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Abstract
Research points to an association between testosterone (T) and partnering in some women and men, and this association has been interpreted as
an effect of either relationship status (i.e. differences in relationship status lead to differences in T) or relationship orientation (i.e. T is associated
with the likelihood of entering relationships). To address whether physical partner presence was associated with decreased T, we examined T
levels in people (72 women; 49 men) who were single, in long-distance relationships, or in same-city relationships. No participants were using
exogenous hormones, including hormonal contraceptives. Participants provided a saliva sample and responded to questions about their
relationship status. Single men had higher T than long-distance and same-city partnered men, which supports the relationship orientation
interpretation. In contrast, same-city partnered women had lower T than single women and women in long-distance relationships, which supports
the relationship status interpretation. We conclude that physical partner presence is not necessary to see an association between partnering and
hormones in men (since same-city and long-distance partnered men had similar T levels), but may be necessary in women (since same-city
partnered women had lower T than long-distance partnered women).
© 2006 Elsevier Inc. All rights reserved.
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Introduction
Previous research has established that heterosexual partnered
men (whether married or in long-term relationships) exhibit
lower testosterone (T) than heterosexual unpartnered men (e.g.
Booth and Dabbs, 1993; Mazur and Michalek, 1998; Gray et al.,
2002; Burnham et al., 2003; Gray et al., 2004a,b). More recent
research has extended this pattern to non-heterosexual women
(i.e. higher T in unpartnered non-heterosexual women compared to partnered non-heterosexual women), and suggested
that partnering and T are not associated in heterosexual women
or non-heterosexual men (van Anders and Watson, 2006a).
Direction of effect is still unclear as there have been fewer
longitudinal than cross-sectional studies, and these have
provided mixed results. Our previous study found no evidence
that entering a relationship decreased T, but did find evidence
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that lower T predicted entering a relationship (van Anders and
Watson, 2006a). Individuals who were unpartnered at both
baseline and follow-up had higher T at both time points than
individuals who were unpartnered at baseline and partnered at
follow-up or partnered at both time points. However, sample
size was small and the time between baseline and follow-up
testing was 6–12 months, so it remains possible that larger
samples or longer latencies between baseline and follow-up
might show state effects. However, if T predicts likelihood of
partnering as this research suggests, it may be that relationship
orientation is associated with T instead of, or in addition to,
relationship status. Relationship orientation refers to the
likelihood of entering relationships (e.g. lower T influences
long-term partnering), and relationship status refers to the
current relationship situation (e.g. being in a relationship is
associated with a decrease in T).
In support of a relationship orientation interpretation, Booth
and Dabbs (1993) did find that men with higher T were less
likely to have married and more likely to have divorced than
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lower T men. Additionally, Gray et al. (2004a) found that T
does not differ in men between days spent at work and days
spent with their wives. As well, Mazur and Michalek (1998)
found that T was lower in stably married men compared to
stably unmarried men. However, they suggest that divorce may
be associated with increased T, though their evidence shows that
T is especially elevated near the divorce, and levels off.
Additionally, they note that T levels in unwed men were not
much different from men who changed marital status.
Additionally, Marazziti and Canale (2004) have found that T
levels increased in partnered men after the intense early period
of falling in love is over, and decreased in women over the same
time, such that T levels did not show long-term effects of being
in a relationship.
It is unclear from this evidence whether relationship status
does affect T, and it remains to be seen whether change in
partnered status is associated with endocrine changes in
addition to divorce and its concomitant social disruption or
the process of falling in love. Mazur and Michalek (1998)′s
study is suggestive of possible effects of relationship status on
T. It differed from van Anders and Watson (2006a) in that the
former had a dramatically larger sample size, an older sample,
divorce (as opposed to break-up), and a longer latency between
additional sampling time points. In summary, there appear to be
multiple pieces of evidence pointing to an association between
T and relationship orientation, as well as some potentially
pointing towards T and relationship status. There are reasons to
expect effects of relationship status on T, since many social
behaviors can affect T in humans (for reviews, see Archer,
2006; van Anders and Watson, 2006b) and other species (e.g.
birds, Wingfield et al., 1990). However, these same citations
also generally show some support for effects of T on social
variables, though generally less strongly so in humans.
The evidence supporting associations between partnering
and T has been interpreted in light of varying theoretical
perspectives. The testosterone trade-off framework suggests
that higher T should be associated with competitive behaviors or
contexts (i.e. related to resource acquisition or defense) and
lower T should be associated with bond-maintenance behaviors
or contexts (i.e. related to intimate, caring contact) (van Anders
and Watson, 2006b). In terms of partnering, competitive refers
potentially to looking for additional partners or jealousy of
individuals' own partners, and bond-maintenance refers to
intimate and caring contact with individuals' own partners.
Lower T and ‘bond-maintenance’ should characterize partnered
individuals in a general sense, and higher T and ‘competitive’
should characterize unpartnered individuals in a general sense,
though there are, of course, likely to be mediating and moderating
variables.
Based on the association between lower T and partnering,
we hypothesized that if relationship orientation is associated
with T, then individuals in long-distance and same-city
relationships should display similar levels of T, and levels
that are lower than single individuals. That is, if lower T is
associated with a bond-maintenance relationship orientation,
then physical partner presence should not affect the
partnering-T association. If relationship status is associated
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with T, then individuals who are in long-distance relationships should display higher T than individuals in same-city
relationships, and comparable levels (perhaps) to single
individuals. That is, if the lower T found in partnered
individuals is associated with their daily behaviors or partner
cues, then physical partner presence should affect this
partnering-T association.
Methods
Participants
Participants were recruited through the undergraduate psychology participant pool, where they were prescreened for exogenous hormone use, and from
the larger community through poster advertisements. Participants from the
community received small reimbursements and participants from the psychology pool received course credit for participation.
Participants included 72 women (mean age = 20.79 years; min = 17 years,
max = 32 years) and 49 men (mean age = 21.47 years, min = 17 years, max =
40 years). Five women were using hormonal contraceptives and were excluded
from the analyses, and one man was using medications that affect sex steroids.
These participants were excluded, leaving 67 women and 48 men in the
analyses.
Our participants identified their sexual orientation via self-report and the
Kinsey questions of sex-directed fantasy and behavior (Kinsey et al., 1948). We
imposed dichotomous labels such that participants who scored 0 or 1 on both
measures were categorized as heterosexual and individuals who scored 2 or
more on one or both measures were categorized as non-heterosexual (van
Anders and Watson, 2006a; van Anders and Hampson, 2005). This categorization resulted in 43 heterosexual women, 24 non-heterosexual women, 28
heterosexual men, and 10 non-heterosexual men. This provided a very liberal
estimate of non-heterosexual participants: using self-identification, there were
two gay men, three queer women, and four bisexual/bicurious women.
Our participants had all graduated from high school, and 61 had at least 1
year of university or college (or similar), 10 were college/university graduates,
two had at least 1 year in graduate or professional school, and three had a
graduate degree. The majority (n = 112) of our participants were currently
students, but many of them (n = 51) were employed in diverse occupations.
Participants were diverse ethnically1.
Participants self-identified their relationship status, and we further
determined whether they were same-city or long-distance relationships by
asking whether their partners lived in the same city as them. We had participants
who were single and not currently seeing people (28 women; 21 men), same-city
partnered (15 women; 12 men), or long-distance partnered (17 women; 11 men).
Though we specifically recruited for single or long-term relationships (same-city
or long-distance), seven women and four men who were dating participated, and
we excluded them from subsequent analyses.

Materials and procedure
The procedures were subject to prior approval by the SFU Research Ethics
Board. Participants were tested between 1200 and 1800 h to control for diurnal
rhythms in T (except one participant at 23:30 and one at 11:15). Participants
provided a saliva sample and completed a brief questionnaire about their
demographics, health and background, and relationship status. We did not
control for menstrual cycle phase as previous research has shown that these
consistent but small effects do not need to be controlled unless menstrual cycle is

1
Participants self-identified their ethnicity and these were their responses
with n’s in brackets: Chinese (30), Caucasian (29), Korean (6), Canadian (4),
Asian (11), Anglo/Latin (1), Black (1), British/Canadian (1), Chinese/Italian
(1), Croatian/Chinese (1), Dutch/First Nations (1), East Asian (1), East Indian
(3), Egyptian (1), Hindi (1), Mexico (1), Indian (1), Jewish (1), Métis (1),
Middle Eastern (1), Persian (1), Punjabi (Sikh) (1), Sinhalese (1), Turkish (1),
Vietnamese (1).
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of interest (Dabbs and de La Rue, 1990); we did collect information about
menstrual cycles, however, as a potential control measure.
The questionnaire included questions about demographic variables (as per
above), sleep–wake variables, weight and height to compute BMI (body mass
index, a measure of weight corrected for height), and relationship variables:
whether participants considered their partners to be partners for the long-term
(yes, no); whether participants had sexual/romantic contact with non-partners
during the relationship (no, once, rarely, sometimes, often, regularly); whether
participants were sexually active with their partners (no, once/month, 2–3 times/
month, once/week, 2–3 times/week, once/day, more than once/day); level of
commitment to the relationship (Likert-type scale from 1 = extremely to 7 = not
at all); likelihood of being together with partner ‘forever’ (same Likert-type
scale); level of sexual attraction to partner over the past month (same Likert-type
scale). People in long-distance relationships also indicated how often on average
they saw their partners and estimated how long during each year they saw their
partners in person. These measures were converted into days.
Saliva samples were collected in polystyrene tubes that had been pretreated
with sodium azide, and frozen after collection at −20 °C until assay. Saliva was
stimulated with the use of an inert gum (Trident cherry sugar-free). The samples
were assayed in two batches for testosterone using radioimmunoassay at the
Endocrine Core Lab at Yerkes National Primate Research Center, Emory
University, all in triplicate, using a modified kit from Diagnostic Systems
Laboratories (Webster, TX). The sensitivity was 2–500 pg/mL at a 200 μL dose.
The interassay coefficients of variation were 19.16% at 5.03 pg/mL, 15.08% at
170.81 pg/mL, and 16.40% at 25.31 pg/mL. The intra-assay coefficient of
variation was 3.41% at 26.89 pg/mL.
Analyses were conducted with the Statistical Package for the Social Sciences
(SPSS), v. 13.0. Overall effects were tested using analyses of variance (ANOVA)
or covariance (ANCOVA), or independent t-tests when appropriate. Group
differences were evaluated using the LSD (Least Significant Difference) test
after significant omnibus analyses. Correlations were evaluated using Pearson′s
Product Moment Correlations.

Results
Participants in long-distance relationships spent an average
of 70 days per year together, and participants in same-city
relationships spent an average of 243 days per year together,
and this was significantly different, t(37) = 5.01, p < .001.
Women
To see if women's T differed as a function of relationship
status (single, same-city partnered, long-distance partnered), we
conducted an ANCOVA, with age as a covariate. There was a
significant overall difference in women's T, F(2,55) = 3.28,
p = .045, partial η2 = .107 (see Fig. 1a). Women in long-distance
relationships did not have significantly different T than women
in same-city relationships, p = .166, or women who were single,
p = .287. However, women in same-city relationships did have
significantly lower T than single women, p = .013.
To ensure that our findings were not the result of other
variables or confounds, we controlled for additional variables
to see if the pattern of results changed. Because women in
these various types of relationships might show different
sleep–wake patterns (e.g. late night contacts with longdistance partners) and sleep patterns are associated with T
(Axelsson et al., 2005), we conducted an additional ANCOVA
controlling for time of waking, but this did not change the
pattern of significant results. Previous research has also shown
that women's sexual orientation may moderate associations
between partnering and T (van Anders and Watson, 2006a),

Fig. 1. Mean testosterone levels by relationship status with standard error bars
for (a) women, adjusted for age; and (b) men, adjusted for age and time-ofwaking. ‘SC Partnered’ indicates ‘Same-City Partnered’, ‘LD’ indicates ‘LongDistance Partnered’; ‘*’ indicates a significant difference at p < .05; ‘<’ indicates
a trend with p < .10.

but controlling for sexual orientation in an additional
ANCOVA did not change the pattern of significant results
either, likely because we had only a small number of selfidentified non-heterosexuals in the study. There was no
significant difference between long-distance and same-city
partnered women's BMI, t(30) = − .10, p = .918.
To see if there were differences in relationship variables
between women in long-distance and same-city relationships
that could explain the pattern of findings, we analyzed the
following using independent t-tests. There were no significant
differences (or trends) between women in same-city or longdistance relationships in whether the women considered their
partner for the long-term (statistic could not be calculated
because SDs = 0 in both groups), sexual contact with nonrelationship partners, t(29) = .20, p = .846, commitment to
relationship, t(30) = .94, p = .354, the reported likelihood that
the women and their partners will be together ‘forever’, t(30) =
− .45, p = .654, level of sexual attraction to their partner over the
past month, t(30)= .15, p= .886, or length of relationship, t(30) =
.24, p = .809. The correlations between T and number of
days spent together in the past year were not significant in
all partnered women, r(22) = − .15, p = .474, or in longdistance partnered women, r(13) = − .11, p = .697, or samecity partnered women alone, r(7) = .41, p = .271. The
correlations did not become larger when age was controlled
in partial correlations.
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Men
We conducted an ANCOVA to see if men's T differed as a
function of their relationship status, with age controlled. There
was a trend towards a significant overall effect, F(2, 39) = 3.08,
p = .057. We then also entered time of waking as a covariate (see
above discussion), and the ANCOVA showed a significant
overall effect, F(2, 38) = 3.78, p = .032, partial η2 = .166, so all
further values are adjusted for age and time of waking (see Fig.
1b). T levels in single men were significantly higher than longdistance partnered men, p = .012, and showed a trend towards
being significant higher than same-city partnered men, p = .072.
There was no significant difference between same-city
partnered men or long-distance partnered men, p = .505.
As with women, we controlled for additional variables to see
if other variables accounted for the pattern of results in men.
There was no significant difference between long-distance and
same-city partnered men's BMI, t(20) = − .14, p = .894. Entering
sexual orientation as a covariate did not change the pattern of
significant results, again likely because we only had a small
sample of self-identified non-heterosexual participants.
To see if there were differences in relationship variables
between men in long-distance and same-city relationships that
could explain the pattern of findings, we analyzed the following
using independent t-tests. There were no significant differences
(or trends) between men in same-city or long-distance relationships in whether the men considered their partner for the longterm, t(10) = − 1.49, p = .167, sexual contact with nonrelationship partners, t(10) = − 1.15, p = .274, commitment to
relationship, t(21) = .34, p = .738, the reported likelihood that the
men and their partners will be together ‘forever’, t(21) = 1.53,
p = .142, or length of relationship, t(21) = .41, p = .688. However,
there was a significant difference in men's sexual attraction to
their partners over the past month, t(21) = 2.11, p = .047, such
that same-city partnered men reported significantly less sexual
attraction to their partners than long-distance partnered men. The
correlations between T and number of days spent together in the
past year were not significantly correlated in all partnered men, r
(18) = .27, p = .258, or in long-distance partnered men, r(7) =
− .10, p = .803, or same-city partnered men alone, r(9) = .37,
p = .266. The correlations did not become larger when age was
controlled in partial correlations.
Multiple relationships
There was a small number of individuals (n = 6) in relationships who had additional casual or long-term relationships.
These included five individuals in long-distance relationships
(three men; two women), and one woman in a same-city
relationship. Excluding these participants did not change the
pattern of results, except to change the overall ANCOVA in the
women to a trend.
Discussion
The present study examined testosterone (T) levels in
individuals (women and men) who were single, in long-
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distance relationships, or in same-city relationships. We tested
two hypotheses: (1) relationship orientation: T should be
similar in partnered individuals (regardless of physical partner
presence) and lower than T levels in single people; (2)
relationship status: T should be lower in same-city partnered
individuals than single or long-distance partnered individuals.
Our results do not directly answer the question of causality, but
shed light on the issue. Relationship orientation may reflect
individual propensities towards entering relationships and/or
individual attractiveness for relationships, and our study does
not address this distinction.
We found that partnered men displayed lower T than single
men, and this was true for men with same-city relationships or
long-distance relationships. This was true despite same-city
partnered men reporting less sexual attraction to their partners
than long-distance partnered men, and that long-distance
partnered men must have inevitably had less (or no) sexual
contact with their partners, which are interesting findings in
themselves, and suggest that differences in sexual activity or
attraction are not associated with differences in T levels. There
were no other differences between the men in relationships,
including current/long-term commitment and length of relationship. One caveat is the sample size of 11 men in each
partnered group. However, mean T was nonsignificantly lower
in long-distance partnered men suggesting that sample size was
not contributing to the null difference between partnered men's
T and single men's T. The data are in accord with previous
findings that are suggestive of an association between T and
relationship orientation. For example, van Anders and Watson
(2006a) found that T levels predicted entering relationships but
no evidence that entering a relationship decreased T; Booth and
Dabbs (1993) found that T levels predicted divorce and
singlehood; and Mazur and Michalek (1998) also found that
T levels predicted divorce.
There is one previous finding that suggests that changes in
relationship status cause changes in T, such that T is increased
around divorce (Mazur and Michalek, 1998). These authors
note that T in unwed men is similar to men who change marital
status, which arguably supports a relationship orientation
interpretation. Additionally, T levels do not differ in heterosexual men between days spent with partners vs. days spent at work
(Gray et al., 2004a), which suggests that partner directed
behaviors do not lead to lower T over the day. McIntyre et al.
(2006) have shown that partnered but not single men with a less
restricted SOI (sociosexual orientation: a measure of reported
willingness to engage in sex outside of a committed,
emotionally involved relationship, Simpson and Gangestad,
1991) exhibit higher T, which is suggestive that relationship
orientation, regardless of relationship status, is associated with
T. Our suggestion that evidence points to an association
between relationship orientation and T does not negate the idea
that behaviors related to partnering affect men's T. We have
elsewhere posited that they should (van Anders and Watson,
2006b), and there is evidence that they do (e.g. Roney et al.,
2003). It is possible that relationship status does affect T, and
studies that address relevant cues other than long-term physical
partner presence, short-term partner-directed behaviors, or
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relationship commitment (which we have not found to be
correlated with T in our studies) should prove instructive. One
possibility is that behaviors directed at attracting non-partner
individuals increase T and account for higher T in single men
(van Anders and Watson, 2006b), as Roney et al. report that
‘show-off' behaviors directed towards women increase T.
We found that same-city partnered women display lower T
than long-distance partnered or single women, despite no differences in parameters like current/long-term commitment,
sexual attraction, or length of relationship. This was surprising,
since the one previous study including women found an effect
only in non-heterosexual women (van Anders and Watson,
2006a); however, the finding from our present data did not
disappear when sexual orientation was controlled, suggesting
that partnering and T may be associated across women. In the
previous study, van Anders and Watson found that heterosexual
women's means were in the expected direction but did not
significantly differ. It remains possible that the previous study
included long-distance partnered women in the partnered category (potentially inflating their T levels), obscuring any
association between T and partnering. This is speculative, and
further study including women is clearly warranted. The data
suggest that physical partner presence is associated with
decreased T, which supports a relationship status interpretation
in women. One interesting possibility is that long-distance
partnered women's higher T may be associated with increased
frequency of masturbation, as research has found preliminary
evidence of an association between masturbation-induced
orgasms and higher T (van Anders et al., under review). Replication and further empirical data are needed before possible
explanations are proposed for sex differences in T-partnering
associations.
The issue of physical partner presence is promising for future
study. Most same-city partnered participants did not live with
their partners, and previous studies have not identified whether
partners were live-in or not. Apparently, live-in partners are not
necessary for partnered men to display lower T than single men,
since we found that long-distance partnered men had lower T
than single men. However, this may be a mediating factor for
women, as same-city partnered women exhibited lower T than
single or long-distance partnered women. We only had a small
sample of same-city partnered women with live-in partners, but
their T levels appeared to be lower than same-city partnered
women who did not live with their partners (15.33 vs.
18.57 pg/mL), though not significantly so. However, the
estimated number of days spent with partners did not correlate
with T in partnered women or by relationship type, though
numbers were small for correlational analyses. It would be
interesting to further examine the issue by comparing T in
women with live-in and non-live in (but same-city) partners of
similar relationship lengths, commitment, and ages.
Evidence from various sources suggests that sexual experience may sensitize or organize the endocrine system of human
and non-human males in terms of future endocrine or behavioral
responses to reproductive/sexual opportunities (e.g. Clancy et
al., 1988; Domjan et al., 1992; Pfeiffer and Johnston, 1994;
Roney et al., 2003). Is this true for pair bonding experience?

And, exposure to female cues often is associated with increased
T in males (humans: Roney et al., 2003; hamsters: Pfieffer and
Johnston, 1992), but we see lower T in partnered men; do cues
need to be from unfamiliar partners in humans and other
species? Counter to our findings, male golden hamsters housed
with or without females show no difference in baseline
androgens (Pfieffer and Johnston, 1992). So, research with
pair bonding species may provide insights as to how T is
associated with partnering in males and potentially partner
presence in females.
Findings from the present study suggest that physical partner
cues – salient signals of relationship status – do not affect the
partnering-T association in men. In conjunction with previous
evidence, this is suggestive of an association between
relationship orientation and T. Do men with lower T display
more of a bond-maintenance relationship orientation than their
higher T counterparts? Are these men more likely to be selected
for long-term relationships? In women, our findings suggest
that physical partner cues are associated with reduced T, which
is suggestive of an association between relationship status and
T. Do women with live-in partners have lower T than women
with partners who live in the same city but not the same
residence? How and why these sex differences occur remains to
be seen, and studies of within-sex associations between T and
partnering will likely be suggestive.
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