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A B S T R A C T
Following the birth of an infant, decreases in testosterone and increases in depressive symptoms have been
observed in fathers. Paternal testosterone may reﬂect fathers' investment in pair-bonding and paternal caregiving and, as such, may be associated with maternal and familial well-being. This study tests associations
between paternal testosterone, paternal and maternal postpartum depressive symptoms, and subsequent family
functioning.
Within 149 couples, fathers provided testosterone samples when infants were approximately nine months old
and both parents reported on postpartum depressive symptoms at two, nine, and 15 months postpartum. Fathers
with lower aggregate testosterone reported more depressive symptoms at two and nine months postpartum.
Mothers whose partners had higher evening testosterone reported more depressive symptoms at nine and
15 months postpartum. Maternal relationship satisfaction mediated this eﬀect, such that mothers with higher
testosterone partners reported more relationship dissatisfaction, which in turn predicted more maternal depressive symptoms. Higher paternal testosterone and paternal depressive symptoms at nine months postpartum
each independently predicted greater fathering stress at 15 months postpartum. Higher paternal testosterone
also predicted more mother-reported intimate partner aggression at 15 months postpartum. In addition to linear
relationships between testosterone and depression, curvilinear relationships emerged such that fathers with both
low and high testosterone at nine months postpartum reported more subsequent (15-month) depressive symptoms and fathering stress.
In conclusion, whereas higher paternal testosterone may protect against paternal depression, it contributed to
maternal distress and suboptimal family outcomes in our sample. Interventions that supplement or alter men's
testosterone may have unintended consequences for family well-being.

1. Introduction
The transition to parenthood is marked by a series of dramatic
hormonal and neural changes that may facilitate parental adaptation to
caregiving. Biopsychosocial mechanisms of postpartum changes in
mood and behavior have been primarily investigated in mothers.
However, there is intriguing evidence that both animal and human
fathers show dynamic changes in hormones in early parenthood
(Saltzman and Ziegler, 2014). Testosterone, a steroid hormone from the
androgen group that stimulates the development of male secondary sex
characteristics, appears to show parenting-related declines among
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human and animal fathers (Gettler et al., 2011).
Men's depressive symptoms increase during the early years of parenthood, with evidence that new fathers report depressive symptoms at
higher rates than men in the general population (Garﬁeld et al., 2014;
Gettler and Oka, 2016; Paulson and Bazemore, 2010) Men's postpartum
depression can aﬀect the well-being of mothers and children, so understanding the causes of paternal mood disorders is important not just
to father but to family mental health (Ramchandani et al., 2005). It has
been theorized that low paternal testosterone may contribute to paternal depressive symptoms following the birth of a child (Kim and
Swain, 2007), but no empirical studies have yet tested associations
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role overload interacted with husbands' testosterone to predict marital
quality, such that marital distress was higher among high-testosterone
men also reporting greater role overload (Booth et al., 2005). In other
words, high testosterone may compromise the partner relationship
under stressful life conditions, suggesting again that psychosocial factors may modulate links between testosterone and family outcomes.
Similarly, Gettler et al. (2017) found that both low and high levels of a
genetic polymorphism linked with testosterone functioning and “androgenicity” predicted relationship instability and low levels of paternal caregiving, although this polymorphism was not associated with
paternal depression.
Gettler and Oka (2016) found that men's testosterone interacted
with socioeconomic status and relationship and parenting status to
predict depression. Within this study, men were identiﬁed as fathers if
they resided with any children under the age of 18. Low SES, low testosterone, partnered non-fathers had the highest depression rates.
Among men living with children, low SES, high testosterone men had
mildly elevated depression risk, whereas high SES, high testosterone,
partnered men had the lowest depression rates. Partnered men residing
with children also had lower testosterone than non-partnered, childless
men. Although this is the most comprehensive study of depression,
testosterone, and family factors to date, it did not focus speciﬁcally on
the postpartum period, and men in the sample ranged from 20 to
60 years of age.
No studies have yet examined mothers' depressive symptoms or
other aspects of postpartum family functioning in conjunction with
fathers' testosterone. Partner social support is known to buﬀer maternal
depression risk during the transition to parenthood (Misri et al., 2000;
Stapleton et al., 2012). If fathers with lower testosterone are more invested in the family, higher paternal testosterone might compromise
maternal well-being and increase fathers' stress related to parenting.
High testosterone in males has also been associated with intimate
partner aggression (IPA; McKenry et al., 1995; Pinto et al., 2010).
However, the literature on testosterone and IPA has not focused on
aggression during the postpartum period (Beydoun et al., 2012).

between paternal testosterone and postpartum depression.
1.1. Testosterone and depressive symptoms in men
Low testosterone has been identiﬁed as a risk factor for depression
in men (Vogel et al., 1978), although research ﬁndings have been mixed
(Amiaz and Seidman, 2008). Several studies have reported higher depression among men with lower testosterone (Almeida et al., 2008;
Barrett-Connor et al., 1999; Schweiger et al., 1999) and reductions in
depressive symptoms after testosterone supplementation (Zarrouf et al.,
2009). However, other investigations have found no associations between men's testosterone and depression (Giltay et al., 2012; O'Connor
et al., 2004; Seidman et al., 2001). Testosterone may be most strongly
linked with subthreshold depression or dysthymia (Seidman et al.,
2002). To date, the literature on testosterone and depression has been
limited by a lack of longitudinal research, a constricted age range (with
most studies focused on older men), and neglect of contextual variables
such as parenting status.
1.2. Testosterone and fatherhood
Biparental mammals including primates, rodents, and humans show
signiﬁcant drops in testosterone during the postpartum period
(Saltzman and Ziegler, 2014). Both cross-sectional and longitudinal
human studies report low or decreasing testosterone in partnered fathers compared to single men. For example, fathers of young children
have signiﬁcantly lower testosterone than similarly-aged males who are
not fathers (Berg and Wynne-Edwards, 2001; Gray et al., 2006). Testosterone appears to decline over time among partnered men who become fathers, and steeper declines have been associated with greater
childcare involvement (Gettler et al., 2011).
From an evolutionary perspective, lowered testosterone in fathers
may reﬂect a shift away from pursuing new mating opportunities and
towards investment in the family (van Anders et al., 2012). Animal
studies have linked lower testosterone levels with reduced aggression
towards conspeciﬁc infants and more time caring for oﬀspring (Clark
and Galef, 2000; Perrigo et al., 1991). Consistent with this, men's prenatal and postpartum decreases in testosterone have been associated
with sensitive caregiving, as well as greater commitment to the partner
relationship (Fleming et al., 2002; Gettler et al., 2011; Storey and
Ziegler, 2016). For example, men whose testosterone decreased more
over the course of their partner's pregnancy subsequently reported
greater postpartum investment in the relationship with the child's
mother (Saxbe et al., 2016). Similarly, married men with lower evening
testosterone reported greater spousal investment (Gray et al., 2002). In
summary, men in early parenthood appear to have lower testosterone
levels than at other periods in the lifespan, and this lowered testosterone may reﬂect fathers' involvement with the family.

1.4. Testosterone measurement
Testosterone has a diurnal rhythm, peaking in the morning and
declining across the day. Some studies have examined only morning
levels (e.g., Almeida et al., 2008; Gray et al., 2006), some only afternoon or evening levels (Fleming et al., 2002; Storey et al., 2000), and
some have aggregated both AM and PM measures of testosterone
(Giltay et al., 2012). Although many researchers use only morning
samples because of testosterone's peak, testosterone sampled later in
the day might better reﬂect exposure to daily social contexts. In a metaanalysis of research on testosterone and aggression, testosterone-behavior relationships were higher for samples taken later in the day
(Book et al., 2001). Similarly, Gray et al. (2002) found that evening, but
not morning, testosterone levels were associated with relationship and
parenting status in men. Collecting multiple measures of testosterone
across the day may help elucidate which sampling timepoints best reﬂect psychosocial processes.

1.3. Research integrating testosterone, depression, and family status
Only a few researchers have considered testosterone and depression
in conjunction with life history variables. Booth et al. (1999) noted that,
while, low testosterone has been implicated in men's depression, high
testosterone in males has also been associated with known risk factors
for depression, such as aggression, antisocial behavior, and being unmarried or divorced. Within a sample of male veterans, they found a
curvilinear relationship between depression and testosterone, such that
symptoms were higher at both low and high levels of testosterone.
However, after controlling for antisocial behavior, marital status, and
employment, high testosterone was no longer associated with depression. This ﬁnding supports a “social mediation” model where both low
and high testosterone may be problematic and in which high testosterone indirectly aﬀects depression via social and behavioral factors. In
another study of couples with school-aged children, neither husband
nor wife testosterone was directly associated with marital quality, but

1.5. Current study
The current study examines salivary testosterone levels in fathers,
sampled three times over one day, approximately nine months after the
birth of their child. We also measured depressive symptoms reported by
both parents at three timepoints during the 18 months after birth (approximately two months, nine months, and 15 months postpartum) and
assessed fathering stress and mother-reported intimate partner aggression at 15 months postpartum. Our design allowed us to test both crosssectional relationships (testosterone and depression measured at the
same timepoint) as well as longitudinal relationships (whether testosterone predicts depressive symptoms and other outcomes at the
104
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older (t = 4.29, p = 0.001), more likely to be cohabitating with the
baby's mother (t = − 10.41, p = 0.001), more educated (t = −3.08,
p = 0.002), more likely to be born outside the U.S. (t = −3.62,
p = 0.001), and more likely to be white (t = − 12.92, p = 0.001).
However, there were no diﬀerences in income, mother or father depressive symptoms at T1, T2, or T3, paternal parenting stress, or intimate partner aggression between the full CCHN sample and the
sample included in this paper (all p values > 0.25). Within this
sample, 95% of participating couples were cohabiting at the T2 visit.

following visit).
We tested four hypotheses. First (Hypothesis 1), we predicted that
fathers' testosterone would be inversely associated with father postpartum depressive symptoms. Speciﬁcally, we expected that fathers
with lower testosterone at nine months postpartum would report more
depressive symptoms, both cross-sectionally and longitudinally.
Second (Hypothesis 2), since low paternal testosterone may reﬂect
father investment in the family, and partner support is known to buﬀer
postpartum depression in women, we expected fathers' testosterone
would be positively associated with maternal depressive symptoms,
both at the same visit and at preceding and following visits. Additionally (Hypothesis 3), we expected that maternal relationship satisfaction would mediate the association between fathers' testosterone
and maternal postpartum depressive symptoms.
Next (Hypothesis 4), we planned to test whether testosterone and
depressive symptoms at nine months postpartum predicted two family
outcomes at 15 months postpartum: fathering stress and intimate
partner aggression. Social mediation models of testosterone suggest
that both high and low testosterone can be problematic for men. Although low testosterone might accompany depression, high testosterone could predict aggression and reduced investment in the family.
Depression also may contribute to maladaptive family functioning. As
such, we expected that testosterone and depression would make unique
contributions to adverse family outcomes.
Finally, as an additional exploratory aim, we planned to test curvilinear relationships between testosterone and outcome variables for
fathers (paternal depressive symptoms and paternal parenting stress),
by substituting a curvilinear term (testosterone squared) for the linear
term used in our analyses. Given the ﬁndings of Booth et al. (1999), we
expected that the curvilinear term might be positively associated with
depression and paternal parenting stress, such that greater risk would
emerge for fathers who were both particularly low and particularly high
in testosterone relative to fathers with average testosterone.

2.3. Procedures
Fathers and mothers participated in three CCHN study visits within the
ﬁrst 18 months postpartum. At T1, infants were approximately two months
old (Mean = 1.77 months, SD = 0.84 months, Range = 0.5–7 months); at
T2, infants were approximately nine months old (Mean = 8.91 months,
SD = 1.48 months, Range = 5.65–13 months), and at T3, infants were
approximately 15 months old (Mean = 14.70 months, SD = 1.66 months,
Range = 9.28–20.25 months). Visits consisted of in-person interviews
conducted in English or Spanish in the participants' homes. Structured interview protocols were developed through community collaboration and
pre-tested, then implemented with extensive interviewer training and
monitoring. Interviewers included experienced community members and
research staﬀ.
2.4. Testosterone sampling
At the second study visit (T2), fathers sampled saliva three times
over the course of a day scheduled within 1–2 weeks of the study visit
(mean 10 days). Research staﬀ provided saliva sampling kits along with
verbal and written instructions for collecting saliva upon waking,
30 min after waking, and bedtime. Participants were asked to self-collect samples by expelling saliva through straws into sterile 2 mL cryogenic vials. Participants also logged the time of each collection (Mean
waking
collection
time = 7:50 am,
SD = 1.5 h,
Range
3:20 am–12:30 pm; Mean waking + 30 time = 8:20 am, SD = 1.5 h,
Range 3:50–1 pm; Mean evening time = 10:47, SD = 1 h 12 min, Range
8 pm–2:30 am).
Completed materials were mailed back to each study oﬃce, where
they were stored at −80 °C. Saliva samples were subsequently shipped
to ZRT Laboratories (Beaverton, OR) and assayed for testosterone (reported detection limits of 5–3333.3 pg/mL and inter-assay coeﬃcients
of variance of 10.2%–14.9%). ZRT's testosterone assay results have
been found to correlate very highly (R2 = 0.9995) with results from 10
other labs that participate in a biannual salivary proﬁciency testing
program (ZRT Laboratories, 2017).
As outliers in testosterone can bias results, we took a conservative
approach to handling extreme values and dropped values > 3 SDs from
the sample mean. In total, ﬁve outliers, or about 3% of the sample, was
dropped; two waking samples, two wake + 30 samples, and one bedtime sample. Aggregate testosterone output over the day was estimated
by calculating area under the curve with respect to ground, using the
trapezoidal formula provided by Pruessner et al. (2003). This formula
uses the three testosterone samples and adjusts for time elapsed between samples to estimate overall testosterone across the day. Aggregate testosterone output (AUC) was positively correlated with
waking (r (148) = 0.90, p = 0.001), waking + 30 (r (148) = 0.93,
p = 0.001), and evening (r (148) = 0.53, p = 0.001) testosterone levels. The two morning testosterone measures were highly correlated
with each other (r (152) = 0.94, p = 0.001) and positively but more
weakly correlated with evening testosterone (r (152) = 0.22, p = 0.01
with waking T; r (148) = 0.17, p = 0.04 with waking + 30 T). Sampling collection time was not signiﬁcantly correlated with either of the
morning testosterone measures (r (148) = −0.02, p = 0.81 and r
(148) = − 0.06, p = 0.47) for waking and waking +30 T, respectively, but was positively correlated with evening testosterone (r (149)

2. Methods
2.1. Overview
Data used in this study were drawn from the Lake County, IL site of
the larger Child Community Health Network (CCHN) study, a ﬁve-site,
multi-investigator community-based study funded by the Eunice
Kennedy Shriver National Institute for Child Health and Human
Development (NICHD). Recruitment, eligibility, and demographics for
the CCHN study are described in Ramey et al., 2015, and Dunkel
Schetter et al., 2013. In brief, biological mothers were recruited at the
birth of their ﬁrst, second, or third child and followed at several visits
over the ﬁrst two years postpartum. Eligible mothers were between 18
and 40 years of age, and self-identiﬁed as African-American, White, or
Latina. Fathers were invited to participate in the study with mothers'
consent. Study sites included Baltimore, MD; Lake County, IL; Los Angeles, CA; eastern North Carolina; and Washington, D.C. Salivary testosterone data was only collected at the Lake County, IL site. The current study uses data from three visits: at approximately 1 to 3 months
postpartum (T1), at 6 to 9 months postpartum (T2), and at 12 to
16 months postpartum (T3). Testosterone was collected only at T2 and
only from fathers (with the exception of a small subgroup of mothers,
not included in this study).
2.2. Participants
Testosterone data were available from 149 fathers. The CCHN investigators sought to recruit a diverse, low-income sample of parents.
Within the full sample, 38% of mothers and 30% of fathers reported
their household income as below the federal poverty line. Compared
with the full sample of CCHN participants, fathers who participated in
testosterone sampling and were therefore included in this study were
105
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= 0.19, p = 0.02). None of the three sampling collection times were
signiﬁcantly associated with aggregate testosterone (all p values >
0.15).
Because of the high correlations between the three testosterone
measures and aggregate testosterone, we used aggregate testosterone in
our analyses. However, based on evidence that evening testosterone
might be more strongly associated with social behavior than morning
testosterone (Gray et al., 2002), we ran follow-up analyses testing family-level outcomes (maternal depression, parenting stress, and intimate partner aggression) using evening testosterone levels and controlling for evening testosterone sampling time.

was added: “How often does your partner/spouse restrict your actions?
By actions we mean things such as spending money, visiting with family
or friends, or going places that you need to go.” Within this sample,
scores ranged from 5 to 17, mean = 6.32, SD = 2.11.

3. Measures

3.6. Other covariates

3.1. Postpartum depression

At recruitment, mothers and fathers identiﬁed their own ethnic/
racial background from a set of standard options; for the present analyses, this was coded dichotomously as racial/ethnic minority (African
American or Latino) or non-Hispanic White. Within the current sample,
53% of fathers identiﬁed as members of a racial or ethnic minority
group and 47% of fathers identiﬁed as white. Fathers also reported their
current age (mean = 31.01, SD = 6.92, range = 18.25–49.64). Infant
sex was obtained from birth records. Additional demographic data
collected at T1 included education (coded from 1 = less than high
school to 4 = completed 4-year college or higher; mean = 2.57,
SD = 1.24); and U.S. or foreign birth (35% of fathers in the sample
were foreign born; most (90%) of these fathers identiﬁed as Latino and
were from Mexico or other Latin American countries). Finally, we
created a “lag” variable to reﬂect time elapsed between father T2 and
T3 visits (mean = 175.11, SD = 38.29, range = 82–255).

3.5. BMI
Father BMI (mean = 29.23, SD = 5.45, range 18.96–48.69) was
derived from height and weight measures obtained in person at T2.
Body mass index (BMI) was calculated using the established formula
(BMI = weight (lb) / [height (in)]2 × 703).

The Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987)
is a widely used 10-item measure of postpartum depressive symptoms,
validated in both men and women. Participants report depressive
symptoms over the previous 7 days, with scores ranging from 0 to 30.
We used continuous scores rather than clinical cut-oﬀ scores in analyses
because of evidence that subthreshold depression can aﬀect infant and
parent well-being, and that low testosterone may be associated with
mild mood disturbance rather than severe depression (Seidman et al.,
2002). Additionally, the majority of this sample did not meet clinical
cut-oﬀ for depression. Within this sample, mothers' EPDS scores averaged 4.64, SD = 4.55, Range = 0–21 (at T1); 5.20, SD = 3.85,
Range = 0–16 (at T2); and 5.11, SD = 4.09, Range = 0–17 (at T3).
Fathers' EPDS scores averaged 3.56, SD = 3.80, Range = 0–20 (at T1);
4.29, SD = 3.70, Range = 0–25 (at T2); and 4.25, SD = 3.80,
Range = 0–23 (at T3).

3.7. Statistical approach

3.2. Relationship satisfaction

All analyses were performed in SPSS 24.0 (IBM). First, we examined
correlations between testosterone and other variables in order to
identify signiﬁcant covariates. Next, we conducted a series of linear
regression models to test our hypotheses. We conducted a bootstrapping test to test mediation (Hypothesis 3) via the INDIRECT macro
developed by Preacher and Hayes (2008), which uses bias-corrected
bootstrapping techniques to estimate conﬁdence intervals. In order to
investigate curvilinear relationships between testosterone and our
study outcomes (Hypothesis 5), we centered the aggregate testosterone
variable and then squared it, and substituted this variable for aggregate
testosterone in our linear regression analyses. We tested eight basic
regression models in Hypotheses 1–4 and then re-tested the three outcomes for fathers (T2 and T3 depressive symptoms and T3 parenting
stress) using the curvilinear term, yielding 11 regression models in all.
In order to correct for multiple comparisons, we used the Holm-Bonferroni method (Holm, 1979), in which the alpha value is adjusted such
that the lowest p-value (i = 1) is expected to fall below a/k (where k is
the number of analyses), and the higher values to progressively less
restrictive thresholds (a/(k − i + 1). Therefore, for 11 planned analyses, we would require at least one model be signiﬁcant at p = 0.0045
(0.05/11); one model signiﬁcant at 0.005 (0.05/10); one at 0.006; and
so forth. All of the regression models that included signiﬁcant values for
testosterone met this adjusted p-value threshold, with one exception
that is noted in the text. We also calculated standardized eﬀect sizes for
all of the regression models (Cohen's F2) and included them in the tables.

The Dyadic Adjustment Scale (DAS; Spanier, 1976), administered at
T2, is a well-validated measure of relationship functioning, with 32
items that assess areas of disagreement, degree of closeness and aﬀection, and overall satisfaction with the relationship. Within this study,
fathers' mean DAS score was 124.17 (SD = 13.94, Range = 69–150)
and mothers' mean DAS score was 121.78 (SD = 13.28, Range 71–144).
3.3. Parenting stress
The Parenting Stress Index-Short Form (PSI; Abidin, 1995), administered at T3, is a 36-item measure that assesses parents' experiences
of parenting and stress related to parenting. Items include “I feel
trapped by my responsibilities as a parent,” “My child makes more
demands on me than most children,” and “I expected to have closer and
warmer feelings for my child than I do and this bothers me.” This
measure was normed on 800 parents and found to have good test-retest
reliability and internal consistency. No signiﬁcant gender diﬀerences
have been observed, making it appropriate for use with fathers as well
as mothers. Scores for fathers in this sample ranged from 37 to 142,
with a mean of 65.12, SD = 18.32. Scores for mothers ranged from 36
to 132, with a mean of 66.63, SD = 16.42.
3.4. Intimate partner aggression
At T3, the HITS (for Hurt, Insult, Threaten, Screamed at; Sherin
et al., 1998) was administered to mothers. This measure assesses the
frequency of physical hurt, insult, threats, and screaming occurring
over the past year on a 5-point scale (never = 1 to frequently = 5). Any
response other than “never” was followed with the question “Was it
your partner/spouse, another family member, or someone else in your
household?” Only partner/spouse responses were scored. In line with
other studies (e.g., O'Campo et al., 2010), an item on emotional control

4. Results
4.1. Zero-order correlations
Table 1 depicts bivariate correlations between study variables. As
shown, more educated fathers, fathers with a lower BMI, and fathers
with older infants at T2 had higher morning testosterone levels. Infant
106
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1. Testosterone AUCg
2. Wake T
3. Wake + 30 T
4. Bedtime T
5. Child age
6. Father age
7. Father education
8. US/foreign-born
9. Father BMI
10. Father minority
11. Infant sex
12. Father T2 DAS
13. Mother T2 DAS
14. Mother T1 EPDS
15. Mother T2 EPDS
16. Mother T3 EPDS
17. Father T1 EPDS
18. Father T2 EPDS
19. Father T3 EPDS
20. Father T3 PSI
21. Mother T3 PSI
22. Mother T3 IPV

1
0.90⁎⁎
0.93⁎⁎
0.53⁎⁎
0.25⁎⁎
0.05
0.16+
−0.01
−0.14 +
−0.05
0.01
−0.01
0.01
0.04
0.03
0.14
−0.23⁎⁎
−0.15 +
−0.11
0.08
0.10
0.05

1

1
0.94⁎⁎
0.22⁎⁎
0.28⁎⁎
0.11
0.24⁎⁎
−0.11
−0.17⁎
−0.13
−0.07
0.04
0.10
0.05
0.01
0.11
−0.24⁎⁎
−0.16 +
−0.16 +
−0.01
0.05
0.01

2

1
0.17⁎
0.22⁎⁎
0.12
0.21⁎
−0.11
−0.17⁎
−0.14 +
−0.03
0.01
0.05
0.02
−0.05
0.07
−0.26⁎⁎
−0.19⁎
−0.15 +
0.02
0.06
0.03

3

1
0.14+
−0.18⁎
−0.06
0.18⁎
−0.02
0.21⁎⁎
0.12
−0.06
−0.09
0.07
0.19⁎
0.21⁎⁎
−0.02
0.08
0.07
0.16+
0.14+
0.04

4

1
0.17⁎
0.05
− 0.01
− 0.05
− 0.13 +
0.06
− 0.03
0.06
− 0.01
− 0.01
− 0.08
− 0.15 +
− 0.03
− 0.14 +
0.002
0.002
− 0.12

5

Table 1
Zero-order correlations between fathers' testosterone, covariates, and family outcomes.

1
0.38⁎⁎
− 0.12
0.06
− 0.30⁎⁎
− 0.04
− 0.10
0.04
− 0.13 +
− 0.18⁎
− 0.17⁎
− 0.08
− 0.19⁎
− 0.23⁎⁎
− 0.07
− 0.17*
− 0.22⁎⁎

6

.
1
− 0.49⁎⁎
0.04
− 0.52⁎⁎
− 0.15 +
− 0.07
0.06
0.09
− 0.02
0.04
− 0.18⁎
− 0.10
− 0.11
− 0.24⁎
− 0.04
− 0.06

7

1
−0.05
0.62⁎⁎
−0.03
0.14+
0.14+
−0.01
−0.02
0.01
−0.01
0.03
0.03
0.21⁎⁎
0.13
−0.10

8

1
− 0.05
− 0.07
− 0.11
− 0.06
0.08
0.01
0.09
0.18⁎
0.15 +
0.05
− 0.01
0.01
0.16⁎

9

1
0.01
− 0.15 +
0.04
− 0.06
0.03
0.10
0.10
0.21⁎⁎
0.15 +
0.19⁎
0.10
0.15+

10

1
− 0.10
− 0.01
− 0.18*
0.03
− 0.06
0.02
0.06
0.04
0.10
0.01
− 0.05

11

1
0.43⁎⁎
− 0.01
− 0.16⁎
− 0.11⁎
− 0.24⁎⁎
− 0.32⁎⁎⁎
− 0.35⁎⁎⁎
− 0.29⁎⁎⁎
− 0.03
− 0.25⁎⁎

12

1
−0.15 +
−0.42⁎⁎
−0.26⁎⁎
−0.08
−0.14+
−0.17⁎
−0.28⁎⁎⁎
−0.30**
−0.40⁎⁎⁎

13

1
0.46⁎⁎
0.49⁎⁎
0.18⁎
0.02
0.14
0.07
0.24**
0.24⁎⁎

14

1
0.56⁎⁎
0.06
0.21⁎⁎
0.18⁎
0.19⁎
0.32**
0.35⁎⁎⁎

15

1
0.05
0.08
0.17⁎
0.10
0.41**
0.42⁎⁎⁎

16

1
0.50⁎⁎
0.48⁎⁎
0.23⁎⁎
− 0.02
0.20⁎

17

1
0.56⁎⁎
0.28⁎⁎⁎
− 0.04
0.21⁎⁎

18

1
0.36⁎⁎⁎
−0.15 +
0.15+

19
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age, father education,
minority status, and foreign birth, and father BMI). As shown in
Table 2, fathers with lower aggregate testosterone at approximately
nine months postpartum also reported higher depressive symptoms at
the same study visit. These results held when we controlled for fathers'
T2 relationship satisfaction, and both T2 relationship satisfaction and
T2 aggregate testosterone were signiﬁcantly negatively associated with
T2 paternal depressive symptoms. There was no signiﬁcant curvilinear
relationship between father T2 testosterone and father T2 depressive
symptoms.
Fathers' aggregate testosterone at T2 did not predict their subsequent (T3) depressive symptoms. However, there was a curvilinear
result such that the aggregate testosterone-squared term predicted father T3 depressive symptoms, r (125) = 0.24, t = 2.64, p = 0.009. The
positive coeﬃcient for the testosterone-squared term suggests a Ushaped relationship, such that both particularly low and particularly
high levels of T2 testosterone predicted more depressive symptoms.
However, note that the test statistic for this model (F (125, 7) = 2.28,
p = 0.022) did not meet our adjusted p-value threshold for multiple
comparisons.

Table 2
Cross-sectional associations between fathers' testosterone and father depressive symptoms
at nine months postpartum.

(Constant)
Father T2 BMI
Child age
Father age
Father
minority
Father
education
Father foreign
born
Father T2 T
AUCg
Father T2 DAS

Model 1: Fathers' T2 T AUCg
associated with father T2
depressive symptoms
r (132, 7) = 0.42, F = 3.92,
p = 0.001
Eﬀect size (Cohen's F2)
= 0.22

Model 2: Fathers' T2 T AUCg and
father T2 relationship satisfaction
associated with father T2 depressive
symptoms
r (130, 8) = 0.52, F = 5.72,
p = 0.001
Eﬀect size (Cohen's F2) = 0.37

Beta

t

Beta

t

0.16
0.01
− 0.22
0.21

2.17⁎
1.88 +
0.07
− 2.40⁎
1.79†

0.12
0.03
−0.27
0.22

14.06
1.48
0.37
− 3.02⁎⁎
2.00⁎

− 0.03

− 0.26

0.01

0.12

− 0.11

− 1.03

−0.08

− 0.71

⁎

− 0.17

− 2.02

−0.19

− 2.34⁎

–

–

−0.32

− 4.02⁎⁎⁎

Hypothesis 2. Associations between fathers' testosterone and mother
depressive symptoms.

†

Aggregate T2 testosterone was not associated with mother depressive symptoms at T2. However, as shown in Table 3, father evening
testosterone and maternal depressive symptoms were cross-sectionally
associated at T2, and this result remained signiﬁcant after we added
paternal T2 relationship satisfaction to the model. Controlling instead
for maternal T2 relationship satisfaction made this result marginally
signiﬁcant, and T2 maternal relationship satisfaction was a signiﬁcant
predictor of concurrent T2 maternal depressive symptoms.
Next, we tested longitudinal associations between maternal depressive symptoms and paternal testosterone. Both father evening testosterone and aggregate testosterone at T2 predicted higher maternal
T3 depressive symptoms (b (130) = 0.22, t = 2.35, p = 0.02 and b
(130) = 0.23, t = 2.52, p = 0.01, respectively), and both relationships
held whether we included maternal T2 relationship satisfaction, which
was negatively associated with T3 depression (b (138) = −0.22,
t = − 2.59, p = 0.01).

p < 0.10.
p < 0.05.
p < 0.01.
⁎⁎⁎
p < 0.001.
⁎

⁎⁎

sex was not associated with father T. Fathers with higher morning and
aggregate testosterone reported fewer depressive symptoms at T1 and,
at a marginal level of signiﬁcance, T2 and T3. Younger fathers, nonwhite fathers, and foreign-born fathers had higher evening T. The
partners of fathers with higher evening testosterone reported more
depressive symptoms at T2 and T3. At a marginal level of signiﬁcance,
fathers with higher evening testosterone at T2 reported more paternal
parenting stress at T3, and their partners reported higher maternal
parenting stress at T3 as well.
Hypothesis 1. Associations between fathers' testosterone and father
depressive symptoms.
To test our ﬁrst hypothesis, we examined cross-sectional associations between testosterone and depressive symptoms (both measured at
T2) in a regression model that included
covariates that were correlated with testosterone (infant and father

Hypothesis 3. Relationship satisfaction as a mediator of the association
between fathers' testosterone and maternal depression.
To test whether maternal relationship satisfaction would mediate

Table 3
Cross-sectional associations between fathers' evening testosterone (T) and mother postpartum depressive symptoms (PDS) at nine months postpartum.

(Constant)
Father T2 BMI
Child age
Father age
Father minority
Father education
Father foreign born
Father evening time
Father evening T
T2 DAS

Model 1: Fathers' evening T
associated with mother
T2 PDS
r (135, 8) = 0.27, F = 1.22,
p = 0.30
Eﬀect size (Cohen's F2 = 0.08)

Model 2: Fathers' evening T associated with mother T2
PDS, with father T2 relationship satisfaction
r (133, 9) = 0.28, F = 1.14, p = 0.34
Eﬀect size (Cohen's F2 = 0.09)

Model 3: Fathers' evening T associated with mother T2 PDS,
with mother T2 relationship satisfaction
r (133, 9) = 0.43, F = 3.07, p = 0.002
Eﬀect size (Cohen's F2 = 0.23)

Beta

Beta

Beta

t

0.01
0.02
0.03
− 0.15
− 0.04
− 0.08
− 0.12
0.15
− 0.35

3.42⁎
0.02
0.36
− 1.64
− 0.33
− 0.73
− 0.04
− 1.42
1.74†
− 4.09⁎⁎

0.02
0.01
− 0.12
− 0.02
− 0.11
− 0.06
− 0.07
− 0.21

t
1.55
0.25
0.09
− 1.20
− 0.19
− 0.96
− 0.46
− 0.81
2.22⁎

t
⁎

1.61
0.07
0.23
− 1.40
− 0.28
− 0.91
− 0.44
− 0.67
2.08⁎
− 0.79

0.01
0.02
−0.14
−0.04
−0.11
−0.05
−0.06
−0.19
−0.07

†

p < 0.10.
p < 0.05 level.
⁎⁎
p < 0.01.
⁎

108

Hormones and Behavior 95 (2017) 103–112

D.E. Saxbe et al.

Fig. 1. Maternal dyadic adjustment mediating associations between paternal T2 testosterone and maternal depressive symptoms at T2 and T3.

the association between father T2 evening testosterone and maternal T2
and T3 depressive symptoms, we conducted a bootstrapping test of
mediation, including the same covariates as in the regression models
(child age, father age, father BMI, father education, father minority
status, and father foreign birth). Results are depicted in Fig. 1. Crosssectionally, we found that maternal relationship satisfaction fully
mediated the relationship between father T2 evening testosterone and
maternal depressive symptoms at T2 yielding 95% bias-corrected and
accelerated bootstrap conﬁdence intervals not containing zero;
CI = 0.01 to 0.53, with a relative indirect eﬀect (ratio of indirect eﬀect
to the total eﬀect) of 0.51. Longitudinally, we found that maternal T2
relationship satisfaction fully mediated the association between father
evening testosterone at T2 and maternal T3 depressive symptoms
(CI = 0.01 to 0.37, relative indirect eﬀect = 0.16). However, maternal
T2 relationship satisfaction did not mediate the association between
father aggregate testosterone and maternal T3 depressive symptoms
(CI = −0.03 to 0.40, relative indirect eﬀect = 0.12).

both testosterone and depressive symptoms were independent predictors of paternal parenting stress, in the same direction: higher testosterone and higher depressive symptoms at T2 both predicted greater
fathering stress approximately six months later. Father T2 testosterone
was not a signiﬁcant predictor of maternal T3 parenting stress in a
model including these same covariates, r (124) = 0.16, t = 1.63,
p = 0.11. A curvilinear relationship also emerged between father T2
testosterone and T3 fathering stress: substituting the curvilinear (aggregate testosterone-squared term) for the linear aggregate testosterone
term, father T2 testosterone-squared predicted father T3 parenting
stress, r (118) = 0.20, t = 2.26, p = 0.026, such that parenting stress
was heightened for fathers at both low and high levels of testosterone.
Next, we tested whether fathers' testosterone predicted mothers'
report of intimate partner aggression (IPA) at T3. As shown in Table 4,
higher father T2 testosterone predicted greater T3 IPA, whether or not
the model included father T2 depressive symptoms.

Hypothesis 4. Associations between fathers' testosterone, fathering
stress and intimate partner aggression.

5. Discussion

To test our fourth hypothesis, we ran a stepwise regression model to
predict whether fathers' testosterone and father depressive symptoms at
T2 predicted fathering stress at T3. First, we tested only father T2 testosterone as a predictor; next, we tested a model that included both
testosterone and father T2 depressive symptoms. As shown in Table 4,
fathers' testosterone was only a signiﬁcant predictor of paternal parenting stress in the model that also included depressive symptoms, and

Fathers' testosterone measured approximately nine months after the
birth of a child was associated with both maternal and paternal postpartum depressive symptoms. Interestingly, these associations were in
opposite directions. Fathers with lower testosterone at the nine month
visit reported more depressive symptoms at the same visit, and their
partners reported fewer symptoms at both nine and 15 months postpartum. Maternal relationship satisfaction fully mediated the association between father evening testosterone and both nine-month and 15109
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Table 4
Fathers' testosterone (T) and postpartum depressive symptoms (PDS) at nine months postpartum predicting family outcomes at 15 months postpartum.
Models predicting T3 father parenting stress

(Constant)
Father T2 BMI
Child age
Father age
Father minority
Father education
Father foreign born
Lag from T2 to T3
Father T2 T AUCg
Father T2 PDS

Model 1: Fathers' T2 T AUC predicting T3 father parenting stress
r (118, 8) = 0.38, F = 2.36, p = 0.022
Eﬀect Size (Cohen's F2) = 0.17

Model 2: Fathers' T2 T AUC and father T2 PPD predicting T3 father parenting stress
r (118, 9) = 0.46, F = 3.17, p = 0.002
Eﬀect size (Cohen's F2) = 0.27

Beta

Beta

t

−0.01
−0.09
0.12
0.04
−0.27
0.06
−0.07
0.18
0.27

3.50
− 0.11
0.97
1.23
0.33
2.36⁎
0.51
− 0.74
1.99⁎
2.89⁎⁎

t
⁎⁎⁎

0.03
− 0.10
0.06
0.09
− 0.28
0.02
− 0.10
0.14

3.91
0.31
− 0.96
0.64
0.73
− 2.37⁎
0.16
− 0.98
1.50
–

Models predicting T3 IPV

(Constant)
Father T2 BMI
Child age
Father age
Father minority
Father education
Father foreign born
Lag from T2 to T3
Father T2 T AUCg
Father T2 PDS

Model 3: Fathers' T2 T AUC predicting T3 mother-reported IPV
r (127, 8) = 0.47, F = 4.30, p = 0.001
Eﬀect size (Cohen's F2) = 0.29

Model 4: Fathers' T2 T AUCg and father T2 PPD predicting T3 mother-reported IPV
r (127, 9) = 0.48, F = 4.01, p = 0.001
Eﬀect size (Cohen's F2) = 0.31

Beta

Beta

t

0.13
0.01
−0.11
0.35
−0.17
−0.38
0.22
0.20
0.11

1.92+
1.54
0.14
−1.21
2.97⁎⁎
−1.58
−3.41⁎⁎
2.32⁎
2.30⁎
1.22

t
⁎

0.15
0.01
− 0.14
0.38
− 0.17
− 0.39
0.21
0.18
−

2.16
1.81+
0.07
−1.48
3.22⁎⁎
−1.51
−3.49⁎⁎
2.21⁎
2.10⁎
−

+

p < 0.10.
p < 0.05 level.
⁎⁎
p < 0.01.
⁎⁎⁎
p < 0.001.
⁎

parenting behavior and testosterone in fathers (Kuo et al., 2016).
Intriguingly, while low testosterone was linked with males' depression risk, high testosterone actually appeared to contribute to their
partners' depression risk as well as downstream risks to the family, such
as more fathering stress and more mother-reported intimate partner
aggression. How might these seemingly contradictory ﬁndings be reconciled? On the one hand, testosterone has been linked with competition, dominance, and aggression (Booth et al., 2006), qualities that are
traditionally valued in men and that may be protective against depression. On the other hand, low testosterone in a parenting context
may be adaptive, potentially facilitating men's nurturant behavior and
investment in the family. Social contextual variables are clearly relevant to interpreting men's testosterone and its functional role across
the lifespan. Our curvilinear results support this idea, replicating Booth
et al. (1999) in ﬁnding that both low and high levels of testosterone
predict depression in fathers. Similarly, the linear association between
fathers' testosterone and subsequent parenting stress only emerged as
signiﬁcant when we controlled for fathers' postpartum depressive
symptoms, suggesting a complex relationship between testosterone,
depression, and parenting. Consistent with this, we also found a curvilinear association between testosterone and parenting stress, such
that fathers who had both low and high levels of testosterone subsequently found parenting to be more stressful.
Our results support a social mediation model for maternal depression, with maternal relationship satisfaction mediating the association
between paternal evening testosterone and maternal depressive

month maternal postpartum depression. Higher paternal testosterone
predicted adverse family outcomes, speciﬁcally fathering stress and
intimate partner aggression at 15 months postpartum. Our ﬁndings
suggest that both low and high testosterone are associated with
heightened risk for fathers and for the family, but through diﬀerent
pathways. In keeping with this conclusion, a curvilinear relationship
between nine-month aggregate testosterone and 15-month postpartum
depression and parenting stress for fathers also emerged, such that fathers with both particularly low and particularly high levels of testosterone subsequently reported more depressive symptoms and greater
parenting stress.
Our results are consistent with previous studies identifying low
testosterone as a correlate of depression in males, but also suggest new
directions for research. Although fatherhood has been associated with
lowered testosterone in men, and it has been theorized that declines in
testosterone might play a role in postpartum depression (Kim and
Swain, 2007), this study provides the ﬁrst empirical evidence in support
of this theory. It is also possible that a third variable (such as sleep
disturbance or childcare involvement) inﬂuenced both testosterone and
depression. Indeed, in another investigation involving both mothers
and fathers from this study, we found bidirectional associations between parents' sleep problems and their depressive symptoms (Saxbe
et al., 2017). We did not collect a detailed measure of childcare involvement, attitudes, and experiences in this study, but we would expect associations between these variables and testosterone might
emerge, consistent with other studies that have found links between
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References

symptoms at both nine months and 15 months postpartum. Highertestosterone fathers might be less invested in the partner relationship
(Saxbe et al., 2016), which could translate into greater relationship
distress for women that contributes to depression. Indeed, our results
converge with a literature showing that a lack of social support, speciﬁcally partner support, is a known risk factor for postpartum depression in women (Stapleton et al., 2012). In addition to potentially
reduced investment and commitment to the relationship, our results
suggest that high testosterone men might also behave more aggressively
with their partners, potentially further contributing to maternal relationship dissatisfaction and depression. Testosterone supplementation
has been recommended as a treatment for depression in males (Zarrouf
et al., 2009), but our results suggest that treatment providers may need
to take a more nuanced view of the role of testosterone within the family system.
Some of our ﬁndings were driven by evening testosterone, such as
the links between fathers' testosterone and maternal depressive symptoms, as well as the mediating eﬀect of maternal relationship satisfaction. Evening testosterone levels may reﬂect social experiences
throughout the day and therefore, might be more strongly linked with
family dynamics than morning levels (Book et al., 2001; Gray et al.,
2002). Although many studies of men's testosterone and depression
have focused only on morning levels, examining both morning and
evening levels may provide a clearer picture of testosterone in its daily
social context.
Study limitations include that testosterone was only measured at the
nine-month postpartum visit, and only in fathers. Women's testosterone
and mother-father associations in testosterone may also contribute to
depression risk and family functioning. Furthermore, multiple measures
of testosterone could have helped infer the direction of causality and
provided information about whether testosterone levels were stable or
declining during the postpartum period. Another limitation regarding
measurement is that the full relationship satisfaction scale was only
administered at the nine-month postpartum visit, whereas intimate
partner aggression and paternal parenting stress were measured only at
the 15-month postpartum visit. Paternal depression, aggression, and
parenting stress may be partially overlapping constructs, all reﬂecting
poor underlying mental health. Ideally these measures would have been
administered at multiple waves of the study to allow us to test additive
or unique eﬀects. However, the larger CCHN study sought to balance
the goal of measuring multiple constructs with the need to reduce
participant burden. These concerns are oﬀset by the unusually racially
and ethnically diverse low-income sample. Most (95%) of fathers in our
sample were residing with mothers at the T2 visit, preventing us from
exploring diﬀerences between residential vs. non-residential or partnered vs. non-partnered fathers, despite evidence that these groups
might diﬀer (Garﬁeld et al., 2014; Gettler et al., 2015). Although the
repeated measures of postpartum depression from both mothers and
fathers is a strength of the study, it also raises the issue of multiple
comparisons. We evaluated our results using a corrected p value
threshold, adjusted for the number of analyses, and one model fell
below this threshold (the curvilinear model predicting fathers' 15month depressive symptoms), suggesting that it should be interpreted
with caution.
In conclusion, this paper is the ﬁrst to show that paternal testosterone levels are linked with both maternal and paternal depressive
symptoms, fathering stress, and intimate partner aggression following
the birth of a child. The postpartum period is a time of dynamic ﬂuctuations in hormones and mood that may have critical importance to
the long-term health and well-being of the family. Our results contribute to our knowledge of the biological correlates and consequences
of men's adjustment to parenthood, and suggest important new directions for testosterone research in males.
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