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1. Introduction

Summary To fall in love is the first step in pair formation in humans and is a com-
plex process which only recently has become the object of neuroscientific investi-
gation. The little information available in this field prompted us to measure the
levels of some pituitary, adrenal and gonadal hormones in a group of 24 subjects of
both sexes who had recently (within the previous six months) fallen in love, and to
compare them with those of 24 subjects who were single or were part of a long-last-
ing relationship. The following hormones were evaluated by means of standard tech-
niques: FSH, LH, estradiol, progesterone, dehydroepiandrosterone sulphate
(DHEAS), cortisol, testosterone and androstenedione.

The results showed that estradiol, progesterone, DHEAS and androstenedione
levels did not differ between the groups and were within the normal ranges. Cortisol
levels were significantly higher amongst those subjects who had recently fallen in
love, as compared with those who had not. FSH and testosterone levels were lower
in men in love, while women of the same group presented higher testosterone
levels. All hormonal differences were eliminated when the subjects were re-tested
from 12 to 24 months later. The increased cortisol and low FSH levels are suggestive
of the ‘'stressful’’ and arousing conditions associated with the initiation of a social
contact. The changes of testosterone concentrations, which varied in opposite
directions in the two sexes, may reflect changes in behavioural and/or tempera-
mental traits which have yet to be clarified. In conclusion, the findings of the
present study would indicate that to fall in love provokes transient hormonal chan-
ges some of which seem to be specific to each sex.
© 2003 Elsevier Ltd. All rights reserved.

offsprings, but also that a safe and stable environ-
ment is set up wherein the newborn can receive

The formation of pair bonding is relevant in sev-
eral animal species, and particularly in mammals
since, in some cases, it ensures not only that a
new couple is formed which can thus generate
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sufficient care to enable them to mature and
become capable of surviving alone (Bowlby, 1969;
Kleiman, 1977; Carter et al., 1997a, 1997b).

The process of pair bonding in humans begins
with the subjective experience of falling in love,
which sometimes leads to the establishment of
long-lasting relationships: for this reason, its func-
tion exceeds that of reproduction alone and, given
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its relevance to the survival of the species, it
would not be surprising if it were regulated by
precise and longstanding neural mechanisms
(Uvnas-Moberg, 1997, 1998; Carter, 1998).
Indirect evidence of the biological process
involved in falling in love is provided by cross-cul-
tural studies which suggest that it is present in
virtually all societies and is, perhaps, genetically-
determined (Jankowiak and Fischer, 1992). Fur-
thermore, common features of this process can be
identified in studies from all over the world and
include: perception of an altered mental state,
intrusive thoughts and images of the other, sets of
behavioural patterns aimed at eliciting a recipro-
cal response and a definite course and predictable
outcome (Leckman and Mayes, 1999).

One of the first biological hypotheses with
regard to falling in love associates this state to
increased levels of phenylethylamine, on the basis
of the similarities between the chemical structure
of this neurotransmitter and that of ampheta-
mines which provoke mood changes resembling
those typical of the initial stage of a romance;
however, no empirical data have been gathered to
support this theory (Liebowitz, 1983). The strong
suggestion is that different mechanisms may be
involved (Panksepp, 1982; Jankoviak, 1986; Hazan
and Shaver, 1987; Fisher, 1992; Porges, 1998;
Insel and Young, 1997) and it has been recently
demonstrated that the intrusive thoughts of the
early, romantic phase of a falling in love are
underlaid by a decreased functionality of the sero-
tonin transporter (Marazziti et al., 1999).

The complexity of the process would seem,
therefore, to be understood better when we con-
sider falling in love as a basic emotion, such as
anxiety or fear, due to the activation of the amyg-
dala and related circuits and neurotransmitters
(Bartels and Zeki, 2000; LeDoux, 2000). Consistent
with this hypothesis is the observation that stress
and threatening situations may facilitate the
onset of new social bonds and intimate ties
(Bowlby, 1973; Reite, 1985; Kraemer, 1992; Pank-
sepp et al., 1994). The review of animal data is
beyond the scope of this paper, however it should
perhaps be noted also that stress and corticoster-
one have been demonstrated to promote pair
bonding formation in different species (DeVries et
al., 1995, 1996; Hennessy, 1997; Levine et al.,
1997; Mendoza and Mason, 1997). Furthermore,
these elements induce the synthesis and release
of neuropeptides, such as oxytocin, which are
involved in the subsequent processes, including
sexual and maternal behaviours and, more in gen-
eral, positive social contacts, which reduce anxi-
ety (McCarthy et al., 1992; Numan, 1994; Carter,
1998). The literature relevant to humans in this

regard is meagre, albeit in agreement with animal
findings and suggests that the activation of the
hypothalamic-pituitary-adrenal (HPA) axis due to
stressful experiences or, more in general, to arou-
sal, may trigger the development of different
kinds of social attachment, possibly also that
which begins with falling in love (Milgram, 1986;
Chiodera et al., 1991; Simpson and Rhole, 1994).

Given the paucity of data in this field and the
unexplored questions regarding the possible role
of gonadal hormones, our study aimed at evaluat-
ing the levels of some pituitary, adrenal and gona-
dal hormones in a homogenous group of subjects
of both sexes who were in the early, romantic
phase of a loving relationship, and to compare
them with those of subjects who were single or
were already in a long-lasting relationship.

2. Subjects and methods
2.1. Subjects

Twenty-four subjects (12 male and 12 female,
mean age & SD: 27 &+ 4 years) who declared that
they had recently fallen in love, were recruited
from amongst residents (17) and medical students
(7), by means of advertisement. They were selec-
ted according to the criteria already applied in a
previous study (Marazziti et al., 1999), in parti-
cular: the relationship was required to have begun
within the previous 6 months (mean +SD: 3+ 1
months) and at least four hours a day spent in
thinking about the partner (mean+SD: 9 +3
hours), as recorded by a specifically designed
questionnaire.

Twenty-four subjects (12 female and 12 male,
mean age + SD: 29 + 3), belonging to the same
environment and with similar educational levels,
with either a long-lasting (mean +SD: 67 + 28)
months or no relationship, served as the control
group.

No subject had a family or personal history of
any major psychiatric disorder or even sub-thresh-
old symptoms, or had ever taken psychotropic
drugs, except for three who occasionally took
benzodiazepines because of difficulties in sleeping
at night, as assessed by a detailed psychiatric
interview conducted by one of the authors (DM).
In addition, all subjects were undergone the fol-
lowing rating scales: the Hamilton Rating Scale for
Depression (Hamilton, 1960), the Hamilton Rating
Scale for Anxiety (Hamilton, 1959) and the Yale-
Brown Obsessive-Compulsive Rating Scale (Good-
man et al., 1986), with the results that all total
scores fell within the normal range.
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All subjects, except for four singles (three
women and one man), were indulging in a normal
and regular sexual activity, as assessed by self-
report questionnaires and, during the psychiatric
interview, no differences were noted between the
romantic lovers and the control subjects.

The women had regular menstrual cycles and
were not taking contraceptive pills. Their blood
samples were drawn in the early follicular phase
(between the third and the fifth day of the men-
ses); the men had no history of genital disease or
hypogonadism. All subjects were free of physical
illness, were neither heavy cigarette smokers nor
belonged to high-risk HIV individuals and all
underwent a general and detailed check-up, car-
ried out by one of the authors (DC).

All gave their informed written consent to their
inclusion in the study.

2.2. Hormonal measurements

Venous blood (10 ml) was collected between 8 and
9 a.m. from fasting subjects and centrifuged at
low-speed centrifugation (200 x g, for 20 min, at
22 °C) to obtain serum which was stored at —20 °C
until the assays, which were performed within a
few days.

The following hormones were evaluated by
means of standard techniques in duplicate for
each point, by biologists who were blind to each
subject’s conditions: FSH, LH, estradiol, pro-
gesterone  (chemioluminiscent immuno-assay,
CMIA, Architect, Abbott, Abbott Park, USA), dehy-
droepiandrosterone sulphate (DHEAS) (Spectria,
Orion Diagnostic, Essoo, Finland), cortisol (CMIA,
DPC, Immulite, Los Angeles, USA), testosterone
and androstenedione (RIA, Testo-CTK, Diasorin
Biomedica, Saluggia, Italy).

2.3. Statistics

The differences in hormone levels between sub-
jects of the two sexes who recently had or had
not fallen in love were measured by means of the
Student t-test (unpaired, two-tailed). The possible
effects of the length of the relationship or of the
time devoted to thinking about the partner on the
hormonal levels were assessed according to Pear-
son’s analysis. All analyses were carried out using
the SSPS version 4.0, by means of personal com-
puter programs (StatView V) (Nie et al., 1998).

3. Results

Table 1 shows that cortisol levels (ng/ml) were
significantly higher in the subjects who had
recently fallen in love, as compared with control
subjects (239 + 39 vs 168 + 31, p< 0.001), with
no difference between women and men.

The levels of LH, estradiol, progesterone,
DHEAS and androstenedione did not differ
between the groups and were within normal ran-
ges according to the sex and the follicular phase
of the women.

On the other hand, testosterone levels (ng/ml)
in men who had recently fallen in love were sig-
nificantly lower than in singles or individuals with
a long-lasting relationship (4.1 +£1.0 vs 6.8 +2.1,
p> 0.003); the results in women were the
opposite, that is, higher levels in the women from
the first group, as compared with those from the
second (1.2+0.4vs 0.6 + 0.2, p< 0.001).

FSH levels were significantly lower in men who
had fallen in love than in those from the control
group (p < 0.0001).

When the cortisol, testosterone and FSH levels
were re-tested in 16 out of the total of 24 sub-

Table 1 Hormonal levels in subjects in the early stage of falling in love and in control subjects
Subjects in love Control subjects
M F M F
FSH 3.24+1.1" 8.1+4.2 9.3+3.8 9.1+3.1
LH 6.9+2.3 12.3+3.4 7.1+2.8 10+4.3
Estradiol <50 170+23 <50 145432
Progesterone <0.2 0.57+0.3 <0.2 0.55+0.3
Testosterone 4.1+1.0* 1.24+0.4* 6.8+2.1 0.6+0.2
DHEAS 2736+1122 22324986 245041000 2315+980
Cortisol 224421° 2434417 165+21 172+44
Androstenedione 2.0+1.0 2.1+£0.7 2.1+£0.7 1.94+0.7

M, male; F, female.

~Significant: p < 0.0001; *Significant: p < 0.003; **Significant: p < 0.001; °Significant: p < 0.001; “Significant: p

< 0.0001.
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jects in-love, from 12-28 months later, no differ-
ences from control subject levels were detected.
Hormonal measurements were also repeated in 15
out of the total of 24 control subjects after the
same time interval, but no significant differences
from those of the first assessment were noted
(data not shown).

The length of the relationship and the time
spent in thinking about the partner did not affect
hormonal levels.

Singles or subjects with a long-lasting relationship
did not differ in any of the parameters evaluated.

4. Discussion

The main bias of this study is probably repre-
sented by the criteria used for selecting the sub-
jects who had fallen in love since, despite our
best efforts, no definite indication was available.
Since the altered mental state associated with
falling in love seems to have a precise time
course, with an average duration of between 18
months and 3 vyears (Tennov, 1979; Marazziti
et al., 1999), we chose the length of the relation-
ship as one criterion which, furthermore, can eas-
ily be recorded. The other main criterion adopted
was the time spent in thinking about the partner
which, according to various authors, represents a
core feature of this phase (Tesser and Paulhus,
1976; Tennov, 1979; Shea and Adams, 1984). One
might perhaps infer that the subjects who are in
love suffer from a moderate form of OCD, or have
an obsessive-compulsive personality, a positive
family history of OCD or even obsessive-compul-
sive subthreshold symptoms: however, we exclu-
ded all these possibilities by means the psychiatric
interview and specific questionnaires. It might
also be judged questionable that our hormonal
evaluation was performed on a single sample;
however this could represent a bias for LH
measurement only, for which a pulsatile pattern is
well-recognized.

However, in spite of this limitation, our study
led to some intriguing and innovative findings, in
particular that healthy subjects of both sexes who
had recently fallen in love did show some hor-
monal changes.

The first finding was that the cortisol levels
were higher in subjects in love, as compared with
those from the control group. This condition of
“*hypercortisolemia’’ is probably a non-specific
indicator of some changes which occur during the
early phase of a relationship, reflecting the stress-
ful conditions or arousal associated with the
initiation of a social contact which helps to over-
come neophobia. Such conditions appear to be
fundamental, as a moderate level of stress has

been demostrated to promote attachment and
social contacts in both animals and humans (DeV-
ries et al., 1995, 1996; Hennessy, 1997; Levine
et al., 1997; Mendoza and Mason, 1997). In
addition, different data indicate an association
between HPA activation following stressful experi-
ences and the development of social attachment
which, in turn, promotes physiological states
which reduce anxiety and related negative sensa-
tions (Hinde, 1974; Milgram, 1986; Simpson and
Rhole, 1994; Legros, 2001). We observed no dif-
ference in cortisol levels between women and
men, but this is perhaps not surprising, given indi-
cations that they represent rather an unspecific
reaction to different triggers.

On the other hand, while LH, estradiol, pro-
gesterone, DHEAS and androstenedione levels did
not differ between men and women, the testos-
terone concentrations showed some sex-related
peculiarities: in both men and women who were
at the early stage of a relationship, they were
lower and higher, respectively, than those in men
and women from the control group. Although none
reached pathological levels, all subjects pre-
sented this finding, as if falling in love tended
temporarily to eliminate some differences
between the sexes, or to soften some male fea-
tures in men and, in parallel, to increase them in
women. It is tempting to link the changes in tes-
tosterone levels to changes in behaviours, sexual
attitutes or, perhaps, aggressive traits which
move in different directions in the two sexes
(Zitzmann and Nieschlag, 2001), however, apart
from some anedoctal evidence, we have no data
substantiating this which would justify further
research. Similarly, we have no explanation for
the decreased level of FSH in male subjects who
were in love, apart from the suggestions that it
may represent another marker of hypothalamic
involvement in the process of falling in love.

It is noteworthy that when we measured the
cortisol, testosterone and FSH levels for a second
time, 12-18 months later, in those 16 (out of the
total of 24) subjects who had maintained the
same relationship but were no longer in the same
mental state to which they had referred during
the first assessment and now reported feeling cal-
mer and no longer ‘‘obsessed’’ with the partner,
the hormone levels were no different from those
of the control group. This finding would suggest
that the hormonal changes which we observed are
reversible, state-dependent and probably related
to some physical and/or psychological features
typically associated with falling in love.

In conclusion, our study would suggest that fall-
ing in love represents a ‘‘physiological’’ and tran-
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sient condition which is characterized (or under-
laid) by peculiar hormonal patterns, one of which,
involving testosterone, seems to show a sex-
related specificity.

Studies are now in progress to establish whether
the noted hormonal changes may be related to
the modifications of specific behaviours, such as
aggression or sexual or attachment attitudes.

Acknowledgements

We thank Prof. Lucia Grasso and the technical
staff of the Hormone laboratory of the ‘‘Diparti-
mento di Endocrinologia’’ of the University of Pisa
for performing the hormone assay. We express
our gratitude to Prof. Aldo Pinchera and Prof.
Enio Martino of the same Department for the
fruitful discussion during the preparation of
the manuscript, and to Dr. Elena Di Nasso from
the ‘‘Dipartimento di Psichiatria, Neurobiologia,
Farmacologia e Biotecnologie’” who was helpful
in selecting the subjects included in the study.

References

Bowlby, J., 1969. Attachment and Loss. Attachment. vol. 1.
New York, Basic Books.

Bowlby, J., 1973. Attachment and Loss. Separation: anxiety
and anger. vol. 2. Basic Books, New York.

Bartels, A., Zeki, S., 2000. The neural basis of romantic love.
Neuroreport 11, 3829-3838.

Carter, C.S., DeVries, A.C., Taymans, S.E., 1997a. Peptides,
steroids and pair bonding. Ann NY Acad Sci 807, 260-268.
Carter, CS., Lederhendler, I.1., Kilpatrick, B. (eds)., 1997b. The

integrative neurobiology of affiliation. Ann NY Acad Sci. 807.

Carter, C.S., 1998. Neuroendocrine perspectives on social
attachment and love. Psychoneuroendocrinol 23, 779-818.

Chiodera, P., Salvarani, C., Bacchi-Modena, A., Spallanzani, R.,
Cigarini, C., Alboni, A., Gardini, E., Coiro, V., 1991.
Relationship between plasma profiles of oxytocin and adre-
nocorticotropic hormone during suckling or breast stimu-
lation in women. Horm & Res 35, 119-123.

DeVries, A.C., DeVries, M.B., Taymans, S.E., Carter, S.C.,
1995. The modulation of pair bonding by corticosteroids in
female praire voles. Proc Natl Acad Sci USA 92, 7744-7748.

DeVries, A.C., DeVries, M.B., Taymans, S.E., Carter, S.C.,
1996. The effects of stress on social preferences are sexu-
ally dimorphic in prairie voles. Proc Natl Acad Sci USA 93,
11980-11990.

Fisher, H., 1992. Anatomy of Love. Fawcett Columbine, New
York.

Goodman, W.K., Price, L.H., Rasmussen, S.A., 1986. The Yale
Brown Obsessive-Compulsive Scale |: Development, use and
reliability. Arch Gen Psychiatry 46, 1006-1011.

Hamilton, M., 1959. The assessment of anxiety state by rating.
Br J Med Psychol 32, 50-55.

Hamilton, M., 1960. A rating scale for depression. J Neurol
Neurosurg Psychiatry 23, 56-62.

Hazan, C., Shaver, P., 1987. Romantic love conceptualized as
an attachment process. J Personol Soc Psychol 52, 511-524.

Hennessy, M.B., 1997. Hypothalamic-pituitary-adrenal respon-
ses to brief social separation. Neur Biobehav Rev 21, 11-29.

Hinde, R.A., 1974. Biological bases of human social behavior.
Mc Graw-Hill, New York.

Insel, T.R., Young, L.J., 1997. The neurobiology of attachment.
Nature Rev 2, 129-136.

Jankoviak, W.R., 1986. A psychobiological theory of love. Psy-
chol Rev 93, 119-130.

Jankoviak, W.R., Fischer, E.F., 1992. A cross-cultural perspec-
tive on romantic love. Ethol 31, 149-155.

Kleiman, D., 1977. Monogamy in mammals. Quart Rev Biol 52,
39-69.

Kraemer, G.W., 1992. A psychobiological theory of attach-
ment. Behav Brain Sci 15, 493-520.

Leckman, J.F., Mayes, L.C., 1999. Preoccupations and beha-
viors associated with romantic and parental love. Perspec-
tives on the origin of obsessive-compulsive disorder. Child &
Adol Psychiatry Clin North Am 1 (8), 635-665.

LeDoux, J.E., 2000. Emotion circuits in the brain. Ann Rev Neu-
rosci 2 (23), 155-184.

Legros, J.J., 2001. Inhibitory effects of oxytocin on cortico-
trope function in humans: are vasopressin and oxy-
tocin ying-yang neurohormones? Psychoneuroendocrinol 26,
649-655.

Levine, S., Lyons, D.M., Schatzberg, A.F., 1997. Psychobiologi-
cal consequences of social relationships. Ann NY Acad Sci
807, 210-218.

Liebowitz, M.R., 1983. The Chemistry of Love. Little Brown and
Company, Boston.

McCarthy, M.M., Kow, L.M., Pfaff, D.W., 1992. Speculations
concerning the physiological significance of central oxytocin
in maternal behavior. Ann NY Acad Sci 652, 70-82.

Marazziti, D., Akiskal, H.S., Rossi, A., Cassano, G.B., 1999.
Alteration of the platelet serotonin transporter in romantic
love. Psychol Med 29, 741-745.

Mendoza, S.P., Mason, W.A., 1997. Attachment relationships in
New World primates. Ann NY Acad Sci 807, 203-209.

Milgram, N.A., 1986. Stress and Coping in Time of war: Gen-
eralizations from the Israeli Experiences. Brunner Mazel,
New York.

Nie, N.H., Hull, C.H., Steinbrenner, K., Bent, D.H., 1998. Stat-
istical Package for the Social Science (SPSS), 4th ed.
McGraw-Hill, New York.

Numan, M., 1994. Maternal behavior. In: Knobil, E., Neill, I.
(Eds.), The Physiology of reproduction. Raven Press, New
York, pp. 221-302.

Panksepp, J., 1982. Toward a psychobiological theory of emo-
tions. Behav Brain Res 5, 407-467.

Panksepp, J., Nelson, E., Silvy, S., 1994. Brain opioids and
mother-infant social motivation. Acta Pediatr Suppl 397,
40-46.

Porges, S.W., 1998. Love and emotions. Psychoneuroendocrinol
23, 837-861.

Reite, M., 1985. The Psychobiology of Attachment and Separ-
ation. Academic Press, New York.

Shea, J.A., Adams, G.R., 1984. Correlates of romantic attach-
ment: a path analysis study. J Youth Adol 13, 27-31.

Simpson, J.A., Rhole, W.A., 1994. Stress and secure base rela-
tionships in adulthood. Adv Pers Relat 5, 181-204.

Tennov, D., 1979. Love and limerence. The Experience of Being
in Love. Stein and Day, New York.

Tesser, A., Paulhus, D.L., 1976. Toward a causal model of love.
J Pers & Soc Psychol 34, 1095-1103.

Uvnas-Moberg, K., 1997. Physiological and endocrine effects of
social contact. Ann, NY Acad Sci 807, 146-163.



936 D. Marazziti, D. Canale

Uvnas-Moberg, K., 1998. Oxytocin may mediate the benefit of Zitzmann, M., Nieschlag, E., 2001. Testosterone levels in heal-
positive social interaction and emotions. Psychoneur- thy men and the relation to behavioural and physical charac-
oendocrinol 23, 819-835. teristics: facts and constructs. Eur J Endocrinol 144, 183-197.



