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Abstract
The presence of perinatal mood and anxiety disorders has 
typically been associated with decreases in the quality of 
mother–infant interactions. However, maternal anxiety 
symptoms during the postpartum period have been less 
studied than other mental health disorders like depression. 
In the current study, we examined associations among 
symptoms of maternal anxiety, maternal perceived stress, 
and mother–infant behavioral synchrony in the early post-
natal period. Eighty-one mother–infant dyads participated 
in this study when the infants were 3 months old. Surveys 
were given to obtain demographic information and current 
maternal mental health symptoms, and dyads completed 
a 5-min free-play task to measure behavioral synchrony. 
Results indicated that maternal anxiety symptoms were 
positively associated with behavioral synchrony, but only 
for mothers reporting moderate levels of perceived stress. 
These findings highlight the differential impact of mater-
nal postpartum mental health on behavioral synchrony and 
suggest that higher maternal anxiety symptoms during the 
postnatal period may play an adaptive role in fostering 
more dynamic mother–infant interactions.
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1 | INTRODUCTION

Maternal mental health is a major concern during the postpartum period. Women often develop and 
experience perinatal mood and anxiety disorders (PMAD) during this time due to the myriad of 
hormonal, neurobiological, and behavioral changes as a result of childbirth and caring for an infant. 
Postpartum depression has been found in 17.22% of the world's population (Wang et al., 2021), but as 
this disorder is oftentimes underdiagnosed (Toohey, 2012), this estimate is likely to be much higher. 
Studies have reported that postpartum depression may last 3–14 months after childbirth and has been 
linked to negative impacts on subsequent child development, most notably within the cognitive and 
socioemotional domains (Slomian et al., 2019).

Although most of the literature has focused on postpartum depression, rates of postpartum anxi-
ety are reported to be much higher, with up to 50% of new moms reporting experiencing symptoms 
of postpartum anxiety (Wenzel et  al.,  2005). One important aspect of the early child environment 
thought to be impacted by maternal mental health is the quality of mother–infant interactions (Granat 
et al., 2017; Kaitz et al., 2010). Research on associations between maternal mental health and mother–
infant interactions has largely focused on individual parenting behaviors, such as maternal sensitiv-
ity, described as the mother's ability to notice, interpret, and appropriately respond to infant cues 
(Beebe et al., 2011) rather than behavioral synchrony, which treats the mother–infant dyad as a single 
interdependent unit of coordinated back-and-forth exchanges of affective and behavioral cues (Feld-
man,  2007a). The degree of synchrony between mother and infant has been positively associated 
with a number of child outcomes, including self-regulation, attachment security, and measures of 
social and emotional wellbeing (Feldman & Eidelman, 2004; Feldman et al., 1999, 2009; Isabella & 
Belsky, 1991; Jaffe et al., 2001). However, disruptions in mother–infant synchrony can also serve as 
a risk for psychopathology later in development (Feldman, 2007a). As such, given the prevalence of 
maternal anxiety in the postpartum period, and the importance of mother–infant synchrony for multi-
ple domains of development, more research is needed to clarify the associations between maternal 
anxiety and mother–infant behavioral synchrony specifically.

1.1 | Postpartum anxiety and mother–infant interactions

Given that the focus of most research in maternal mental health and mother–infant interactions has 
been on postpartum depression, associations between maternal anxiety and mother–infant interactions 
are less well understood than associations with depression. Importantly, however, existing research has 
shown that anxiety and depression have differential influences on mother–infant interactions (Granat 
et al., 2017), highlighting the need to better understand how anxiety may influence the mother–infant 
relationship.  Specifically, maternal depression has been associated with more withdrawn mother–
infant interactions, including less maternal warmth, lower rates of maternal sensitivity, and difficul-
ties with emotional bonding between mother and infant compared to mothers without postpartum 
mental illness (Slomian et al., 2019). In a study comparing the dynamics of mother–infant interactions 
between depressed, anxious, and control mothers and their 9-month-old infants, Granat et al. (2017) 
found that infants of depressed mothers showed higher rates of gaze aversion, less social gaze, the 
lowest rates of both gaze and touch synchrony with the mother, and did not show evidence that the 
mother buffered negative affect. By contrast, dyads with anxious moms showed the highest rates of 
gaze and touch synchrony and showed evidence of maternal buffering of negative affect. Altogether, 
available evidence would suggest that maternal anxiety and depression show important differences in 
the emotional dynamics of mother–infant interactions in the first year of life.
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The research focused specifically on maternal anxiety and mother–infant interactions has yielded 
mixed results. Using the Coding Interactive Behavior (CIB) manual to measure mother–infant inter-
actions, Feldman et al. (2009) reported that clinically diagnosed anxious mothers show poorer social 
engagement and reduced maternal sensitivity than nonanxious mothers during short free-play inter-
actions with their 9-month-old infants (Feldman et al., 2009). Another study by Kaitz et al. (2010) 
used 14 parenting behaviors from the Scale of Interactional Style measure and found that although 
clinically anxious mothers showed more exaggerated behaviors with their 6-month-old infants during 
free-play interactions, they did not show deficits in sensitivity. Furthermore, some studies have 
suggested that mothers with anxiety symptoms are actually more attuned to their 12 months infants' 
arousal and emotional bids when recording vocalizations and day-long physiological fluctuations 
(Smith et al., 2021). These mixed findings would suggest that associations between maternal anxiety 
and mother–infant interactions may differ based on infant age, how mother–infant interactions are 
measured, and assessment of maternal mental health status (clinical diagnosis vs. symptom-based 
approaches). The reliance on clinical cutoffs or diagnoses limits the generalizability of previous 
research in this area by failing to account for individual differences within clinical and nonclinical 
groups, and sources of variability in mother–infant interactions related to mental health symptoms at 
the subclinical level. As such, more research is needed in nonclinical samples to better characterize the 
associations between maternal anxiety and mother–infant interactions and improve generalizability of 
findings to the general population.

1.2 | Anxiety, stress, and behavioral synchrony

Recent shifts in the study of mother–infant interaction have focused on the role of synchrony within 
the dyad (Feldman, 2007a; Granat et al., 2017; Kaitz et al., 2010; Smith et al., 2021). Previous stud-
ies have shown that infants in highly synchronous mother–infant dyads show higher capacities for 
self-regulation in childhood (Feldman & Eidelman, 2004; Feldman et al., 1999), higher empathy in 
adolescence (Feldman, 2007b), and more secure attachment behavior (Isabella & Belsky, 1991; Jaffe 
et al., 2001). However, behavioral synchrony between mother and child seems to be influenced by the 
mother's emotional state.

When examining maternal anxiety and synchrony, some research has found that anxious mothers 
show more synchrony with their infants (Doba et al., 2022; Granat et al., 2017; Smith et al., 2021), while 
others have shown no differences between anxious and nonanxious mothers in behavioral synchrony 
(Kaitz et al., 2010). These mixed findings suggest that more research is needed to better understand 
the precise role of maternal anxiety in mother–infant behavioral synchrony. Importantly, much of 
the research in this area has relied upon clinical diagnosis of maternal anxiety (Kaitz et al., 2010) or 
extreme case designs (Granat et al., 2017), potentially obscuring how individual differences in anxi-
ety severity may contribute to behavioral synchrony. It is important to examine subclinical anxiety 
symptoms as they relate to mother–infant interactions, as heightened anxiety during the postpartum 
period is a relatively common experience, and is tied to neurobiological changes in the maternal brain 
(Kim et al., 2010), but may not always amount to clinically significant anxiety. Additionally, from a 
Research Domain Criteria (RDoC) perspective (Cuthbert & Insel, 2013), examining individual differ-
ences in symptoms, rather than clinical diagnoses, increases translational utility of research findings 
by allowing for broader generalizability of findings beyond strictly clinical samples.

Previous work in the area of anxiety and mother–infant interactions has suggested a midrange 
model of self-reported anxiety, in which mothers reporting neither very high nor very low levels of 
anxiety show the most engaged and sensitive parenting (Beebe et al., 2011). This moderate anxiety 
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is hypothesized to allow mothers to be more attuned and responsive to infant distress cues with-
out becoming distressed themselves, whereas very high anxiety might cause mothers to become 
distressed, and very low anxiety might inhibit mothers' ability to detect infant distress cues. This 
midrange model further highlights the importance of examining subclinical anxiety symptoms, as it 
may be the case that clinical anxiety symptoms show a different behavioral phenotype than moderate 
or low subclinical anxiety symptoms (Barlow,  1991; Kaitz & Maytal,  2005). Within this context, 
moderate maternal anxiety may be associated with greater behavioral synchrony in a mother–infant 
dyad, due to heightened maternal awareness of infant cues without becoming overly distressed so as 
to disengage the infant.

The postpartum period is associated with changes in a number of biological and physiological 
systems in mothers that may predispose them to moderately heightened stress and anxiety during this 
time. Studies have shown that maternal stress is associated with increases in amygdala sensitivity to 
infant cues of distress and decreases in amygdala sensitivity to infant happy cues (Kim et al., 2017; 
Schechter et al., 2012). This would suggest that mothers experiencing heightened levels of stress may 
be more responsive to infant distress cues and less responsive to neutral or positive infant cues. Addi-
tionally, stress is known to exacerbate the behavioral and neurobiological symptoms of anxiety (Pêgo 
et al., 2010; Shin & Liberzon, 2010). Taken together with the midrange anxiety model, these findings 
would suggest that mothers experiencing heightened anxiety may show more behavioral synchrony 
with their infants, but that relationship might be moderated by the degree of stress the mother is expe-
riencing. These findings highlight the importance of examining both direct and interactional effects of 
anxiety and stress on behavioral synchrony in the perinatal period.

1.3 | The current study

The current study examines the associations among maternal anxiety symptoms, maternal perceived 
stress, and mother–infant behavioral synchrony during a free-play task. We seek to expand upon previ-
ous literature examining associations between maternal mental health and behavioral synchrony by 
specifically focusing on symptoms of maternal anxiety, including a consideration of the interaction 
between maternal anxiety symptoms and stress in the early postpartum period. We hypothesize that 
maternal anxiety symptoms will be associated with greater behavioral synchrony between mother and 
infant, but that this relationship will be moderated by the degree of maternal stress. Specifically, we 
hypothesize that at moderate levels of stress, there will be a positive association between maternal 
anxiety and behavioral synchrony. Expanding upon previous research, we test these associations in a 
nonclinical sample of mother–infant dyads when infants are 3 months old to better understand how 
early in development we can begin to see differences in behavioral synchrony in relation to maternal 
mental health.

2 | METHODS

2.1 | Participants

One-hundred-and-three families were recruited from community events and flyers posted around the 
New York City metropolitan area. Inclusion criteria for children included being 3 months old at the 
time of the first lab visit (range = 2.8–3.8 months), born at or after 37 weeks of gestation, and no 
history of neurological or developmental delays. For the purposes of the current analyses, we limit 
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our sample to useable data from families where the mother completed all of the tasks including free 
play, the Edinburgh Postnatal Depression Scale (EPDS), and stress questionnaires. Our final sample 
consists of 81 mother–infant dyads who completed all required surveys and a 5-min free-play inter-
action. We examined the differences between those included and those not on the basis of income, 
maternal depression, and caregiver race and found no significant differences between groups. The 
present study was conducted according to guidelines laid down in the Declaration of Helsinki, with 
written informed consent obtained from a parent or guardian for each child before any assessment 
or data collection. All procedures were approved by the Institutional Review Board at New York 
University.

2.2 | Measures

2.2.1 | Demographic questionnaire

Families completed questionnaires during the visit to obtain demographic information including 
maternal and infant age, race, ethnicity, sex, and annual household income. Household income to 
needs ratio (INR) was measured by dividing the total annual household income by the federal poverty 
line for families of that size. An INR value below one indicates that the family is living in poverty, and 
below 2 would indicate that the family is classified as low income. The INR for this sample ranged 
from 0 to 23.44 and the median was 3.7.

2.2.2 | Perceived Stress Scale

The Perceived Stress Scale (PSS; Cohen et al., 1983) was used to assess self-reported maternal stress. 
The PSS is a 14-item self-report questionnaire that assesses the degree to which the respondent has 
perceived situations as stressful within the last month. Items are rated on a five-point Likert scale 
ranging from 0 (never) to 4 (very often). A total score is the sum of scores from all items (after four 
items are reverse scored). Scores on the PSS can range from 0 to 40. Scores between 0 and 13 are 
considered low stress, 14–26 are considered moderate stress, and 27–40 are considered high stress. 
The range of scores in our community sample ranged from 0 to 34; however, only 2 participants had 
scores falling within the “high stress” range (scores of 28 and 34). As such, to reduce the influence 
of isolated higher stress scores, we created a dichotomous stress variable, in which all participants 
scoring above 13 (moderate stress) on the PSS received a score of 1 (n = 30) and all those receiving a 
score of 13 or below (low stress) received a score of 0 (n = 46).

2.2.3 | Mother–infant interaction and behavioral synchrony

Infants were placed in an infant rocker, which is a chair for infants from 0 to 6 months that has a curved 
seat, enabling 3-month-old babies to sit back and allowing face to face interaction with mothers, who 
were seated across from them. Each dyad was given a standardized set of toys including a book, plastic 
cups, and a rattling ball, and were instructed to play like they normally would at home for 5 minutes. 
Infants were not rocked during the interaction. The interactions were video recorded and the experi-
menters left the room during the task. Quality of mother–infant interactions were assessed using the 
Coding Interactive Behavior (CIB; Feldman, 1998) measure. Each behavioral code was coded on a 
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5-point scale, where 1 denotes a minimal level of the specific behavior and 5 denotes a maximal level 
across the 5-min interaction.

From the CIB, the following dyadic scales were used to characterize behavioral synchrony:

 Dyadic Reciprocity: Describes the synchrony between mother and child in terms of frequency 
(moving along smoothly) and quality of the interaction (understanding, and responding to their 
partner's signals). It is the “serve and return” of an interaction. Dyadic reciprocity describes how 
well each partner participates in the joint interaction while giving something meaningful (saying 
something, doing something) and allowing for the space and time for the other partner to do the 
same. This scale focuses more on the content of the interaction—what did each person share? Did 
it build off of what the other person shared? Are they responding to each other? An example of 
an interaction high in dyadic reciprocity would be when the child vocalizes, the mother acknowl-
edges and elaborates upon the vocalization as a response to that signal. In this scale, 1 was the 
minimum score, where coordination was not observed between the dyad, for example, if the 
mother or the infant was rejecting. The maximum score was five and it was given to those dyads 
that were synchronized, reading and responding to their partner's cues.

 Adaptation–regulation: This scale describes the mutual adaptation to different states and signals, 
and the degree to which mother and infant adapt to their partner's degree of involvement or 
level of stimulation. Examples include lowering one's voice when the other averts their gaze, or 
increasing involvement following the other's encouragement. A score of 1 was given when the 
mothers ignored the child signals and continued stimulating them, for example, if the infant was 
crying and the mother continued playing with them. The maximum score of five was given when 
mothers adapted to their child's signals, for example, if the baby was crying, they would try to 
calm them down before stimulating.

 Fluency: This is associated with the rhythm and flow of the interaction. Higher scores on this scale 
are achieved when the dyad keeps a continuous and consistent flow, independent of the speed of 
the interaction. An absence of fluency in the dyad would receive a score of 1 and a very fluent 
interaction would get a 5.

Three coders with CIB training coded the interactions. After CIB training, study-specific training 
occurred, where videos were chosen randomly from the study database (n = 20) and were used to 
establish overall reliability across the three coders, with inter-rater reliability of r > 0.85. Following 
this training phase, coders coded their own randomly assigned videos, blind to socio-demographic 
or maternal mental health data. Strength of agreement using Fleiss' Kappa ranged from good to very 
good: Dyadic Reciprocity κ = 0.857, Adaptation-Regulation κ = 0.751, and Fluency κ = 0.906.

2.2.4 | Edinburgh Postnatal Depression Scale (EPDS)

The EPDS is a 10-item self-report scale assessing the common symptoms of postpartum depression 
and anxiety (Brouwers et al., 2001; Cox et al., 1987; Matthey, 2008; Matthey et al., 2013). Of the 
10 items, 7 directly measure depression symptoms, while 3 measure anxiety symptoms (Brouwers 
et al., 2001; Matthey, 2008; Matthey et al., 2013).

 Postpartum anxiety. Our main measure of anxiety in this analysis is the 3-item anxiety subscale of 
the EPDS (EPDS-3A). The items read as follows: “I have been anxious or worried for no good 
reason,” “I have blamed myself unnecessarily when things went wrong,” and “I have felt scared or 
panicky for no good reason.” Previous studies using both exploratory (Smith-Nielsen et al., 2018) 
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and confirmatory (Smith-Nielsen et  al.,  2021) factor analysis have found distinct anxiety and 
depression subscales within the EPDS (Kozinszky et al., 2017). This evidence suggests that the 
EPDS-3A is both a reliable and time-effective method of measuring anxiety during the perinatal 
period. The Cronbach's alpha for this subscale was 0.69, indicating acceptable internal consist-
ency. This value is comparable to values found in previous studies using the EPDS-3A to assess 
anxiety (Smith-Nielsen et al., 2021).

 Postpartum depression. Our maternal depression measure consisted of items from the EPDS meas-
uring depression symptoms (EPDS items 1, 2, 6, 7, 8, 9, 10). The items read: “I have been able to 
laugh and see the positive side of things as much as I used to,” “I have had a strong desire to get 
things done and I enjoy doing so,” “Things have been piling up and I haven't been able to keep 
up,” “I have been so unhappy that I have had difficulty sleeping,” “I have felt sad or miserable,” “I 
have been so unhappy that I have been crying,” and “The thought of harming myself has occurred 
to me.” This subscale had a Cronbach's alpha of 0.81, indicating good internal consistency.

2.2.5 | Covariates

All regressions control for family income-to-needs ratio, infant sex, maternal depression (to parse 
out potentially shared sources of variance between anxiety and depression symptoms), and first-
time motherhood status. We control family income-to-needs ratio to mitigate potential sources of 
income-related stress as influencing the quality of mother–infant interactions, in line with the Family 
Stress Model (Conger et  al.,  2010). We control effects of infant sex, based on previous literature 
suggesting that male infants may be more sensitive to influences of maternal mental health than 
female infants (Reck et al., 2018). Finally, we control for first-time motherhood status based on previ-
ous literature suggesting that first-time mothers show different patterns of maternal self-efficacy and 
mental health symptoms than more experienced mothers (Kunseler et al., 2014).

2.3 | Analysis plan

All analyses were conducted in R. We created composites for behavioral synchrony, maternal anxiety, 
and maternal depression by taking the mean of the items listed in the measures section. The behavioral 
synchrony composite comprised CIB items of dyadic reciprocity, adaptation–regulation, and fluency. 
The Cronbach's alpha of this measure was 0.72, indicating acceptable internal consistency.

First, we performed a series of bivariate correlations to determine if there were basic associations 
between our measures of interest. We then performed a series of regression models with behavioral 
synchrony as our outcome of interest and maternal anxiety symptoms and stress as our predictors, 
controlling for all covariates outlined above. Finally, to test for a possible moderating effect of stress, 
we performed a regression with an interaction between stress and anxiety symptoms, and a simple 
slopes test to examine if the association between anxiety symptoms and behavioral synchrony differed 
between our moderate stress and low stress participants. To minimize effects of multicollinearity 
between anxiety symptoms, stress, and depression symptoms, we standardized and mean centered all 
continuous predictors in our regression analyses and examined variance inflation factors for all regres-
sion terms. Missing data were accounted for using full information maximum likelihood estimation.
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3 | RESULTS

3.1 | Descriptive statistics and correlations

Information on the demographic characteristics of our sample can be found in Table 1. Maternal anxi-
ety symptoms, perceived stress, and behavioral synchrony were all relatively normally distributed in 
our sample, as described in Table 2. The mean score on the Edinburgh scale across the entire sample 
was 5.4 (range = 0–19), below the threshold for possible depression of 10, indicating that our sample 
is generally in the subclinical range for mental health symptoms as measured by the EPDS. The mean 
EPDS-3A score in our sample was 1.94, with possible values ranging from 1 to 4, indicating low to 
moderate average anxiety symptoms in our sample.

A correlation matrix for all variables of interest can be found in Table 3. Upon examination of 
correlations, we found, as expected, strong positive correlations between maternal anxiety symptoms, 
depression symptoms, and stress, suggesting that these mental health symptoms are highly comorbid 
in our sample. There were no correlations between income-to-needs ratio and mental health symptoms 
or behavioral synchrony in our sample. Additionally, we found no significant correlation between 
maternal anxiety symptoms and behavioral synchrony (r = 0.19, p = 0.09). The correlations between 
our behavioral synchrony items were moderate in magnitude and in the expected direction: fluency 
and adaptation regulation (r = 0.34, p < 0.01), fluency and dyadic reciprocity (r = 0.43, p < 0.01), 
adaptation regulation and dyadic reciprocity (r = 0.64, p < 0.01).

3.2 | Does maternal anxiety predict behavioral synchrony?

In a multiple regression model controlling for all covariates of interest, we found no significant asso-
ciation between maternal anxiety symptoms and behavioral synchrony (β = 0.32, p = 0.06). We then 
ran an analysis including maternal stress as an additional predictor of behavioral synchrony. Maternal 
stress was negatively associated with behavioral synchrony (β = −0.41, p = 0.001), and the addition 
of maternal stress in the model resulted in a significant positive association between maternal anxiety 
symptoms and behavioral synchrony (β = 0.36, p = 0.02).

To further explore this result, we included an interaction between maternal anxiety symptoms and 
stress in the next regression model. The coefficient for the interaction term was significant (β = 0.34, 
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Mean (SD) or N (% of sample)

Family income-to-needs ratio 5.13 (5.27)

Infant sex 50 (61.7%) male

First time mother status 41 (50.6%) first time mothers

Maternal Race

 Black/African American 15 (18.52%)

 Asian American 8 (9.88%)

 White 26 (32.10%)

 Two or more races 21 (25.93%)

 Other 8 (9.88%)

 Did not report 3 (3.70%)

T A B L E  1  Demographic characteristics



p = 0.03). A simple slopes analysis demonstrated that for mothers scoring low on the Perceived Stress 
Scale (≤13), there was no association between anxiety symptoms and behavioral synchrony (b = 0.11, 
p = 0.28). However, for mothers scoring in the moderate range on the Perceived Stress Scale, we find 
a significant positive association between anxiety symptoms and behavioral synchrony (b = 0.42, 
p < 0.01). These findings suggest that when accompanied by a moderate degree of maternal stress, 
maternal anxiety symptoms are positively associated with behavioral synchrony in our sample. This 
association is illustrated in Figure 1. A summary of all regression results is reported in Table 4.

4 | DISCUSSION

The current study aimed to understand how anxiety and stress in the perinatal period promote behav-
ioral synchrony in the mother–infant dyad. Our results suggest that maternal anxiety symptoms are 
positively associated with behavioral synchrony when infants are 3 months of age. However, these 
results come with important nuances. Specifically, we found that maternal anxiety symptoms were 
associated with behavioral synchrony only at moderate levels of maternal-reported stress, as assessed 
by the Perceived Stress Scale. At low levels of stress, there were no associations between maternal 
anxiety symptoms and behavioral synchrony. Importantly, we also found no direct effect of mater-
nal anxiety symptoms on behavioral synchrony in our correlations. This finding, while potentially 
surprising, aligns with our initial hypothesis that the interaction between maternal anxiety symptoms 
and maternal perceived stress would be an important predictor of behavioral synchrony due to the 
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Variable Mean (SD)

Min, Max 
(possible 
range) Skewness Kurtosis

Maternal anxiety symptoms (EPDS-3A) 1.94 (0.7) 1, 3.67 (1–4) 0.46 −0.66

Perceived Stress Scale 12.99 (6.54) 0, 34 (0–40) 0.55 0.28

Maternal depression symptoms (mean of items 1, 2, 6, 7, 8, 
9, 10)

1.5 (0.47) 1, 3.14 (1–4) 1.18 1.02

Dyadic reciprocity 3.69 (0.64) 2, 5 (1–5) −0.17 −0.38

Fluency 3.51 (0.69) 1, 5 (1–5) −1.15 2.87

Adaptation regulation 3.9 (0.7) 2, 5 (1–5) −0.17 −0.5

Behavioral synchrony (composite) 3.71 (0.54) 2.33, 5 (1–5) −0.22 −0.03

T A B L E  2  Descriptive statistics

Maternal anxiety 
symptoms

Maternal 
depression 
symptoms

Behavioral 
synchrony

Income-to-
needs ratio

Perceived 
Stress 
Scale

Maternal anxiety symptoms 1

Maternal depression symptoms 0.63*** 1

Behavioral synchrony 0.19 0.05 1

Income-to-needs ratio 0.00 −0.08 0.17 1

Perceived Stress Scale 0.62*** 0.66* −0.08 −0.07 1

*p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001.

T A B L E  3  Correlations between all measures of interest
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F I G U R E  1  Interaction plot showing significant positive association between maternal anxiety symptoms and 
behavioral synchrony at moderate stress, shown in the solid dark blue line

Model (F-value, p-value) β p-value Variance inflation factor (VIF)

Model 1 (F = 1.79, p = 0.13)

 Maternal anxiety symptoms 0.32 0.06 2.42

 Maternal depression symptoms −0.18 0.27 2.40

 Income-to-needs ratio 0.10 0.42 1.20

 First-time mother status 0.17 0.14 1.23

 Infant sex 0.04 0.71 1.04

Model 2 (F = 3.20, p < 0.01)

 Maternal anxiety symptoms 0.36 0.02 2.45

 Maternal stress (dichotomized) −0.41 0.001 1.56

 Maternal depression symptoms 0.02 0.92 2.75

 Income-to-needs ratio 0.09 0.47 1.20

 First-time mother status 0.12 0.27 1.23

 Infant sex 0.06 0.57 1.06

Model 3 (F = 3.47, p < 0.01)

 Maternal anxiety symptoms 0.18 0.28 3.10

 Maternal stress (dichotomized) −0.40 0.001 1.57

 Maternal anxiety × maternal stress 0.34 0.03 2.65

 Maternal depression symptoms −0.10 0.56 3.10

 Income-to-needs ratio 0.02 0.89 1.28

 First-time mother status 0.16 0.16 1.26

 Infant sex 0.03 0.76 1.07

T A B L E  4  Summary of all regression results



behavioral and neurobiological changes associated with experiencing both stress and anxiety together. 
Stress and anxiety are relatively common experiences in the early postpartum period, and it could be 
the case that elevated stress may exacerbate some of the behavioral phenotypes associated with mater-
nal anxiety, thus influencing the degree of behavioral synchrony in the mother–infant dyad.

Previous studies within the literature examining maternal anxiety, stress, and mother–infant inter-
actions have yielded mixed results. However, these past studies have often relied on extreme case 
designs or case-control designs (Granat et al., 2017; Kaitz et al., 2010) between mothers with anxiety 
compared to mothers without anxiety. These studies provide important foundational knowledge about 
anxiety, stress, and parenting, but may not capture meaningful differences that arise across the spec-
trum of maternal mental health symptoms. Specifically, such studies often fail to account for variability 
in symptom severity within clinical versus nonclinical groups, thus limiting our understanding of how 
individual differences in mental health symptoms influence the quality of mother–infant interactions. 
Similarly, samples such as these are often skewed toward individuals with the social and economic 
resources to seek mental healthcare and thus receive clinical diagnoses, which limits generalizability 
of findings and fails to account for symptoms of anxiety in those without a clinical diagnosis.

There is a growing body of research that suggests that anxious mothers may be more attuned to 
infant signals and may be more responsive to those cues. In a recent study examining physiological 
synchrony in mother–infant dyads, Smith et al. (2021) found that dyads with anxious mothers showed 
a higher degree of physiological synchrony overall throughout the day compared to dyads with less 
anxious mothers. Specifically, this study reported that less anxious mothers were highly responsive 
to peak levels of arousal from their infants, but that more anxious mothers displayed more consistent 
responsiveness to smaller fluctuations in infant arousal. This study would suggest that maternal anxi-
ety is positively associated with physiological synchrony, but that behavioral aspects of these mother–
infant interactions may differ as a function of maternal anxiety. Importantly, however, Smith and 
colleagues used a median split to characterize their high and low anxiety groups, and found that their 
high anxiety group was more reflective of moderate anxiety, as defined by their measurement tool 
the GAD-7. Thus, these findings, in addition to our own, provide additional support for a midrange 
model of anxiety at which moderate anxiety in the postnatal period is thought to be associated with an 
optimal level of mother–infant interaction (Beebe et al., 2011; Smith et al., 2021).

Similarly, in a study of 72 mothers and their 6-month-old infants, Doba et al. (2022) found that 
higher subclinical maternal anxiety was associated with higher motor, verbal, and gaze synchrony 
between the mother and infant (Doba et  al.,  2022). Altogether, the existing research on maternal 
anxiety and behavioral synchrony would suggest that a certain degree of maternal anxiety in the post-
natal period is an important tool for cultivating dynamic and synchronous mother–infant interactions 
(Beebe et al., 2011; Doba et al., 2022; Granat et al., 2017; Smith et al., 2021).

A higher degree of mother–infant behavioral synchrony is often associated with more positive 
infant outcomes (Leclère et al., 2014); however, in the absence of adequate stress buffering and regu-
lation of negative arousal, this synchrony could prime the infant toward more anxious patterns of 
self-regulation in order to “match” that of the caregiver. In the short term, these kinds of adaptations 
are highly beneficial, allowing the infant to regulate their arousal in a manner most appropriate for 
their environment (Ellis & Del Giudice,  2019). However, in the long term these adaptations may 
increase the risk for later anxiety disorders (Santarelli et al., 2014). This would suggest that behavioral 
synchrony in the postpartum period may be an important conduit for intergenerational transmission of 
anxiety; however, we did not examine this possibility in this study and more longitudinal research is 
needed to address this possibility.

Our findings provide some support for a midrange model of anxiety (Beebe et al., 2011). A moder-
ate degree of maternal anxiety may involve more consistent awareness of and attunement to infant 
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emotional cues (as seen in Smith et al., 2021), whereas high anxiety might be associated with exces-
sive awareness of infant cues (seen in Kaitz et al., 2010), and very low anxiety might be associated 
with intermittent awareness of and responsiveness to infant cues (Smith et al., 2021). Such a model 
may fit well within the context of our findings, in which we find that at moderate levels of stress, we 
see a positive relationship between anxiety and behavioral synchrony and at low stress we find no 
relationship between anxiety and synchrony. This is significant, because stress and anxiety are highly 
correlated in our sample (r = 0.621), indicating that mothers who report the highest levels of stress are 
also likely to report the highest levels of anxiety, and vice versa. This would suggest that a midrange 
anxiety framework may be a useful framework to interpret our findings, in which we see the highest 
degree of behavioral synchrony in the midrange for both anxiety symptoms and stress. Replication of 
these findings in a larger sample, capturing a wider range of stress and anxiety experiences, is needed 
to provide additional support for this model.

There are a number of methodological and conceptual strengths in this study. To begin with, 
our focus on individual differences in anxiety symptoms, rather than clinical diagnosis of anxiety, is 
especially valuable. A symptom-based approach to understanding mental health aligns well with a 
Research Domain Criteria (RDoc; Cuthbert & Insel, 2013) framework of examining a wider range of 
mental health experiences in behavioral research, rather than limiting observations to clinical versus 
nonclinical diagnoses. This added nuance is particularly valuable for understanding maternal mental 
health in the postpartum period, where heightened anxiety is common but not always chronic or 
detected by clinicians.

An additional strength of our approach comes in the consideration of both stress and anxiety. Our 
finding that higher anxiety symptoms are related to higher behavioral synchrony only among those 
mothers experiencing moderate stress suggests that the experience of stress plays an important role in 
how mothers coping with anxiety interact with their infants. Within our study, for moms reporting low 
stress there was no association between anxiety symptoms and synchrony, suggesting that maternal 
anxiety may be a less important predictor of mother–infant interactions in low stress contexts than in 
moderate stress contexts. These findings highlight the importance of more specifically tailored mental 
health services for new mothers, services that both reduce maternal stress and alleviate symptoms of 
maternal anxiety. More work in this area is needed to fully disentangle effects of co-occurring stress 
and anxiety in the postpartum period, but this study provides an important step in understanding these 
complex dynamics.

Despite the strengths of this study, there are limitations that merit addressing. As mentioned above, 
while this sample adequately represents mothers experiencing low and moderate stress, we have very 
few mothers reporting high levels of stress. As such, we are limited in the conclusions we can draw 
about how high stress may interact with symptoms of maternal anxiety. Further studies are needed to 
better capture a fuller range of stress experiences and fully understand these associations for moth-
ers experiencing high levels of stress. An additional limitation comes from the sample size (n = 81) 
represented here. Future studies employing larger samples may be able to detect more nuances in 
associations between maternal stress, anxiety symptoms, and behavioral synchrony than we are able 
to do here due to issues of statistical power and sample size limits. Furthermore, while we examine 
stress as a moderating factor influencing the associations between maternal anxiety and synchrony, it 
could be the case that anxiety and stress contribute additive, rather than interactive, influences on the 
mother–infant relationship, which we have not accounted for in these analyses. A further limitation 
comes from our use of the EPDS-3A as a measure of maternal anxiety. While the EPDS-3A shows 
adequate reliability in our sample, and has been shown elsewhere to reliably detect maternal anxiety 
(Kozinszky et al., 2017; Smith-Nielsen et al., 2018, 2021), future studies should employ additional 
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measures of maternal anxiety such as the State-Trait Anxiety Inventory or the GAD-7 to further assess 
the associations between maternal anxiety symptoms and behavioral synchrony.

There is a great deal of evidence that heightened maternal anxiety in the postpartum period is a 
relatively common experience, with a neurobiological basis that is often different from anxiety expe-
rienced in other time periods (Pawluski et al., 2017). Future research should continue to examine the 
ways in which maternal anxiety influences mother–infant interactions in the early postpartum period, 
particularly the extent to which neurophysiological changes following childbirth that promote anxiety 
may also promote positive and supportive mother–infant relationships. Integrating models of postpar-
tum anxiety with models of behavioral synchrony and infant development will be a useful and fruitful 
step in understanding these complex processes in context and providing the best possible support for 
parents and their infants.
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