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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 neuroge-

nesis in the dentate gyrus of the hippocampus. However, studies

investigating the potential benefits of frequent PVI on memory

function inyoungwomenare to thebest of ourknowledge 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 deter-

minewhether variation inPVIwouldbeassociatedwithmemory

performance,weasked78heterosexualwomenaged18–29years

to complete a computerized memory paradigm consisting of

abstract words and neutral faces. Results showed that frequency

ofPVIwaspositively associatedwithmemory scores for abstract

words, but not faces. Because memory for words depends to a

large extent on thehippocampus,whereasmemory for facesmay

rely to a greater extent on surrounding extra-hippocampal struc-

tures,our results appear tobespecificformemorybelieved to rely

on hippocampal function. Thismay suggest that neurogenesis in

the hippocampus is higher in those women with a higher fre-

quency of PVI, in line with previous animal research. Taken

together, these results suggest that PVImay indeed have benefi-

cial effects on memory function in healthy young women.
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Introduction

Results fromanimalandhumanstudieshavedocumentedavariety

of factors thatmaybeneficiallycontribute tomemoryfunction.For

example, environmental enrichment has proven to enhance long-

termmemory in rats (Bruel-Jungerman, Laroche, & Rampon,

2005). Similarly, exercise and dietary flavonoids have been found

to affectmemory 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 pro-

liferation 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 consec-

utive days). Histological analyses of the number of new cells in

the hippocampus suggested that a single copulation increased

thenumberofnewneurons in thehippocampuswhencompared

to naı̈ve controls or to rats exposed to unreceptive females. In

addition, frequent sexual experience resulted in greater adult neu-

rogenesis, as measured by a larger increase in the number of den-

driticspinesondentategyrusgranuleneurons,dendritic length,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
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females. Pheromonesof dominantmales stimulate neurogen-

esis in theolfactorybulbaswell as thehippocampusof 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). Inaddition, a studybyOrmerodandGalea

(2001) investigated the effect of estradiol and reproductive

statuson the rateofcellproliferationandcell survival ingroups

of sexually inactive and sexually active femalemeadowvoles.

Those females who were sexually active displayed a greater

rate of cell survival than reproductively inactive females after

5weeks.

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 andmemory (e.g.,Gould,Beylin, Tanapat, Reeves,

&Shors, 1999), and previous studieswhich have implicated

neurogenesis in such facets ofmemory as pattern separation

(the ability to form distinctmemories of very similar stimuli

that occurred closely in space or time), long-term retention

of spatial memory, and recognition memory (Bruel-Junger-

manet al., 2005;Clellandet al., 2009; Jessberger et al., 2009;

Nakashiba et al., 2012; Sahay et al., 2011), it can be hypoth-

esized that PVI may also be linked to improved memory

function. Accordingly, in a follow-up study to their origi-

nal experiment, Glasper andGould (2013) investigatedwhether

theneuronalproliferationthatoccurred insexuallyexperienced

male rats also enhanced their cognitive function. Middle-aged

retired breeder ratswere exposed either to a sexually receptive

femaleoncedaily for28consecutivedaysorfor14consecutive

daysfollowedby14daysofnosexualexperience.Therats 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 expe-

rience not only enhanced the number of newly generated neu-

rons in the dentate gyrus ofmiddle-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

thosemiddle-aged rats that hadundergonea14-daywithdrawal

periodafter copulating for 2weeks showednoevidenceofobject

recognition.

Another study conducted on male mice investigated whether

chronic sexual experiencecounteracts thenegativeeffectsof stress

onadult hippocampal neurogenesis andobject recognitionmem-

ory (Kim et al., 2013). Kim et al. used three experimental groups

of mice. The first group copulated daily with a receptive female

for3weeks.Themembersofthesecondgroupalsocopulateddaily,

but were concurrently restrained for 3 h a day as well to induce

chronic stress. The third groupwas also restrained daily, but did

not engage in sexual activity of any sort. After the 3weeks, the

micewere testedonanovelobject recognition tasksimilar to the

one conducted in the Glasper and Gould (2013) study. Mice

subjected to chronic stress showed a significant decrease in hip-

pocampalcell survivalcompared tocontrols,yetmicewhowere

similarly stressed but also engaged in daily sexual activity dis-

played significantly higher levels of cell survival than the chronic

stress group, levels thatwere not significantly different fromcon-

trol mice. Furthermore, the combined stress and sexual activity

group also performed significantly better on the object recogni-

tiontaskat the24-hretentioninterval thanthechronicallystressed

mice. These results prompted Kim et al. to suggest that sexual

experiencecouldbehelpful forbufferingadulthippocampalneu-

rogenesis and recognition memory function against the suppres-

sive actions of chronic stress.

Taken together, the results from animal studies allow for the

formulation of the hypothesis that frequent sexual intercourse

maybebeneficiallyassociatedwithmemoryfunctioninhumans. If

a comparablebiologicalprocess to thatwhichoccurs in sexually

active rodents also takes place in human adults, it is possible to

hypothesize that more frequent PVImay be linked to increased

neurogenesis in the hippocampus and superior hippocampus-

dependent memory performance.

PossibleMechanisms for theAssociationBetweenPVI

Frequency andMemory Function

There are a number of possible explanations as to why engage-

ment inPVImight instigate neurogenesis and/or improvemem-

ory function.Firstly,PVI is a formofphysical activity, andnumer-

ous rodent studies have found associations between running,

neurogenesis, andenhancedcognition (Marlatt,Potter,Lucassen,

&vanPraag,2012;Stranahan,Khalil,&Gould, 2006;vanPraag,

Kempermann,&Gage,1999;vanPraag,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

memoryperformance is enhanced (Glasper&Gould, 2013).The

finding that exposure to dominant male pheromones both acti-

vates the female mouse reward system and stimulates neuro-

genesis in thedentategyruscorroborates thesupposition that the

rewarding aspect of matingmay 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 neuro-

genesis (Kim et al., 2013), and depression is related to impaired

memory functionanddecreasedneurogenesis (Burt,Zembar,&

Niederehe,1995;Goshenetal.,2008),alleviationofbothfactors

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), twoneurotransmitters 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 ispossible that thesechemicalsmaymediate 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 gen-

erallyaccepted that thisphenomenondoesoccur inhumans,due

in part to the seminal work of Eriksson et al. (1998). Eriksson

etal. obtainedpostmortembrain tissue fromcancerpatientswho

had been treated with bromodeoxyuridine (BrdU), a thymidine

analog that is incorporated into the newly synthesized DNA of

dividingcells, andwhichcanbedetected in their resultingdaugh-

ter cells (delRio&Soriano, 1989;Kempermann,Kuhn,&Gage,

1997; Kuhn, Dickinson-Anson, & Gage, 1996). Immunohisto-

chemicalstainingrevealedthatthedentategyrusofthehippocam-

pus 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 forBrdUand theneuronalmarkers

NeuN,calbindin,orneuron-specificenolase.Erikssonetal. found

neuronsdouble-labeledwithBrdUandeachof the threeneuronal

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 bymeasuring the level of nuclear-bomb-test-derived
14C in the DNA of human hippocampal neurons in order to ret-

rospectivelybirthdate thecells.Capitalizingonthefindingthat
14C levels in the human bodymirror 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 individ-

ual, evidencing the postnatal generation of hippocampal neu-

rons 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

researchsuggests that besides thehippocampus, 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,

whilePereiraetal. (2007)usedmagnetic resonance imagingand

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 associ-

atedwith awide 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 andphysiolog-

icalstress levels(Brody,2006;Burlesonetal.,2007),andmental

health (Brody&Costa, 2009;Kashdan et al., 2014). It is impor-

tant to note that these associations do not imply causation;more

sexual intercourse could be a cause, consequence, or an epiphe-

nomenon of the above states. Though PVI’s exact relation to

these beneficial states is not yet conclusive, some evidence sug-

gests that non-PVI sexual behaviors, such as masturbation, are

not associatedwith aspects of better mental and physical health

(Brody,2010).Nevertheless,givenother researchthathasfound

positive associations between masturbation and beneficial fac-

tors(Hurlbert&Whittaker,1991;Levin,2007;Shulman&Horne,

2003), it is possible that both PVI and masturbation might confer

beneficial effects onmemory function.

Whilemany studies have investigated the relationship between

PVI and beneficial psychological factors, systematic studies test-

ing the possibility that PVImay be linked to neurogenesis and

improvedmemoryfunctioninyoungadulthumansaresofarlack-

ing fromthe literature.Therefore, the current studyaimed to inves-

tigate the relationship between frequency of sexual intercourse

and hippocampal-dependent memory function. We used a

recognition memory test for our memory paradigm, as recog-

nitionmemory 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 question-

naires, recognitionmemory for abstract words, and recognition

memory for neutral faces in adult women. It was hypothesized

that PVI frequency would be positively related to both recog-

nition for words and recognition for faces, as encoding of both

stimulusmodalities relieson thehippocampus (Fernándezet al.,

1998; Haxby et al., 1996). We also assessed a number of addi-

tional factors we believed could also affect memory perfor-

mance, includingparticipants’ school performance,menstrual

cycle stage, use of oral contraceptives, frequency and intensity

of exercise, non-PVI sexual activities, length of romantic rela-

tionship, and relationship strength.

Method

Participants

The sample consisted of 78 heterosexual females aged 18–29

(Mage,21.07±2.08years).Forsomeoftheassessments,partof

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 performedwith n=60 (77%), analyses of intimacy

andsexualitywereperformedwithaminimumofn=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 uni-

versity’spsychologyfacultyextracoursecreditparticipantpool,

aswell as through the university’sClassifiedAdswebsite, under

‘‘Employment/Services.’’ These advertisements invited stu-

dents to take part in a study investigating demographic variants

ofmemory performance and stipulated that participationwould

involve completion of a memory test and short survey. Partici-

pants recruited through Classified Ads received $10 in com-

pensationuponcompletionofthestudy,andparticipantsrecruited

through the participant pool obtained 1% extra credit for an eli-

gible course within the department. The research institute’s

research ethics board approved the study, and informed consent

wasobtained fromall individualparticipants included in the study.

Procedure

Participantswerescheduledforonelaboratorysession.All testing

took place between 10h00 and 17h00 on regular weekdays. Par-

ticipantsarrivedat the laboratory for their scheduledappointment

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 computer-

izedmemoryparadigm(a recognitionparadigm),which required

20–30min to complete. To minimize distractions for the partic-

ipant and to avoid the participant being influenced by the aware-

ness that shewasbeingobserved, the researcher left the roomdur-

ing the memory test procedure.

Once participants had completed thememory assessment,

they were asked to complete an in-house questionnaire assess-

ing participants’ demographics, cumulative GPA, menstrual

cyclephase,useoforal contraceptives, aspectsof intimacyand

sexual behavior, and exercise. This questionnaire took about

10min to complete. After completion, participants were pre-

sentedwithadebriefing formdetailing thepurposeof the study

and were provided with compensation, if eligible. The whole

study took on average\1h.

Measures

Memory Assessment

Participants performed a recognition task in which theywere

required to distinguish previously presented (old) faces and

words from new (distractor) faces and words. A total of 90 neu-

tral 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 fromKennedy, Hope, and Raz

(2009).Words with a concreteness rating lower than 4.0 were

selected from Paivio, Yuille, and Madigan (1968). Concrete-

ness ratings ranged from 1 (highly abstract) to 7 (highly con-

crete). 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 encodingphase and

those used as distractors at the time of recognitionwere equal-

ized for picture quality, ethnicity, familiarity, age, sex, andmem-

orability across lists. Thewords used as targets during the encod-

ing 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‘‘pleas-

ant,’’ ‘‘neutral,’’ or ‘‘unpleasant.’’ Individual stimuli were pre-

sented in themiddle of the computer screen for 4 s andwere fol-

lowedbya500-msinterstimulus interval.Participantswere then

presented with 15 stimuli from the complementary stimulus

group(i.e.,words if theywereshownfacesbefore,andviceversa)

andagaingave avalence rating.Thiswas followedby threemore

sets of 15words and 15 faces, so that a total of 120 novel stimuli

were shown. The order of faces and words was counterbalanced

between participants.

Therecognitionphase tookplaceimmediatelyafter theencod-

ingphase.Participantswerefirstpresentedwithinstructionsabout

the forthcoming recognition procedure. Participants were then

presentedwith all of the face andword stimuli used in the encod-

ingphaseaswellas30newfacesand30newwords,whichserved

as distractors. Therefore, a total of 180 faces andwordswere pre-

sented in the recognition phase. Stimuli appeared in three group-

ingsof30wordsand30faces, inrandomizedorder.Subjectswere

asked to indicatewhether theword or face depicted on the screen

was new or old.

A sensitivity score represented each participant’s recogni-

tion performance on the recognition paradigm. The sensitiv-

ity score was calculated separately for abstract word recog-

nition 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 pre-

sented 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

acceptedasold.Therefore, higher sensitivity scores represent

superior recognition performance (Table 1).
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Demographics

Weassessedparticipants’ age,height,weight, andsexualorienta-

tion through use of an in-house questionnaire. Further, partici-

pants provided their cumulative grade point average (GPA), as

there is substantial evidence for a positive relationship between

GPAandintelligence(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,

toallowcalculationof theirmenstrualcyclephase.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 intimacywith 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). Pos-

sible relationships included committed monogamous, semi-

monogamous,casualdating,singleandsexuallyactive(including

sexual intercourse), single and sexually active (excluding sexual

intercourse), andsingle andnot engaging in sexual activityof any

kind.Thoseparticipantswhoreported that theywere inacommit-

tedmonogamous relationship, a semi-monogamous relationship,

orwere casually dating a partner recorded the length of their cur-

rent relationship and completed a series of questions measuring

their experienceof 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 theMeasurement of Romantic Love Scale

are foundin‘‘Appendix.’’Twopoolsofparticipantswereestab-

lished fromthewomenwhocompleted this questionnaire. Par-

ticipants who scored above themedian on the Love scalewere

designatedas 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 assessedparticipants’ current (within the lastmonth) sex-

ual behaviors, includingwhether or not they engaged in sexual

intercourse,howoften theyengaged insexual intercourse,how

often they partook in other partnered sexual activities exclud-

ing PVI, whether their partner intravaginally ejaculated dur-

ing PVI without a condom, how often they achieved orgasm

fromPVI, andwhether and howoften theymasturbated. Sex-

ual behavior questionnaire items are found in ‘‘Appendix.’’

Not all participants answered all of these questions as com-

pletion 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, thequestionofejaculationdidnot apply).Therefore, this

additional information was only available in part of the study

group. In 59 participants, information about the frequency of

non-PVIpartnered sexual activitywas available. Information

about ejaculation duringPVIwas available in 31 of these par-

ticipants, use of condoms during PVI in 38, orgasm during sex-

ual intercourse in 32, andmasturbation in 30.

Exercise

Finally,wealsoassessed the amountofphysical exercise a subset

of participants engaged in per week. Participants indicated the

lengthof time (inminutes) they spent exercising, the intensityof

the exercise (high, medium, or low), and how often they exer-

cised per week.

Analyses

The main analysis aimed to investigate the association between

memoryperformanceandthefrequencyofsexual intercourseand

toestablishwhethertherewasanysignificantassociationbetween

these twomeasures. To obtain a proxy ofmemory,we employed

the sensitivityscores fromtherecognitionparadigm,separately for

abstract words and neutral faces. We performed a multiple linear

regressionwith sensitivity scores as the criterion variable, and

frequency of sexual intercourse, menstrual cycle phase, grade

pointaverage,useoforalcontraceptives, andrelationship length

aspredictors.Menstrualcyclephasewasdummycodedinto‘‘1,’’

corresponding to the follicular phase of theirmenstrual cycle

(Day 1–14) or‘‘2,’’representing the luteal phase of theirmen-

strual cycle (Day 15–28), whereDay 1was their first day of

menstruation.

Results

Words

Association of Sexual Intercourse Frequencywith Sensitivity

Scores for Abstract Words

Themean sensitivity score for abstract words was .70, with a

SDof± .16.Sensitivity scores for the sample ranged from .33

to 1.00. Performing a multiple linear regression with sensi-

tivity scores as the criterion variable, frequency of sexual inter-

course as the predictor variable, and entering participants’ GPA,

phaseofmenstrual cycle, oral contraceptive use, and relationship

length as additional predictors yielded a significant regression

modelwithR2= .19,F(5, 55)=2.65,p= .032.Ashypothesized,

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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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 fre-

quency of PVI and number of hits and false alarms. For hits, a

positive correlationwith frequencyof 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 engag-

ing inpartnered sexual activityother than intercoursewouldhave

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 regressionmodel as predictor vari-

ables, with sensitivity scores for words employed as the criterion

variable.No significant effect couldbeobserved for this analysis,

R2= .049, F(5, 40)= .41, p[.20, 1-b= .16, and frequency of

partnered sexual activity other thanPVI did not significantly pre-

dict 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 frequencymight be related to

memory, a regression analysis was conducted for the rela-

tionship between frequency of orgasm during PVI andmem-

ory performance. Frequency of orgasmduringPVIwas employed

as the predictor variable, and sensitivity scores for abstractwords

were used as the criterion variable. The regression analysis was

conducted separately for women who were not taking oral birth

control, andwomenwhowere. The regressionmodel forwomen

whowerenot takingoralcontraceptiveswassignificant,R2= .27,

F(1, 13)=4.78, p= .048, and orgasm frequency during PVI sig-

nificantly predicted sensitivity scores for abstractwords,b= .52,

t(13)=2.19,p= .048. Frequencyof orgasmachievement during

PVI was not significantly associated with abstract word sensi-

tivityscores forwomenwhowere takingoralcontraceptives,F(1,

17)\1, p[.20, 1-b= .08.

Faces

Association of Sexual Intercourse Frequencywith 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

Table 1 Summary of multiple regression analyses for variables predicting sensitivity scores for words and sensitivity scores for faces

Variable Sensitivity words Sensitivity faces

B SE B b B SE B b B SE B b B SE B b

PVI frequency 0.44 0.01 0.49** 0.01 0.01 0.15

Oral contraceptive use 0.07 0.05 0.21 -0.03 0.05 -0.11 0.04 0.05 0.11

GPA -0.04 0.05 -0.10 -0.001 0.06 -0.003 -0.07 0.06 -0.17

Menstrual cycle phase 0.02 0.04 0.04 0.02 0.05 0.06 0.03 0.05 0.10

Relationship length -0.01 0.02 -0.05 -0.01 0.02 -0.04 0.001 0.02 0.005

Frequency of orgasm attainment during PVI 0.04 0.02 0.52*

Frequency of sexual activity other than PVIa -0.01 0.01 -0.16

R2 0.19 0.049 0.27 0.055

F 2.65* 0.41 4.78* 0.64

* p\.05; ** p= .001
a Regression conducted for women who do not take oral contraceptives

Fig. 1 PVI frequency and abstractword 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 2–3weeks. Group 3 represents PVI once per week to

onceperday.They-axis showssensitivity scores (hits—false alarms) for

remembering abstract words. Higher values suggest better memory
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associationwasobtainedbetweenwomen’s recognitionscores

for faces and PVI frequency when amultiple linear regression

wasconductedbetweenthesevariables,againholdingconstant

thepossible confoundsofgradepoint 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

whenapartialcorrelationwasconductedbetweenfrequencyof

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 groupmeans (strong love, weak love, no romantic relation-

ship)were significantly differentwhen aone-wayANOVAwas

conducted on relationship strength group and abstract word

memory scores, F(2, 65)= 1.79, p= .175, 1-b= .36. Fur-

ther, nosignificantcorrelationwasobservedbetweenGPAand

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 womenwhowere 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 differencewas obtained between the two variables,

F(1, 66)\1, p[.20, 1-b= .06.

Similarly, a linear regression analysis with frequency of exer-

cise per week, duration of exercise, and intensity of exercise did

not reveal any significant association with abstract word

sensitivity scores on thememoryparadigm,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 achieve-

ment from masturbation, r=-.14, p[.20, n= 30, 1-b=
.12, and frequencyof intravaginal ejaculation r= .11,p[.20,

n= 31, 1-b= .09, were all not significantly associatedwith

abstract word sensitivity scores, while controlling for GPA,

phase of menstrual cycle, and oral contraception use.

Discussion

The current study found a significant association betweenmem-

ory scores for recognition of abstract words (measured via sensi-

tivity scores) and frequency of PVI,while holding constantmen-

strualcyclephase,gradepointaverage,useoforalcontraceptives,

and relationship length in a population of young female under-

graduate students. No such association was found for neutral

faces.Furthermore,asignificantassociationwasalsofoundbetween

memoryscoresforabstractwordsandfrequencyoforgasmachieve-

mentduringPVIforthosewomenwhodidnottakeoralbirthcontrol.

These findings support the initial hypothesis that frequency of

sex would be positively associated with memory scores.While

the currentfindings are correlational, previously conducted animal

studies suggested a causal link by experimentally controlling the

frequencyof sexual intercourse, observing an effect onmemory

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 hav-

ing PVI as well. As hippocampal neurogenesis has now con-

clusively been shown to occur in the human adult dentate gyrus

(Erikssonet al., 1998), andbecause evidence suggests that these

neurons integrate themselves into the existingneural 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 bothmen andwomen, just as it does in

rodents.

To provide causal evidence for this relationship in humans

would require randomized, controlled experiments. This could

possibly be combinedwith longitudinal studiesmeasuringmem-

ory performance in heterosexual and LGBTQ2 adults over an

extended period of time, while simultaneously monitoring fre-

quency and type of sexual activity (such as penile–anal inter-

courseingaymen).Suchstudiesmaydeterminewhethermemory

performance fluctuateswith participants’ changing levels of PVI

and other sexual behaviors over time. They may also determine

whether the superiormemory performance demonstrated by par-

ticipants who engaged in frequent PVI endures even if PVI fre-

quencydeclines or ceases.This research could also include struc-

tural neuroimaging (e.g., usingMRI) of the hippocampus and

neighboring medial temporal lobe structures and subsequent

Fig. 2 Sensitivity scores for abstractwords are related toPVI frequency

for heterosexual women [F(5, 55)= 2.65, p= .032, n= 60]. Standard-

ized 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 frequencyofsexual intercourse,Oralcon

oral contraceptive use, GPA cumulative grade point average,Mens cyc

menstrual cycle phase; Rel lgnth relationship length
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volumetric analyses. Such research could more clearly demon-

strate the role that intercourse andother sexual activity frequency

have on thememory performance of sexually active individuals.

Itwas interesting to observe that frequency of sexual inter-

course was only associated with memory scores for abstract

words but notwith those of faces.We can interpret this obser-

vation as a sign that the relationship between frequency of

sexual intercourse and abstract word sensitivity is indeed asso-

ciated with a hippocampus-dependent memory function. Cur-

rent researchsuggests that successful face recognitionmaydepend

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, how-

ever, depends on the recruitment of the hippocampus (Heckers,

Weiss,Alpert,&Schacter,2002). Inaddition, itcanbearguedthat

facespresentamorecomplexstimulusset, requiringtheencoding

ofmore characteristics to allowaccurate recollection.Thus, itmay

be more likely that participants had to rely on the perception of

familiaritywhen asked to recollect face stimuli, a process that is

disproportionately associated with activity in the perirhinal

cortex rather than the hippocampus (Diana, Yonelinas, & Ran-

ganath, 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 thedentate gyrus of thehippocampus, at least in

animals (Glasper&Gould, 2013), this dissociationmayexplain

the absence of correlation between PVI frequency and face

recognition.

While the current findings provide first evidence for a pos-

sible link between frequency of PVI andmemory for abstract

words, the study had a number of limitations. Most impor-

tantly, the current findings were correlational and do not allow

fortheestablishmentofacause–effectrelationship.Also,theresults

werebasedonaconveniencesample, allowingfornaturallyoccur-

ring variations thatmight explain the current results without being

related to the frequency of PVI. In addition, the assessment of sex-

ual 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 respon-

ses frombothpersons in the romanticpartnership (if theparticipant

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, therewas no

significant relationshipbetweenmasturbation frequencyorachieve-

ment of orgasm duringmasturbation and abstract word recognition

scores.According toBrody (2010), this resultwould be expected

since PVI is the only sexual behavior directly relevant to gene

propagation, andbecause evolutionary pressures strongly reward

behaviors andmutations 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 tomasturbation in

one study provides independent support for this line of argu-

mentation (Brody&Krüger, 2006).On the other hand,method-

ological 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 benefi-

cial factor thanmasturbationin thisstudy. In thecurrentstudy,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 theseparameters onmemory func-

tion may still exist, but might have been missed due to the low

powerof thesample.Given thatpositive relationshipshavebeen

found between masturbation and beneficial states, such as

masturbation being associatedwith positive body image for

EuropeanAmericanwomen (Shulman&Horne, 2003), and

evidence for greater marital and sexual satisfaction among mar-

ried women who masturbate to orgasm (Hurlbert & Whittaker,

1991), it is still plausible that apositiveassociationexistsbetween

masturbationfrequencyandmemoryperformanceaswell.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 non-

PVI related variables might account for the significant asso-

ciation demonstrated in this study. However, there was no

significant association found between the strength or length

of romantic relationship andmemory scores. Thus, those sin-

glewomenwho self-reported a high frequency of sex demon-

strated highermemory scores than those coupledwomenwho

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 themost decisive

factor in accounting for the variation in memory performance.

There are a number of mechanisms by which the demon-

strated effects of sexual behavior on memory function may

occur. For one, PVI is a form of physical activity, and numer-

ous rodent studies have found associations between various

forms of exercise, neurogenesis, and enhanced cognition (Mar-

latt et al., 2012; Stranahan et al., 2006; van Praag et al., 1999,

2005). Exercise potentially improves brain health through increas-

ing levels of variousmolecules in the brain, such as brain-derived

448



neurotrophic factor (BDNF), various neurotransmitters, and speci-

fic hormones (Cotman & Berchtold, 2002). One study on elderly

adultsreportedthatthepositivecorrelationbetweenphysicalfitness

and spatial memory performance was partially mediated by hip-

pocampalsize(Ericksonetal.,2009).Whilenotadirectmeasureof

hippocampal neurogenesis, it was suggested that cell proliferation

maybeone factorwhich increases hippocampal volumemeasure-

ments specifically inphysicallyactiveolder adults.Thus, itmaybe

that thephysicalactivitycomponentofPVIpromotesneurogenesis

and increases memory function in adult women.

However, as PVI is generally regarded as a rewarding expe-

rience, it ispossible that therewardaspectofPVImaybethemech-

anism by which neurogenesis is promoted and memory perfor-

mance is enhanced (Glasper & Gould, 2013). This may be espe-

ciallysogiven thatdopamine (aneurotransmitter implicated in

reward)maypromote 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 neuro-

genesis in thestriatum(Bedard,Gravel,&Parent,2006;Dayer,

Cleaver, Abouantoun, & Cameron, 2005; Ernst et al., 2014),

thereby further increasing the reward salienceof sexualbehav-

ior (Báez-Mendoza & Schultz, 2013; Takamura et al., 2014).

In support of the argument for the rewarding rather than the

physical activitycomponentofPVI, it hasbeen 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 diminishedbystress (Mirescu&Gould,2006), it

is possible that the voluntary aspect of running, considered to be

rewarding in rodents (Greenwoodetal., 2011;Meijer&Robbers,

2014),mustbepresent inorder tobuffer thebrainagainst thedele-

teriouseffectsofstressandtopromoteneurogenesis.Suchapossi-

bility 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 psycholog-

ical factors thatmaymediate the relationship found in the cur-

rent study.For instance, sexualbehavior ispositively related to

mood inwomen 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 as-

sociation between depression and impaired memory function

hasbeenfound(Burtetal.,1995), it ispossible thatwomenwho

self-report having more intercourse experience less depres-

sion, which results in better memory performance. Moreover,

depression is associated with impaired neurogenesis (Goshen

et al., 2008), leading to the possibility thatwomenwho engage

inmore frequent sexnotonlyexperience lessdepressivesymp-

toms,butmayalsobenefit fromincreasedneurogenesis in their

hippocampi and, consequently, improved memory function.

With regard to stress and anxiety, Kim et al. (2013) found

that, inmice, sexual intercourse counteracted the detrimental

effectsofchronicstressonhippocampalneurogenesis. Inwomen,

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 pos-

sible thatwomenwho engage in sex benefit fromhigher 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 duringwhich participants completed thememory taskmay

have contributed to variance in memory scores, as cognitive per-

formancemightdiffer frommorning tonight. Future studiesmight

benefit from counterbalancing appointment times between indi-

vidualswhoengage inPVIathighand lowrates, such thatanequal

number of participantswho engage in PVI at a high rate and a low

rate are tested duringmorning appointments and during afternoon

appointments.

The specific biochemical mechanism that may drive the neu-

rogenesis posited to occur as a result of PVI remains to be eluci-

dated. Serotonin, one possible biological mediator, is primarily

involved in the central regulation of the sexual response (Row-

land, 2006). Current evidence indicates that serotonin is released

in thebrainafteroneormoreorgasmsduringsexualactivity (Lor-

rain 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 duringPVImaymediate

thebeneficial effects onmemoryperformance through the promo-

tion 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

humansandshowsamarked increaseduring theorgasmicphase

(Carmichael et al., 1987). Carmichael, Warburton, Dixen, and

Davidson (1994) also reported a correlation between oxytocin

levelsand the intensityoforgasminmalesand females. Inwomen,

genital andbreast stimulation areparticularlypotent in inducing

its release (Wakerley,Clarke,&Summerlee, 2006).This chem-

ical has been found to promote neurogenesis even under con-

ditions of stress in rats (Leuner et al., 2012). It is possible, there-

fore, that increases in oxytocin levels experienced during sex

may contribute to promoting neurogenesis in the adult den-

tate 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, followedby thepost-orgasmic increase inserotonin levels,

suggests that orgasm frequency may be an important mediating

factor in the posited relationship between PVI frequency, neuro-

genesis, andmemory function. It follows thatbehavior thatmaxi-

mizesoxytocinandserotoninrelease,namelyPVI thatprogresses

to orgasm, might result in maximal benefit for memory perfor-

mance.As thecurrentstudyfoundasignificant relationshipbetween

orgasmfrequencyduringPVIandmemoryperformancefor 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 sero-

tonin and/or oxytocin release.

As a final point, it is important to consider from an evolu-

tionary standpointwhy the relationship between PVI andmem-

ory function might exist. Though highly speculative, it can be

theorized that thoseancestorswhoengagedinarelativelyhigher

frequency of PVI benefitted from increased neurogenesis, neuro-

transmitter release, and those neurobiological benefits associated

with exercise [such as increased BDNF release (Cotman & Ber-

chtold, 2002)], since PVI is a formof physical activity. These ben-

efitsmayhave produced bigger, healthier brains and consequently

enhancedmemoryfunction.Improvedmemorymighthaveanum-

berofbenefits, includingasuperiorabilitytorememberthelocation

of resources and to engage in more complex procedures for daily

life.Thus, itmayhaveeventuallycontributed toan increasedchance

of survival. Alternatively, it could be that better memory function

evolvedasasimpleby-productofengaginginPVI.Itisplausiblethat

frequent PVI increased the occurrence of the aforementioned neu-

robiological changes associated with the activity and happened to

improve memory function. This enhanced memory function may

nothavedirectlyincreasedfitness,butbecauseitalsodidnotdecrease

reproductivefitness, theabilitywasnot selectedagainst andselected

outof subsequentgenerations.Bothmechanismspotentiallyexplain

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-de-

pendentmemory, potentially throughamechanism involving

neurogenesis in the dentate gyrus. Future studies should inves-

tigate 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. more than once per day ___

2. once per day ___

3. once per week to six times per week ___

4. once every two–three weeks ___

5. once per month ___

6. less than once per month ___

Ifyes,doesyourpartnerejaculate insideyourvagina,withouta

condom? Yes___, No___

Howoftendoesyour partner ejaculate insideofyou,without a

condom, when you engage in sexual intercourse (approxi-

mately)?

1. 100% of the time___

2. 75% of the time___

3. 50% of the time___

4. 25% of the time___

5. n/a___

If you engage in sexual intercourse, how often do you

achieve orgasm (approximately)?

1. 100% of the time___

2. 75% of the time___

3. 50% of the time___

4. 25% of the time___

5. less than 25% of the time___

6. I do not orgasm during sexual intercourse___

How often do you engage in sexual activity other than

sexual intercourse? (Including, but not limited to, such

activity as oral sex, genito-genital rubbing, genital petting,

and mutual masturbation, but excluding kissing.)

1. more than once per day ___

2. once per day ___

3. once per week to six times per week___

4. once every two–three weeks ___

5. 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 youmasturbate (Yes___, No___), and if so, howmany

times per week? _________

If youmasturbate, howoften do you achieve orgasm (approx-

imately)?

1. 100% of the time___

2. 75% of the time___

3. 50% of the time___

4. 25% of the time___

5. I do not orgasm from masturbation___

Rubin’s Measurement of Romantic Love Scale

Ifyouare inamonogamous relationshiporare seeingapartneron

a regular basis (i.e., through casually dating or through a semi-

monogamous relationship), please indicate the degree of liking

and loving you feel toward this partner (referred to belowas‘‘X’’)

by answering the following questions:

Using the 9-point scale below, please indicate the extent to

whichyouagreeordisagreebywriting the appropriatenumber in

the space corresponding to each item.

1

Not at all true;

disagree

completely

2 3 4 5 6 7 8 9

Definitely true;

agree completely

Experience of Loving

1. ___ IfXwere feelingbadly,myfirstdutywouldbe tocheer

him up.

2. ___ I feel that I can confide in X about virtually every-

thing.

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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