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Abstract

Objectives Low sexual desire is a common complaint among women in the reproduc-
tive years. There is controversy regarding the relationship between testosterone (T) and
female desire, but there is also lack of research on moderators. Lack of awareness of
effects of T on emotions and bodily sensations might interfere with the subjective
experience of desire. Moreover, T appears to be more important for searching and
competing for partners than for long-term pair bonding. Therefore, we examined if
interoception, alexithymia, maladaptive psychological defenses, and relationship status,
moderated the relationship between salivary T and female desire.

Methods One hundred sixty eight Portuguese women of reproductive age completed
the desire dimension of the Female Sexual Function Index, the Toronto Alexithymia
Scale (TAS-20), and the Defense Style Questionnaire (DSQ-40). Interoception was
determined by a heartbeat detection task. Participants reported if they had a regular
sexual partner. Luminescence immunoassays were used to determine salivary T.
Results Three multiple regressions models revealed that, among unpartnered women,
higher desire was predicted by the combinations of 1) higher T and lesser alexithymia,
2) higher T and less use of maladaptive defenses, 3) higher T and greater interoception.
For partnered women, neither T nor the interactions of T with indices of emotional and
bodily awareness predicted desire.

Conclusions These findings provide preliminary evidence that T is more important for
the desire of unpartnered women, and that lack of conscious awareness of emotions and
bodily sensations interferes with the effects of T on the subjective experience of desire.
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Introduction

Low sexual desire is a common complaint in women in their reproductive years (Fallon
2008; Stuckey 2008), and it has a complex etiology (Apostolou 2016). Off-label
testosterone (T) therapy is sometimes used for treating low desire in women (Fallon
2008; Stuckey 2008; Woodis et al. 2012), but the link between T and female desire
remains controversial. This raises the possibility of psychosocial factors moderating the
relationship between T and female desire.

Research has shown that women’s free T or salivary T is related to higher sexual desire
(Alexander and Sherwin 1993; Costa et al. 2016a; Guay and Jacobson 2002; Guay et al.
2004; Riley and Riley 2000; Turna et al. 2005; Wahlin-Jacobsen et al. 2015). Salivary T
has been considered to reflect free T, although recent research with equilibrium dialysis
showed that the proportion of free T in women’s saliva may reflect serum free T less than
expected, because T tends to bind to salivary proteins (Fiers et al. 2014). Total T appears to
be less consistently related to female desire (Basson et al. 2010; Santoro et al. 2005;
Wahlin-Jacobsen et al. 2015). However, several studies failed to find an association
between free or salivary T and female desire (Davis et al. 2005; Jones et al. 2018;
Roney and Simmons 2013; van Anders 2012). Also, T therapies for low desire have
yielded conflicting findings, especially so in women of reproductive age (Stuckey 2008;
Woodis et al. 2012). This raises the possibility that there are moderators of the relationship
between T and female desire, but research on such moderators is lacking. This is not to say
that T is the main hormonal modulator of female desire; in fact, estradiol and progesterone
have been proposed as more relevant for female desire (Cappelletti and Wallen 2016;
Roney and Simmons 2013). However, T levels might still have additional sexually
motivating effects, if there are no counteracting inhibitory mechanisms. This makes
research on moderators of the relationship between T and female desire important.

It is rather likely that higher sexual motivation increases the propensity to be attentive
to sexual cues. In both sexes, T was shown to increase attention to sexual cues (Alexander
et al. 1997; Alexander and Sherwin 1991, 1993; Poels et al. 2013; van der Made et al.
2009), which argues for a role of T in sexual motivation. In women, T was also shown to
be increased after erotic imagery (Costa and Oliveira 2015; Goldey and van Anders 2011;
Lopez et al. 2009) and before intercourse (Dabbs Jr and Mohamed 1992; van Anders et al.
2007), further arguing for a role of T in female sexual motivation. However, it has been
proposed that, in women with low desire attributed to psychological inhibitions, T does
not increase sexual desire, and even diminishes implicit attention to sexual cues
(Poels et al. 2013; van der Made et al. 2009). Thus, it is likely that any process
that counteracts the putative effect of T on attention to sexual stimuli leads to a
decoupling of T from sexual desire. Likely processes that have such
counteracting effect are lack of bodily and emotional awareness.

Sexual desire requires activation of brain regions sensitive to T (hypothalamus,
amygdala) alongside with regions responsible for bodily and emotional awareness
(anterior cingulate cortex, insula), that is, regions that allow the conscious experience
of emotional and motivational states (Cacioppo et al. 2012). Thus, it seems likely that if
there is a reduced awareness of emotions and bodily sensations, the effects of T on the
feeling of sexual desire can be inhibited. Alexithymia is a condition characterized by
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difficulties identifying and communicating emotions, and in women, it was related to
low sexual desire (Madioni and Mammana 2001) and lower intercourse frequency
(Brody 2003). Alexithymia was also related to smaller volume of anterior cingulate
cortex and anterior insula (Borsci et al. 2009; Goerlich-Dobre et al. 2015). In addition,
women’s alexithymia was found to correlate with greater decoupling of T from desire
(Costa and Oliveira 2015). Therefore, we expect that the relationship between T and
female desire is moderated by alexithymia so that a direct correlation between T and
sexual desire is more likely to occur in women with lesser alexithymia, that is, in
women more able to be consciously aware of their emotions.

Alexithymia correlates strongly with maladaptive defense mechanisms (Costa and
Oliveira 2015; Helmes et al. 2008), which are automatic psychological processes for
coping with stressors by ignoring their reality or the emotions they elicit (Costa and
Brody 2013). Maladaptive defense mechanisms might be a cause of alexithymia
(Helmes et al. 2008; Taylor et al. 2016). They include dissociation, splitting, projection,
somatization, denial, and isolation of affect, among others. When used frequently,
maladaptive defenses constitute a trait-like style of automatic (involuntary) coping by
diminishing emotional awareness. Similarly to alexithymia, greater use of maladaptive
defenses was associated with lower sexual desire and lesser personal importance of
intercourse (Costa and Brody 2013; Costa and Oliveira 2015; Costa, Oliveira et al.
2016a). In fact, if sexual desire is a stressor via psychological conflict, one should
expect a decoupling of subjective desire from T levels, as the sexual motivation
modulated by T is put out of conscious awareness by maladaptive defense mechanisms.
Previous research confirms this notion: greater decoupling of T from desire explained
the association between maladaptive defenses and low desire (Costa and Oliveira
2015). Hence, it is expected that the relationship between T and female desire is
moderated by maladaptive defense mechanisms so that a positive correlation between
T and sexual desire is more likely in women with lesser use of maladaptive defenses.

Another factor that might contribute to greater decoupling of T from desire is
reduced awareness of bodily sensations. Interoception refers to the conscious awareness
of internal bodily sensations, and appears to be the basis of emotional awareness (Dunn
et al. 2010; Herbert et al. 2011; Strigo and Craig 2016). Therefore, it is likely that
greater interoception allows a greater conscious awareness of the hormonal modulation
of bodily states that underlie the subjective experience of desire. This notion seems to
be strengthened by studies in women showing that increases in interoception caused by
mindfulness meditation correlated with increases in desire (Patersen et al. 2017) and
reductions in psychological barriers to healthy sexual functioning, such as negative
self-judgments and difficulties being focused on present-moment experiences, includ-
ing emotional and bodily experiences (Silverstein et al. 2011). Furthermore, for women
during sexual activity, more intense self-reported body awareness correlated with
greater sexual desire (Costa et al. 2016b). Therefore, the association between T and
female desire is expected to be moderated by interoception so that a positive correlation
between T and female desire is more likely in women with higher interoception.
Heartbeat detection accuracy is a commonly used measure of interoception, but
concerns have been raised regarding its validity (Murphy et al. 2018). Nevertheless,
better performance in heartbeat detection tasks has been related to greater reported
intensity of pleasant and unpleasant emotional responses (Barrett et al. 2004; Herbert
et al. 2007; Pollatos et al. 2007; Wiens et al. 2000), as well as greater concordance
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between heart rate and reported intensity of emotional responses (Dunn et al. 2010).
This indicates that the conscious awareness of changes in emotional states tends to be
greater among those who can detect their heartbeats more easily. Moreover, greater
accuracy of heartbeat detection was associated with greater activity of the posterior
insula (Schultz 2016), which was shown to be important for both interoception and
sexual desire (Cacioppo et al. 2012). This seems consistent with a preliminary study
showing that women with greater heartbeat detection accuracy tend to have higher
desire (Costa et al. 2018). Therefore, we measured interoception as heartbeat detection
accuracy.

Other aspect that has been overlooked in research on the relations between T and
desire is relationship status. A body of research has been revealing that men in
committed relationships have lower T levels than uncommitted ones (Burnham et al.
2003; Gray et al. 2002, 2004; Hooper et al. 2011; Sakaguchi et al. 2006; van Anders
and Goldey 2010; van Anders and Watson 2007). More limited evidence suggests a
similar association in women (Costa et al. 2015; Goldey et al. 2018; van Anders and
Goldey 2010; van Anders and Watson 2007), but also that this association is moderated
in a way that T is not likely to be lower among partnered women with more extraver-
sion, more sensation seeking (Costa et al. 2015), and more interest in casual sex
(Edelstein et al. 2011). Also, more satisfying relationships were inversely associated
with own and partner’s T (Das and Sawin 2016; Edelstein et al. 2014). This has been
interpreted as higher T levels promoting mating effort, that is, searching and competing
for partners. In contrast, lower T is thought to favor long-term pair bonding and parental
care (Costa et al. 2015; Goldey et al. 2018; van Anders and Goldey 2010). Hence,
higher T levels are likely more relevant for the desire of people who search for new
partners than for the desire of people in satisfying committed relationships. This notion
seems to be strengthened by studies showing that women’s T correlated inversely with
frequency of partnered sexual activity (Das and Sawin 2016; van Anders and Goldey
2010) and that committed women’s T was found to be lower only in the case they were
sexually active (Goldey et al. 2018). According to these findings, we should expect that
T is less relevant for committed women'’s desire, and as such it is expected that T does
not correlate directly with desire in women with a regular partner, even when there are
indicators of good emotional and bodily awareness. Differently, unpartnered women’s
desire is expected to correlate with T, but only if there is a better capacity to be
consciously aware of emotions and/or internal bodily sensations.

For summarizing the objectives of the present study, we examined the hypotheses that
among unpartnered women (but not among partnered ones), higher sexual desire is
associated with the interaction of with higher T levels and 1) greater emotional awareness
(lesser alexithymia), 2) a more adaptive defense style (less use of maladaptive defense
mechanisms), and 3) higher interoception (greater heartbeat detection accuracy).

Method
Participants

Two hundred nine women of reproductive age participated in the study. Exclusion
criteria applied to those taking antidepressants (N=16) and those reporting being

@ Springer



Adaptive Human Behavior and Physiology

bisexual or homosexual (V= 18) for reasons of having a more homogeneous sample.
Six did not provide information on oral contraception and in five it was not possible to
determine T, which leaves a final sample of 168. Descriptive statistics are depicted in
Tables 1 and 2. All participants gave informed consent, and received course credits or a
ten-euro voucher. The study was approved by the local Ethics Committee.

Measures

Alexithymia was assessed by the Toronto Alexithymia Scale (TAS-20) (Taylor et al.
2003; Verissimo 2001). It consists of twenty self-descriptive items scored on a scale
from 1 to 5, and has been widely validated as a measure of alexithymia (Lumley et al.
1996; Parker et al. 2003; Taylor et al. 2003, 2016). It has three dimensions: difficulty
identifying feelings, difficulty describing feelings, and externally-oriented think-
ing. Scores range from 20 to 100. Significant alexithymia was established as
scores above 60 (Parker et al. 2003).

Maladaptive defense mechanisms were assessed with the immature defenses sub-
scale of the Defense Style Questionnaire (DSQ-40) (Andrews et al. 1993; Blaya et al.
2007), which is composed by self-descriptive 9-point items assessing conscious cog-
nitive and behavioral derivatives of various automatic defense mechanisms (projection,
denial, isolation of affect, devaluation, passive-aggressiveness, splitting, dissociation,
autistic fantasy, somatization, acting-out, displacement). The total score is obtained by
averaging the item scores. Normative values were considered to be 3.54 (+.95)
(Andrews et al. 1993). In studies with versions in several languages, this subscale
has been associated with psychopathology (Andrews et al. 1993; Blaya et al. 2007),
alexithymia (Costa and Oliveira 2015; Helmes et al. 2008), lower sexual desire and
lesser importance attributed to intercourse (Brody and Costa 2013; Costa and Oliveira
2015; Costa et al. 2016a).

Table 1 Descriptive statistics (N = 168)

Mean (SD) or %

Age (years) 23.36 (5.62)
Occupation
University student 72.6
Employed 26.8
Unemployed 0.6
Education
High school 3.6
Attending university 524
University degree 44.0
Relationship information
With regular sexual partner 63.7
Cohabiting 16.7
Relationship duration (months) 37.61 (30.52)
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Table 2 Descriptive statistics 11

Mean (SD) or %

Interoception (interoceptive accuracy: % of correctly detected heartbeats) 57 21)
Alexithymia (TAS-20) 46.30 (10.17)
Maladaptive defenses — immature defenses subscale (DSQ-40). 3.33 (.95)
Testosterone (pg/ml) 29.66 (33.21)
Oral contraception (%) 64.3

SD standard deviation, 7AS-20 Toronto Alexithymia Scale, DSQ-40 Defense Style Questionnaire-40

For measuring interoception, participants were asked to count their heartbeats during
three trials of 25, 35, and 45 s, while heart rate was being recorded with an MP150
BIOPAC system running the software Acqknowledge (BIOPAC systems, Inc.). Ag-
AgCl electrodes were attached to both wrists and one ankle. Sampling rate was 1000
samples per second. Afterwards, interoception accuracy was calculated by the follow-
ing formula: one minus the average absolute value of the counted heartbeats subtracted
from the recorded heartbeats, divided by the latter (Dunn et al. 2010).

Sexual desire was assessed with the desire domain of the Female Sexual Function
Index (FSFI) (Rosen et al. 2000). It consists of two items assessing frequency and
intensity of female desire or interest over the past four weeks on a 5-point scale. This is
a widely used measure of sexual desire with sensitivity to detect hypoactive sexual
desire disorder (Gerstenberger et al. 2010; Witting et al. 2008).

Hormonal Assays

Salivary T was assessed with luminescence immunoassay kits from IBL-International
(RE62031). Participants provided approximately 1 ml of saliva. The saliva samples
were collected into a polypropylene tube and conserved at —20°. Later, they were
centrifuged for 10 min at 2245 g. Inter-assay and intra-assay coefficients were 7.17 and
2.28%. All saliva samples were collected between 14 h00 and 18 h00, because T
collected in the afternoon is more robustly related to cognitive and behavioral variables
(Gray et al. 2004; Roney et al. 2007).

Statistical Analyses

We performed three backward multiple regressions with sexual desire as dependent
variable, separately for partnered and unpartnered women. Regarding the independent
variables, the first regression included T, alexithymia (inverted score), their interaction
term, and oral contraception, which is known to lower T (Zimmerman et al. 2013). The
second regression included T, maladaptive defenses (inverted score), their interaction
term, and oral contraception. The third regression included T, interoception, their
interaction term, and oral contraception. In order to calculate the interaction terms,
the values of T and the scores of alexithymia, defense mechanisms, and interoception,
were standardized. Additionally, the alexithymia and maladaptive defenses scores were
inverted. This is because we predict that higher sexual desire is related to the
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interactions of 1) higher T levels and higher emotional awareness (lesser alexithymia),
and of 2) higher T levels and a more adaptive style of psychological defenses (less use
of maladaptive defenses). Oral contraception was deviation coded as —.5 (not taking
oral contraception) and .5 (taking oral contraception).

In order to interpret the moderations hypothesized to result from the multiple
regressions, we plotted two-way interactions with moderators having high and low
values defined as above the 66th percentile and below the 33th percentile, respectively.

Results

Alexithymia and maladaptive defenses correlated strongly with each other (r=.55,
p<.001). Interoception did not correlate with maladaptive defenses (r=.06, p = .444)
nor with alexithymia (»=—.001, p = .985). Higher interoception correlated with slower
heart rate (r=—.22, p =.006). Interoception was found to be greater when the trials of
heartbeat detection were longer. In paired samples t-tests, mean accuracy in the 25 s
interval trial of heartbeat detection (40%, SD =25) was lesser than in the 35 s trial
(43%, SD = .22) and in the 45 s trial (45%, SD =22), t=2.83, p=.005, and t=4.29,
p<.001, respectively. The difference between the 35 s trial and the 45 s trial was
marginal, £=1.85, p=.065.

As shown in Table 3, T was uncorrelated with desire for the total sample. This was
also the case of the subgroups of unpartnered (»=.21, p =.102) and partnered women
(r=.002, p=.982). In partial correlations controlling for oral contraception, T was still

Table 3 Pearson’s correlations between sexual desire, testosterone, maladaptive defense mechanisms,
alexithymia and interoception (N =168)

Sexual desire 7 (p)

Testosterone .10 (.185)

Interoception .18 (.022)

Maladaptive defense mechanisms (total score) —.23 (.002)
Projection —.12 (.115)
Denial —.01 (.902)
Devaluation —.17 (.028)
Acting-out —.17 (.032)
Somatization =11 (.173)
Autistic-fantasy —.10 (.186)
Dissociation .08 (.310)

Splitting —.23 (.003)
Passive-aggressiveness —.24 (.002)
Isolation of affect .02 (.827)

Alexithymia (total score) —.19 (.015)
Difficulty identifying feelings —.18 (.018)
Difficulty describing feelings —.14 (.079)
Externally-oriented thinking —.08 (.283)
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uncorrelated with desire in unpartnered (r=.23, p=.076) and partnered women
(r=.02, p=.883). As can be seen in Table 3, higher desire correlated with higher
interoception, lesser alexithymia, and less use of maladaptive defense mechanisms.

As displayed in Table 4, unpartnered women'’s desire was predicted by both greater
emotional awareness (lesser alexithymia, marginally) and the interaction between
emotional awareness and T. As shown in Fig. 1, higher desire occurs with higher T
levels and greater emotional awareness. The correlation between desire and the inter-
action of T and emotional awareness was greater for the unpartnered women than for
the partnered women (Z=2.47, p =.014). Partnered women’s desire was only predicted
by greater emotional awareness (see Table 4).

As depicted in Table 4, unpartnered women’s desire was predicted by both a more
adaptive defense style (less use of maladaptive defenses) and the interaction between a
more adaptive defense style and T. As presented in Fig. 2, higher desire takes place
with higher T levels and a more adaptive defense style. The correlation between desire
and the interaction of T and an adaptive defense style was greater for the unpartnered
women than for the partnered women (Z=1.92, p =.055). For the partnered women,
desire was only predicted by a more adaptive defense style (see Table 4).

As can be seen in Table 4, unpartnered women’s desire was predicted by the
interaction between interoception and T. As presented in Fig. 3, higher desire happens
with higher T levels and greater interoception. The correlation between desire and the
interaction of T and interoception was greater for the unpartnered women than for the
partnered women (Z=2.02, p =.043).

Table 4 Multiple regressions predicting sexual desire

Unpartnered women Partnered women
N=61 N=107
Predictors B @) B P
T 18 ((174) .00 (.997)
Emotional awareness? .31 (.060) .23 (.017)
Emotional awareness? * T .34 (.040) —.05 (.576)
Oral contraception —.01 (.966) —14 (.139)
N=61 N=107
Predictors B @) B @
T .09 (.493) —.04 (.679)
Adaptive defense styleb .27 (.030) .21 (.033)
Adaptive defense styleb * .35 (.005) .05 (.642)
T .02 (.861) —15(.110)
Oral contraception
N=60 N=104
Predictors B @) B ()
T —.09 (.616) —.01 (.926)
Interoception® 11 (.398) 15 (.134)
Interoception® * T .34 (.008) .02 (.863)
Oral contraception?® .03 (.842) —.14 (.169)

aInverted score of the Toronto Alexithymia Scale (TAS-20)
b Inverted score of the immature defenses subscale of the Defense Style Questionnaire-40 (DSQ-40)
¢ Interoceptive accuracy (% of correctly detected heartbeats)
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Sexual desire
N

Low testosterone  High testosterone

--®-- Low emotional awareness ==& High emotional awareness

Fig. 1 Relation between sexual desire, testosterone, and emotional awareness in unpartnered women

Because interoception correlated inversely with heart rate, we included heart rate as
an additional predictor in the multiple regressions, but the results were not meaning-
fully changed; desire was solely predicted by the interaction between T and
interoception (6= .31, p=.020).

Figure 4 shows three-dimensional scatters plots between desire, T, and a)
alexithymia, b) maladaptive defenses, and ¢) interoception.

Discussion

Several studies show positive relations of sexual desire with free and salivary T in
women of reproductive age, but this link has been challenged by others. This raises the
possibility of moderators influencing the relationship between T and female desire, and
thereby contributing to the several null findings. The present study confirmed this

Sexual desire

Low testosterone  High testosterone

--®-- Low adaptive defense style

—o— High adaptive defense style

Fig. 2 Relation between sexual desire, testosterone, and psychological defense style in unpartnered women
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Sexual desire
()]

Low High
testosterone testosterone

--®-- Low interoception =~ —e—High interoception

Fig. 3 Relation between sexual desire, testosterone, and interoception in unpartnered women

possibility. We found that, in simple correlations, salivary T was unrelated to desire.
However, in multiple regressions, we found that, among unpartnered women, higher
desire was predicted by the interaction of higher T levels and greater emotional or
bodily awareness, as indexed by lesser alexithymia, less use of maladaptive defense
mechanisms, and greater interoception (heartbeat detection accuracy). These associa-
tions did not occur for the subgroup of partnered women. These findings suggest that
salivary T and female desire correlate positively in unpartnered women with indicators
of better emotional or bodily awareness, which is consistent with a previous study
showing that alexithymia and maladaptive defense mechanisms correlated with greater
discordance between T and female desire (Costa and Oliveira 2015).

We did find a correlation between the heartbeat detection accuracy and
sexual desire, which is consistent with other research on desire and
interoception (Costa et al. 2018; Patersen et al. 2017). Given the concerns
about to what extent heartbeat detection accuracy measures general
interoception (Murphy et al. 2018), perhaps cardiac awareness, cardioceptive
attentiveness or cardioception (Herbert et al. 2010; Schultz 2016) are better
(more specific) terms. Some studies have also related greater alexithymia to
lower interoception, as indicated by the heartbeat detection task (Herbert et al.
2011; Murphy et al. 2018), but we did not replicate those findings, perhaps
because of the confounds that likely play a role in it (Murphy et al. 2018).

According to the dual model of sexual functioning, low desire may arise
from an overactive inhibitory system and/or a hypoactive excitatory system. It
is likely that, by its action on hypothalamus and limbic system, T has an
excitatory role that can be counteracted by inhibitory forces that reflect on lack
of awareness of emotions and bodily sensations. Therefore, our findings seem
congruent with experimental research revealing that in women with low desire
attributed to psychological inhibitions, pharmacological treatments with T com-
bined with phosphodiesterase-5 inhibitors were ineffective in increasing atten-
tion to sexual cues and sexual desire (Poels et al. 2013; van der Made et al.
2009). In contrast, T combined with phosphodiesterase-5 inhibitors increased
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desire and attention to sexual cues in women with low desire not attributed to
psychological inhibitions, but rather to an impaired excitatory system (Poels
et al. 2013; van der Made et al. 2009). Our findings also seem congruent with
Freud’s views that defense mechanisms can put libido out of consciousness
with adverse effects on sexuality (Freud 1908/1953).

In addition, our findings corroborate the notion that T is more important for
the desire of unpartnered women, as long as there is good emotional and bodily
awareness. Sexual desire of partnered and unpartnered people may differ phys-
iologically and behaviorally in important ways with the desire of unpartnered
women being more dependent on T for motivating efforts to search and
compete for partners. Indeed, T has been shown to be related to competitive
behavior and increased risk-taking in women (Casto and Edwards 2016;
Oliveira and Oliveira 2014), which are more important to be connected with
the sexual motivation of unpartnered people. However, it should be noted that
T might not be lower among committed people with certain personality char-
acteristics, such as extraversion, sensation seeking (Costa et al. 2015) and
interest in casual sex (Edelstein et al. 2011). This raises the possibility that T
might have a more important role in the desire of committed women with these
personality traits. Future research is needed to clarify these issues.

In the two referred experimental studies showing positive effects of T on desire
among women whose etiology was attributed to hypoactive excitatory mecha-
nisms (Poels et al. 2013; van der Made et al. 2009), it is not clear how many
women were committed. However, in these experiments, T administration was
sublingual, which caused a phasic increase in T, whereas commitment is related
to lower resting levels of T.

All these findings suggest that many women with low desire have difficulties in
consciously perceiving T-related bodily and emotional changes that accompany the
subjective experience of sexual desire, or perhaps even more general difficulties in
perceiving emotional and bodily changes caused by other sexually motivating hor-
mones and neurotransmitters. If this proves to be correct by further studies, there will be
important implications for the therapy of low desire. Pharmacotherapies with T or other
excitatory agents might be more effective in women with better emotional and bodily
awareness (Brody 2009).

A review of studies on menopausal women revealed that T administration
was more likely to be effective in increasing desire with supraphysiological
doses and in the presence of estradiol (Cappelletti and Wallen 2016). It seems
likely that a combination of estradiol and T is more effective in increasing
desire than either alone. Moreover, menopausal women might require additional
doses of estradiol due to lack of ovarian function. Nevertheless, there are
studies showing that T alone can increase desire in menopausal women not
taking estrogens (Davis et al. 2008; Sherwin et al. 1985). In another study with
more than 70% of menopausal women not taking estrogens (Panay et al. 2010),
T alone increased desire, and the obtained average T levels were not much
above the normal range (67.9 ng/dl). Future studies might examine if there is a
threshold beyond which T levels are more likely to modulate desire, and if it
differs in menopausal women and women in their reproductive years. Moreover,
our findings invite new avenues of research by calling attention to the role of
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emotional and bodily awareness, personality, and relationship status, in facili-
tating or hindering the effect of T on desire. Also, research on the relationship
between T and desire will gain by incorporating other hormones, such as
cortisol, estradiol and progesterone, as interactions between them are a possi-
bility. Future research might test if lack of emotional and bodily awareness
interferes in the modulation of desire by estradiol and other hormones.

On the other hand, psychotherapies aimed at increasing emotional and bodily
awareness might be more effective in enhancing desire (Patersen et al. 2017;
Silverstein et al. 2011) in women with an overactive inhibitory system, as they could
ameliorate the attention to internal and external sexual cues, thereby allowing the action
of the excitatory mechanisms. Additionally, our findings suggest that psychotherapies
aiming at improving defensive functioning (Bond 2004) and reducing alexithymia
(Spek et al. 2008; Taylor et al. 2016) might have beneficial effects on sexual desire,
but research is needed to test their effects on sexual function.

Limitations of the study include the Portuguese convenience sample with many
young university students, mostly not cohabiting, and not likely to have parental care,
which can have effects on the association of T and desire (Costa et al. 2015).

We did not control for the mid-cycle peak of T in the naturally cycling women. It is
not clear to what extent it can affect between-subject comparisons, as it seems
inconsistent, often found to be absent (Bartley et al. 2015; Crewter and Cook 2018;
Dawood and Saxena 1976; Feldman et al. 1978; Lobmaier et al. 2015; Mathor et al.
1985; Probst et al. 2018; Rhudy et al. 2013) or of small magnitude (Dabbs Jr and de La
Rue 1991; Goebelsmann et al. 1974). More research is needed on the topic.

Although the FSFI desire dimension is likely not a golden standard, it appears to
encompass a high variation of sexual desire with scores ranging from 2 to 10. It is
sensitive to (variation in) hypoactive sexual desire reflected on scores lower than 6
(Gerstenberger et al. 2010; Witting et al. 2008). In the present study, the three higher
scores (8, 9 and 10) were above the 75th percentile, and scores 9 and 10 were above the
90th percentile; thus, the scale appears to be sensitive to variation ranging from very
low levels of desire to very high levels of desire.

Conclusion

The present findings are preliminary evidence that the link between T and desire is
moderated by bodily and emotional awareness, especially so among women without a
regular sexual partner.
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