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Abstract

Most research shows that fatherhood is related to reduced testosterone (T) levels, but relationships between the number of children and T
levels are not addressed. In humans, paternal care usually involves obtaining adequate resources to support children, which may require
engaging in male–male competition and maintaining high T levels. We hypothesize that T levels in fathers should increase with increasing
family size. In 78 Polish men, aged 30 to 77 years, the number of children was significantly correlated with paternal T levels, but the direction
of this relationship was dependent on the fathers' education. In agreement with our hypothesis, in men with below-college education, T levels
increased with increasing number of children. In contrast, in men with college education, the number of children was negatively related to
paternal T levels. Drop in T levels throughout the day tended to be less pronounced the more children fathers had, irrespective of their
educational level. Our results suggest that a hypothesis of simple trade-offs between mating and parenting effort may be too simplistic to
explain changes in testosterone response to parenting in human males. In order to understand functional response of changes in T levels, it is
crucial to account for family size and socioeconomic factors. However, due to the cross-sectional study design, we cannot exclude the
possibility that T levels influenced reproductive behavior (rather than vice versa) and thus the number of children produced by men.
© 2012 Elsevier Inc. All rights reserved.
Keywords: Age variation; BMI; Fatherhood; Paternal care
1. Introduction

Testosterone (T) levels in males show variation in relation
to mating and parenting effort. In human males, both pair-
bonded men and fathers often have lower T levels when
compared with single men and nonfathers (Berg & Wynne-
Edwards, 2001; Burnham et al., 2003; Fleming, Corter,
Stallings, & Steiner, 2002; Gettler, McDade, Feranil, &
Kuzawa, 2011; Gray, Kahlenberg, Barrett, Lipson, &
Ellison, 2002). In North American men, the majority of
studies have documented that pair-bonding is associated
with lower T levels [for review, see Gray & Campbell
(2009)], and some studies found lower T levels in fathers
when compared with nonfathers (Berg & Wynne-Edwards,
⁎ Corresponding author. Grzegorzecka 20, 31-531 Krakow, Poland.
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2001; Fleming et al., 2002). Several studies conducted in
populations outside of North America also suggested that
men in relationships and fathers have lower T levels. For
example, in urban Jamaica, fathers had lower T than single
men (Gray, Parkin, & Samms-Vaughan, 2007), while in
urban China, fathers had lower T than either married
nonfathers or unmarried men (Gray, Yang, & Pope, 2006).
In rural Senegal, men with a higher investment in parental
care had lower T levels (Alvergne, Faurie, & Raymond,
2009), and in Tanzanian Hadza hunter–gatherers, fathers had
about 50% lower T compared to single men (Muller,
Marlowe, Bugumba, & Ellison, 2009). In the Philippines,
men who became fathers experienced more significant
decline in T levels, in follow-up study, than single nonfathers
(Gettler et al., 2011). It should be noted, however, that in
some other populations, no statistically significant differ-
ences in T levels were detected when comparing men with
regard to marital status or fatherhood [for review, see Gray &
Campbell (2009)].

http://dx.doi.org/10.1016/j.evolhumbehav.2012.05.001
http://dx.doi.org/10.1016/j.evolhumbehav.2012.05.001
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https://www.researchgate.net/publication/11012787_Population_variation_in_age-related_decline_in_male_salivary_testosterone_Human_Reproduction_1712_3251-3253?el=1_x_8&enrichId=rgreq-e4a44a2a-9b5f-4786-bb3c-0a328d2497f9&enrichSource=Y292ZXJQYWdlOzIzNTY3ODkwODtBUzoxMDQ5MzY1NDkzODgyOTFAMTQwMjAzMDIzMTcwNg==
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Reduction in T levels observed in pair-bonded males and
in fathers was suggested to have an adaptive significance
(Wynne-Edwards & Reburn, 2000). In many species,
reduced T levels may be responsible for behavioral changes
such as lower male–male competitiveness and mate seeking,
and more intense paternal care. However, such simple trade-
offs between mating versus parenting efforts are more likely
to be adaptive in seasonally breeding species without
prolonged parental care, as suggested by the challenge
hypothesis which was originally proposed to explain
testosterone–aggression association in monogamous birds
(Archer, 2006; Wingfield, Hegner, Dufty, & Ball, 1990).
Humans, in contrast to many species, often experience a
steady increase in family size, and parents raise several
dependent offspring for a prolonged period of time.
Therefore, a more complex relationship between parenting
and testosterone levels should be expected.

Previous studies investigating relationships between
fatherhood and T levels compared fathers with nonfathers
(Gray et al., 2007; Muller et al., 2009) or analyzed changes
in T levels in men who became fathers (Berg & Wynne-
Edwards, 2001; Gettler et al., 2011; Storey, Walsh,
Quinton, & Wynne-Edwards, 2000). Our cross-sectional
study explores the relationship between parenting and T by
testing whether the number of children is related to the
father's T levels.

In many human societies, fathers are more often
responsible for obtaining resources required to support the
family, rather than expected to provide direct childcare.
Successful resource acquisition may be, in turn, facilitated by
such behaviors as male–male competition and dominance-
related behaviors, which are supported by higher T levels
(Gray & Campbell, 2009). Therefore, we suggest that, with
increasing family size, an increase in testosterone levels in
human males should be expected.

Parental investment and parental care vary in relation
to socioeconomic status (Lawson & Mace, 2009). In
many populations, high level of education is a positive
predictor of high socioeconomic status (Ewert, 2012). We
used education level as a proxy of socioeconomic status
and tested relationships between number of children and
paternal T levels in men who differed in their education.
Table 1
Descriptive characteristics of groups of fathers that differ in the level of education

Fathers with below
Mean (S.D.), n=5

Age (years, p=.023) 57.6 (12.59)
Number of children (p=.05) 2.4 (1.06)
Age at first fatherhood (years, p=.006) 26.8 (3.83)
Body weight (kg, p=.997) 76.4 (12.86)
Body height (cm, p=.222) 170.4 (7.59)
BMI (kg/m2, p=.399) 26.3 (3.67)
Morning testosterone levels (pmol/L) 224.2 (153.98)
Evening testosterone levels (pmol/L) 142.7 (97.13)
Morning/evening T ratio 2.07 (1.691)

The p values denote the significance of difference tested in univariate analyses of
2. Material and methods

Subjects were recruited in Krakow, Poland, in 1997 by
advertisements and were not paid for their participation. One
hundred and two men between the ages 30 and 77 (mean
55.0, S.D. 13.5), who reported not taking hormonal-based
medication, collected saliva samples in their homes for 2
days: two morning samples, preferably immediately after
waking up, and two evening samples, preferably after 7 p.m.,
following published protocols (Ellison, Lipson, & Meredith,
1989). Men brought samples to the laboratory where they
filled out a self-administered questionnaire and where their
anthropometric measurements were taken. Body weight was
measured to the nearest 0.5 kg; body height, waist and hip
circumferences, and several skinfolds were measured to the
nearest 1 mm.

Eighteen men reported having no children (nine of them
had never been married). In our sample, fathers and
nonfathers did not differ in mean morning (F1,86=1.229,
p=.271) or evening (F1,86=1.257, p=.265) log T levels,
while controlling for age and body mass index (BMI) in
covariance analyses (ANCOVAs). However, T levels in
men who are fathers have often been reported as
significantly lower than levels in men who did not have
any children (Gray & Campbell, 2009), and we decided to
remove nonfathers from further analyses. Six out of the
remaining 84 men were also excluded from the analyses
because either they did not answer questions about their
educational level or their saliva samples were lost during
laboratory procedures. Twenty-one men who reported
having college education (at least 16 years of schooling)
and 57 men with elementary, vocational school, or high
school education (no more than 13 years of schooling) were
included in final analyses (see Table 1 for descriptive
statistics of both groups). Saliva samples were analyzed by
radioimmunoassay for T (Ellison et al., 1989).

Mean morning and mean evening T levels were
calculated for each man, and the values were log transformed
in order to improve their statistical properties. T levels in
men show circadian variation, where T levels are highest in
the morning and decline during the day (Cooke, McIntosh, &
McIntosh, 1993; Diver, Imtiaz, Ahmad, Vora, & Fraser,
-college education
7

Fathers with college education
Mean (S.D.), n=21

49.9 (14.49)
1.9 (0.65)
29.6 (3.39)
76.4 (10.90)
172.7 (6.14)
25.5 (3.84)
317.2 (194.89)
184.69 (105.18)
1.81 (0.836)

variance.
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2003). T drop was calculated as mean log morning T minus
mean log evening T. We tested the effects of age, BMI, and
the number of children in groups of fathers who differed in
the level of education on morning and evening T levels and
on the magnitude of the T drop. Statistical analyses (multiple
regression and analyses of covariance) were performed with
the use of StatView, SuperANOVA, and JMP packages for
the Macintosh.
3. Results

Preliminary analyses show that morning log T levels
declined with increasing age (R2=0.17, F1,76=5.534,
p=.0001) and with increasing BMI (R2=0.16, F1,75=4.763,
p=.0004; Fig. 1). Evening T levels declined with increasing
BMI (R2=0.07, F1,75=2.860, p=.023), but did not decline
significantly with age (R2=0.04, F1,76=1.843, p=.07). The
statistical significance of these results did not change in
multiple regression analyses (when both age and BMI were
included in a single model in order to remove their
confounding effects on the dependent variable). The number
of children was positively related to their father's age
(R2=0.09, F1,76=6.493, p=.009).

Because education may influence parental investment and
parental care, for further analyses, men were divided into two
groups according to their educational level (below-college
education versus college or university education). We
performed analyses of covariance, with morning and evening
log T levels as the dependent variables, educational level as
the categorical variable, and age, BMI, and number of
children as covariates. Since the interactions terms of
Fig. 1. Relationships between age (left panel) and BMI
education with age and BMI were not significant (at pN.3
in the case of morning T and pN.2 for evening T), they were
pooled with the residual variance, and the ANCOVA was
repeated. The age and BMI terms as covariates adjusting the
dependent variable had a significant role in the case of
morning T (respectively, F1,71= 8.951, p=.004 and
F1,71=8.697, p=.004) and did not have a significant role in
the case of evening T (respectively, F1,71=1.783, p=.186 and
F1,71=3.847, p=.054).

The overall effect of the number of children on morning
and evening testosterone levels was not significant (respec-
tively, F1,71=0.993, p=.322, and F1,71=0.118, p=.733). This
is not surprising, however, since the direction of the
relationship between the number of children and father's
testosterone levels depended on the level of education: it was
positive in the below-college group and negative in the
college group. This complex effect was expressed in the
significant interaction term (education × number of children)
in the case of both morning testosterone (F1,71=8.662,
p=.004) and evening testosterone (F1,71=5.370, p=.023).
When controlling for age and BMI, in men with below-
college education, the number of children was positively
related to T, both for morning (R2=0.14, p=.005) and
evening levels (R2=0.19, p=.0008), while in men with
college education, the number of children showed a
significant negative relationship with morning T (R2=0.23,
p=.026,) and evening T (R2=0. 21, p=.03). We report here
results of simple correlation analyses that used residuals
from multiple regression because this simplified presenting
results graphically (Fig. 2).

In addition, we repeated analyses including men who
were married, but did not have any children—it added four
(right panel) and morning and evening T levels.



Fig. 2. Relationships between the number of children (expressed as residuals from a regression with age as independent variable), and morning and evening T
levels (expressed as residuals obtained in a multiple regression analysis with age and BMI as independent variables) in groups of fathers who differed in their
level of education.
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individuals, but only to the below-college group. When the
effects of age and BMI were accounted for, number of
children had no significant effect in the case of mean
morning (p=.188) and evening T (p=.903). Education ×
number of children interaction term was significant in the
case of morning testosterone (F1,75=6.777, p=.011) and
marginally significant in the case of evening testosterone
(F1,75=3.772, p=.056). The direction of relationship
between T levels and number of children therefore
remained unchanged.

There was a significant negative association between
number of children and the magnitude of the T drop
(F1,72=4.147, p=.045), but it did not depend on educational
level (as shown by lack of interaction in ANCOVA between
education and number of children; p=.987); more children
meant smaller T drop during the day, independently of
educational level, age, and BMI of the father.
4. Discussion

Our study shows that, in human males, the number of
children significantly correlates with T levels; however, the
direction of this relationship may depend on socioeco-
nomic factors. In this Polish population, the father's level
of education was an important factor to consider: in men
with below-college education, T levels increased with
increasing number of children, while in men with college
education, the number of children was negatively related to
T levels.

In species where offspring are raised to maturity in each
reproductive season, lower T levels in males in response to
pair-bonding and fatherhood are clearly adaptive, as they
lead to such behavioral changes as less intense male–male
competition and mate seeking, and more intense paternal
care (Archer, 2006; Wingfield et al., 1990). In humans,
however, who may have several immature offspring at any
given time and in whom long-term paternal involvement is
often essential for the child's well-being, each consecutive
child requires additional resources.

Studies in many populations show that T levels in males
may be reduced when the man is in a relationship and
becoming a father (Alvergne et al., 2009; Berg & Wynne-
Edwards, 2001; Burnham et al., 2003; Fleming et al., 2002;
Gettler et al., 2011; Gray et al., 2002), but to our
knowledge, previous studies did not address the issues of
changes in T levels in relation to the size of the man's
family. We hypothesized that T levels should increase with
the birth of consecutive children, as the challenge of
obtaining more resources increases. Obtaining additional
resources may require engaging in male–male competition
and may be more successful in socially dominant males.
Social dominance, in turn, is linked to higher T levels
(Gray & Campbell, 2009).

image of Fig.�2
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A positive relationship between the number of children
and T levels observed in fathers with below-college
education provides support for our hypothesis. A similar
relationship was currently observed in Great Britain, where
among men of low socioeconomic status, those with more
children had higher levels of T (Magid, 2011). In our Polish
study, in addition, in fathers, the number of children was
negatively correlated with the magnitude of the drop in T
levels that usually occurs during the day (Cooke et al., 1993;
Diver et al., 2003). In other words, fathers with more
children had less pronounced drop in T levels, i.e., were able
to maintain higher T levels throughout the day, and this
effect was independent of their educational attainment.

These results suggest that the relationship between family
size and T levels can be mediated by social and
psychological factors. It is likely that the observed
relationship between T and number of children may result
from differences in actual and perceived costs and benefits of
having children. Men with a lower level of education often
perceive children as economic assets (Emerson & Souza,
2007), and in addition, the actual costs of raising children are
lower for them than for men with higher levels of education
(Nettle, 2008; Yamauchi, 2010). For the latter, the costs of
raising children include higher time involvement (Kaplan &
Lancaster, 1998) and the often substantial financial costs of
providing for their children's extracurricular activities and
costs of college education. Lawson and Mace (2009) show
that parents with middle and high socioeconomic status face
stronger trade-offs between number of children and parental
care than parents with lower socioeconomic status. They also
documented that well-educated and relatively wealthy
mothers attribute greater economic costs to having a higher
number of children (Lawson & Mace, 2010).

It should be noted that our study was conducted in 1997,
several years after the political and economic transition in
Poland. During that period, the economic situation had
already improved for many men with vocational education
due to fast increasing employment opportunities for this
group. In contrast, many college-educated men, especially
those who, as in our study, had low-income positions at
state universities, offices, and schools, experienced the
burden of increases in costs of life. It is likely, therefore,
that the costs and benefits of having children differed in
men depending on their socioeconomic status. Results
described by this study are context-dependent, and they
should not be interpreted as a suggestion that paternal
education should in a similar way interfere in the
relationship between the number of children and paternal
T levels in all human populations. For example, in British
men of high socioeconomic status, family size or age of
children does not predict paternal T levels (Magid, 2011).

This study had a cross-sectional design, and fathers did not
necessarily still have direct contact with all of their children
because some of the children were already adults. However,
parenting is a factor that may have a long-term impact on
many aspects of behavior, physiology, and health. In women,
due to high energetic and physiological costs of reproduction,
high parity is related to increased risk of several diseases
(Hinkula, Kauppila, Nayha, & Pukkala, 2006; Skilton,
Serusclat, Begg, Moulin, & Bonnet, 2009) and even to a
reduced longevity (Jasienska, 2009; Jasienska, Nenko, &
Jasienski, 2006; Le Bourg, 2007; Jasienska, 2013). In men,
fathers differ from nonfathers in their social connections,
family relationships, and work behavior (Eggebeen &
Knoester, 2001), and the number of children is related to
health risk factors, for example, smoking cessation (Jarvis,
1996) and subsequent risk of obesity (Bakhshi et al., 2008;
Weng, Bastian, Taylor, Moser, & Ostbye, 2004). In Polish
rural populations, the number of daughters was positively
related to the longevity of their fathers (Jasienska et al.,
2006). It is, therefore, likely that having children may
influence paternal health and physiology, including T levels,
not only through direct physical contact with children but also
during years when such contacts are no longer frequent.

In a cross-sectional study like ours, the direction of a
causal link between two variables cannot, in principle, be
determined with certainty, which leaves room for alternative
hypotheses. An alternative and opposite explanation of our
results would be that T levels influence man's reproductive
behavior and its outcomes, including number of children.
Levels of T may be important for male–male competition
and mate choice (Gray & Campbell, 2009), and in the
Philippines, men with higher T were more likely to become
fathers than men with lower T levels (Gettler et al., 2011). It
is likely that, among men with lower educational status,
those with high T have children earlier, whereas among
well-educated men, those with high T have children later
(Ruth Mace, personal communication). Postponing repro-
duction (and thus lowering their lifetime reproductive
success) may be beneficial by allowing them to apply
their testosterone-dependent behaviors to more effectively
pursue their career-oriented goals.

It is important to emphasize that due to the cross-sectional
design of the study, we are not able to distinguish between
these alternative hypotheses: it is equally likely that children
impact paternal T levels or, alternatively, that T levels
influence reproductive behavior of men and thus are related
to the number of children that they have.

T levels in men are important correlates of health and
behavior. Levels of this hormone vary in relation to
numerous factors. In many populations, T levels decline
with age (Ellison et al., 2002; Feldman et al., 2002) [but see
Bribiescas (2005)] and increasing body fat levels (Jensen
et al., 2004; Tamimi et al., 2001), and we observed similar
relationships in the studied population. Variation among
populations in mean T levels that may be due to differences
in nutritional status is well established (Bribiescas, 1995;
Ellison et al., 2002). More recent research points to the
importance of marriage and fatherhood as determinants of T
levels. The results of our study suggest that not only
fatherhood but also the number of children may be a
significant predictor of T levels in men. Furthermore, we
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suggest that a hypothesis of a reduction in T levels in fathers,
indicating simple trade-offs between mating and parenting
effort, should not be directly translated from research on
seasonally breeding species to human males, whose children
are often dependent and require substantial resources for
many years.
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