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Abstract

During the transition to parenthood, both men and women experience hormone changes that are 

thought to promote parental care. Yet very few studies have explicitly tested the hypothesis that 

prenatal hormone changes are associated with postpartum parenting behavior. In a longitudinal 

study of 27 first-time expectant couples, we assessed whether prenatal hormone changes predicted 

self and partner-reported parenting outcomes at three months postpartum. Expectant fathers 

showed prenatal declines in testosterone and estradiol, and larger declines in these hormones 

predicted larger contributions to household and infant care tasks postpartum. Women whose 

partners showed larger testosterone declines also reported receiving more support and more help 

with household tasks. Expectant mothers showed prenatal increases in testosterone and estradiol, 

and larger increases predicted lower partner-rated support. Together, our findings provide some of 

first evidence that prenatal hormone changes may indeed be functional and that behaviors 

associated with these changes may be detectable by co-parents.
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The transition to first-time parenthood is a major life event for many couples. Although 

some couples adjust to parenthood relatively well, others have more difficulty adapting to 

their new roles as parents or to the ensuing disruptions in their romantic relationship. In fact, 

becoming a parent is considered one of the most stressful events a couple can experience 

(Luhmann, Hofmann, Eid, & Lucas, 2012), and many people report declines in relationship 

satisfaction and increases in conflict after the birth of their first child (Doss, Rhoades, 

Stanley, & Markman, 2009). These changes, in turn, can negatively impact parental behavior 

and children’s adjustment (Buehler & Gerard, 2002; Krishnakumar & Buehler, 2000).

Why do some people adapt more easily to parenthood than others, and are there predictors 

of postpartum outcomes that can be identified even before people become parents? The goal 

of the current study was to examine a predictor of postpartum parenting outcomes that has 

been neglected in most research on the transition to parenthood: prenatal changes in steroid 

hormones associated with bonding and parental care. These changes are especially marked 

among expectant mothers, but recent research suggests that expectant fathers also show 

reliable changes in hormones, such as testosterone and estradiol, that are thought to support 

parental care (Edelstein et al., 2015; Gettler, McDade, Feranil, & Kuzawa, 2011).

Relatively little is known about the postpartum implications of prenatal hormone changes, 

particularly among fathers; however, there are reasons to expect that such changes may be 

functional, in that they may explain some of the variability in postpartum outcomes 

(Saltzman & Ziegler, 2014). In the current study, we investigated whether prenatal changes 

in first-time expectant parents’ testosterone and estradiol levels predicted parenting 

outcomes at three months postpartum. We specifically examined both parents’ postpartum 

perceptions of partner support and division of household and infant care tasks.

We also examined dyadic associations between prenatal hormone changes and postpartum 

outcomes; that is, are changes in one parent’s hormones associated with his or her partner’s 

postpartum parenting outcomes? Very few studies on the neuroendocrinology of parenthood 

include both mothers and fathers, leaving major gaps in our understanding of the dyadic 

implications of hormone changes associated with parenthood. Further, partner perceptions of 

parenting outcomes might be a more accurate indicator of an individual’s behavior than the 

individual’s own self-rating and perceptions that one has a responsive partner could reduce 

conflict. In the following sections, we describe what is currently known about testosterone 

and estradiol changes among expectant parents and the existing evidence for the utility of 

these changes with respect to parenting.

Prenatal Hormone Changes in Expectant Parents

Testosterone

Testosterone is associated with both aggression and parental care (at higher vs. lower levels, 

respectively; van Anders, Goldey, & Kuo, 2011; Wingfield, Hegner, Dufty, & Ball, 1990). In 

women and other female mammals, testosterone increases during pregnancy (Edelstein et 

al., 2015) and then declines gradually after birth (Fleming, Ruble, Krieger, & Wong, 1997). 

Prenatal increases in testosterone are thought to contribute to the maintenance of pregnancy 

and the initiation of parturition (Makieva, Saunders, & Norman, 2014). Higher levels of 
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maternal testosterone may also facilitate infant protection (Wynne-Edwards & Reburn, 

2000), although lower testosterone postpartum likely facilitates maternal behavior (e.g., Fite 

et al., 2005).

In men and other male mammals, testosterone appears to decline as a function of fatherhood. 

Specifically, fathers generally have lower levels of testosterone compared to non-fathers 

(e.g., Gray, Yang, & Pope, 2006), and limited longitudinal evidence suggests that new 

fathers’ testosterone declines pre-to post-birth (Berg & Wynne-Edwards, 2001; Gettler et al., 

2011). Our recent findings further suggest that these changes may begin even before men 

become fathers: In a longitudinal study of expectant parents, men’s testosterone declined 

throughout the prenatal period, suggesting that the presence of an infant may not be 

necessary to initiate hormone changes (Edelstein et al., 2015).

Post-birth declines in men’s testosterone are thought to support paternal care by reducing 

aggression toward infants, focusing attention away from mating effort, and/or facilitating 

paternal attachment (Wynne-Edwards & Reburn, 2000). For example, among Mongolian 

gerbils and marmosets, new fathers’ testosterone is negatively associated with nurturant 

behavior, such as huddling, licking, and infant carrying (Clark & Galef, 1999; Nunes, Fite, 

Patera, & French, 2001). Human fathers with lower baseline testosterone levels also showed 

more affection and infant-directed vocalizations during a father-infant laboratory interaction 

task (Weisman, Zagoory-Sharon, & Feldman, 2014). To our knowledge, there are no data 

linking human fathers’ prenatal testosterone changes to postpartum parenting behavior. 

However, pre to post-natal declines in testosterone are most pronounced among men who are 

more directly involved in infant care (Gettler et al., 2011), suggesting that these changes 

may be adaptive in helping men transition to their new role as fathers.

Estradiol

Estradiol is associated with caregiving and bonding in humans and other mammals (Mileva-

Seitz & Fleming, 2011). Estradiol has also been linked with individual differences in desire 

for and responses to emotional closeness (Edelstein, Kean, & Chopik, 2012; Edelstein, 

Stanton, Henderson, & Sanders, 2010). In women and other female mammals, estradiol 

increases markedly during pregnancy (Edelstein et al., 2015), spikes just prior to birth, and 

drops precipitously thereafter (Fleming et al., 1997). Pre-birth increases in estradiol are 

thought to be important for the onset of maternal behavior and for maternal attachment 

(Wynne-Edwards & Reburn, 2000).

The role of estradiol in paternal behavior is much less clear, particularly among humans 

(Saltzman & Ziegler, 2014; Wardecker, Smith, Edelstein, & Loving, 2015). In their 

longitudinal sample, Berg and Wynne-Edwards (2001) did not find evidence for prenatal 

changes in men’s estradiol; however, there was an increase in the number of men with 

detectable estradiol levels in the weeks following delivery (but not in the subsample reported 

in Berg & Wynne-Edwards, 2002). New fathers also had higher estradiol than a comparison 

sample of men without children (Berg & Wynne-Edwards, 2001), suggesting that estradiol 

may increase as a function of fatherhood. These findings are consistent with evidence from 

other animals (e.g. California mice) suggesting that estradiol may facilitate paternal behavior 

(Trainor & Marler, 2002). For instance, virgin male Mongolian gerbils treated with estradiol 
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showed decreased aggression and enhanced paternal behavior toward pups (Martínez et al., 

2015).

However, in our longitudinal study of expectant parents, human fathers showed declines in 

estradiol throughout the prenatal period (Edelstein et al., 2015); such findings may be 

consistent with research suggesting that estradiol can inhibit paternal behavior in some 

species. For instance, among male prairie voles, experimental manipulations that increase 

estradiol levels also increase aggression toward pups and decrease caregiving behavior 

(Cushing, Perry, Musatov, Ogawa, & Papademetriou, 2008). Although more research is 

needed, it is possible that preemptive declines in estradiol inhibit aggression or other 

behaviors that are incompatible with fatherhood. It is also possible that men’s estradiol 

decreases prenatally in order to mitigate such behaviors, but then increases in the postpartum 

period to facilitate nurturance (Berg & Wynne-Edwards, 2001).

The Current Study

In the current study, we investigated links between first-time expectant parents’ prenatal 

hormone changes and parenting outcomes at three months postpartum. We specifically 

examined prenatal changes in both couple members’ testosterone and estradiol levels, and 

assessed whether these changes predicted new parents’ perceptions of partner support and 

division of household and infant care tasks. We also assessed dyadic associations, that is, 

whether changes in one individual’s hormone levels were associated with his or her partner’s 

postpartum parenting outcomes. Given that previous research links lower testosterone with 

caregiving behavior, particularly among fathers, we expected that men who showed larger 

prenatal declines in testosterone would report the most constructive parenting behavior 

postpartum (e.g., greater involvement in household/infant care tasks). Expectant mothers 

show large prenatal increases in testosterone, and there is less evidence linking testosterone 

with maternal behavior; however, it is plausible that women who show smaller prenatal 

increases in testosterone might also report more constructive parenting behavior postpartum.

Estradiol, on the other hand, has been linked more consistently with maternal than paternal 

behavior. We therefore hypothesized that expectant mothers would report more constructive 

parenting postpartum to the extent that they showed larger prenatal increases in estradiol. 

Given that previous research points to both negative and positive associations between men’s 

estradiol and caregiving behavior, it is less clear how changes in estradiol might be linked 

with men’s postpartum outcomes. Our analyses of fathers’ prenatal hormones therefore 

allowed us to address previously inconsistent findings about the role of estradiol in paternal 

behavior. Finally, given the interdependence of couples, and new parents in particular, we 

expected that changes in one individual’s hormone levels would also be associated with his 

or her partner’s postpartum outcomes. That is, we expected that women whose male partners 

showed larger prenatal declines in testosterone (for instance) would report more positive 

parenting outcomes at the postpartum follow-up assessment.
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Method

Participants

Participants were 58 individuals (29 couples) who were part of a larger study of 

neuroendocrine and psychological changes among first-time parents (see Edelstein et al., 

2015, for additional details). Two couples did not complete the postpartum follow-up 

assessment, leaving 27 couples available for analysis in the current report. Couples were 

recruited via online and print advertisements and they received $25 per session ($50/couple) 

for participating. To be eligible, both partners had to be between the ages of 18 and 45 

(because of age-related changes in hormones; Leifke et al., 2000), living together, expecting 

their first child, and within the first two trimesters of pregnancy. One male participant had a 

child from a previous relationship, but this was the first child together for all couples and the 

first pregnancy for all female participants. Smokers, people with medical conditions that 

could influence hormones (e.g., autoimmune disorders), and/or those taking hormone-

altering medications (e.g., some psychiatric medications) were not eligible (see Schultheiss 

& Stanton, 2009). Three additional couples began the study but are not included here 

because they: (1) were not in fact first-time parents, (2) terminated the pregnancy because of 

chromosomal abnormalities, or (3) did not respond to our requests to schedule subsequent 

sessions.

Women in the current sample ranged in age from 20 to 38 at the beginning of their 

participation (M = 29.19 years, SD = 3.93); men ranged in age from 20 to 42 (M = 30.33 

years, SD = 4.50). Participants self-reported their race/ethnicity as 70% Caucasian, 4% 

Black or African American, 7% Asian American, 6% Hispanic, and 6% mixed or other 

ethnicities (7% did not report their race/ethnicity). The majority of couples were married or 

engaged (91%). Median household income was $50,000-$75,000 and 72% of participants 

had at least a college degree.

Prenatal Laboratory Sessions

All procedures were reviewed and approved by the University of Michigan Institutional 

Review Board. Prenatal laboratory sessions were scheduled, according to couples’ due dates, 

at approximately 8-week intervals (roughly weeks 12, 20, 28, and 36 gestation). These 

intervals were modeled after those used by Fleming et al. (1997), who aimed to encompass 

each trimester and the very end of pregnancy (assessing women at 0-16 weeks, 20-27 weeks, 

28-35 weeks, and 36-42 weeks); however, we began our study at 12 weeks (because of 

difficulty recruiting couples earlier in the first trimester), and we targeted the beginning of 

the ranges used by Fleming for subsequent sessions. Couples were tested throughout the 

year, with initial sessions occurring between July 2011 and November 2012. Several couples 

began the study during the second trimester of pregnancy, and some did not complete the 

last session because their baby was born before their scheduled session, so there was some 

variability in the number of sessions completed by each couple (M = 3.63 sessions; SD = 

0.63). Two couples completed two sessions, six couples completed three sessions, and 19 

couples completed all four sessions.
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Couple members came to the laboratory together for each session. Sessions were conducted 

on the same day of the week at the same time (as possible) for each couple to control for 

diurnal and day-to-day variations in hormone levels. Because hormone levels are most stable 

in the afternoon to evening hours (e.g., Schultheiss & Stanton, 2009), all couples were tested 

between 12:30h and 18:30h. Informed consent was obtained during the initial session and 

participants were told that they could withdraw from the study at any time without penalty. 

During each session, participants provided two saliva samples that were used to assess 

testosterone and estradiol levels, the first after a 20-minute adaptation period and the second 

20 minutes later, to increase measurement reliabilityi. Participants also completed several 

questionnaires (e.g., of personality and psychological functioning) during each session that 

are not included in the current report.

Salivary Testosterone and Estradiol: Collection and Assessment

Participants were asked to refrain from eating, drinking (except for water), smoking, or 

brushing their teeth for one hour prior to the beginning of each session. After rinsing their 

mouths with water, participants used polypropylene tubes to provide two 7.5 mL saliva 

samples during each of the in-lab sessions. Samples were frozen in our laboratory until 

further processing in the University of Michigan Core Assay Facility. Testosterone was 

assayed by radioimmunoassay (RIA), using commercially available kits from Siemens; 

estradiol was assayed by enzyme-linked immunosorbent assay (EIA), using commercially 

available kits from Salimetrics, Inc.

For testosterone, the inter-assay coefficient of variation (CV) was 5.26% and 14.97% at high 

and low levels, respectively; the intra-assay CV was 9.86%. Analytical sensitivity (B0–2 SD) 

for testosterone was 1.14 pg/mL. The inter-assay CV for estradiol was 14.69% and 14.39% 

at high and low levels, respectively; the intra-assay CV was 4.60%. Analytical sensitivity 

(B0–2 SD) for estradiol was 0.10 pg/mL.

Hormone values were averaged for each participant and session for both of the hormones; 

correlations between the two samples ranged from .94 to .97. Average hormone values were 

inspected for outliers, separately by gender and session. To maximize the use of all available 

data, hormone values that were larger than three standard deviations above the mean for each 

gender and session were replaced with values corresponding to three standard deviations 

above the mean for that particular variable (i.e., Winsorized; Reifman & Keyton, 2010; see 

also Edelstein et al., 2014, for a similar approach). Six values were replaced using this 

approach (1.2% of the total 822 samples): 2 for testosterone (both male), and 4 for estradiol 

(2 female, 2 male). Additionally, the distribution of estradiol values was positively skewed 

(skewness and kurtosis values > 2.0), so log-transformed values were used in subsequent 

analyses.

Postpartum Assessment

An online postnatal follow-up questionnaire was sent to participants via email at three and 

nine months after their scheduled due date (M = 14.36 weeks; SD = 2.52, for the first 

follow-up, and M = 40.87 weeks; SD = 3.32, for the second). As is common in other studies 

of the transition to parenthood (e.g., Belsky & Rovine, 1990), three months postpartum was 
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chosen as the initial period of the follow-up because it falls within the most common time 

for the development of postpartum depression (Gavin et al., 2005) and the time when many 

parents return to work (which can increase stress; Feldman, Sussman, & Zigler, 2004). 

Because our response rate was somewhat lower for the nine-month follow-up (n = 24 

couples completed this follow-up) and because we expected prenatal effects to be strongest 

earlier during the postpartum period, only data from the three month follow-up questionnaire 

are included in the current report. The majority of the effects reported here were consistent 

with those obtained using the 9-month follow-up data, albeit some were weaker in 

magnitude.

Perceived Spousal Support was assessed with the spousal support subscale of the 

Cleminshaw-Guidubaldi Parent Satisfaction Scale (Guidubaldi & Cleminshaw, 1985). This 

10-item measure reflects the participant’s satisfaction with childrearing help provided by his 

or her spouse (e.g., “I am satisfied with the amount of time my spouse can give to our baby”; 

α = .96). Participants rated their agreement with each statement on a scale ranging from 1 

(strongly agree) to 4 (strongly disagree); scores were reversed for ease of interpretation such 

that higher scores reflect higher perceived support.

Division of Household Labor was assessed with a nine-item measure of household chores 

not including infant care (e.g., Cowan & Cowan, 1987; Volling & Belsky, 1992). Participants 

were asked to rate the extent to which they and their partner generally complete each task 

(e.g., household repairs, paying bills, grocery shopping; α = .55), using a 5-point scale 

ranging from 1 (always me) to 3 (both equally) to 5 (always partner). Lower scores reflect 

greater participation in household labor by the participant relative to the partner. The 

relatively low internal consistency of this measure in the current study likely reflects that 

most household responsibilities are typically divided between partners (such that 

endorsement of one particular task, such as cooking, might be negatively related to 

endorsement of another task, such as dish-washing).

Division of Infant Care was assessed using a nine-item Baby Care Checklist (Barnett & 

Baruch, 1987). Participants were asked to rate whether they or their partner usually perform 

specific baby-related tasks (e.g., bathing baby, preparing baby’s meals, changing wet 

diapers; α = .92), using a 5-point scale ranging from 1 (always me) to 3 (both equally) to 5 

(always partner). Lower scores reflect greater participation in infant care by the participant 

relative to the partner. The high internal consistency of this measure likely reflects that one 

partner, typically the mother, is engaged in the majority of infant-related tasks.

Overview of Statistical Analyses

For preliminary analyses, conducted using SPSS (version 22), mean differences were 

assessed with independent samples t-tests and associations were assessed with correlations. 

Because there were multiple measures of testosterone and estradiol nested within 

individuals, and individuals were nested within couples, our main analyses used multilevel 

modeling (Hierarchical Linear Modeling or HLM 7.0; Raudenbush, Bryk, Cheong, 

Congdon, & du Toit, 2011). This approach is well-suited for nested data because it adjusts 

for interdependency and allows both within-person (or within-couple) and between-person 

(or between-couple) effects to be simultaneously calculated. HLM can adjust for the fact that 

Edelstein et al. Page 7

Dev Psychobiol. Author manuscript; available in PMC 2017 February 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



couples completed their prenatal visits in different weeks of pregnancy, and allows for 

inclusion of all participants when some data (e.g., some prenatal visits) are missing at the 

within-person level (Singer & Willett, 2003).

A two-level model was used, including all available visits from all couples. At Level 1 (the 

within-couple level), we included the Winsorized testosterone and Winsorized logged 

estradiol levels from each of the four prenatal visits as the outcome. We included the week 

of pregnancy that corresponded to each visit as a Level 1 predictor. Pregnancy week was 

group-centered in SPSS before analyses so that the first week of couples’ participation was 

coded as “0,” allowing the intercept to reflect meaningful data (i.e., an individual’s hormone 

level at the beginning of the study for them).

Next, at Level 2 (the between-couple level), we included the week of the couples’ first visit 

to the lab and the number of weeks elapsed between the first visit and the last visit as 

covariates. These covariates were included in predicting the intercept of each model. 

Controlling for these variables allowed us to adjust not only for within-person change in 

hormone levels over pregnancy, but also between-couple differences in the timing of their 

participation in the study. Postpartum outcome data were also included at Level 2.

Results

Preliminary Analyses

Means, standard deviations, and correlations among the postpartum measures are presented 

by sex in Table 1. There were sex differences in several of these measures, with mothers 

reporting that they performed a greater proportion of infant care, t(52) = −8.90, p < .001, d = 

2.49, but a smaller proportion of household tasks, t(52) = 4.68, p < .001, d = 1.29, compared 

to fathers. Mothers also reported receiving less support from their partners, t(52) = −2.97, p 
< .01, d = 0.82, compared to fathers. Within dyads (presented in bold in Table 1), measures 

of division of household labor and infant care were negatively correlated, which would be 

expected given that these measures assess one’s contribution relative to his or her partner 

(i.e., as one person’s contributions increase, their partner’s contributions decrease). Also of 

note, mothers’ perceptions of support were more closely tied to their perceptions of partner 

involvement in infant care than to their perceptions of partner involvement in household 

tasks; the opposite pattern emerged for fathers, with perceptions of support being more 

closely tied to assessments of the division of household labor than to infant care.

We additionally examined whether several potential covariates—participants’ age, the sex of 

the infant, and the timing of the postpartum assessment—were associated with any of our 

key variables. These variables were largely unrelated to our outcome measures or to prenatal 

hormone changes, with the exception that perceived spousal support was higher among 

participants with female, M = 3.71; SD = 0.40, compared to male infants, M = 3.20; SD = 

0.87, t(52) = 2.79, p < .01, d = 0.78. Infant sex was also a significant moderator of the 

association between testosterone changes and the division of infant care, so this variable was 

included in subsequent analyses involving infant care. In the interest of parsimony, we report 

all other analyses without additional covariates.
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Multilevel Modeling (HLM) Results

First, we tested a basic Level 1 model that included only participants’ testosterone and 

estradiol (as outcome variables) predicted by the week of pregnancy. Consistent with our 

previously reported results (Edelstein et al., 2015), fathers showed significant prenatal 

declines (slope by pregnancy weeks) in both testosterone, b = −0.27, t = 2.86, p = .005, and 

estradiol levels, b = −0.01, t = −2.00, p = .05. Mothers showed significant prenatal increases 

in both testosterone, b = 1.78, t = 9.22, p = .001, and estradiol, b = 0.10, t = 22.50, p = .001.

Next, we tested associations between each partner’s hormone changes over pregnancy and 

the three-month postpartum outcomes. We did this analysis by entering postpartum outcome 

variables as Level 2 moderators of the Level 1 slope of time elapsed across pregnancy (week 

of pregnancy at each of the four visits). First, we examined both partners’ ratings of 

perceived spousal support. As shown in Table 2, when fathers showed larger prenatal 

declines in testosterone, they were rated by their partners as providing more postpartum 

support. However, fathers’ testosterone changes were not associated with their own 

perceptions of received support, p > .10. The same pattern appeared for mothers: Mothers 

who showed smaller prenatal increases in testosterone received higher postpartum spousal 

support ratings from their partners, but mothers’ testosterone changes were unrelated to their 

own perceptions of received support,p > .10. Similarly, men who showed smaller prenatal 

declines in estradiol and women who showed smaller prenatal increases in estradiol were 

rated by their partners as providing more postpartum support.

Next, we examined one’s own and one’s partner’s rating of the postpartum division of 
household labor. Only men’s hormones were significantly associated with the couples’ 

division of labor, so Table 3 focuses on results for fathers: Men whose testosterone levels 

showed larger prenatal declines were rated by their partners as doing more household labor. 

Similarly, men who showed larger estradiol declines across pregnancy reported doing more 

household labor. Men’s prenatal estradiol was not associated with mothers’ division of labor 

ratings,p > .10. Further, women’s prenatal testosterone and estradiol were not associated 

with their own or their partner’s reports of division of labor,p > .10.

Next, we examined both partner’s ratings of the division of infant care, with significant 

results shown in Table 4. For both men and women, prenatal testosterone changes were not 

associated with either self or partner-ratings of infant care, p > .10. However, fathers who 

showed larger prenatal declines in estradiol reported providing more infant care postpartum. 

Consistent with this, mothers rated themselves as providing more infant care when fathers 

showed smaller prenatal declines in estradiol. Mothers’ estradiol was not associated with 

their own or their partners’ ratings of the division of infant care, p > .10.

Additionally, previous research suggests that the sex of the infant might affect the division of 

infant care, with fathers tending to be more involved with male versus female infants (see 

Raley & Bianchi, 2006). Thus, we also tested whether infant sex moderated associations for 

this outcome variable. As shown in Table 5, the interaction between fathers’ reports of the 

division of infant care and infant sex was significant for fathers’ prenatal testosterone 

patterns. Mothers’ reports of the division of infant care also interacted with infant sex. In 

both cases, these results suggest that, consistent with previous research, fathers who showed 
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larger declines in testosterone were more involved in infant care, but only for male infants. 

There were no significant infant sex-by-childcare interactions for fathers’ estradiol or for 

either of mothers’ hormones, p > .10.

Discussion

The goal of the current study was to examine links between expectant parents’ prenatal 

hormone changes and self and partner-reported postpartum parenting behavior. Both men 

and women experience changes in hormones, such as testosterone and estradiol, during the 

transition to parenthood (e.g., Berg & Wynne-Edwards, 2001; Edelstein et al., 2015), and 

there are reasons to expect that these changes may be functional or adaptive in that they help 

prepare people to become parents (Wynne-Edwards & Reburn, 2000). Yet very few studies 

have explicitly tested the hypothesis that prenatal hormone changes are in fact related to 

postpartum outcomes.

Findings from the current study provide some of the first support for the functional nature of 

prenatal hormone changes in both men and women. On average, men showed prenatal 

declines in testosterone and estradiol, and larger declines in these hormones were associated 

with more constructive parenting outcomes. Specifically, fathers who showed larger prenatal 

declines in testosterone reported greater engagement in infant care tasks (although 

exclusively with male infants) at three months postpartum. Perhaps more strikingly, their 

partners reported that they were more supportive and that they contributed more to the 

household division of labor. Fathers who showed larger prenatal declines in estradiol 

reported contributing more to both household labor and infant care tasks. Moreover, their 

partners confirmed their contributions to infant care and reported feeling more supported by 

them. Women showed prenatal increases in testosterone and estradiol, and although there 

were fewer links between women’s hormone changes and postpartum outcomes, mothers 

who showed smaller increases in either hormone were rated by their partners as providing 

more postpartum support.

Our findings are consistent with research documenting negative associations between 

testosterone and nurturant or caregiving behavior (Roney & Gettler, 2015; van Anders et al., 

2011). For instance, men with lower baseline testosterone levels report more parental 

investment (Mascaro, Hackett, & Rilling, 2013) and greater empathy in response to infant 

cries (Fleming, Corter, Stallings, & Steiner, 2002). Fewer relevant studies have included 

women, but in women lower testosterone has similarly been linked with more self-reported 

pro-social behavior and more positive feelings toward children (Deady, Smith, Sharp, & Al-

Dujaili, 2006; Harris, Rushton, Hampson, & Jackson, 1996). The vast majority of previous 

work on this topic has been cross-sectional in nature, however, which makes it difficult to 

determine whether parents’ testosterone levels causally predict, or instead are a consequence 
of, their parenting behavior. In the current study, participants’ hormones were assessed 

prenatally, prior to any assessments of parenting or postpartum outcomes, which strengthens 

the case for a prospective link from testosterone changes to parenting behavior. 

Nevertheless, because we did not assess hormones postpartum, we cannot determine how 

postpartum behavior may have influenced parents’ hormones during this period. In fact, the 

limited longitudinal research on changes in testosterone as a function of parenthood suggests 
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that new fathers who are more engaged in childcare show larger postpartum declines in 

testosterone (Gettler et al., 2011). Thus, it is certainly possible that parents in our study who 

performed more childcare tasks would similarly show lower levels of testosterone into the 

postpartum period.

Our findings also provide preliminary support for the hypothesis that lower levels of 

estradiol (i.e., larger declines in fathers and smaller increases in mothers) support parental 

behavior. Previous findings on this topic have been somewhat inconsistent, with some 

studies reporting facilitative effects of estradiol on parental behavior and others reporting 

inhibitory effects. For instance, experimental manipulations that increase estradiol also 

increase aggression toward infants in some male animals (e.g., prairie voles), but increase 

caregiving behavior in others (e.g., California mice; see Wardecker et al., 2015, for review). 

Similarly, in humans, estradiol has been positively linked with emotional closeness in both 

men and women (Edelstein et al., 2012; Edelstein et al., 2010), but also (in women) with 

dominance and sexual motivation (Roney & Simmons, 2013; Stanton & Edelstein, 2009). 

Taken together, these findings highlight the importance of context for understanding when 

and for whom estradiol may be associated with parental behavior. Perhaps prenatal changes 

that minimize estradiol levels also minimize aggressive, dominant, or sexual behaviors that 

would otherwise interfere with parenting. Future research should examine how the hormone 

changes that we observed extend into the postpartum period and the extent to which these 

changes continue to influence (or are influenced by) parental behavior.

Our findings are noteworthy in that prenatal hormone changes were as often linked with 

partner-reported as they were with self-reported postpartum outcomes. In fact, changes in 

women’s testosterone and estradiol were associated only with partner perceptions of 

received support. These findings suggest that the behaviors associated with prenatal 

hormone changes, such as contributions to household tasks, are detectable by co-parents and 

may influence postpartum outcomes. Moreover, insofar as perceptions about the equity of 

household labor are closely tied to relationship satisfaction during the transition to 

parenthood (e.g., Belsky, Lang, & Huston, 1986), our findings suggest that the hormone 

changes observed in the present study might serve to protect postpartum relationship quality. 

In fact, previous research indicates that both men and women are more satisfied and 

committed to their romantic relationships to the extent that their partners have lower levels 

of testosterone (Edelstein, van Anders, Chopik, Goldey, & Wardecker, 2014), suggesting that 

declines in testosterone as a function of parenthood might help to maintain co-parent 

relationships.

Perhaps surprisingly, women’s prenatal hormones were less consistently related than men’s 

hormones to their own or their partners’ postpartum outcomes. Women’s prenatal hormone 

changes are markedly larger than those in men, and they are more directly tied to fetal 

development and parturition, which could overwhelm any (relatively smaller) individual 

differences in postpartum outcomes. Moreover, although we measured a range of parenting-

related outcomes, our measures may not have been sensitive or comprehensive enough to 

adequately assess women’s experiences. Perhaps concerns about motherhood, breastfeeding, 

or work-life balance might be more closely related to women’s hormones. Perinatal changes 

in women’s estradiol have also been linked with postpartum depression (Bloch, Daly, & 
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Rubinow, 2003), which could certainly impact parenting and is worthy of attention in its 

own right.

It is also worth noting that we did not find any associations between parents’ initial or 

baseline hormone levels and their postpartum outcomes, consistent with the idea that 

changes in hormones rather than baseline levels may be particularly relevant for behavioral 

outcomes (Carré, McCormick, & Hariri, 2011). For instance, in one laboratory study, men 

reported greater concern in response to infant cries to the extent that they showed larger 

reductions in testosterone after listening to those cries; however, as in the current study, 

men’s baseline testosterone levels were unrelated to their level of concern (Storey, Walsh, 

Quinton, & Wynne-Edwards, 2000). Kuo and colleagues (in press) similarly found that 

fathers who showed larger testosterone declines while interacting with their infant during a 

stressful laboratory task were more positively engaged with their infants in a subsequent 

teaching task; again, baseline (pre-task) testosterone levels were unrelated to fathers’ 

behavior in the teaching task. Together, these findings highlight the importance of measuring 

not only baseline or initial hormone levels but also the extent to which hormones change 

over time, in both the short and long-term, as a function of life experiences and contextual 

influences.

Although our findings shed light on the functionality of prenatal hormonal changes, the 

nature of our study design precluded prenatal assessments of parenting. Thus, we cannot rule 

out the possibility that unmeasured pre-existing differences among parents (e.g., interest in 

babies, Zilioli et al., in press) contributed both to prenatal hormone changes and to 

postpartum outcomes. Moreover, because we did not assess new parents’ hormones prior to 

conception or postnatally, we cannot determine whether and how people’s hormones change 

throughout the entire transition to parenthood. It is also impossible to know whether these 

changes are entirely attributable to parenthood as opposed to long-term pair-bonding. 

Longitudinal research suggests that testosterone declines both as a function of pair-bonding 

and of parenthood in both men and women (Gettler et al., 2011; Kuzawa, Gettler, Huang, & 

McDade, 2010). Thus, the hormone changes we observed could reflect the enduring 

influences of pair-boding, as opposed to impending parenthood per se. Hormone changes 

associated with parenthood may also be larger or occur more rapidly pre to postpartum as 

opposed to prenatally. These possibilities could be investigated with larger-scale longitudinal 

studies, such as those conducted over several decades as people transition from single to 

partnered status and become first-time parents (Gettler et al., 2011).

It is also important to acknowledge that our sample may not generalize to the larger 

population of first-time parents, in that participants in our sample were relatively educated, 

primarily Caucasian, and relatively older than first-time parents (Martin, Hamilton, 

Osterman, Curtin, & Mathews, 2013). All of the couples in our sample were also living 

together, and the vast majority were either married or engaged, which is not necessarily the 

case for many first-time parents (Martin et al., 2013). Thus, although our sample 

characteristics are similar to those of previous studies of prenatal hormone changes (Berg & 

Wynne-Edwards, 2001; Storey et al., 2000), our findings should be considered in light of the 

homogeneity of our sample, which may have limited individual differences in hormone 

levels as well as changes in hormones over time. The relatively small size of our sample may 
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also have limited our ability to detect very small changes in hormones or inter-individual 

differences in change. Future research should examine expectant parents’ hormone changes 

in larger, more diverse samples to better understand the generalizability of our findings.

These limitations notwithstanding, our findings provide critical new information about the 

neuroendocrine precursors and correlates of parental behavior. Expectant fathers showed 

prenatal declines in testosterone and estradiol, and larger declines in these hormones 

predicted larger self-reported contributions to household and infant care tasks postpartum. 

Women whose partners showed larger testosterone declines also reported receiving more 

support and more help with household tasks. Expectant mothers showed prenatal increases 

in testosterone and estradiol, and smaller increases in these hormones predicted greater 

partner-rated support. Together, these findings are consistent with the idea that hormone 

changes during the transition to parenthood may be functional in helping prepare people to 

become parents. Future research should examine whether and how hormone-parenting links 

extend into the postpartum period, ideally using larger-scale longitudinal designs, more 

diverse samples, and more comprehensive assessments of parenting.

Acknowledgments

Financial support for this study was provided by the Institute for Research on Women and Gender at the University 
of Michigan and the Society for the Psychological Study of Social Issues. Onawa LaBelle was supported by a 
Graduate Research Fellowship from the National Science Foundation.

References

Barnett RC, Baruch GK. Determinants of fathers' participation in family work. Journal of Marriage 
and the Family. 1987; 49:29–40.

Belsky J, Lang M, Huston TL. Sex typing and division of labor as determinants of marital change 
across the transition to parenthood. Journal of Personality and Social Psychology. 1986; 50:517. 
[PubMed: 3701591] 

Belsky J, Rovine M. Patterns of Marital Change across the Transition to Parenthood: Pregnancy to 
Three Years Postpartum. Journal of Marriage and Family. 1990; 52:5–19.

Berg SJ, Wynne-Edwards KE. Changes in testosterone, cortisol, and estradiol levels in men becoming 
fathers. Mayo Clinic Proceedings. 2001; 76:582–592. [PubMed: 11393496] 

Berg SJ, Wynne-Edwards KE. Salivary hormone concentrations in mothers and fathers becoming 
parents are not correlated. Hormones and Behavior. 2002; 42:424–436. [PubMed: 12488109] 

Bloch M, Daly RC, Rubinow DR. Endocrine factors in the etiology of postpartum depression. 
Comprehensive Psychiatry. 2003; 44:234–246. [PubMed: 12764712] 

Buehler C, Gerard JM. Marital conflict, ineffective parenting, and children's and adolescents' 
maladjustment. Journal of Marriage and Family. 2002; 64:78–92.

Carré JM, McCormick CM, Hariri AR. The social neuroendocrinology of human aggression. 
Psychoneuroendocrinology. 2011; 36:935–944. [PubMed: 21367531] 

Clark MM, Galef BG Jr. A testosterone-mediated trade-off between parental and sexual effort in male 
mongolian gerbils (Meriones unguiculatus). Journal of Comparative Psychology. 1999; 113:388–
395. [PubMed: 10608562] 

Cowan, CP., Cowan, PA. Men's involvement in parenthood: Identifying the antecedents and 
understanding the barriers. In: Berman, PW., Pedersen, FA., editors. Men's transitions to 
parenthood: Longitudinal studies of early family experience. Lawrence Erlbaum Associates, Inc; 
Hillsdale, NJ, England: 1987. p. 145-174.

Edelstein et al. Page 13

Dev Psychobiol. Author manuscript; available in PMC 2017 February 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cushing BS, Perry A, Musatov S, Ogawa S, Papademetriou E. Estrogen receptors in the medial 
amygdala inhibit the expression of male prosocial behavior. The Journal of Neuroscience. 2008; 
28:10399–10403. [PubMed: 18842899] 

Deady D, Smith M, Sharp M, Al-Dujaili E. Maternal personality and reproductive ambition in women 
is associated with salivary testosterone levels. Biological psychology. 2006; 71:29–32. [PubMed: 
16360878] 

Doss BD, Rhoades GK, Stanley SM, Markman HJ. The effect of the transition to parenthood on 
relationship quality: An eight-year prospective study. Journal of Personality and Social 
Psychology. 2009; 96:601–619. [PubMed: 19254107] 

Edelstein RS, Kean EL, Chopik WJ. Women with an avoidant attachment style show attenuated 
estradiol responses to emotionally intimate stimuli. Hormones and Behavior. 2012; 61:167–175. 
[PubMed: 22154613] 

Edelstein RS, Stanton SJ, Henderson MM, Sanders MR. Endogenous estradiol levels are associated 
with attachment avoidance and implicit intimacy motivation. Hormones and Behavior. 2010; 
57:230–236. [PubMed: 19962378] 

Edelstein RS, van Anders SM, Chopik WJ, Goldey KL, Wardecker BM. Dyadic associations between 
testosterone and relationship quality in couples. Hormones and Behavior. 2014; 65:401–407. 
[PubMed: 24650800] 

Edelstein RS, Wardecker BM, Chopik WJ, Moors AC, Shipman EL, Lin NJ. Prenatal hormones in 
first-time expectant parents: Longitudinal changes and within-couple correlations. American 
Journal of Human Biology. 2015; 27:317–325. [PubMed: 25504668] 

Feldman R, Sussman AL, Zigler E. Parental leave and work adaptation at the transition to parenthood: 
Individual, marital, and social correlates. Journal of Applied Developmental Psychology. 2004; 
25:459–479.

Fite JE, French JA, Patera KJ, Hopkins EC, Rukstalis M, Ross CN. Elevated urinary testosterone 
excretion and decreased maternal caregiving effort in marmosets when conception occurs during 
the period of infant dependence. Hormones and Behavior. 2005; 47:39–48. [PubMed: 15579264] 

Fleming AS, Corter C, Stallings J, Steiner M. Testosterone and prolactin are associated with emotional 
responses to infant cries in new fathers. Hormones and Behavior. 2002; 42:399–413. [PubMed: 
12488107] 

Fleming AS, Ruble D, Krieger H, Wong PY. Hormonal and experiential correlates of maternal 
responsiveness during pregnancy and the puerperium in human mothers. Hormones and Behavior. 
1997; 31:145–158. [PubMed: 9154435] 

Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T. Perinatal depression: A 
systematic review of prevalence and incidence. Obstetrics and Gynecology. 2005; 106:1071–1083. 
[PubMed: 16260528] 

Gettler LT, McDade TW, Feranil AB, Kuzawa CW. Longitudinal evidence that fatherhood decreases 
testosterone in human males. Proceedings of the National Academy of Sciences. 2011; 
108:16194–16199.

Gray PB, Yang C-FJ, Pope HG. Fathers have lower salivary testosterone levels than unmarried men 
and married non-fathers in Beijing, China. Proceedings of the Royal Society B: Biological 
Sciences. 2006; 273:333–339. [PubMed: 16543176] 

Guidubaldi J, Cleminshaw HK. The development of the Cleminshaw-Guidubaldi Parent Satisfaction 
Scale. Journal of Clinical Child Psychology. 1985; 14:293–298.

Harris JA, Rushton JP, Hampson E, Jackson DN. Salivary testosterone and self-report aggressive and 
pro-social personality characteristics in men and women. Aggressive Behavior. 1996; 22:321–331.

Krishnakumar A, Buehler C. Interparental conflict and parenting behaviors: A meta-analytic review. 
Family Relations. 2000; 49:25–44.

Kuo PX, Saini EK, Thomason E, Schultheiss OC, Gonzalez R, Volling BL. Individual variation in 
fathers’ testosterone reactivity to infant distress predicts parenting behaviors with their 1-year-old 
infants. Developmental psychobiology. (in press). 

Kuzawa CW, Gettler LT, Huang Y, McDade TW. Mothers have lower testosterone than non-mothers: 
Evidence from the Philippines. Hormones and Behavior. 2010; 57:441–447. [PubMed: 20122934] 

Edelstein et al. Page 14

Dev Psychobiol. Author manuscript; available in PMC 2017 February 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Leifke E, Gorenoi V, Wichers C, von zur Mühlen A, von Büren E, Brabant G. Age-related changes of 
serum sex hormones, insulin-like growth factor, and sex-hormone binding globulin levels in men: 
Cross-sectional data from a healthy male cohort. Clinical Endocrinology. 2000; 53:689–695. 
[PubMed: 11155090] 

Luhmann M, Hofmann W, Eid M, Lucas RE. Subjective Well-Being and Adaptation to Life Events: A 
Meta-Analysis on Differences Between Cognitive and Affective Well-Being. Journal of 
Personality and Social Psychology. 2012; 102:592–615. [PubMed: 22059843] 

Makieva S, Saunders PT, Norman JE. Androgens in pregnancy: Roles in parturition. Human 
Reproduction Update. 2014

Martin, JA., Hamilton, BE., Osterman, MJK., Curtin, SC., Mathews, TJ. National Vital Statistics 
Reports. National Center for Statistics; Hyattsville, MD: 2013. Births: Final data for 2012. 

Martínez A, Ramos G, Martínez-Torres M, Nicolás L, Carmona A, Cárdenas M, et al. Paternal 
behavior in the Mongolian gerbil (Meriones unguiculatus): Estrogenic and androgenic regulation. 
Hormones and Behavior. 2015; 71:91–95. [PubMed: 25935727] 

Mascaro JS, Hackett PD, Rilling JK. Testicular volume is inversely correlated with nurturing-related 
brain activity in human fathers. Proceedings of the National Academy of Sciences. 2013; 
110:15746–15751.

Mileva-Seitz, V., Fleming, AS. How mothers are born: A psychobiological analysis of mothering. In: 
Booth, A.McHale, SM., Landale, NS., editors. Biosocial foundations of family processes. 
Springer; New York: 2011. p. 3-34.

Nunes S, Fite JE, Patera KJ, French JA. Interactions among paternal behavior, steroid hormones, and 
parental experience in male marmosets (Callithrix kuhlii). Hormones and Behavior. 2001; 39:70–
82. [PubMed: 11161885] 

Raley S, Bianchi S. Sons, daughters, and family processes: Does gender of children matter? Annual 
Review of Sociology. 2006; 32:401–421.

Raudenbush, S., Bryk, A., Cheong, Y., Congdon, R., du Toit, M. HLM 7: Hierarchical Linear 
Nonlinear Modeling. Lincolnwood, IL: 2011. 

Reifman, A., Keyton, K. Winsorize. In: Salkind, NJ., editor. Encylopedia of Research Design. Sage; 
Thousand Oaks: 2010. p. 1636-1638.

Roney JR, Gettler LT. The role of testosterone in human romantic relationships. Current Opinion in 
Psychology. 2015; 1:81–86.

Roney JR, Simmons ZL. Hormonal predictors of sexual motivation in natural menstrual cycles. 
Hormones and Behavior. 2013; 63:636–645. [PubMed: 23601091] 

Saltzman W, Ziegler T. Functional significance of hormonal changes in mammalian fathers. Journal of 
Neuroendocrinology. 2014; 26:685–696. [PubMed: 25039657] 

Schultheiss, OC., Stanton, SJ. Assessment of salivary hormones. In: Harmon-Jones, E., Beer, JS., 
editors. Methods in Social Neuroscience. Guilford Press; New York: 2009. p. 17-44.

Singer, JD., Willett, JB. Applied longitudinal data analysis: Modeling change and event occurrence. 
Oxford University Press; New York: 2003. 

Stanton SJ, Edelstein RS. The physiology of women's power motive: Implicit power motivation is 
positively associated with estradiol levels in women. Journal of Research in Personality. 2009; 
43:1109–1113.

Storey AE, Walsh CJ, Quinton RL, Wynne-Edwards KE. Hormonal correlates of paternal 
responsiveness in new and expectant fathers. Evolution and Human Behavior. 2000; 21:79–95. 
[PubMed: 10785345] 

Trainor BC, Marler CA. Testosterone promotes paternal behaviour in a monogamous mammal via 
conversion to oestrogen. Proceedings of the Royal Society B: Biological Sciences. 2002; 269:823. 
[PubMed: 11958714] 

van Anders SM, Goldey KL, Kuo PX. The Steroid/Peptide Theory of Social Bonds: Integrating 
testosterone and peptide responses for classifying social behavioral contexts. 
Psychoneuroendocrinology. 2011; 36:1265–1275. [PubMed: 21724336] 

Volling BL, Belsky J. Infant, father, and marital antecedents of infant-father attachment security in 
dual-earner and single-earner families. International Journal of Behavioral Development. 1992; 
15:83–100.

Edelstein et al. Page 15

Dev Psychobiol. Author manuscript; available in PMC 2017 February 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Wardecker BM, Smith LK, Edelstein RS, Loving TJ. Intimate relationships then and now: How old 
hormonal processes are influenced by our modern psychology. Adaptive Human Behavior and 
Physiology. 2015; 1:150–176.

Weisman O, Zagoory-Sharon O, Feldman R. Oxytocin administration, salivary testosterone, and 
father–infant social behavior. Progress in Neuro-Psychopharmacology and Biological Psychiatry. 
2014; 49:47–52. [PubMed: 24252717] 

Wingfield JC, Hegner RE, Dufty AM, Ball GF. The "challenge hypothesis": Theoretical implications 
for patterns of testosterone secretion, mating systems, and breeding strategies. The American 
Naturalist. 1990; 136:829–846.

Wynne-Edwards KE, Reburn CJ. Behavioral endocrinology of mammalian fatherhood. Trends in 
Ecology and Evolution. 2000; 15:464–468. [PubMed: 11050350] 

Zilioli S, Ponzi D, Henry A, Kubicki K, Nickels N, Wilson MC, et al. Interest in babies negatively 
predicts testosterone responses to sexual visual stimuli among heterosexual young men. 
Psychological Science. (in press). 

Edelstein et al. Page 16

Dev Psychobiol. Author manuscript; available in PMC 2017 February 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Edelstein et al. Page 17

Ta
b

le
 1

D
es

cr
ip

tiv
e 

St
at

is
tic

s 
an

d 
C

or
re

la
tio

ns
 A

m
on

g 
Po

st
pa

rt
um

 P
ar

en
tin

g 
V

ar
ia

bl
es

1
2

3
4

5
M

SD

1.
Fa

th
er

s’
 P

er
ce

iv
ed

 S
up

po
rt

3.
73

.5
8

2.
Fa

th
er

s’
 R

ep
or

te
d 

D
iv

is
io

n 
of

 H
ou

se
ho

ld
 L

ab
or

.6
4*

*
2.

54
.4

8

3.
Fa

th
er

s’
 R

ep
or

te
d 

D
iv

is
io

n 
of

 I
nf

an
t C

ar
e

.3
0

.0
2

3.
47

.4
4

4.
M

ot
he

rs
’ 

Pe
rc

ei
ve

d 
Su

pp
or

t
.1

5
.0

2
−

.2
6

3.
20

.7
3

5.
M

ot
he

rs
’ 

R
ep

or
te

d 
D

iv
is

io
n 

of
 H

ou
se

ho
ld

 L
ab

or
−

.0
6

−
 .6

9 
**

.0
9

.1
7

3.
14

.4
7

6.
M

ot
he

rs
’ 

R
ep

or
te

d 
D

iv
is

io
n 

of
 I

nf
an

t C
ar

e
−

.2
6

−
.0

6
−

 .7
2 

**
.5

9*
*

.2
4

2.
32

.5
0

N
ot

e.
 N

 =
 2

7 
co

up
le

s;
 b

ol
de

d 
co

ef
fi

ci
en

ts
 r

ef
le

ct
 w

ith
in

-d
ya

d 
co

rr
el

at
io

ns
 o

n 
th

e 
sa

m
e 

m
ea

su
re

* p 
<

 .0
5

**
p 

<
 .0

1

Dev Psychobiol. Author manuscript; available in PMC 2017 February 16.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Edelstein et al. Page 18

Table 2

Multilevel Model Showing Associations Between Prenatal Hormones and Postpartum Spousal Support; Fixed 

Effects With Robust Standard Errors.

Testosterone Estradiol

Fixed effects Estimate (SE) t ratio Estimate (SE) t ratio

Fathers’ Hormones

Partner (mother) rating of own spouse support

Intercept (starting value) 53.08 (2.36) 22.49*** 0.83 (0.05) 16.93***

Week of first session 1.47 (0.76) 1.95+ 0.002 (0.03) 0.07

Duration of study participation 0.37 (0.74) 0.50 −0.004 (0.03) −0.12

Spouse support −3.63 (4.19) −0.87 0.02 (0.07) 0.25

Slope (pregnancy weeks) −0.28 (0.09) −3.00*** −0.01 (0.003) −1.97***

Spouse support −0.25 (0.11) −2.29* 0.002 (0.002) 0.64

Own (father) rating of partner spouse support

Intercept (starting value) 53.10 (2.44) 21.72*** 0.82 (0.05) 16.94***

Week of first session 1.82 (1.09) 1.67 0.003 (0.03) 0.01

Duration of study participation 0.65 (0.93) 0.79 −0.003 (0.03) −0.01

Spouse support −6.05 (2.18) −2.78* 0.05 (0.05) 1.02

Slope (pregnancy weeks) −0.27 (0.09) −2.84*** −0.005 (0.002) −2.09*

Spouse support −0.12 (0.10) −1.22 0.01 (0.002) 5.23***

Mothers’ Hormones

Partner (father) rating of own spouse support

Intercept (starting value) 4.42 (1.70) 2.60* 2.00 (0.10) 21.00***

Week of first session −0.85 (1.14) −0.75 −0.03 (0.03) −1.22*

Duration of study participation −1.47 (1.13) −1.30 −0.06 (0.03) −2.11*

Spouse support 5.49 (5.00) 1.10 −0.01 (0.08) −0.53

Slope (pregnancy weeks) 1.80 (0.19) 9.54** 0.10 (0.004) 22.11***

Spouse support −0.83 (0.39) −2.11* −0.01 (0.004) −2.84**

Own (mother) rating of partner spouse support

Intercept (starting value) 4.70 (1.55) 3.03* 1.95 (0.09) 22.09***

Week of first session −0.54 (1.18) −0.46 −0.05 (0.02) −2.55*

Duration of study participation −1.06 (1.22) −0.87 −0.06 (0.02) −2.88

Spouse support 0.67 (2.46) 0.27 −0.04 (0.10) −0.40

Slope (pregnancy weeks) 1.77 (0.19) 9.34** 0.10 (0.004) 22.73*

Spouse support 0.12 (0.28) 0.44 −0.01 (0.01) 0.63

Note. N = 27 couples.

1
Level 2 (between-couple) covariates are denoted by italics and placed below each bolded Level 1 effect
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+
p < .10

*
p < .05

**
p < .01

***
p < .001.
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Table 3

Multilevel Model Showing Associations Between Fathers’ Prenatal Hormones and Division of Labor; Fixed 

Effects With Robust Standard Errors.

Father Testosterone

Fixed effects Estimate (SE) t ratio

Intercept (starting value)
Level 2 covariates 1

53.11 (2.44) 21.80***

Week of first session 1.98 (1.09) 1.82+

Duration of study participation 0.88 (0.93) 0.94

Division of labor (mother rating) 4.59 (4.43) 1.03

Slope (pregnancy weeks)
Level 2 covariates

−0.27 (0.09) −2.91**

Division of labor (mother rating) −0.43 (0.21) −2.02*

Father Estradiol

Fixed effects Estimate (SE) t ratio

Intercept (starting value)
Level 2 covariates 1

0.84 (0.05) 17.43***

Week of first session −0.02 (0.30) −0.06

Duration of study participation −0.01 (0.03) −0.31

Division of labor (father rating) −0.10 (0.13) −0.82

Slope (pregnancy weeks)
Level 2 covariates

−0.01 (0.002) −2.31*

Division of labor (father rating) 0.01 (0.01) 2.01*

Note. N = 27 couples.

1
Level 2 covariates refer to effects tested on each of the bolded Level 1 indices

+
p < .10

*
p < .05

**
p < .01

***
p < .001
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Table 4

Multilevel Model Showing Associations Between Fathers’ Prenatal Estradiol and Couples’ Division of Infant 

Care; Fixed Effects With Robust Standard Errors.

Father Estradiol

Fixed effects Estimate (SE) t ratio

Intercept (starting value)
Level 2 covariates 1

0.80 (0.06) 14.37***

Week of first session −0.02 (0.04) −0.70

Duration of study participation −0.02 (0.04) 0.42

Division of infant care (mother rating) 0.10 (0.13) 0.74

Slope (pregnancy weeks)
Level 2 covariates

−0.003 (0.002) −1.25

Division of infant care (mother rating) 0.10 (0.01) −2.25*

Fixed effects Estimate (SE) t ratio

Intercept (starting value)
Level 2 covariates 1

0.80 (0.06) 14.27***

Week of first session −0.01 (0.04) −0.36

Duration of study participation −0.01 (0.04) −0.36

Division of infant care (father rating) −0.12 (0.14) −0.84

Slope (pregnancy weeks)
Level 2 covariates

−0.003 (0.003) −1.27

Division of infant care (mother rating) 0.02 (0.01) 3.00**

Note. N = 27 couples.

1
Level 2 covariates refer to effects tested on each of the bolded Level 1 indices

+
p < .10

*
p < .05

**
p < .01

***
p < .001
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Table 5

Multilevel Model Showing Associations Between Fathers’ Prenatal Testosterone and Couples’ Division of 

Infant Care, With Interactions by Infant Sex; Fixed Effects With Robust Standard Errors.

Father Testosterone

Fixed effects Estimate (SE) t ratio

Intercept (starting value)
Level 2 covariates 1

53.70 (2.40) 22.36***

Week of first session 1.88 (1.12) 1.69

Duration of study participation 0.67 (0.98) 0.69

Infant sex −1.81 (2.28) −0.80

Division of infant care (father rating) 0.91 (6.06) 0.15

Interaction of infant sex and division of infant care (father rating) 3.14 (2.22) 1.41

Slope (pregnancy weeks)
Level 2 covariates

−0.31 (0.09) −3.52**

Infant sex −0.10 (0.09) −1.14

Division of infant care (father rating) 0.16 (0.15) −1.12

Interaction of infant sex and division
of infant care (father rating)

−0.22 (0.06) −3.37***

Fixed effects Estimate (SE) t ratio

Intercept (starting value)
Level 2 covariates 1

53.22 (2.39) 22.28***

Week of first session 1.30 (0.89) 1.46

Duration of study participation 0.19 (0.87) 0.22

Infant sex −2.17 (2.30) −0.95

Division of infant care (mother rating) −3.40 (5.78) −0.59

Interaction of infant sex and division
of infant care (mother rating)

0.23 (2.50) 0.09

Slope (pregnancy weeks)
Level 2 covariates

−0.29 (0.09) −3.14**

Infant sex −0.07 (0.09) −0.79

Division of infant care (mother rating) −0.12 (0.16) −0.75

Interaction of infant sex and division
of infant care (mother rating)

0.24 (0.08) 3.00**

Note. N = 27 couples

1
Level 2 covariates refer to effects tested on each of the bolded Level 1 indices

+
p < .10

*
p < .05

**
p < .01

***
p < .001
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