1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Dev Psychobiol. Author manuscript; available in PMC 2018 August 05.

-, HHS Public Access
«

Published in final edited form as:
Dev Psychobiol. 2017 September ; 59(6): 787-801. doi:10.1002/dev.21540.

Maternal cortisol slope at 6 months predicts infant cortisol slope
and EEG power at 12 months

Ashley M. St. Johnl, Katie Kaol, Jacqueline Liederman?, Philip G. Grieve?, and Amanda R.
Tarullo?

1Department of Psychological and Brain Sciences, Boston University, Boston, MA 02215,
astjohn@bu.ed, katiekao@bu.edu, liederma@bu.edu, atarullo@bu.edu

2Departments of Pediatrics and Biomedical Engineering, Columbia University Medical Center,
New York, NY 10032, pgg3@cumc.columbia.edu

Abstract

Physiological stress systems and the brain rapidly develop through infancy. While the roles of
caregiving and environmental factors have been studied, implications of maternal physiological
stress are unclear. We assessed maternal and infant diurnal cortisol when infants were 6 and 12
months. We measured 12-month infant electroencephalography (EEG) 6-9 Hz power during a
social interaction. Steeper 6-month maternal slope predicted steeper 12-month infant slope
controlling for 6-month infant slope and breastfeeding. Steeper 6-month maternal slope predicted
lower 6-9 Hz power. Six-month maternal area under the cuve (AUCg) was unrelated to 12-month
infant AUCg and 6-9 Hz power. Psychosocial, caregiving, and breastfeeding variables did not
explain results. At 6 months, maternal and infant slopes correlated, as did maternal and infant
AUCqg. Twelve-month maternal and infant cortisol were unrelated. Results indicate maternal slope
is an informative predictor of infant physiology and suggest the importance of maternal
physiological stress in this developmental period.
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In infancy, physiological stress systems and the brain rapidly develop. Early experiences
have enduring effects on both of those aspects of development (Arnsten, 2015; Bick &
Nelson, 2015; McEwen, 2006). Therefore, it is important to understand factors that promote
the development of healthy infant physiology. While the roles of maternal behavior and
environmental experiences have been widely studied, much less is known about implications
of maternal physiological stress. As development is cumulative and “builds on itself”
(Sroufe, 2013), it is important to explore how early maternal physiological stress shapes the
infant’s developing physiological systems.

Correspondence should be addressed to Ashley M. St. John, Department of Psychological and Brain Sciences, Boston University, 64
Cummington Mall, Boston, MA 02215. astjohn@bu.edu, Phone: 617-353-9328.
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Physiological Attunement of Maternal and Infant Physiological Stress

The role of the caregiver in regulating infant physiological stress, especially the
hypothalamic-pituitary-adrenal (HPA) axis that produces the hormone cortisol, is well
established (Gunnar & Donzella, 2002). As an infant’s HPA axis is developing and
maturing, caregivers serve as a social buffer against the damaging physiological effects of
stress and threat (Gunnar & Quevedo, 2007). Infants therefore depend on a sensitive,
responsive caregiver to help them regulate physiological stress (Gunnar & Donzella, 2002).

Researchers have posited the idea of physiological attunement (or coregulation) to
understand the caregiver’s role in shaping infant physiological stress. Physiological
attunement reflects the idea that maternal and infant physiological systems, including the
HPA axis, are in sync (Bright, Granger, & Frick, 2012; Hibel, Granger, Blair & Finegood,
2015; van Bakel & Riksen-Walraven, 2008). Indeed, it is well established that maternal and
infant basal and diurnal cortisol levels are related (Benjamin Neelon, Stroo, Mayhew,
Maselko, & Hoyo, 2015; Bright et al., 2012; Clearfield, Carter-Rodriguez, Merali, & Shober,
2014; Fuchs, Mohler, Resch, & Kaess, 2016; Middlemiss, Granger, Goldberg, & Nathans,
2012; Spangler, 1991; Stenius et al., 2008). Physiological attunement has been suggested to
have evolutionary roots, as it is adaptive for mothers and infants to pick up on each other’s
cues to external risk, resulting in attuned physiological stress. However, physiological
attunement might not always be beneficial (Ruttle, Serbin, Stack, Schwartzman, & Shirtcliff,
2011). If a mother is continually physiologically stressed, then this might affect infant
physiological regulation. Thus a better understanding of the mechanisms underlying links
between mother and infant cortisol is needed.

Maternal and infant cortisol levels could be related due to caregiving. Mothers who are well
regulated may be better able to buffer the infant from excessive cortisol output through
sensitive caregiving. Thus a mother with healthy diurnal cortisol regulation may be able to
be sensitive, responsive and help regulate infant stress. This buffering is not only important
in situations involving threat or challenge (Atkinson et al., 2013; Laurent, Ablow, &
Measelle, 2012; Ruttle et al., 2011), but also for sensitivity in daily interactions (Ben-Dat
Fisher et al., 2007; Letourneau, Watson, Duffett-Leger, Hegadoren, & Tryphonopoulos,
2011; Philbrook et al., 2014; Ruttle et al., 2011).

While it is unclear whether maternal cortisol regulation relates to caregiving, there is
evidence for links between caregiving and infant diurnal cortisol (Ben-Dat Fisher et al.,
2007; Letourneau et al., 2011; Philbrook et al., 2014). For example, infants at both 1 and 3
months old had lower cortisol output from afternoon through the next morning at waking
when their mothers were more sensitive at bedtime (Philbrook et al., 2014). This suggests
that sensitive responding in a common daily situation may be particularly important for
infant cortisol regulation.

Another mechanism at play could be that mothers and infants experience a similar
psychosocial environment and are both physiologically responding to the environment
similarly. Lower socioeconomic status (SES) has been related to higher evening cortisol in
both mothers and infants (Clearfield et al., 2014) which could be due to the common daily
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experience of SES. Yet because a caregiving measure was not included in that study, it is
possible that these results could be partially mediated by caregiving.

In addition to effects of caregiving and the psychosocial environment, physiological
attunement could also reflect shared genes. Approximately 30% of the variance in waking
cortisol is attributed to genetic influences (Bartels, Geus, Kirschbaum, Sluyter, & Boomsma,
2003; Ouellet-Morin et al., 2009, 2016; Van Hulle, Shirtcliff, Lemery-Chalfant, &
Goldsmith, 2012) while little to zero percent of afternoon or evening cortisol is attributable
to genetics (Bartels et al., 2003; Schreiber et al., 2006; Van Hulle et al., 2012). Further about
30% of cortisol slope is explained by genetics (Ouellet-Morin et al., 2016; Van Hulle et al.,
2012), potentially due to the genetic influence on waking levels. However most studies have
been with older children (Bartels et al., 2003; Ouellet-Morin et al., 2016; Schreiber et al.,
2006; Van Hulle et al., 2012), with only one infant study that involved one waking sample
on a single day (Ouellet-Morin et al., 2009).

However similarities between maternal and infant cortisol cannot fully be explained by
genetics and other potential pathways include shared environment, prenatal effects, and
breastfeeding. Maternal and infant cortisol levels are more strongly related than father and
infant cortisol (Stenius et al., 2008). This could be because mothers spend more time with
their infants, supporting the role of a shared environment. Physiological attunement could
also be due to effects of the intrauterine environment on the developing fetus. Maternal
prenatal cortisol relates to infant cortisol responses to a stressor (see for review Zijimans,
Riksen-Walraven, & de Weerth, 2015), but it is unclear if prenatal maternal cortisol predicts
infant diurnal cortisol. Infants may be also exposed to maternal cortisol via breastfeeding
(Benjamin Neelon et al., 2015) as cortisol is present in breast milk (Grey, Davis, Sandman,
& Glynn, 2013; Hamosh, 2001). Further, mothers may be more attuned and sensitive from
the experience of skin-to-skin contact inherent in breastfeeding (Kim et al., 2011). Cortisol
attunement on one day at bedtime in a small sample was found in breastfeeding but not
formula-fed infants (Benjamin Neelon et al., 2015), though more research is needed. In sum,
while genetic, shared environment, prenatal, and breastfeeding influences are likely, daily
experiences may also matter for mother-infant cortisol associations.

If day-to-day caregiving is a primary pathway underlying physiological attunement, then
salivary cortisol variables indexing daily physiological stress are important to measure,
including area under the curve with respect to ground (AUCg) and diurnal slope. By around
3 months, infants have circadian cortisol rhythms (Larson, White, Cochran, Donzella, &
Gunnar, 1998; de Weerth, Zijl, & Buitelaar, 2003), supporting these measures. AUCg from
waking to bed indexes cumulative cortisol exposure, with higher AUCq reflecting greater
daily cortisol output. Diurnal slope indexes change in daily cortisol and is a marker of
physiological regulation (Adam & Gunnar, 2001). A steep slope characterized as higher
morning cortisol levels and a drop across the day, indexes healthy cortisol regulation, while a
flatter slope suggests HPA axis dysfunction (Fries, Dettenborn, & Kirschbaum, 2009; Ross,
Murphy, Adam, Chen, & Miller, 2014). Cortisol slopes have been related in mothers and 6-
month-old infants, showing maternal and infant cortisol regulation across the day are attuned
(Stenius et al., 2008).
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Early Experiences and Infant Neural Activation

While there is a strong literature on effects of early environments on neural activation,
assessed by electroencephalography (EEG; Lupien, McEwen, Gunnar, & Heim, 2009;
Marshall, Reeb, Fox, Nelson, & Zeanah, 2008; Otero, Pliego-Rivero, Fernandez, & Ricardo,
2003; Tarullo, Garvin, & Gunnar, 2011; Tomalski et al., 2013), much less is known about the
role of maternal cortisol for infant EEG. EEG power is a widely used measure which
assesses voltage at an electrode site and reflects global neural activation over a period of
time (Molfese, Molfese, & Kelly, 2001). EEG power is quantified in frequency bands.
Different bands have different functional correlates, with higher frequency power generally
related to more alertness and attention (Engel, Fries, & Singer, 2001; Reid, Csibra, Belsky,
& Johnson, 2007). Further, EEG is a functional measure indexing neural activation in the
immediate context at the time of recording. Infant EEG power is sensitive to social context
(Jones, Venema, Lowy, Earl, & Webb, 2015) and much of infant learning and engagement
takes place in social situations. This suggests the relevance of recording EEG during a
socially engaging context rather than a neutral baseline.

With development the spectral distribution of EEG power shifts, with increasing power
concentrated in higher frequencies and less power in lower frequencies, which may reflect
neurodevelopmental processes such as neuronal growth and myelination (John et al., 1980;
Marshall, Bar-Haim, & Fox, 2002; MatouSek & Petersén, 1973). This developmental shift
appears to be sensitive to the quality of the environment. Children who experience adversity
show an excess of slow wave power and a deficit in high frequency power, suggesting
delayed maturation (Marshall et al., 2008; Otero et al., 2003; Tarullo et al., 2011; Tomalski
et al., 2013), while improvements in the caregiving environment are associated with
increases in high frequency power (Vanderwert, Zeanah, Fox, & Nelson, 2016). Further,
patterns of EEG activity in infancy and early childhood are associated with cognitive
functioning (Bell, 2001; Benasich, Gou, Choudhury, & Harris, 2008; Brito, Fifer, Myers,
Elliott, & Noble, 2016; Cuevas, Raj, & Bell, 2012; Gou, Choudhury, & Benasich, 2011;
Tarullo et al., 2017), with high frequency activity linked to better cognitive, linguistic, and
executive functioning outcomes (Benasich et al., 2008; Brito et al., 2016; Gou et al., 2011,
Tarullo et al., 2017). Given the significance of early EEG patterns for later development, it is
important to understand how maternal physiological stress may contribute to EEG power in
infancy.

As with possible mechanisms underlying cortisol attunement, maternal cortisol could relate
to infant neural activation through multiple pathways. Prenatal maternal cortisol predicts
infant cognitive outcomes assessed with behavioral tasks (Davis & Sandman, 2010; Huizink,
Robles de Medina, Mulder, Visser, & Buitelaar, 2003). This suggests a role for maternal
cortisol in predicting underlying neural processes as well, however research is needed to
understand if and how maternal postnatal cortisol relates to infant EEG. Early caregiving and
maternal sensitivity relate to infant EEG power, asymmetry, and event-related potentials
(ERPs) (Hane & Fox, 2006; Marshall et al., 2008; Taylor-Colls & Pasco Fearon, 2015) and
lower SES relates to EEG power (Otero et al., 2003; Tomalski et al., 2013). It is possible that
maternal physiological stress is playing a role in these associations such as mediating links
between SES and infant EEG or influencing caregiving behavior.
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Current Study

The goals of this study were (1) to understand if maternal physiological stress relates to
more than one infant physiological system and (2) to disentangle potential mechanisms
underlying those associations. We addressed these goals in three ways. First, we used a
longitudinal design. Many studies assess maternal and infant diurnal cortisol levels at a
single time point in infancy (Benjamin Neelon et al., 2015; Clearfield et al., 2014; Spangler,
1991; Stenius et al., 2008). Assessing how maternal and infant cortisol levels are related
within and across time points could help clarify the pathways underlying physiological
attunement. Second, we included infant cortisol and EEG power to bridge levels of analysis
and broaden our understanding of the role of maternal cortisol for infant physiology. Third,
we included psychosocial, breastfeeding, and mother-infant interaction variables to elucidate
the mechanisms underlying any observed links between maternal cortisol and infant cortisol
and EEG power.

We measured maternal and infant diurnal salivary cortisol when infants were 6 and 12
months. Slope indexed cortisol regulation and AUCg indexed cumulative cortisol exposure.
At 12 months, we assessed infant EEG 6-9 Hz power during a social interaction. We
anticipated that 6-month maternal slope would predict 12-month infant slope and 6-month
maternal AUCg would predict 12-month infant AUCg. We expected that steeper 6-month
maternal slope and smaller maternal AUCg would predict lower 12-month infant 6-9 Hz
power. We explored the roles of mother-infant interaction variables, maternal stressful life
events, depression, parenting stress, SES, and breastfeeding.

Methods

Participants

The sample for these analyses consisted of 65 mother-infant dyads who participated in a
home visit when infants were 6 months old and a laboratory visit when infants were 12
months old. All were singletons who had no known hearing, visual, neurological, or
developmental disorders (see Table 1 for demographics of the final sample).

The primary goal was to assess how 6-month maternal salivary cortisol related to infant
salivary cortisol and EEG power at 12 months. Therefore a dyad had to have useable
maternal cortisol at 6 months and at least one of the infant outcome measures, cortisol or
EEG, at 12 months. Of 130 mother-infant dyads who participated in the 6-month home visit,
97 (74.6%) returned for the laboratory visit. Of those 97, we excluded 16 because they
lacked usable maternal cortisol data at 6 months and 16 because they lacked usable infant
cortisol or infant EEG data at 12 months. This resulted in a final sample of 65 dyads (38
female infants).

The infants who were excluded did not significantly differ from the final sample in terms of
SES, maternal age, total number of stressful life events or maternal depression. Mothers
included in the final sample reported higher parenting stress (M= 73.74, SD = 11.33)
compared to mothers not in the final sample (M= 69.00, SD=11.73), £(119) = - 2.26, p=.
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03. Female infants were more likely to be a part of the final sample compared to male
infants, X2 (1, N=130) = 6.12, p= .01.

General Procedure

Measures

Participants were recruited from a department-maintained database of families interested in
participating in research; from publically available state birth records; from online
advertising; and through face-to-face recruitment events. This study was approved by the
Boston University institutional review board. Visits were scheduled when infants would be
well rested and informed consent was obtained.

Home visit (6 months).—Dyads completed a one-hour home visit that included
questionnaires, infant behavioral measures, and a mother-infant free play interaction.
Mothers were trained on home salivary collection procedures. After saliva collection was
complete, research staff collected the samples.

Laboratory visit (12 months).—Families were invited to participate in a 90-minute
laboratory visit. Continuous EEG was recorded for 20 minutes. The visit also included
maternal questionnaires and infant behavioral measures. The same salivary collection
procedure from the 6-month visit was followed.

Salivary Cortisol (6 and 12 months).—Mothers were instructed to collect salivary
samples from themselves and their infants immediately upon the infant’s waking and at the
infant’s bedtime (just before the last feeding) when they spent most of the day together and
when neither one was sick. This sampling was repeated for 3 days. Mothers were instructed
to avoid dairy and caffeine in the hour prior to sampling and to sample when it had been at
least an hour since the infant was last fed and had last napped. Compliance was assessed via
home diaries.

An infant-safe synthetic swab (Salimetrics, State College, PA) was placed in the infant’s
mouth and mothers placed a synthetic swab in their own mouths for 60 seconds. Mothers
were instructed to store samples in the freezer. Research staff collected the samples, which
were frozen at —20° C until they were sent to Trier Laboratories in Germany for assay.

Two full days of sampling was the minimum for inclusion in analyses. Sixty-five mothers
and 64 infants met this criterion at 6 months, 55 mothers and 55 infants met this criterion at
12 months. For 6-month cortisol, 54 mothers and 51 infants had three full days, and 11
mothers and 13 infants had two full days. For 12-month cortisol, 43 mothers and 38 infants
had three full days, and 12 mothers and 17 infants had two full days.

Statistically extreme values for these dyads were not explained by illness or medications.
Therefore, these values were winsorized to three standard deviations from the mean. When
necessary to meet the assumptions of normality, variables were log transformed. Two
variables were calculated to assess diurnal cortisol, standardized and averaged across the
days of sampling: slope across the day and AUCg. Slopes were computed using the rise-
over-run formula: change across the day in cortisol divided by the time elapsed from
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morning to bedtime sample. AUCg was calculated as an estimate of cumulative cortisol
exposure using the trapezoid formula (Pruessner, Kirschbaum, Meinlschmid, &
Hellhammer, 2003). We included both slope and AUCg as they provide different pieces of
information about the diurnal rhythm. For example, a flat slope simply means cortisol levels
did not change much from morning to evening. AUCg then provides information about
cortisol exposure. Thus someone with a flat slope could have cortisol values that start high in
the morning and end high in the evening resulting in a high AUCg or start low in the
morning and end low in the evening, resulting in a low AUCg.

Average time since waking when the morning sample was taken was calculated for mothers
(6 months: M= 24.39 mins., SD = 20.90 mins.; 12 months: A/ =21.38 mins., SD=19.39
mins.) and infants (6 months: M= 17.11 mins., SD = 16.85 mins.; 12 months: M/ = 16.50
mins., SD = 17.38 mins.) To control for variability in the time of sampling relative to the
cortisol awakening response that peaks about 30 minutes after waking, the square of the time
since wake was regressed out of slope and AUCq values, and the residual values were used
in analyses.

Parenting stress (6 months).—We used the Parenting Stress Index, 4th Edition short
form (Abidin, 1995). Mothers rated 36 items on a 5-point scale, which were summed to
yield a Total Stress Scale (possible range 36-180). Seven questions were part of the
Defensive Responding scale to assess if mothers were answering to look favorable by
minimizing problems or negativity. Mothers with a score of less than 10 on this scale are
considered defensive responders. Five mothers met this criterion and their scores were not
included in analyses. The PSI is validated for use with parents of children aged 1 month to
12 years (Abidin, 1995).

Stressful life events (6 months).—We used the Perceived Stress Index Life Stress
Subscale, associated with the Parenting Stress Index (Abidin, 1995) in which parents report
whether 17 stressful life events have recently occurred in their immediate family (e.g. death
of a family member). There is also space to write in stressful life events not listed.

Maternal depression (6 months).—The Center for Epidemiologic Studies-Depression
Scale (CES-D; Radloff, 1977), a 20-item questionnaire was used. The CES-D has internal,
concurrent, and predictive validity and is used widely with mothers of infants (Bureau,
Easterbrooks, & Lyons-Ruth, 2009). The range is 0 to 60, with a clinical cutoff of 16. One
participant did not complete the CES-D.

SES (6 months).—Mothers reported maternal and paternal occupation; highest maternal
and paternal educational level; household compaosition; and household income. Occupational
prestige was coded with the Job Zone coding scheme from the Occupational Information
Network (O*NET, http://www.onetonline.org/help/online/zones), which ranks U. S. Census-
based occupational categories on a 1-5 scale based on the education, experience, and
training required. An income-to-needs ratio based on the federal poverty level was computed
with income and household composition. Maternal and paternal occupational prestige were
averaged as were maternal and paternal education. Finally, parent occupational prestige,
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parent education, and income-to-needs ratio were standardized and averaged to yield a
composite SES variable.

Breastfeeding (6 and 12 months).—Infants were classified as currently breastfeeding
or not receiving any breast milk, based on maternal report.

Free-play interaction (6 months).—A mother-infant interaction was assessed in the
home with a 6-minute free play (Feldman, Gordon, & Zagoory-Sharon, 2011). Mothers were
provided with six standardized toys and told to play with their infants as they normally
would. A video camera faced the dyad so the toys, mother’s and infant’s faces and bodies
were in view. Interactions were micro-coded, frame by frame (Feldman et al., 2011), with
Noldus 11.0 (The Vaggenigen, Netherlands). Interrater reliability calculated for one minute
of each interaction yielded a kappa range of 84-.97. Maternal behaviors were coded every
30! of a second and behavior durations were calculated as a proportion of the 6 minutes.
Positive Affect indexed when the mother demonstrated positive affect (e.g., smiling,
laughter). Motherese indexed when the mother used infant-directed speech. I ntrusiveness
indexed the mother taking a toy away from the infant. Negative Affect indexed maternal
negative facial affect. Four dyads did not have a useable free play as the mother and infant
turned away from the camera.

Electrophysiological Recording and Analysis

During EEG recording, the infant was seated on the mother’s lap 24 inches from two
adjacent computer monitors (measuring 14.5 inches x 12 inches) that were spaced 18 inches
apart in an electrically shielded booth to prevent interference with the EEG signal. Mothers
were instructed to remain silent and not to make face-to-face contact with the infant or
interact socially. The experimenter was in the booth behind the computer screens, facing the
infant.

Throughout EEG recording, the experimenter was face-to-face with the infant and talked
warmly to the infant and responded contingently. The experimenter engaged with the infant
by playing peek-a-boo, singing songs, and directing the infant’s attention to photographs of
objects appearing on the computer screens while commenting on the pictures. Photographs
of objects (e.g. flower, apple) were displayed using E-Prime 2.0 software (Psychology
Software Tools, Pittsburgh, PA). Objects appeared at variable interstimulus intervals (.5 -2
seconds) and remained on screen for 13-14.5 seconds. Because EEG is a functional measure
that reflects recording context (Jones et al., 2015), we chose a context that indexes active
engagement and social learning rather than a passive baseline state.

EEG was recorded to a vertex reference using NetStation software and a Net Amp 300
amplifier (Electrical Geodesics, Inc.: Eugene, OR) connected to a Geodesic Sensor Net with
128 electrodes spaced ~ 1 cm apart over the scalp. Prior to use, the 128 lead high-density net
was soaked for 10 minutes in an electrolyte solution (6cc potassium chloride/liter water) to
facilitate electrical contact between the scalp and electrodes. Prior to recording, impedances
were lowered by administering small amounts of the electrolyte solution to electrodes with
poor contact. Electrode impedances were below the manufacturer’s recommended value of
50 kilo-ohms.
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Data were sampled at 500 Hz. Offline, data were notch filtered at 60 Hz, then a high pass
filter of 0.1 Hz was applied. Data were analyzed in 30-second epochs. An automatic artifact
rejection paradigm excluded electrodes with excessive artifact in an epoch, generally from
infant movement, if the root mean square of the EEG voltage data exceeded 175 p V or if the
amplifier was saturated any time within the epoch. Epochs with > 20 excluded electrodes
were rejected.

Data were re-referenced to the average reference of the remaining electrodes prior to power
analyses. EEG 6-9 Hz power was computed for each electrode using Fast Fourier
Transformations for each 30-second epoch. Regional EEG power averages were computed
for each scalp region (left and right frontal, central, temporal, parietal, and occipital regions)
to reduce multiple comparisons. Regional demarcation was adapted based on past research
(Cannon et al., 2015; Welch et al., 2014; see figure 1 for a map of electrodes by region).
Good epochs were combined to yield average power values for each region. Power values
were log transformed using the natural log. We assessed EEG power in 6-9 Hz which is the
dominant frequency band in infant research (e.g., Marshall et al., 2002). Fifty infants had
useable EEG data (M = 4.17 minutes of useable EEG data; SD = 2.41 min.)

Data Analysis Plan

Primary Analyses.—First we examined whether 6-month maternal cortisol predicted 12-
month infant cortisol using separate Pearson correlations for slope and AUCg. Following
significant correlations, hierarchical regressions determined unique contributions of the 6-
month maternal cortisol variable to the 12-month infant cortisol variable. The corresponding
6-month infant cortisol variable was entered in the first step to assess if 6-month maternal
cortisol contributed to developmental change in infant cortisol. Covariates were included if
they related to the 12-month infant outcome measure (slope or AUCg). SES, maternal
depression, parenting stress, stressful life events, 6 and 12-month breastfeeding statuses, and
infant gender were tested as covariates as well as the corresponding 12-month maternal
cortisol variable. We used Pearson correlations for continuous covariates and t-tests for
gender and breastfeeding status.

Second, we assessed whether the 6-month maternal cortisol variables predicted 12-month
infant 6-9 Hz power. Using repeated-measures analyses of variance (ANOVA) with region
(frontal, central, temporal, parietal, occipital) and hemisphere (left, right) as within-subjects
factors, 6-month maternal slope and AUCg were included in separate models as predictors.
To test whether potential covariates related to infant 6-9 Hz power, we included continuous
variables as covariates and dichotomous variables as between-subjects factors. Statistically,
all continuous variables were entered as covariates. We use the term “predictor” for the
maternal cortisol variables to distinguish from variables we treated as potential covariates
(e.g., SES). In ANOVAs where the assumption of sphericity was violated, we used
Greenhouse-Geisser corrections. Third, we assessed whether caregiving related to any of the
physiological measures to see if they played a role in explaining relations between maternal
and infant physiology.
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Secondary Analyses.—We assessed stability and change in maternal and infant cortisol
from 6 to 12 months. Correlations examined stability of cortisol and paired-samples t-tests
examined change in cortisol over time. We assessed concurrent relations between maternal
and infant cortisol at 6 and 12 months to explore physiological attunement at different time
points.

Primary Analyses

Maternal 6-month Cortisol Predictors of 12-month Infant Cortisol.—Six-month
maternal AUCg did not relate to 12-month infant AUCg (see Table 2 for correlations of
cortisol values). See Table 3 for descriptive statistics of raw mother and infant cortisol
measures.

A steeper 6-month maternal slope related to a steeper 12-month infant slope, r(53) = .33, p
=.01. Next a hierarchical regression determined the unique contribution of 6-month
maternal slope. Of the covariates (SES, maternal depression, parenting stress, stressful life
events, 6 and 12-month breastfeeding statuses, infant gender, and 12-month maternal slope),
only 6-month breastfeeding status related to 12-month infant slope, #(52) = 2.19, p=.047,
such that infants breastfeeding at 6 months had a steeper 12-month slope compared to
infants who did not receive any breast milk. See Table 4 for correlations between covariates
and cortisol and EEG values.

Six-month infant slope and 6-month breastfeeding status were entered in step 1 of the
model. Six-month maternal slope was entered in step 2 (see Table 5). The overall model was
significant, 7 (3, 50) = 3.70, R? = .18, p = .02. Further, 6-month maternal slope significantly
accounted for an additional 8.9 % of the variance in 12-month infant slope, ~ (1, 50) = 5.46,
p=.02, after accounting for 6-month infant slope and 6-month breastfeeding status. This
demonstrates that 6-month maternal slope predicted developmental change in infant slope
from 6 to 12 months, 8= .31, p=.02, and this relation was not explained by breastfeeding
status.

Maternal 6-month Cortisol Predictors of 12-month Infant 6—-9 Hz EEG Power.—
See Figure 2 for descriptives of EEG 6-9 Hz power values. Six-month maternal slope and
AUCg were included as predictors in separate ANOVAs of infant 6-9 Hz power with region
and hemisphere as within-subjects factors. There was a main effect of 6-month maternal
slope, F(1, 48) = 5.49, p= .02, np = .10 (for this model, N = 50). The parameter estimates
for 6-month maternal slope with each of the infant 6-9 Hz power values for each region and
hemisphere were negative indicating that a steeper 6-month maternal slope (i.e., a greater
magnitude of change across the day) predicted lower 12-month infant 6-9 Hz power. There
were no interactions.

None of the potential covariates related to infant 6-9 Hz power so none were included in the
model. There were no effects of 6-month maternal AUCg on infant 6-9 Hz power.
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Relations between Maternal and Infant Physiology and Caregiving.—Maternal
intrusiveness and negative affect hardly occurred; therefore they were not included in
analyses. The proportions of time mothers engaged in positive affect (M= .14, SD = .15)
and motherese (M= .23, SD=.19) were not related to the cortisol or EEG measures (see
Table 4).

Summary.—Steeper 6-month maternal slope predicted steeper 12-month infant slope
controlling for 6-month infant slope and 6-month breastfeeding status. A steeper 6-month
maternal slope also predicted lower 12-month infant 6-9 Hz power. The results were not
explained by psychosocial variables or maternal caregiving.

Secondary Analyses

Stability and Change in Maternal and Infant Cortisol.—Infant slope and AUCg
were related concurrently at 6 and 12 months, while there were no relations between the 6
and 12-month variables. Conversely, nearly all maternal cortisol values were correlated both
concurrently and over time (see Table 2). Paired samples t-tests determined that there were
no changes in AUCq or slope for either mothers or infants from 6 to 12 months.

Concurrent Relations between Maternal and Infant Cortisol at 6 and 12
months.—At 6 months, maternal and infant slopes were positively related, r(62) = .36, p
=.004, as were maternal and infant AUCg, r(62) = .35, p=.004. At 12 months, neither
maternal and infant slopes nor maternal and infant AUCg were related.

Discussion

Using a psychobiological approach, we examined how maternal cortisol predicts two aspects
of infant physiology and explored potential mechanisms underlying these associations.
When infants were 6 and 12 months, we assessed maternal and infant salivary cortisol
diurnal slope, indexing cortisol regulation, and AUCg, indexing cumulative cortisol
exposure. At 12 months, we recorded infant EEG 6-9 Hz power during a social interaction.
Consistent with our expectations, a steeper 6-month maternal slope predicted both 12-month
steeper infant slope, indexing better diurnal cortisol regulation, and lower 6-9 Hz power,
indexing greater neural activation. Results highlight the importance of day-to-day maternal
cortisol regulation for infant physiological development. This is the first study to show that
postnatal maternal cortisol predicts two distinct aspects of infant physiology and suggests a
potential role of maternal slope as a biomarker of infant physiological regulation broadly
construed.

The longitudinal relation between 6-month maternal slope and 12-month infant slope builds
on past research showing maternal and infant cortisol are concurrently related (Benjamin
Neelon et al., 2015; Bright et al., 2012; Clearfield et al., 2014; Laurent, Ablow, & Measelle,
2012; Middlemiss et al., 2012; Stenius et al., 2008). This finding suggests the importance of
maternal physiological regulation in helping to buffer infants from physiological stress over
time when the HPA axis is developing and maturing. This longitudinal association is
noteworthy as we controlled for 6-month infant slope and 6-month breastfeeding status.
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Thus, 6-month maternal slope contributed to the development of infant cortisol regulation
from 6 to 12 months.

Breastfeeding is a potential pathway for attunement (Benjamin Neelon et al., 2015) and
infants who were breastfeeding at 6 months had steeper cortisol slopes at 12-months
compared to infants not receiving breast milk. Infants may be exposed to maternal cortisol
from breastfeeding (Benjamin Neelon et al., 2015) as maternal cortisol is present in breast
milk (Grey et al., 2013; Hamosh, 2001). Additionally, the skin-to-skin contact involved in
breastfeeding could help mothers be more attuned and sensitive (Kim et al., 2011), resulting
in a steeper infant slope. Both pathways are probable, but the contributions and interplay of
these pathways are unclear. For example, if a mother has dysregulated cortisol and
breastfeeds, the infant may be exposed to cortisol but there may be larger benefits from the
skin-to-skin experience of breastfeeding. Further, 12-month breastfeeding did not relate to
12-month infant slope, suggesting earlier breastfeeding may be important for developmental
change in infant cortisol. The majority of infants were breastfeeding at 6 months. Future
research including more infants not breastfeeding, assessing the amount and frequency of
breast milk, and exploring the mechanisms involved is needed to explore the role of
breastfeeding for cortisol attunement. While the relation between 6-month breastfeeding and
12-month infant slope became a nonsignificant trend when 6-month maternal slope was
added to the model, it does suggest breastfeeding is important to consider.

The caregiving variables did not explain the relation between 6-month maternal slope and
developmental change in 12-month infant slope. Specifically, maternal positive affect and
motherese assessed during a non-stressful free play in the home at 6 months did not relate to
maternal or infant cortisol measures, and maternal intrusiveness and negativity were almost
never observed. As slope indexes daily cortisol regulation, maternal cortisol regulation may
be important for cumulative caregiving and sensitivity during daily experiences such as
getting ready in the morning, mealtimes, and bedtime. Days with infants are full of these
normal challenges, so a key part of maternal sensitivity is to scaffold infants’ experience and
help them manage arousal. Thus, maternal sensitivity during distress and challenge may be
most important for shaping infant diurnal cortisol. For instance, maternal sensitivity during a
bedtime routine but not in a free play was related to infant cortisol from evening to morning
(Philbrook et al., 2014) and maternal and infant cortisol are more attuned during challenging
compared to non-challenging interactions (Ruttle et al., 2011). Further, at-risk children in an
intervention, of which a primary aim was to increase parental nurturance to child distress,
had a more normal diurnal cortisol rhythm compared to children in a control group (Bernard,
Hostinar, & Dozier, 2015). This evidence suggests that an important avenue of future
research is to explore how caregiving during natural situations and daily challenges relates to
maternal and infant diurnal cortisol.

None of the psychosocial variables (SES, maternal depression, parenting stress, stressful life
events) related to 12-month infant cortisol and SES was the only psychosocial variable that
related to maternal cortisol. These findings that subjective measures largely do not relate to
cortisol is consistent with research finding a lack of association between biological and
subjective measures of stress (Chiang et al., 2016; Desantis, Kuzawa, & Adam, 2015;
Kivlighan, DiPietro, Costigan, & Laudenslager, 2008; Stalder et al., 2013). These
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psychosocial variables might be more relevant in a more economically diverse and strained
sample. Children with a history of being in Child Protective Services (Bernard, Zwerling, &
Dozier, 2015) and women with clinical levels of depression have blunted cortisol slopes
(Jarcho, Slavich, Tylova-Stein, Wolkowitz, & Burke, 2013). Thus more hardship may be
related to maternal and infant physiology. Likewise 6-month maternal AUCg did not relate
to 12-month infant AUCg or EEG power. AUCg indexes cumulative cortisol exposure and
may be more relevant in a sample with greater cumulative risk. Indeed, in an economically
diverse sample, lower SES and higher parenting stress related to greater AUCg in 12-20
month infants (Saridjan et al., 2010). However, it is striking that even within our advantaged
sample with few environmental risks, infant physiological development is sensitive to
maternal cortisol regulation.

As these results suggest day-to-day maternal cortisol matters for infant physiology, it is
important to consider practical implications and factors that may contribute to maternal
dysregulation. It is likely that other measures not included in this study played a role in
shaping maternal HPA axes. Adults with poorer sleep quality have flatter slopes (Kumari et
al., 2009) and mothers with lower levels of social support and lower relationship functioning
have more atypical diurnal cortisol patterns (Adam & Gunnar, 2001; Ben-Dat Fisher et al.,
2007). Thus mothers with lower levels of these indicators might have poorer daily
physiological regulation, in turn shaping infant physiology. Further, adolescent and older
adults’ diurnal cortisol patterns vary with momentary emotional states assessed with daily
diary responses (Adam, 2006; Adam, Hawkley, Kudielka, & Cacioppo, 2006), suggesting
that maternal moods and emotions could be important for day-to-day maternal cortisol.
Future research is needed to assess whether interventions to address factors such as poor
maternal sleep, social support, and moods and emotions across the day could improve
maternal cortisol regulation. If so, this could have practical applications such that health
professionals could think about ameliorating these factors to improve maternal physiological
regulation with implications for infant physiology.

Mothers collected saliva across three typical days that they spent with their infants to capture
average cortisol levels and to minimize the effects of day-to-day variability in activity and
stimulation. However, there are individual differences between dyads in levels of activity or
novelty experienced on a typical day. Future research that collects information on daily
routines is needed to assess how these factors may contribute to variability in dyadic
cortisol.

A steeper maternal cortisol slope at 6 months, indexing healthy diurnal regulation, also
predicted lower infant EEG 6-9 Hz power recorded during a social interaction. We assessed
EEG power in 6-9 Hz as it is the dominant frequency band in infant research (Marshall et
al., 2002). This band reflects slow wave activity, so lower power in the 6-9 Hz frequency
band is interpreted to index greater neural activation (see for review Allen, Coan, &
Nazarian, 2004). While this is the first study to show maternal cortisol relates to infant EEG
power, our result generally fits in with the wider literature demonstrating that infant and
child EEG power is sensitive to early experiences (Marshall et al., 2008; Otero et al., 2003;
Tarullo et al., 2011; Tomalski et al., 2013; Vanderwert et al., 2016). Yet the finding is novel
as our sample did not experience hardship or deprivation, which has been a focus of past
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research (Marshall et al., 2008; Otero et al., 2003; Tarullo et al., 2011). Our results suggest
that even in an advantaged low risk sample, infant neural activation as indexed by 6-9 Hz
power, is sensitive to subtle variation in experience, specifically to maternal physiological
regulation. While the pathway through which maternal slope relates to infant 6-9 Hz power
is unclear, it is possible that maternal slope is indexing variation in the infant’s day-to-day
environment such as caregiving. Many positive early experiences help build neural
architecture in early childhood (Black, 1998) and this could be a pathway through which
maternal slope contributes to infant brain development. Maternal support during a
challenging interaction with preschoolers has been related to structural brain development
(Luby, Belden, Harms, Tillman, & Barch, 2016), highlighting the importance of caregiving
experiences. Future research assessing infant EEG power, maternal cortisol, and caregiving
across multiple situations throughout infancy is needed to investigate this possibility.

An additional pathway that could explain links between maternal cortisol and infant
physiology is shared genes. Approximately 30% of waking cortisol levels is explained by
genetic influences, while little to zero percent of evening cortisol is heritable (e.g., Bartels et
al., 2003). This suggests promise of interventions to improve cortisol regulation, specifically
the drop in cortisol across the day. Moreover, 6-month maternal slope had a specific
association with 12-month infant slope independent of 12-month maternal slope and 6-
month infant slope. This specific longitudinal relation suggests a developmental story in
which maternal slope earlier in infancy shapes the infant’s developing HPA axis. This
further bolsters the potential of interventions such that improving maternal slope could help
with the development of the infant HPA axis over time.

We did not measure maternal prenatal cortisol so we cannot rule out a contribution of fetal
programming for the developmental of infant physiology. There is some ambiguity regarding
the role of the intrauterine environment for infant diurnal cortisol. A systematic review of
links between prenatal maternal cortisol and infant cortisol showed not all studies find an
association; moreover, all studies reviewed assessed infant cortisol reactivity to a stressor
rather than diurnal cortisol (Zijimans et al., 2015). The prenatal environment is also relevant
as maternal cortisol and mental state in pregnancy have been related to infant and child brain
development (Buss et al., 2012; Charil, Laplante, Vaillancourt, & King, 2010; Entringer,
Buss, & Wadhwa, 2015; Li et al., 2012). Research using longitudinal designs is critical for
teasing apart how prenatal and postnatal maternal cortisol contribute to both diurnal infant
cortisol and EEG.

Given that the infant HPA axis rapidly develops and maternal HPA function may also be
variable in the postpartum period, we assessed stability in cortisol over time. Infant slope
and AUCqg were concurrently related at 6 and 12 months; however, there were no relations
between these infant cortisol measures across time. Conversely, nearly all maternal cortisol
variables were correlated within and across time. The lack of association between 6- and 12-
month infant cortisol may reflect that the HPA axis is developing and maturing throughout
infancy and stable circadian cortisol rhythms are still being established (de Weerth et al.,
2003). Thus maternal physiological stress may be especially important for the infant’s HPA
axis in this critical developmental period. As 6-month maternal slope predicted 12-month
infant slope, it is striking that 6- and 12-month month infant slopes were unrelated. This
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supports the potential utility of maternal slope early as a biomarker of later infant
physiological regulation, as it was maternal and not infant slope at 6 months that predicted
12-month infant slope.

We assessed concurrent relations between maternal and infant cortisol at 6 and 12 months to
explore diurnal physiological attunement at different time points. At 6 months, maternal and
infant slopes were positively related as were maternal and infant AUCg. In contrast, neither
maternal and infant slopes nor maternal and infant AUCg were related at 12 months. The 6-
month findings are generally consistent with past research demonstrating links between
maternal and infant slopes at 6 months (Stenius et al., 2008), cortisol levels averaged across
the day in 0—7 month olds (Spangler, 1991), and midday cortisol in 5-month olds (Fuchs et
al., 2016).

There is little precedent in the literature for our result that 12-month maternal and infant
cortisol were unrelated. A cross-sectional study of infants aged 8-17 months (Bright et al.,
2012) found AUCg for mothers and infants were related only for infants younger than one
year. This is consistent with our finding that 12-month mother and infant AUCg were
unrelated. To our knowledge, no other studies have assessed maternal and infant diurnal
cortisol at 12 months. Maternal and child diurnal cortisol have been related in samples of 7—
12 year old girls (Williams et al., 2013) and of adolescents (Papp, Pendry, & Adam, 2009),
but comparing to our sample is difficult as the infant’s HPA axis is still developing stable
circadian rhythms (de Weerth et al., 2003). Maternal cortisol may contribute to the infant
HPA axis over time. So perhaps 12-month maternal cortisol would predict infant cortisol at a
later time point (e.g., at 18 months), though future research is needed to investigate this
possibility. To our knowledge, this is the first study to assess relations between maternal and
infant diurnal cortisol longitudinally. Future research assessing diurnal cortisol from infancy
through childhood is needed to further explore the development of dyadic cortisol relations
and explore how maternal cortisol contributes to the developmental change in child cortisol
rhythms.

A strength of this study was the inclusion of longitudinal physiological measures of mothers
and infants and psychosocial, caregiving, and breastfeeding measures. This allowed us to
assess how maternal cortisol could influence infant cortisol and neural activation over time.
By bridging levels of analysis and including more than one indicator of infant physiology,
we provided a broader picture of the potential implications of maternal cortisol for the
infant’s developing physiological systems. While the psychosocial, breastfeeding, and
caregiving variables did not explain links between maternal cortisol and infant physiology,
their inclusion helps rule out potential mechanisms in this particular sample.

Future research should include a more economically diverse sample and challenging mother-
infant interaction. As maternal sensitivity to infant distress may be more closely coupled
with maternal physiological regulation, assessing responsiveness in a more stressful situation
may elucidate how maternal cortisol shapes infant physiology. Further, as physiological
attunement is thought to involve the mother and infant discerning each other’s cues, future
research could investigate whether maternal and infant cue detection relates to diurnal
physiological attunement. Middlemiss and colleagues (2012) found that prior to a sleep
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intervention, maternal and infant evening cortisol levels were related. Yet, when mothers
could not hear their infant’s cries at bedtime, attunement of mother and infant cortisol was
extinguished. Further, in a study of cardiovascular reactivity, infants became attuned to their
mothers’ physiological response based on the mother’s affect (Waters, West, & Mendes,
2014). Perhaps mothers and infants’ abilities to detect one another’s cues could moderate
attunement, though future research is needed. This could also be applied to EEG by
assessing how infant neural activation varies depending on the concurrent physiological
stress of the mother.

This study is the first to provide evidence that maternal cortisol predicts both infant cortisol
and neural activation, indexed as lower 6-9 Hz power. Specifically, steeper 6-month
maternal slope predicted steeper infant slope and lower 6-9 Hz power at 12 months. This
suggests maternal physiological stress plays a role in shaping more than one aspect of infant
physiology. Psychosocial, breastfeeding, and caregiving variables did not explain results.
Future research is needed to elucidate the pathways through which maternal physiological
stress relates to infant physiological development. Regardless of underlying mechanisms,
results highlight the potential relevance of 6-month maternal slope as a biomarker of later
infant physiology.
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Figure 1.
Regional demarcation used to compute EEG power values for the left and right frontal (LF,

RF) central (LC, RC), temporal (LT, RT), parietal (LP, RP), and occipital (LO, RO) regions.
This view is looking down on the head with the nose positioned near electrode 17.
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Figure 2.
6-9 Hz (In) EEG power for left and right frontal (LF, RF), central (LC, RC), temporal (LT,

RT), parietal, (LP, RP), and occipital (LO, RO) regions.
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Demographic Information

Maternal age (years)
M(SD)
Infant age (months)
Home Visit M (SD)
Lab Visit M (SD)
Maternal ethnicity
Caucasian
Asian
Black
Hispanic
Native American
Multiracial/Other
Infant ethnicity
Caucasian
Asian
Black
Multiracial/Other
Income-to-needs ratio; M (SD)

Maternal education (% with at least
a 4 year college degree)

Paternal education (% with at least
a 4 year college degree)

Maternal occupational prestige (1-5
scale); M (SD)

Paternal occupational prestige (1-5
scale); M (SD)

Maternal Parenting Stress
(36 — 180 scale); M (SD)

Number of Stressful Life Events
M (SD)

Maternal Depression
(0 - 60 scale); M (SD)

Infants Breastfeeding at 6 months (%)

Infants Breastfeeding at 12 months (%)

33.72 (4.05)

6.68 (.45)
12.12 (.71)

79.7%
9.4%
6.3%
1.6 %
1.6 %
1.6%

69.2 %
31%
45%
231%
5.76 (3.60)

87.7%

82.6 %

3.96 (1.02)

3.76 (1.07)

73.58 (11.36)

2.34(1.91)

10.23 (8.21)

82.8%
64.6 %
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Table 2

Correlations among cortisol measures and infant EEG

Page 25

Maternal
slope-6
mo.

Maternal
AUC-6
mo.

Maternal

slope-12
mo.

Maternal AUC-12 mo. Infant Infant

slope- AUC-
6 mo. 6 mo.

Infant  Infant
slope- AUC-
12 12
mo. mo.

Avg.
6-9 Hz
(In)
power-
12 mo.

Maternal
slope-6
mo.

Maternal
AUC-6
mo.

Maternal
slope-12
mo.

Maternal
AUC-12
mo.

Infant
slope-6
mo.

Infant
AUC-6
mo.

Infant
slope-12
mo.

Infant
AUC-12
mo.

Average
6-9 Hz
(in)
power-12
mo.

.62
*ok

41

.10

*ok

.36

.16

*

.33

-11

-.32

.34

347

277

*ok

.35

.10

-.19

71

-.03

-.07

.09

-.18

-.08

-.08 -

03 74 Aokok _

-.06 .10 -.08

21 .06 23t

.06 -.01 -.05

fp< .10
p<.05

Hok

p<.01

HokAh

p<.001
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Descriptive Statistics for Raw Cortisol Values

M (SD)

Min

Max

Infant

6-mo. diurnal slope
(ug/dl/hour)
N=64

6-mo. AUCg (ug/dl/hour)
N=64

12-mo. diurnal slope
(ug/di/hour)
N=55

12-mo. AUCg (ug/dl/hour)
N=55

02 (.02)

2.82 (1.38)

.02 (.02)

3.62 (3.43)

-.05

1.04

-.07

1.16

.07

6.68

.07

22.79

Mother

6-mo. diurnal slope
(ug/dl/hour)
N=65

6-mo. AUCg (ug/dl/hour)
N=65

12-mo. diurnal slope
(ug/di/hour)
N=55

12-mo. AUCg (ug/dl/hour)
N=55

02 (.01)

1.89 (.79)

.02 (.01)

2.02 (.98)

-.01

.62

-.01

.14

.05

5.95

.07

7.13
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Table 4

Correlations of Psychosocial, Caregiving, and Breastfeeding Variables with Cortisol and EEG

Maternal Maternal Maternal Materna Infant Infant Infant Infant Average
slope-6 AUC-6 slope-12 I AUC- slope- AUC- slope- AUC- 6-9H
mo. mo. mo. 12 mo. 6mo. 6mo. 12 12 (In)
mo. mo. power-
12 mo.
SES 8% 5% 38** 17 17 .05 o5t -.05 -.18
Parenting -.03 -.03 .18 o5t 14 12 -.22 -.14 .09
stress
Stressful -.02 -.13 13 .16 —29* 12 .08 15 -.15
life events
Maternal -.06 -.09 -.01 -12 -.07 .01 _2¢!f 16 -.01
depression
Motherese .02 .10 -.06 -.09 -.05 -.16 .00 o5t 14
Maternal .00 -.17 .04 .02 -.01 -11 .20 12 -.02
Positive
affect
Breastfeed -.15 .00 -.18 .08 .02 .07 7% .01 11
ing status-
6 mo.
Breastfeed -.18 .03 -12 .18 .18 .15 -.19 .18 .09
ing status-
12 mo.
fp< .10
*
p<.05
p<.01
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Table 5

Regression Predicting 12-month Infant Cortisol Slope

Variable B SE B F-change AR?2
Step 1 2607 .09
6-month infant slope 13 13 .14
6-month breastfeeding  7* .35 .27
status
Step 2 546~ 09
6-month infant slope .05 13 .05
6-month breastfeeding ~ g77 .34 .25
status
6-month maternal slope  37* .16 .31

Note. This model included 54 dyads. For the second step, (3, 50) = 3.70, R2= .18, p=.02.

fp< .10

*
p<.05
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