis was conducted for the relationship between frequency of orgasm during PVI and memory performance. Frequency of orgasm during PVI was employed
as the predictor variable, and sensitivity scores for abstract words
were used as the criterion variable. The regression analysis was
conducted separately for women who were not taking oral birth
control, and women who were. The regression model for women
who were not taking oral contraceptives was signiﬁcant, R2 = .27,
F(1, 13) = 4.78, p = .048, and orgasm frequency during PVI sig-

Fig. 1 PVI frequency and abstract word sensitivity scores are positively
associated in heterosexual women [F(5, 55) = 2.65, p = .032, n = 60].
Group 1 represents women who do not engage in PVI or do so less than
once per month. Group 2 represents PVI approximately once per month
up to once every 2–3 weeks. Group 3 represents PVI once per week to
once per day. The y-axis shows sensitivity scores (hits—false alarms) for
remembering abstract words. Higher values suggest better memory

niﬁcantly predicted sensitivity scores for abstract words, b = .52,
t(13) = 2.19, p = .048. Frequency of orgasm achievement during
PVI was not signiﬁcantly associated with abstract word sensitivity scores for women who were taking oral contraceptives, F(1,
17)\1, p[.20, 1 - b = .08.
Faces
Association of Sexual Intercourse Frequency with Sensitivity
Scores for Neutral Faces
The mean sensitivity score obtained for faces was .61 ± .16,
with individual scores ranging from .21 to .90. No signiﬁcant
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sensitivity scores on the memory paradigm, F(3, 24)\1, p[
.20, 1 - b = .13.
Finally, frequency of masturbation per week, r = -.07,
p[.20, n = 30, 1 - b = .07, frequency of orgasm achievement from masturbation, r = -.14, p[.20, n = 30, 1 - b =
.12, and frequency of intravaginal ejaculation r = .11, p[.20,
n = 31, 1 - b = .09, were all not signiﬁcantly associated with
abstract word sensitivity scores, while controlling for GPA,
phase of menstrual cycle, and oral contraception use.

Fig. 2 Sensitivity scores for abstract words are related to PVI frequency
for heterosexual women [F(5, 55) = 2.65, p = .032, n = 60]. Standardized betas are shown for all predictor variables in the model. PVI
frequency was the only signiﬁcant predictor in the model, b = .49,
t(55) = 3.45, p = .001. Sex freq frequency of sexual intercourse, Oral con
oral contraceptive use, GPA cumulative grade point average, Mens cyc
menstrual cycle phase; Rel lgnth relationship length

association was obtained between women’s recognition scores
for faces and PVI frequency when a multiple linear regression
was conducted between these variables, again holding constant
the possible confounds of grade point average, menstrual cycle
phase, use of oral contraception, and relationship length, R2 =
.055, F(5, 55) = .64, p[.20, 1 - b = .24. PVI frequency also
did not signiﬁcantly predict sensitivity scores, b = .15, t(55) =
.96, p[.20. Similarly, no signiﬁcant correlation was obtained
when a partial correlation was conducted between frequency of
PVI and hits, and between frequency of PVI and false alarms,
r = .08, p[.20, n = 61, 1 - b = .10, and r = -.09, p[.20,
n = 61, 1 - b = .11, respectively.
Other Factors and their Relation to Memory Performance
No group means (strong love, weak love, no romantic relationship) were signiﬁcantly different when a one-way ANOVA was
conducted on relationship strength group and abstract word
memory scores, F(2, 65) = 1.79, p = .175, 1 - b = .36. Further, no signiﬁcant correlation was observed between GPA and
scores on the recognition paradigm for abstract words, r =
-.11, p[.20, n = 62, 1 - b = .14. Also, a one-way ANOVA
was conducted for menstrual cycle phase and corresponding
abstract word sensitivity scores. This analysis was completed
only for women who were not on oral birth control. Women in
their luteal phase (n = 21) did not differ in sensitivity scores
from women in their follicular phase (n = 12), F(1, 31)\1,
p[.20, 1 - b = .06. An ANOVA was also conducted for the
use of oral contraceptives and sensitivity scores, and again, no
signiﬁcant difference was obtained between the two variables,
F(1, 66)\1, p[.20, 1 - b = .06.
Similarly, a linear regression analysis with frequency of exercise per week, duration of exercise, and intensity of exercise did
not reveal any signiﬁcant association with abstract word

Discussion
The current study found a signiﬁcant association between memory scores for recognition of abstract words (measured via sensitivity scores) and frequency of PVI, while holding constant menstrual cycle phase, grade point average, use of oral contraceptives,
and relationship length in a population of young female undergraduate students. No such association was found for neutral
faces. Furthermore, a signiﬁcant association was also found between
memory scores for abstract words and frequency oforgasm achievementduringPVIforthosewomenwhodidnottakeoralbirthcontrol.
These ﬁndings support the initial hypothesis that frequency of
sex would be positively associated with memory scores. While
the current ﬁndings are correlational, previously conducted animal
studies suggested a causal link by experimentally controlling the
frequency of sexual intercourse, observing an effect on memory
performance, and showing signs of increased neurogenesis in
the hippocampus (Glasper & Gould, 2013). It can be speculated
whether the neuroanatomical changes that occurred in sexually
active rodents similarly take place in humans as a result of having PVI as well. As hippocampal neurogenesis has now conclusively been shown to occur in the human adult dentate gyrus
(Eriksson et al., 1998), and because evidence suggests that these
neurons integrate themselves into the existing neural network to
become functional (van Praag et al., 2002), it is possible that
lifestyle factors such as PVI frequency contribute to increasing
neuronal proliferation in both men and women, just as it does in
rodents.
To provide causal evidence for this relationship in humans
would require randomized, controlled experiments. This could
possibly be combined with longitudinal studies measuring memory performance in heterosexual and LGBTQ2 adults over an
extended period of time, while simultaneously monitoring frequency and type of sexual activity (such as penile–anal intercourseingaymen).Suchstudiesmaydeterminewhethermemory
performance ﬂuctuates with participants’ changing levels of PVI
and other sexual behaviors over time. They may also determine
whether the superior memory performance demonstrated by participants who engaged in frequent PVI endures even if PVI frequency declines or ceases. This research could also include structural neuroimaging (e.g., using MRI) of the hippocampus and
neighboring medial temporal lobe structures and subsequent
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volumetric analyses. Such research could more clearly demonstrate the role that intercourse and other sexual activity frequency
have on the memory performance of sexually active individuals.
It was interesting to observe that frequency of sexual intercourse was only associated with memory scores for abstract
words but not with those of faces. We can interpret this observation as a sign that the relationship between frequency of
sexual intercourse and abstract word sensitivity is indeed associated with a hippocampus-dependent memory function. Current research suggests that successful face recognition may depend
to a greater extent on extra-hippocampal structures such as the
fusiform face area (FFA) in the fusiform gyrus, the occipital face
area (OFA) in the inferior occipital gyrus, and anterior temporal
cortical areas (e.g., Nestor, Plaut, & Behrmann, 2011; Rossion
et al., 2003; Rossion, Hanseeuw, & Dricot, 2012). Neuroimaging
studies have demonstrated that successful word retrieval, however, depends on the recruitment of the hippocampus (Heckers,
Weiss,Alpert,& Schacter, 2002). In addition, it can beargued that
faces present a more complex stimulus set, requiring the encoding
of more characteristics to allow accurate recollection. Thus, it may
be more likely that participants had to rely on the perception of
familiarity when asked to recollect face stimuli, a process that is
disproportionately associated with activity in the perirhinal
cortex rather than the hippocampus (Diana, Yonelinas, & Ranganath, 2007). Therefore, it can be speculated that memory for
abstract words was dependent on hippocampal activation to a
greater extent than memory for faces, which relied more on
surrounding structures such as the FFA, OFA, and perirhinal
cortex. As sexual intercourse has been shown to contribute to
neurogenesis in the dentate gyrus of the hippocampus, at least in
animals (Glasper & Gould, 2013), this dissociation may explain
the absence of correlation between PVI frequency and face
recognition.
While the current ﬁndings provide ﬁrst evidence for a possible link between frequency of PVI and memory for abstract
words, the study had a number of limitations. Most importantly, the current ﬁndings were correlational and do not allow
fortheestablishmentofacause–effectrelationship.Also,theresults
were based on a convenience sample, allowing for naturally occurring variations that might explain the current results without being
related to the frequency of PVI. In addition, the assessment of sexual activity was done retrospectively, and via self-assessment,
allowing for inaccuracies in the reporting of this information.
In order to minimize potential inaccuracies in the reporting of
sexual activity, future studies should obtain questionnaire responses from both persons in the romantic partnership (if the participant
is in a romantic relationship) in order to test for concordance in the
responses of both individuals, or have respondents record their
sexual activity daily over the course of a month.
A number of additional observations with regard to the study
sample and its results should be noted. Importantly, there was no
signiﬁcant relationship between masturbation frequency or achievement of orgasm during masturbation and abstract word recognition

scores. According to Brody (2010), this result would be expected
since PVI is the only sexual behavior directly relevant to gene
propagation, and because evolutionary pressures strongly reward
behaviors and mutations associated with an increased likelihood
of gene propagation. Thus, only PVI would become associated
with better physical and mental health indices, such as memory
function and/or hippocampal neurogenesis, over evolutionary
time. The observation, for example, that prolactin release was
400 % greater after intercourse as compared to masturbation in
one study provides independent support for this line of argumentation (Brody & Krüger, 2006). On the other hand, methodological concerns regarding Brody and Krüger’s ﬁndings have
been voiced (Levin, 2007), making it difﬁcult to conclude
whether PVI truly was more strongly associated with a beneﬁcial factor than masturbation in this study. In the current study, as
the sample size for masturbation frequency and attainment of
orgasm during masturbation (as well as the sample sizes for
intravaginal ejaculation and exercise) were lower than the total
sample size, a small effect of these parameters on memory function may still exist, but might have been missed due to the low
power of the sample. Given that positive relationships have been
found between masturbation and beneﬁcial states, such as
masturbation being associated with positive body image for
European American women (Shulman & Horne, 2003), and
evidence for greater marital and sexual satisfaction among married women who masturbate to orgasm (Hurlbert & Whittaker,
1991), it is still plausible that a positive association exists between
masturbationfrequencyandmemory performanceaswell.Future
studies with a larger sample size should be conducted to better
investigate this potential relationship.
Importantly, it is also possible that other social and nonPVI related variables might account for the signiﬁcant association demonstrated in this study. However, there was no
signiﬁcant association found between the strength or length
of romantic relationship and memory scores. Thus, those single women who self-reported a high frequency of sex demonstrated higher memory scores than those coupled women who
self-reported either not having sex or having a low frequency
of sex. This suggests that it is PVI, and not the presence of a
relationship, that accounts for the beneﬁcial effects found in
this study. Similarly, the lack of a signiﬁcant relationship
found between the predictors GPA, menstrual cycle phase,
and use of oral contraceptives and word recognition scores
supports the conclusion that engaging in PVI is the most decisive
factor in accounting for the variation in memory performance.
There are a number of mechanisms by which the demonstrated effects of sexual behavior on memory function may
occur. For one, PVI is a form of physical activity, and numerous rodent studies have found associations between various
forms of exercise, neurogenesis, and enhanced cognition (Marlatt et al., 2012; Stranahan et al., 2006; van Praag et al., 1999,
2005). Exercise potentially improves brain health through increasing levels of various molecules in the brain, such as brain-derived
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neurotrophic factor (BDNF), various neurotransmitters, and speciﬁc hormones (Cotman & Berchtold, 2002). One study on elderly
adultsreportedthatthepositivecorrelationbetweenphysicalﬁtness
and spatial memory performance was partially mediated by hippocampal size(Erickson et al., 2009).Whilenot a direct measureof
hippocampal neurogenesis, it was suggested that cell proliferation
may be one factor which increases hippocampal volume measurements speciﬁcally in physically active older adults. Thus, it may be
that the physical activity component ofPVIpromotes neurogenesis
and increases memory function in adult women.
However, as PVI is generally regarded as a rewarding experience, it is possible that the reward aspect of PVI may be the mechanism by which neurogenesis is promoted and memory performance is enhanced (Glasper & Gould, 2013). This may be especially so given that dopamine (a neurotransmitter implicated in
reward) may promote neurogenesis in the hippocampus (Becker,
Rudick, & Jenkins, 2001; Takamura et al., 2014), and because
sexual activity activates reward centers in the brain (Ågmo &
Berenfeld, 1990; Damsma, Pfaus, Wenkstern, Phillips, &
Fibiger, 1992). The ﬁnding that intracranial self-stimulation
enhances hippocampal neurogenesis in rodents corroborates
this ﬁnding (Takahashi et al., 2009). In addition, some recent
evidence suggests that sexual activity might increase neurogenesis in the striatum (Bedard, Gravel, & Parent, 2006; Dayer,
Cleaver, Abouantoun, & Cameron, 2005; Ernst et al., 2014),
thereby further increasing the reward salience of sexual behavior (Báez-Mendoza & Schultz, 2013; Takamura et al., 2014).
In support of the argument for the rewarding rather than the
physical activity component of PVI, it has been found that rats
subjected to forced treadmill running display physiologically
maladaptive changes indicative of chronic stress, such as
adrenal hypertrophy and adrenal involution (Moraska, Deak,
Spencer, Roth, & Fleshner, 2000). As neurogenesis in the
hippocampus is diminished by stress (Mirescu & Gould, 2006), it
is possible that the voluntary aspect of running, considered to be
rewarding in rodents (Greenwood et al., 2011; Meijer & Robbers,
2014), must be present in order to buffer the brain against the deleteriouseffectsofstressandtopromoteneurogenesis.Suchapossibility lends credence to the proposition that it is speciﬁcally the
rewarding aspect of PVI that promotes increases in neurogenesis
and cognitive function in women (Báez-Mendoza & Schultz,
2013; Becker et al., 2001; Mermelstein & Becker, 1995; Pfaus,
Damsma, Wenkstern, & Fibiger, 1995).
PVI has also been associated with a number of psychological factors that may mediate the relationship found in the current study. For instance, sexual behavior is positively related to
mood in women and inversely related to depressive symptoms
in women who have sex without condoms (Burleson et al.,
2007; Gordon et al., 2002). Given that a signiﬁcant, stable association between depression and impaired memory function
has been found (Burt et al., 1995), it is possible that women who
self-report having more intercourse experience less depression, which results in better memory performance. Moreover,

depression is associated with impaired neurogenesis (Goshen
et al., 2008), leading to the possibility that women who engage
in more frequent sex not only experience less depressive symptoms, but may also beneﬁt from increased neurogenesis in their
hippocampi and, consequently, improved memory function.
With regard to stress and anxiety, Kim et al. (2013) found
that, in mice, sexual intercourse counteracted the detrimental
effects ofchronic stress on hippocampal neurogenesis. In women,
sex may also be beneﬁcial for decreasing anxiety and stress, as
negative associations have been found between these factors and
PVI (Brody, 2006; Burleson et al., 2007; Kashdan et al., 2014).
For instance, women report experiencing lower levels of anxiety
symptoms the day after engaging in sex than when they did not
have sex the previous day (Kashdan et al., 2014). Thus, it is possible that women who engage in sex beneﬁt from higher rates of
neurogenesis due to the decreased levels of stress and anxiety
symptomatology they experience.
It is possible that, aside from psychological factors, the time
of day during which participants completed the memory task may
have contributed to variance in memory scores, as cognitive performance might differ from morning to night. Future studies might
beneﬁt from counterbalancing appointment times between individuals who engage in PVI at high and low rates, such that an equal
number of participants who engage in PVI at a high rate and a low
rate are tested during morning appointments and during afternoon
appointments.
The speciﬁc biochemical mechanism that may drive the neurogenesis posited to occur as a result of PVI remains to be elucidated. Serotonin, one possible biological mediator, is primarily
involved in the central regulation of the sexual response (Rowland, 2006). Current evidence indicates that serotonin is released
in the brain after one or more orgasms during sexual activity (Lorrain et al., 1997, 1999; Pfaus, 2009), which induces sexual satiety
and refractoriness (Pfaus, 2009). It is possible that the increase in
endogenous serotonin levels that occurs during PVI may mediate
the beneﬁcial effects on memory performance through the promotion of neurogenesis. This is especially likely, as studies of rodents
that are given selective serotonin reuptake inhibitors have shown
that this neurotransmitter promotes neurogenesis (Malberg et al.,
2000). Similarly, oxytocin increases during sexual arousal in
humans and shows a marked increase during the orgasmic phase
(Carmichael et al., 1987). Carmichael, Warburton, Dixen, and
Davidson (1994) also reported a correlation between oxytocin
levels and the intensity of orgasm in males and females. In women,
genital and breast stimulation are particularly potent in inducing
its release (Wakerley, Clarke, & Summerlee, 2006). This chemical has been found to promote neurogenesis even under conditions of stress in rats (Leuner et al., 2012). It is possible, therefore, that increases in oxytocin levels experienced during sex
may contribute to promoting neurogenesis in the adult dentate gyrus as well, which could then mediate the beneﬁcial
effect on memory performance demonstrated in the current
study.
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Additionally, the increase in oxytocin during the orgasmic
phase, followed by the post-orgasmic increase in serotonin levels,
suggests that orgasm frequency may be an important mediating
factor in the posited relationship between PVI frequency, neurogenesis, and memory function. It follows that behavior that maximizes oxytocin and serotonin release, namely PVI that progresses
to orgasm, might result in maximal beneﬁt for memory performance. As the current study found a signiﬁcant relationship between
orgasm frequency during PVI and memory performance for those
women who do not take oral contraceptives, it is possible that
orgasm frequency may mediate the relationship between PVI
frequency and memory function through the promotion of serotonin and/or oxytocin release.
As a ﬁnal point, it is important to consider from an evolutionary standpoint why the relationship between PVI and memory function might exist. Though highly speculative, it can be
theorized that those ancestors who engaged in a relatively higher
frequency of PVI beneﬁtted from increased neurogenesis, neurotransmitter release, and those neurobiological beneﬁts associated
with exercise [such as increased BDNF release (Cotman & Berchtold, 2002)], since PVI is a form of physical activity. These beneﬁts may have produced bigger, healthier brains and consequently
enhancedmemoryfunction.Improvedmemorymighthaveanumberofbeneﬁts,includingasuperiorabilitytorememberthelocation
of resources and to engage in more complex procedures for daily
life. Thus, it may have eventually contributed to an increased chance
of survival. Alternatively, it could be that better memory function
evolvedasasimpleby-productofengaginginPVI.Itisplausiblethat
frequent PVI increased the occurrence of the aforementioned neurobiological changes associated with the activity and happened to
improve memory function. This enhanced memory function may
nothavedirectlyincreasedﬁtness,butbecauseitalsodidnotdecrease
reproductive ﬁtness, the ability was not selected against and selected
out of subsequent generations. Both mechanisms potentially explain
the existence of the association found in our sample.
Taken together, our results suggest that engaging in sexual
intercourse can have beneﬁcial effects for hippocampal-dependent memory, potentially through a mechanism involving
neurogenesis in the dentate gyrus. Future studies should investigate the possible neural and hormonal factors that mediate the
relationship between PVI and memory performance in order to
identify the mechanisms behind this observation.
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Appendix
Select Experience of Intimacy Questionnaire Items
Sexual Intimacy Items
Do you engage in sexual intercourse? Yes ____, No ____
If yes, how often do you engage in sexual intercourse?
1.
2.
3.
4.
5.
6.

more than once per day ___
once per day ___
once per week to six times per week ___
once every two–three weeks ___
once per month ___
less than once per month ___

If yes, does your partnerejaculate inside your vagina, without a
condom? Yes___, No___
How often does your partner ejaculate inside of you, without a
condom, when you engage in sexual intercourse (approximately)?
1.
2.
3.
4.
5.

100 % of the time___
75 % of the time___
50 % of the time___
25 % of the time___
n/a___

If you engage in sexual intercourse, how often do you
achieve orgasm (approximately)?
1.
2.
3.
4.
5.
6.

1.
2.
3.
4.
5.

100 % of the time___
75 % of the time___
50 % of the time___
25 % of the time___
less than 25 % of the time___
I do not orgasm during sexual intercourse___

more than once per day ___
once per day ___
once per week to six times per week___
once every two–three weeks ___
once per month ___
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6. less than once per month ___
7. I do not engage in sexual activity of any kind ___
Do you masturbate (Yes___, No___), and if so, how many
times per week? _________
If you masturbate, how often do you achieve orgasm (approximately)?
1.
2.
3.
4.
5.

100 % of the time___
75 % of the time___
50 % of the time___
25 % of the time___
I do not orgasm from masturbation___

Rubin’s Measurement of Romantic Love Scale
If you are in a monogamous relationship or are seeing a partner on
a regular basis (i.e., through casually dating or through a semimonogamous relationship), please indicate the degree of liking
and loving you feel toward this partner (referred to below as‘‘X’’)
by answering the following questions:
Using the 9-point scale below, please indicate the extent to
which you agree or disagree by writing the appropriate number in
the space corresponding to each item.

1

2

3

Not at all true;
disagree
completely

4

5

6

7

8

9
Deﬁnitely true;
agree completely

Experience of Loving
1. ___ If X were feeling badly, my ﬁrst duty would be to cheer
him up.
2. ___ I feel that I can conﬁde in X about virtually everything.
3. ___ I ﬁnd it easy to ignore X’s faults.
4. ___ I would do almost anything for X.
5. ___ I feel very possessive toward X.
6. ___ If I could never be with X, I would feel miserable.
7. ___ If I were lonely, my ﬁrst thought would be to seek X
out.
8. ___ One of my primary concerns is X’s welfare.
9. ___ I would forgive X for practically anything.
10. ___ I feel responsible for X’s well-being.
11. ___ When I am with X, I spend a good deal of time just
looking at him.
12. ___ I would greatly enjoy being conﬁded in by X.
13. ___ It would be hard for me to get along without X.
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