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Testosterone (T) has been argued to modulate mating and parenting behavior in many species, including
humans. The role of T for these behaviors has been framed as the challenge hypothesis. Following this
hypothesis, T should be positively associated with the number of opposite sex partners a male has. Indeed
research in humans has shown that T is positively related to the number of opposite sex partners a youngman
has had. Here we test, in both men and women, whether this relationship extends to the lifetime number of
sex partners.We also explored whether or not T was associated with current marital status, partnership status
and whether or not the participant remarried. Using a large sample of elderly men and women (each sample
nN700), we show that T is positively and sizably associated with the number of opposite sex partners in men.
When controlling for potential confounding variables such as educational attainment, age, BMI, ethnicity,
specific use of a medication and time of sampling this effect remained. For women, the relationship between T
and number of opposite sex partners was positive but did not prove to be robust. In both men and women
there was no evidence for an association between T and current marital status and partnership status (being
in a relationship or not). However, remarriage was positively associated with T, but only in males. Results are
discussed with reference to the literature on T and sex partners, remarriage and more broadly the challenge
hypothesis.
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Introduction

Testosterone (T) has important physiological, psychological and
behavioral effects across the human life span. For example, within
men T differentiates the gonads of the human embryo into male
genitals, it initiates the development of secondary sex characteristics
during puberty, and it is crucial for the support and maintenance of
sexual function in adulthood (Nelson, 2005). Work on both animals
and humans suggests that T also has implications for mating and
parenting behavior (for a review see Archer, 2006). The role of T with
respect to these behaviors has often been studied from the
perspective of the “challenge hypothesis” (Wingfield et al., 1990; for
a review see Archer, 2006). According to this hypothesis, T facilitates a
trade-off between mating effort and parental effort. The theory
suggests that high T levels promote activities such as mate guarding,
intrasexual competition, and sexual activity, whereas low T levels
facilitate parental investment. While the theorywas originally applied
to birds (e.g. Wingfield et al., 1990), there is increasing evidence that
this hypothesis also extends to humans. For example, the adminis-
tration of T to hypogonadal men causes increased libido and improved
sexual functioning (e.g. Shah and Montoya, 2007), and broadly, T
levels are positively associated with male sexual functioning (e.g.
Halpern et al., 1998; see Isidori et al., 2005 for review). Furthermore,
several studies show that men in uncommitted relationships have
higher T levels than those in committed relationships (e.g. Burnham
et al., 2003; Gray et al., 2004; Sakaguchi et al., 2006), and that being
married is associated with lower T levels than being single (e.g. Booth
and Dabbs, 1993; Mazur and Michalek, 1998; Gray et al., 2002). There
is also evidence that among men lower levels of T are associated with
increased parental effort. For example, when men become fathers
their T levels decrease (Berg and Wynne-Edwards, 2001, 2002;
Kuzawa et al., 2009; Storey et al., 2000). Additional evidence for a link
between T and parental effort comes from a study by Fleming et al.
(2002), who showed thatmenwith lower T levels feel more sympathy
in response to infant cries than men with higher T levels. Similarly,
men who express more need to comfort a crying baby experience a
larger decrease in their T levels (e.g. Storey et al., 2000).

The challenge hypothesis suggests that men with higher T levels
will be more motivated to seek out mating opportunities. By exten-
sion, one may predict that individuals with high T levels could be
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1 Including participants who had at least one same-sex encounter showed similar
baseline results. For men, we found a significant baseline correlation between T and
opposite sex partners (r(834)=0.136, pb0.00001). For women we also found a
baseline correlation between T and opposite sex partners (r(813)=0.073, p=0.038).
However, as described below in the results section, limiting the sample to women
reporting twenty opposite sex partners or more (b2%) abolished the association
entirely (r(801)=0.038, p=0.283).
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motivated to change sexual partners more frequently and would
therefore have more sexual partners across their life span than men
with low T levels. There is indeed evidence that supports the
prediction of a direct association between T levels and promiscuity
from birds: male dark-eyed juncos (Junco hyemalis) increase the
frequency of extra-pair copulations after the administration of T
(Raouf et al., 1997). Apart from the challenge hypothesis, one could
also argue for a social modulation hypothesis (reviewed in Archer,
2006), that is, the association between T levels could be influenced by
sexual behavior rather than vice versa (e.g. Dabbs and Mohammed,
1992). Indeed, male T levels increase while viewing explicit sexual
videos (Hellhammer et al., 1985), after sexual intercourse (Dabbs and
Mohammed, 1992) and even after brief non-physical social interac-
tions with an unfamiliar woman (Roney et al., 2007; van der Meij et
al., 2008). Nevertheless, like the challenge hypothesis, the social
modulation hypothesis would also predict a positive association
between T levels and the number of sex partners.

In males, preliminary evidence exists for a positive association
between T levels and the number of sex partners a male has across his
life span. For example, a study covering 215 young adult males (mean
age: 19.9 years) found higher T levels to be associated with higher
numbers of sexual partners reported (Bogaert and Fisher, 1995).
Similarly, Peters et al. (2008) also found a positive association between
T levels and sexual partners in a sample of 119 male students. Both
studies were however restricted to samples of young adults enrolled at
universities. To our knowledge no more than three studies have
documented an association between high levels of T and number of sex
partners in non-student samples. All these studies concerned men in
polygynous relationships. Gray (2003) showed that Kenyan Swahili
menwhoweremarried to twowomen (age range: 29–52 years,n=14)
had higher T levels than single men or men in a monogamous
relationship. Similarly, data from Senegal showed that for men younger
than 50, morning T levels were significantly higher among men who
were polygynouslymarried than amongmenwhoweremonogamously
married (Alvergne et al., 2009). However, the pattern was reversed for
men over 50, with polygynous men having significantly lower levels of
morning T than monogamously married men (sample size of poly-
gynously and monogamously married men of all ages, n=53). A study
from North America showed that polyamorous men, men with several
intimate sexual relationships, (mean age=31.98 years, n=16) had
higher T levels than men with just one partner but not higher T levels
than single men (van Anders et al., 2007).

To date, no study has utilized a large non-student sample to test
the hypothesis that circulating T levels in adult men are indeed
associated with the life time number of sex partners. In the present
research we tested if salivary T levels were positively associated with
life-time number of opposite sex partners in a large sample of elderly
American men. In addition, we examined whether a positive associa-
tion between salivary T levels and life-time number of opposite sex
partners also exists in women. The literature which is available on the
challenge hypothesis in women suggests that female T levels, function
similarly to male T levels, and are also mediated by a trade-off
between parenting and investment (e.g. van Anders and Watson,
2006). For example in women, T rises in response to competition
(Bateup et al., 2002), T correlates similarly with personality traits such
as aggressiveness (e.g. van Honk et al., 2001), and administration of T
typically has positive effects on sexual arousal (e.g. Tuiten et al.,
2000). There is some further empirical evidence which suggests that,
among women, T levels are intricately associated with the trade-off
between mating and parenting as they are in men (see van Anders
and Watson, 2006 for a review). For example, in a large sample of
women from the Philippines Kuzawa et al. (2010) found that mothers
have lower T than women who did not have children. However, only
one study so far has explicitly tested whether an association between
T and sex partners also exists in women (van Anders et al., 2007). This
study showed that polyamorous women had higher testosterone
levels than women who were not polyamorous (n=39). While it
remains an empirical question, based on the evidence for the
challenge hypothesis amongwomen, we predict a positive association
between T levels and the number of opposite sex partners in women.

In addition, to the reported number of opposite sex partners, we
tested whether or not T is associated with marital status, partnership
status (“being in a relationship”) and remarriage. As argued above,
previous research has shown that typically when males marry or
settle in a committed relationship, they experience a drop in T (e.g.
Burnham et al., 2003; Gray et al., 2002, 2004; Mazur and Michalek,
1998, Sakaguchi et al., 2006). We will explore in these data whether
similar associations between current marital and partnership status
exist in our sample of elderly men and women. Moreover, we aim to
test whether or not remarriage is associated with T. If T is positively
associated with the number of opposite sex partners, one should
expect a similar positive association between T and remarriage.

Method

Data set

Predictions were tested using an archival data set from the National
Social Life, Health, and Aging Project (NSHAP) (Waite et al., n.d., 2007).
This is a large data set of older Americans aged 57–85 (n=3005). The
data set is not representative of the American population as it
oversampled men, African–Americans, Latinos, and the eldest age
groups. Participantswere asked a broad array of questions, via a face-to-
face interview but also through questionnaires which were left behind
and later returned. In addition, several in-home biomeasures were
obtained. Trained professional interviewers from the National Opinion
Research Centre (NORC) conducted the interviews between July 2005
and March 2006. Overall participant response rate to the study was
75.5% (for the full description of the data collection (Waite et al., n.d.) or
http://www.norc.org/nshap). For the purpose of our analysis we
excluded individuals who indicated that they had had sexual contact
with a partner of the same sex. This was done mainly in order to
compare toprevious studies on T andopposite sexpartners (e.g. Bogaert
and Fisher, 1995; Peters et al., 2008). Moreover, sexual behavior in
homosexual men and women has been shown to be different from that
of heterosexualmenandwomen,withhomosexualmen reportingmore
sex partners than heterosexual men and homosexual women reporting
fewer sex partners than heterosexual women (e.g. Bell and Weinberg,
1978; Brody, 1997; Cochran and Mays, 2000). In spite of this, including
individuals who had had sexwith same-sex partners in the analyses did
not alter our key results.1 However, tomake our findings comparable to
previous studies focusingonT andopposite sexpartners in heterosexual
men and women (e.g. Bogaert and Fisher, 1995; Peters et al., 2008), we
have chosen to omit men and women who had same-sex encounters
from our analyses.

Testosterone and immuno-assays

Mean scores for testosterone were used as the key independent
variable. T scores were collected and measured via saliva samples.
Prior research has validated that measuring T levels via saliva is highly
correlated to serum levels (Read, 1993). Participants provided one
saliva sample which yielded two T values. Individuals for which one of
the T analyses was flagged as problematic were excluded (see,
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Gavrilova and Lindau, 2009). We calculated a mean T score from these
two T values which was used for analysis (correlation between both T
values was N0.98).

Saliva samples were transported from interviews using cold packs
and dry ice as they were shipped to Salimetrics for analysis (see
Gavrilova and Lindau, 2009 for review of procedure). Upon receiving
samples Salimetrics stored specimens in a lab grade freezer at−80 °C.
Before analysis samples were defrosted and centrifuged at 3000 rpm
for 15 minutes. Analysis was conducted according to the Salimetrics
Salivary Testosterone Enzyme Immunoassay Kit instructions (Sali-
metrics, 2010). Samples that were clear were pipetted into wells
for enzyme immunoassay. A reaction of 40–50 μl of a testosterone
enzyme conjugate with horseradish peroxidase on 25 ml of the
substrate tetramethylbenzidine (TMB) was initiated. This reaction
generates a blue color, until 2-M sulfuric acid stops the reaction and
changes the solution to a yellow color. To measure testosterone levels
the quantity of the testosterone peroxidase is measured; this value is
inversely proportional to the actual value of testosterone present.
Optical density can be read on a plate reader at 450 nm. This proce-
dure allowed for an assay range which is sensitive to N0.5 pg/ml.
Further information on the saliva sampling procedure and analysis of
T samples in the NSHAP can be found in Gavrilova and Lindau (2009)
and the references therein. We excluded outliers of two standard
deviations above the means in our samples (for males: N132 pg/ml;
for females: N93 pg/ml), a practice which is a common method for
dealing with outliers (e.g. Fokidis et al., 2011;Wilcox, 2003). For men,
including these outliers leads to stronger effects than those reported
below. In contrast, for women inclusion of outliers leads to weaker
effects than those reported below.

Variable: lifetime number of opposite sex partners

The lifetime number of self-reported opposite sex partners was
used as the dependent variable. This was captured by the item, “In
your entire life so far, about how many women (men) have you had
sex with, even if only one time?” (Waite et al., n.d.: p. 219). Sex was
not explicitly defined. In order to reduce skew and kurtosis, we log-
transformed this variable. This transformation successfully reduced
skew and kurtosis (males: skewness statistic=0.728; Fisher's
kurtosis statistic=0.428; females: skewness statistic=0.932; Fisher's
kurtosis statistic=0.661; a skew or kurtosis below Ι2Ι is considered
normal). This transformation does, however, imply that only men and
women who have at least one opposite sex partner were included
(93% of the sample).2

We also reran analyses in which we limited the amount of oppo-
site sex partners to a 100 (roughly two standard deviations for men).
We also restricted the sample to respondents who reported 50 sex
partners, 20 sex partners, 10 sex partners and 5 sex partners or less.
These extra analyses should indicate that the effect is not driven by
outliers or individuals drastically overreporting the amount of oppo-
site sex partners they have had.

Variables: marriage, partnership status, remarriage

Respondents provided data on their current marital status
(married, living with partner, separated, divorced, widowed or
never married), whether or not they currently had a partner (derived
2 Incidentally, using a square-root transformation leads to similar baseline results to
those below for males, albeit weaker (raw correlation between T and square-root
(opposite sexpartners):males: r(857)=0.07,pb0.05; females: r(887)=0.02;p=0.502).
This square-root transformation allows inclusion of those who did not have at least one
opposite sex partner but this transformation is not successful at reducing skew and
kurtosis (males: skewness statistic=3.47; Fisher's kurtosis statistic=18.44; females:
skewness statistic=2.12; Fisher's kurtosis statistic=10.34). Therefore we chose the log
transformation over the square-root alternative.
from marital and status and from the item, does unmarried
respondent have a romantic, intimate or sexual partner?), and
whether or not their current marriage was their first marriage or
not. Less than 2% of men and 1.5% women reported that they were
married more than two times. We therefore did not further analyze
the number of marriages but focused on being remarried or not. The
descriptive statistics for these variables can be found in Electronic
Supplementary Material 1 (ESM 1).

Control variables

In research measuring changes in testosterone it is typically
pertinent to consider the time of day at which sampling occurred
since testosterone follows a circadian rhythm. Although prior
research indicates that in older men the circadian rhythm is greatly
reduced or even lost, we still chose to consider the possibility of
sampling time effects (coded as am/pm) (see Tenover et al., 1988).
Further, as male testosterone levels are known to decrease with age
(Bremner et al., 1983), participant age was also used as a control
variable.

In addition, we controlled for ethnicity (White vs. non-White) as
a dichotomous variable, as ethnicity potentially influences circulat-
ing T levels (e.g. Lasley et al., 2002). This dichotomous measure
was used as roughly 75% of the participants were White. Specific
analyses on non-White ethnic groups were not carried out as this
left us with too few cases for analyses. (Individuals were coded as
White, Black, Hispanic, Asian and ‘Other’ with certain categories
containing as few as 2.8% of the sample.) Educational attainment
(four categories) and body mass index (BMI; measured by a trained
interviewer) were also included as these may be factors which
influence circulating testosterone. The descriptive statistics for all
of these variables can be found in the Electronic Supplementary
Material 1. Finally, we aimed to test whether any documented
significant relationship between T and opposite sex partners could
be driven by use of specific medications which may influence
circulating T. A list of all medications and estimates of the effect of T
on sex partners while controlling for each medication can be found
in ESM 4. The final working sample consisted of 749 males and 766
women.

Data analysis

The data were analyzed separately for men and women. First we
present correlations (between T and the log values for opposite sex
partners) and partial correlations controlling for the variables listed
above. For marriage, partnership status and remarriage we also
conducted correlational analyses. If an associationwas found, we used
partial correlations, controlling for potential confounds, to test
whether or not these correlations were statistically robust.

Subsequently, we use a generalized linear mixed modeling
approach (GLMM; SPSS, 2005), to confirm our results from these
correlational analyses on sex partners. For an outline of these analyses
please see ESM 2. These results can be found in the Electronic
Supplementary Material (ESM 3 and 5). We did not conduct GLMMs
for marital status, partnership status or remarriage as these outcome
variables are categorical.

Results

Men: opposite sex partners

Fig. 1 displays the positive association between salivary T and
lifetime number of sex partners among men (ceiled to 100), without
controls. Fig. 1 uses quartiles for graphical representation. All
statistical analyses are conducted, however, with the full range as
described above. A Pearson correlation showed that salivary T was

http://www.salimetrics.com/assets/documents/products-and-services/salivary-assays/Testo-R%20insert%202-23-10.pdf
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Fig. 1. Quartiles of testosterone, from lowest (1) to highest (4), and number of female
sex partners (raw data ceiled to a 100; 98% of the male sample). Error bars represent
95% confidence intervals.

Fig. 2. Mean testosterone by remarriage. Error bars are 95% confidence intervals.
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positively and significantly related to reported opposite sex partners
(r(747)=0.137, p=0.0002). This remained the case after partialling
out ethnicity, BMI, education, time of sampling and age (partial r
(742)=0.122, p=0.0009). Thus, among men the level of salivary T
appears positively and significantly related to the number of oppo-
site sex partners reported. Results via GLMM showed similar results
(ESM 3). Limiting the sample to men reporting 100 female sex
partners or less, or 50 sex partners or less showed similar results
(respectively partial r(727)=0.128, p=0.0005; partial r(727)=
0.103, p=0.005). Limiting the sample even further also did not alter
the significant finding (partial correlations: 20 partners or less: r
(653)=0.124, p=0.002; 10 sex partners or less: r(568)=0.120,
p=0.004; 5 sex partners or less: r(409)=0.133, p=0.007). Thus,
even with a restricted range, we still found a positive association
between T and the number of opposite sex partners reported.

The GLMM showed similar positive associations between T and the
number of opposite sex partners reported (ESM 3). The effect of T
remained positive and sizeable after controlling for potential con-
founds (see ESM 3).

In ESM 4, the parameter estimates for testosterone and all
medications can be found for all mixed models. In all these models,
T proved a significant predictor of the number of opposite sex partners
among men, with similar strength to the baseline model presented in
ESM 4 (0.120bβb0.130; all pb0.004). It thus appears unlikely that the
association between T and the number of opposite sex partners can be
explained by use of a specific type of medication.
Men: marriage, partnership status and remarriage

Marriedmen tended to have lowerT thandivorced or separatedmen
(r(637)=−0.069, p=0.08). However, this correlation was not
significant after controlling for potential confounds (partial r(630)=
−0.045, p=0.254). Never married men did not differ in T from men
who were ever married (r(747)=0.044, p=0.234). Current partner-
ship status was not significantly associated with T, but men in a
relationship did tend to have lower T levels than men who currently
were not in relationship (r(747)=−0.06, p=0.11). After controlling
for confounds, this relationship between T and partnership status
remained of the same size (partial r(740)=−0.063, p=0.08). For ever
married men, there was, however, a clear association between
remarriage and T; remarried men tend to have higher T than men
who did not remarry (r(666)=0.091, p=0.018) (Fig. 2). This positive
association between T and remarriage remained significant after
controlling for potential confounds (partial r(661)=0.093, p=0.017).

Women: opposite sex partners

For women the baseline correlation between salivary T and
opposite sex partners was positive but not statistically significant
(r(764)=0.062; p=0.088). After partialling out ethnicity, BMI,
education, time of sampling and age, the strength of this correlation
improved mildly (partial r(759)=0.08; p=0.026). However, when
limiting the sample to women reporting twenty partners or less, the
association between T and opposite sex partners was non-significant
(partial r(747)=0.055; p=0.135). Thus removing as few as 1.6% of
the sample, i.e., the women who reported a relatively large number
of sex partners, made the association between T and opposite sex
partners statistically insignificant.

As for men, we subsequently constructed a GLMM; these results
can be found in ESM 5. The results for the GLMMare similar to those of
the correlational analyses. Given that the association between T and
opposite sex partners was not robust when limiting the sample,
we did not examine whether the effect of T could be attributed to
medication use.

Women: marriage, partnership status and remarriage

Marriedwomen did not differ from divorced or separatedwomen in
T (r(475)=0.01, p=0.83) nor did evermarriedwomen differ in T from
ever married women (r(764)=−0.036, p=0.324). Current partner-
ship status was associated with T, with women in a relationship having
lower T levels (r(764)=−0.08, p=0.026). However after controlling
for confounds, the relationship between T and partnership status
was non-significant (partial r(759)=−0.057, p=0.116). For ever
married women, there was no association between remarriage and T
(r(730)=0.03, p=0.47).

Discussion

Using a large scale data set, we showed that levels of T in elderly
males were positively associated with self-reports of number of
opposite sex partners. This relationship could not be explained by
educational attainment, ethnicity, age, BMI, time of T sampling, or
prescription medication use. To our knowledge, our study is the first
to demonstrate a positive relationship between T levels and the
number of opposite sex partners towards the end of a male's lifespan.

image of Fig.�2
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This result is in line with other studies based on student samples (e.g.
Bogaert and Fisher, 1995) and community samples (e.g. van Anders
et al., 2007), which show a positive relationship between T level and
the number of sexual relationships a male currently has. While in
theory men in our sample may still have more female sex partners,
many of these men are likely to be close to the end of their sexual
lifespan as the mean age of men in our sample is close to 70 years.
Thus, our findings suggest that male T levels are positively associated
with the lifetime number of sex partners amale has. For women, there
was no robust evidence for an association between T and the amount
of opposite sex partners reported. The GLMM for women did show a
weak and positive association between T level and reported number
of opposite sex partners, but upon closer inspection this weak effect
appeared to be driven by a small subgroup of women (less than 2% of
the working sample).

Results also suggest that there is no strong evidence for an
association between current partnership status or marital status and
T, in either women or men in this sample. One potential reason for
why no associations between T and marital status or partnerships
status were found is that while the transition into marriage is
associated with testosterone these effects potentially do not last into
old age. Our study is different from other studies on marriage and
pairbonding documenting a decrease in T in males (e.g. Gray et al.
2002) as the mean age was much higher. It thus appears that in old
age, marital and partnership statuses are not strongly associated with
levels in T, in either men or women. Nevertheless, our data did show
that T was positively associated with remarriage in men but not in
women. This finding appears to be in line with our findings on the
relationship between T and opposite sex partners in males.

Broadly speaking the results for men on sex partners and
remarriage provide support for the challenge hypothesis, at least in
men. It appears that, as in other animals (e.g. Raouf et al., 1997), T
levels are intricately related to regulating a trade-off between mating
and parenting behavior in human males. In general, the proximate
mechanisms throughwhich T leads to a higher number of sex partners
are not yet completely clear. Several pathways could exist. First, men
with high T levels could more actively and aggressively pursuemating
opportunities. Second, it may be that women, especially when they
are fertile, prefer men with high T levels. Peters et al. (2008) found
that circulating T levels were associated with mating success but not
with masculinity or attractiveness. This could suggest that the first
option, men with high T levels actively pursuing more mating
opportunities than men with low T levels, is more likely than the
second option, women preferring men with high T levels over men
with low T levels, but more research is necessary to document which
proximate mechanism is operating.

At first sight, our results on sex partners seem at odds with the
findings of Alvergne et al. (2009), who showed that, in a sample of
Senegalese males of 50 years or older, polygynous men had lower
morning T levels thanmonogamousmen. However, polygynymay not
equate to having many sex partners. In addition, it is possible that
cross-cultural variation in the age dependent decline of T (Ellison
et al., 2002) may explain why the effect of T is positively related to
opposite sex partners in our sample of elderly American men but
negatively in the older sample used by Alvergne et al. (2009). While
other variables (e.g. diet, ecology) may also explain why our study
finds the inverse relationship to that of Alvergne et al. (2009), future
research is necessary to examine if the relationship between T and the
number of sexual partners, rather than the number of marriages,
extends to non-Western populations.

A limitation of our findings on sex partners, as with any study using
self reports of sexual behavior, is that the reporting may be biased by
factors such as social desirability (e.g. Schroeder et al., 2003). For
example, men and women could have different definitions of what sex
constitutes, especially given the fact that sex was not explicitly defined
in our study. Moreover, men could have boasted and/or drastically
misrepresented their total number of sex partners (and this boasting
behavior, rather than the actual amount of sex partners, could be related
to circulating T levels). However, given the fact thatwe find a significant
relationship between T andopposite sex partners, albeitweaker, even in
a very restricted range of opposite sex partners (five opposite sex
partners or less), it appears unlikely that over-reporting could explain
this association. In addition, self-reported data on the number of
opposite sex partners have been shown to relate to the likelihood of
contracting an STD,which suggests that the data capture some aspect of
‘real behavior’ (e.g. Burk et al., 1996). Nonetheless, the question remains
to what extent these self-reports map onto to actual behavior (e.g.
Schroeder et al., 2003; Wiederman, 1997) and we cannot rule out that
misrepresentation of sex partners may be driving the effect. An
additional limitation is that, strictly speaking, these correlational data
do not allow causality to be inferred. As there is evidence that engaging
in sexual activitymay enhance T levels at least in the short term (Dabbs
and Mohammed, 1992), one might argue that higher T levels are an
effect rather than a cause of havingmany sexual partners. In the present
sample, this explanation seems quite implausible given that, for these
older men, the sexual activity withmost partners they report will likely
have occurred many years before. Finally, our interpretation of the
association between T level and the number of opposite sex partners
assumes that individual differences in T levels are stable over time.
There is indeedsomeevidence that this is the case. For example,Harman
et al. (2001) find a correlation of 0.5 in free T in a longitudinal study
covering around 900 men for 30 years. Our data are cross-sectional,
however, and it is therefore desirable to replicate our findings with a
longitudinal set in order to confirm the positive association between T
levels and the number of reported opposite sex partners.

Our study contributes to a growing body of literature documenting
associations between T and the number of sexual relationships in
men. Our findings are especially important given a number of key
benefits of our study, i.e., a large sample from the general population,
the use of standardized protocols, and the relatively old age of the
sample (on average), due to which the number of partners reported
will be close to the lifetime number of sexual partners. The data
presented here strengthen the conclusions from various smaller
studies that, among males, T is generally positively associated with
the number of opposite sex partners, regardless of the life stage at
which this association is measured. In contrast, for females there
appears no support for a robust positive association between T and
the number of reported opposite sex partners, at least in this sample
of elderly Americans.

Supplementarymaterials related to this article can be found online
at doi:10.1016/j.yhbeh.2011.03.005.

Acknowledgments

This project used data collected as part of the National Social Life,
Health, and Aging Project (NSHAP), and we are grateful to these
researchers for making the data publicly available via ICPSR (www.
icpsr.umich.edu). The formal acknowledgment and list of sponsors
of the NSHAP can be found here: http://www.norc.org/nshap. The
views expressed in this paper are those of the authors and not those
of the ICPSR, the NORC, or the NIH. We wish to thank the reviewers,
editor and G. Stulp for the helpful comments which helped to
improve a previous draft. This research was supported by the Royal
Netherlands Academy of Arts and Sciences (A.P. Buunk) and by
The Netherlands Organisation for Scientific Research (T.V. Pollet;
451.10.032).

References

Alvergne, A., Faurie, C., Raymond, M., 2009. Variation in testosterone levels and male
reproductive effort: insight from a polygynous human population. Horm. Behav.
56, 491–497.

http://www.icpsr.umich.edu
http://www.icpsr.umich.edu
http://www.norc.org/nshap
http://dx.doi.org/10.1016/j.yhbeh.2011.03.005


77T.V. Pollet et al. / Hormones and Behavior 60 (2011) 72–77
Archer, J., 2006. Testosterone and human aggression: an evaluation of the challenge
hypothesis. Neurosci. Biobehav. Rev. 30, 319–345.

Bateup, H.S., Booth, A., Shirtcliff, E.A., Granger, D.A., 2002. Testosterone, cortisol, and
women's competition. Evol. Hum. Behav. 23, 181–192.

Bell, A.P., Weinberg, M.S., 1978. Homosexualities: A Study of Diversity Among Men and
Women. Simon and Schuster, New York.

Berg, S.J., Wynne-Edwards, K.E., 2001. Changes in testosterone, cortisol, and estradiol
levels in men becoming fathers. Mayo Clin. Proc. 76, 582–592.

Berg, S.J., Wynne-Edwards, K.E., 2002. Salivary hormone concentrations in mothers and
fathers becoming parents are not correlated. Horm. Behav. 42, 424–436.

Bogaert, A.F., Fisher, W.A., 1995. Predictors of university men's number of sexual
partners. J. Sex Res. 32, 119–130.

Booth, A., Dabbs, J.M., 1993. Testosterone and men's marriage. Soc. Forces 72, 463–477.
Bremner, W.J., Vitiello, M.V., Prinz, P.N., 1983. Loss of circadian rhythmicity in blood

testosterone levels with aging in normal men. J. Clin. Endocrinol. Metab. 56,
1278–1281.

Brody, S.J., 1997. Sex at Risk: Lifetime Number of Partners, Frequency of Intercourse,
and the Low Aids Risk of Vaginal Intercourse. Transaction, Brunswick.

Burk, R.D., Ho, G.Y.F., Beardsley, L., Lempa, M., Peters, M., Bierman, R., 1996. Sexual
behavior and partner characteristics are the predominant risk factors for genital
human papillomavirus infection in young women. J. Infect. Dis. 174, 679–689.

Burnham, T.C., Chapman, J.F., Gray, P.B., McIntyre, M.H., Lipson, S.F., Ellison, P.T., 2003.
Men in committed, romantic relationships have lower testosterone. Horm. Behav.
44, 119–122.

Cochran, S.D., Mays, V.M., 2000. Lifetime prevalence of suicide symptoms and affective
disorders amongmen reporting same-sex sexual partners: results fromNHANES III.
Am. J. Public Health 90, 573–578.

Dabbs, J.M., Mohammed, S., 1992. Male and female salivary testosterone concentrations
before and after sexual activity. Physiol. Behav. 52, 195–197.

Ellison, P.T., Bribiescas, R.G., Bentley, G.R., Campbell, B.C., Lipson, S.F., Panter-Brick, C., et
al., 2002. Population variation in age-related decline in male salivary testosterone.
Hum. Reprod. 17, 3251–3253.

Fleming, A.S., Corter, C., Stallings, J., Steiner, M., 2002. Testosterone and prolactin are
associated with emotional responses to infant cries in new fathers. Horm. Behav.
42, 399–413.

Fokidis, H.B., Orchinik, M., Deviche, P., 2011. Context-specific territorial behavior in
urban birds: no evidence for involvement of testosterone or corticosterone. Horm.
Behav. 59, 133–143.

Gavrilova, N.S., Lindau, S.T., 2009. Salivary sex hormone measurement in a national,
population-based study of older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 64B (1S),
I94–I105.

Gray, P.B., 2003. Marriage, parenting, and testosterone variation among Kenyan Swahili
men. Am. J. Phys. Anthropol. 122, 279–286.

Gray, P.B., Kahlenberg, S.M., Barrett, E.S., Lipson, S.F., Ellison, P.T., 2002. Marriage and
fatherhood are associated with lower testosterone in males. Evo. Hum. Behav. 23,
193–201.

Gray, P.B., Chapman, J.F., Burnham, T.C., McIntyre, M.H., Lipson, S.F., Ellison, P.T., 2004.
Human male pair bonding and testosterone. Hum. Nat. Int. Biosoc. 15, 119–131.

Halpern, C.T., Udry, J.R., Suchindran, C., 1998. Monthlymeasures of salivary testosterone
predict sexual activity in adolescent males. Arch. Sex. Behav. 27, 445–465.

Harman, S.M., Metter, E.J., Tobin, J.D., Pearson, J., Blackman, M.R., 2001. Longitudinal
effects of aging on serum total and free testosterone levels in healthy men.
Baltimore Longitudinal Study of Aging. J. Clin. Endocrinol. Metab. 86, 724–731.

Hellhammer, D.H., Hubert, W., Schürmeyer, T., 1985. Changes in saliva testosterone
after psychological stimulation in men. Psychoneuroendocrinology 10, 77–81.

Isidori, A.M., Giannetta, E., Gianfrilli, D., Greco, E.A., Bonifacio, V., Aversa, A., Isidori, A.,
Fabbri, A., Lenzi, A., 2005. Effects of testosterone on sexual function in men: results
of a meta-analysis. Clin. Endocrinol. 63, 381–394.

Kuzawa, C.W., Gettler, L.T., Muller, M.N., McDade, T.W., Feranil, A.B., 2009. Fatherhood,
pairbonding, and testosterone in the Philippines. Horm. Behav. 56, 429–435.

Kuzawa, C.W., Gettler, L.T., Huang, Y.-Y., Mcdade, T.W., 2010. Mothers have lower
testosterone than non-mothers: evidence from the Philippines. Horm. Behav. 57,
441–447.

Lasley, B.L., Santoro, N., Randolf, J.F., Gold, E.B., Crawford, S., Weiss, G., McConnell, D.S.,
Sowers, M.F., 2002. The relationship of circulating dehydroepiandrosterone,
testosterone, and estradiol to stages of the menopausal transition and ethnicity.
J. Clin. Endocrinol. Metab. 87, 3760–3767.

Mazur, A., Michalek, J., 1998. Marriage, divorce, and male testosterone. Soc. Forces 77,
315–330.

Nelson, R.J., 2005. Introduction to Behavioral Endocrinology, 3rd ed. Sinauer, Sunder-
land, MA.

Peters, M., Simmons, L., Rhodes, G., 2008. Testosterone is associated with mating
success but not attractiveness or masculinity in human males. Anim. Behav. 76,
297–303.

Raouf, S.A., Parker, P.G., Ketterson, E.D., Nolan, V., Ziegenfus, C., 1997. Testosterone
affects reproductive success by influencing extra-pair fertilizations in male dark-
eyed juncos (Aves: Junco hyemalis). Proc. Roy. Soc. Lond. B. 264, 1599–1603.

Read, G.F., 1993. Status report on measurement of salivary estrogens and androgens.
Ann. NY Acad. Sci. 694, 146–160.

Roney, J.R., Lukaszewski, A.W., Simmons, Z.L., 2007. Rapid endocrine responses of
young men to social interactions with young women. Horm. Behav. 52, 326–333.

Sakaguchi, K., Oki, M., Honma, S., Hasegawa, T., 2006. Influence of relationship status
and personality traits on salivary testosterone among Japanese men. Pers. Indiv.
Diff. 41, 1077–1087.

Salimetrics, 2010. Salivary Testosterone: Enzyme Immunoassay Kit. Retrieved from
http://www.salimetrics.com/assets/documents/products-and-services/salivary-
assays/Testo-R%20insert%202-23-10.pdf. (on 28-3-2011).

Schroeder, K.E., Carey, M.P., Vanable, P.A., 2003. Methodological challenges in research
on sexual risk behavior: II. Accuracy of self-reports. Ann Behav Med 26, 104–123.

Shah, K., Montoya, C., 2007. Do testosterone injections increase libido for elderly
hypogonadal patients? J. Fam. Pract. 56, 301–305.

SPSS, 2005. Linear mixed-effects modeling in SPSS: an introduction to the MIXED
procedure. SPSS Inc., Chicago.

Storey, A.E., Walsh, C.J., Quinton, R.L., Wynne-Edwards, K.E., 2000. Hormonal correlates
of paternal responsiveness in new and expectant fathers. Evol. Hum. Behav. 21,
79–95.

Tenover, J.S., Matsumoto, A.M., Clifton, D.K., Bremner, W.J., 1988. Age-related alterations
in the circadian rhythms of pulsatile luteinizing hormone and testosterone secretion
in healthy men. J. Gerontol. A Biol. Sci. Med. Sci. 43, M163–M169.

Tuiten, A., van Honk, J., Koppeschaar, H., Bernaards, C.A., Thijssen, J., Verbaten, R., 2000.
Time course of effects of testosterone administration on sexual arousal in women.
Arch. Gen. Psychiatry 57, 149–153.

van Anders, S.M., Watson, N.V., 2006. Social neuroendocrinology. Effects of social
contexts and behaviors on sex steroids in humans. Hum. Nature 17, 212–237.

van Anders, S.M., Hamilton, L.D., Watson, N.V., 2007. Multiple partners are associated
with higher testosterone in North American men and women. Horm. Behav. 51,
454–459.

van der Meij, L., Buunk, A.P., van de Sande, J.P., Salvador, A., 2008. The presence of a
woman increases testosterone in aggressive dominant men. Horm. Behav. 54,
640–644.

van Honk, J., Tuiten, A., Hermans, E., Putman, P., Koppeschaar, H., Thijssen, J., Verbaten,
R., van Doornen, L., 2001. A single administration of testosterone induces cardiac
acceleration response to angry faces in healthy young women. Behav. Neurosci.
115, 238–242.

Waite, L.J., Laumann, E.O., Levinson,W., Lindau, S.T.,McClintock,M.K., O'Muircheartaigh,
C.A., Schumm, L.P., n.d. National Social Life, Health, and Aging Project. See http://
www.norc.org/nshap (retrieved 01/06/2010).

Waite, L.J., Laumann, E.O., Levinson,W., Lindau, S.T.,McClintock,M.K., O'Muircheartaigh,
C.A., Schumm, L.P., 2007. National Social Life, Health, and Aging Project
(NSHAP) [Computer file]. ICPSR20541-v1. distributor, Ann Arbor, MI. doi:10.3886/
ICPSR20541.

Wiederman, M.W., 1997. The truth must be in here somewhere: examining the
gender discrepancy in self-reported lifetime number of sex partners. J. Sex Res.
34, 375–386.

Wilcox, R.R., 2003. Power: basics, practical problems and possible solutions. In: Weiner,
I.B., Schinka, J.A., Velicer, W.F. (Eds.), Handbook of Psychology: Research methods
in psychology. John Wiley, New York, NJ.

Wingfield, J.C., Hegner, R.E., Dufty Jr., A.M., Ball, G.F., 1990. The ‘challenge hypothesis’:
theoretical implications for patterns of testosterone secretion, mating systems, and
breeding strategies. Am. Nat. 136, 829–846.

http://www.norc.org/nshap
http://www.norc.org/nshap

	Testosterone levels and their associations with lifetime number of opposite sex partners and remarriage in a large sample o...
	Introduction
	Method
	Data set
	Testosterone and immuno-assays
	Variable: lifetime number of opposite sex partners
	Variables: marriage, partnership status, remarriage
	Control variables
	Data analysis

	Results
	Men: opposite sex partners
	Men: marriage, partnership status and remarriage
	Women: opposite sex partners
	Women: marriage, partnership status and remarriage

	Discussion
	Acknowledgments
	References


