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Mild signs of postpartum depression or anxiety are present in up to half of all new mothers. However, the impact of having the “baby blues” on infant development remains largely unknown. The current study explores a potential relation between mother’s self-reported depression or anxiety symptoms and infant’s motor development in a longitudinal sample of 50 mother-infant dyads. Further, we examine whether engaging in fetal kick counting during pregnancy may reduce maternal psychopathology symptoms and thereby positively influence infant motor development and parent-child engagement during the first months of life. We hypothesized that subclinical maternal psychopathology would negatively impact infant motor development, and that completing a fetal kick count activity during the third trimester would reduce overall signs of maternal psychopathology. Results only partially support these hypotheses. Postpartum maternal anxiety seems to negatively affect the emergence of infants’ fine motor skills. However, engaging in fetal kick counting during pregnancy did not reduce maternal depression or anxiety symptoms. Nevertheless, preliminary evidence suggests that engaging in fetal kick counting may impact early child development by altering the mother’s attitudes toward the child. Future research is needed to examine the value of this low-cost intervention strategy more closely.
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INTRODUCTION

According to estimates reported by the CDC (Bauman et al., 2020), about one in eight mothers (12.5%) may experience depression or anxiety symptoms shortly after childbirth. Experiences of postpartum depression or anxiety can turn what should be one of the happiest times in a woman’s life into a period of dread and despair. The period following birth is crucial for mother-infant bonding and attachment development (Ainsworth, 1979; Chess and Thomas, 1982). Consequently, postpartum maternal psychopathology may negatively impact the emerging bond between the mother-child dyad. Indeed, studies examining the impact of maternal psychopathology in the context of clinical levels of depression or anxiety support this view by reporting negative impacts of maternal psychopathology on children’s development (e.g., Cicchetti et al., 2000; Milgrom et al., 2004; Cornish et al., 2005; Castelli et al., 2015). However, less is known about the impact of subclinical psychopathology on child development. Subclinical psychopathology is commonly referred to as the “baby blues” and has and has a higher estimated prevalence of around 40 to 50% in new mothers (Rezaie-Keikhaie et al., 2020). Symptoms related to the “baby blues” do not meet threshold for a clinical diagnosis of postpartum depression or anxiety, but nevertheless may have a similar impact on early child development. Further, untreated subclinical symptoms may eventually spiral into more sever psychopathology (Fogel et al., 2006). The high prevalence of clinical or subclinical postpartum psychopathology, combined with its potential negative consequences for both the mother and child development, make this issue a serious public health challenge. Therefore, the current study examines the impact of mild maternal psychopathology on infants’ early motor development and whether a simple mother-fetus bonding activity (fetal kick counting; FKC) may reduce levels of maternal psychopathology.


Impact of Maternal Psychopathology on Infant Development

Several studies have documented negative effects of clinical maternal depression or anxiety on child development (e.g., Cummings and Davies, 1994; Bernard-Bonnin et al., 2004). Results of these studies suggest that maternal depression or anxiety can negatively impact a child’s language development (Brookman et al., 2020), motor development (Piallini et al., 2016), attachment (Lindgren, 2001), emotional development (Ibanez et al., 2015), or school readiness skills (Wang and Dix, 2013). Specifically, infants of depressed mothers have been reported to be less vocal and score lower on standardized language assessments at 18 months (Brookman et al., 2020). Others report that maternal depression may impact an infant’s language development as early as 9 months of age (Paulson et al., 2009). Similar findings exist regarding infants’ psychomotor development (Cornish et al., 2005) and their social-emotional development (Fredriksen et al., 2019). Finally, long-term consequences of maternal depression and anxiety during infancy have been noted to include lower verbal and full-scale IQ scores at three to 4 years of age (Cicchetti et al., 2000; Milgrom et al., 2004). Together, these findings show that maternal psychopathology can impact a child’s early development across domains and may have long-lasting impacts on developmental outcomes.

However, there have been some inconsistencies in the literature regarding the impact of maternal psychopathology—especially in the domain of motor development. For instance, Piallini et al. (2016) assessed the influence of subclinical and normative maternal depressive symptoms on infant motor development and report that children of mothers exhibiting higher levels of depression symptoms seem to score overall better on standardized motor assessments. In contrast, another study assessing the influence of postpartum depression on motor development found that infants with chronically depressed mothers scored significantly lower on motor assessments, including delayed walking onset at 15 months of age (Cornish et al., 2005). These conflicting findings suggest that the kind and severity of symptoms may determine whether maternal psychopathology can have a negative or positive impact on early child development. This is an important observation highlighting the need for further research on the unique impact of maternal depression and anxiety symptoms on child development (O’Connor et al., 2002; Ibanez et al., 2015; Schmidt et al., 2016; Brookman et al., 2020). Maternal anxiety and depression show high co-occurrence and are closely associated, but findings suggest that maternal depression has a stronger impact on child development than anxiety (Barker et al., 2011). Whether there are differences in how anxiety and depression influences child development remains unknown.



Maternal Psychopathology and Developmental Cascades

The long-lasting and domain crossing impact of maternal psychopathology suggests the initiation of a developmental cascade (Masten and Cicchetti, 2010). One potential mechanism underlying this developmental cascade could be that maternal psychopathology has a negative effect on mother-infant interactions. Mother-infant interactions are critical for early child development by providing children with important experiences and learning opportunities. If maternal psychopathology disrupts subsequent mother-infant interactions, then this would consequently also impact infant development in other domains. Specific details about the mother-child dyad, such as the infant’s gender, may further moderate the impact of postpartum depression throughout different developmental stages. For example, studies suggest that boys may be more vulnerable to the influence of maternal psychopathology, especially during infancy (Murray et al., 1993; Katherine Weinberg et al., 2006). However, others have found both genders to be impacted similarly by maternal psychopathology (Cornish et al., 2005). These findings suggest that child gender should be considered when examining the impact of maternal depression or anxiety. Further, maternal psychopathology seems to initiate a developmental cascade that impacts subsequent child outcomes—potentially by impacting the quality of early mother-infant interactions.



Mother-Infant Interactions

Maternal responsiveness and sensitivity to their child during mother-infant interactions play a pivotal role in early child development (Cicchetti et al., 2000). Both mother and infant mutually contribute to the quality of interactions through the use of responsiveness to verbal cues, infant eye-gaze, and maternal touch (Van Egeren et al., 2001). Unfortunately, research suggests that maternal depression and anxiety symptoms can negatively impact the quality of parent-infant interactions (Paulson et al., 2009). For example, mothers reporting postpartum depressive symptoms also experience impaired mother-infant bonding and report more negative perceptions regarding their child’s behavior and abilities (Tronick and Reck, 2009). Potential reasons for the decline in parent-infant interaction quality may be that mothers experiencing depressive symptoms have been shown to exhibit negative characteristics such as being more intrusive, withdrawn, and hostile, creating a negative environment to facilitate child development (Wang and Dix, 2013). Further, mothers experiencing postpartum depression are significantly less responsive to their infant (Milgrom et al., 2004) and engage in less conversational turn-taking (Brookman et al., 2020). Together, these results demonstrate that maternal depression and anxiety may indeed have negative influences on mother-child interactions during the first years of life.



Prenatal Influences

Conditions such as postpartum depression or the “baby blues” are commonly considered to affect new mothers following birth. However, maternal psychopathology may occur already during pregnancy. Prenatal maternal psychopathology can negatively influence child development prior to the child’s birth (Buist, 2002). For example, mothers who experienced depressive symptoms during pregnancy have been found to engage in fewer positive health practices such as taking prenatal vitamins, visiting obstetric care, or engaging in exercising, while simultaneously being more likely to engage in more negative health practices such as drug or alcohol usage (Lindgren, 2001). Such behavior patterns may increase the likelihood of negative influences on fetal development stemming from poor nutrition or teratogens. Others investigated the relation between ruminative thinking and depressed mood during pregnancy, postpartum depression, and mother-infant bonding. Results reveal that depressive symptoms during the prenatal period predict subsequent postpartum depression symptoms poor mother-child bonding (Müller et al., 2013).

Subclinical maternal psychopathology symptoms are highly prevalent during pregnancy and may negatively impact maternal-fetal attachment later in pregnancy (Lindgren, 2001). Therefore, this period may offer a unique opportunity for intervention before symptoms worsen or continue (Buist, 2002). Before mothers even meet their child and begin their new chapter together, maternal psychopathology may already have a lasting impact on the mother-child relationship and subsequent child development. Therefore, identifying practices that can help ameliorate maternal psychopathology symptoms during pregnancy could have far reaching positive effects on child development.



Risk Factors for Maternal Psychopathology

Many variables have been identified as potential risk factors for postpartum depression or anxiety. Identified risk factors include the presence of depression or anxiety during pregnancy (Davey et al., 2011), maternal age (Matsumoto et al., 2011), lack of social support (Robertson et al., 2004) and major life events (Milgrom et al., 2008). When investigating the prevalence of postpartum depression in various age groups, it was found that rates of postpartum are highest in the youngest (< 25) and oldest (35 +) mothers (Matsumoto et al., 2011). It was theorized that older mothers (35 +) may experience postpartum depression due to maladjustment to their novel roles as mothers both in aspects of social/cognitive and attachment adjustment (Carolan, 2005). Younger mothers on the other hand may not be as developmentally prepared in comparison to their older counterparts, as emerging adult mothers have been shown to exhibit less positive regard, supportiveness, and sensitivity in addition to exhibiting more negative regard and intrusiveness (Lewin et al., 2013).

While it is not possible to prevent every possible risk factor during the postpartum period, one can engage in preventative activities. However, to engage in preventative measures, it is first necessary to identify activities that may be beneficial. Only few studies have examined this important issue. For example, it has been reported that attachment-facilitating activities such as breastfeeding can be beneficial to mothers and combat postpartum depression (Figueiredo et al., 2014). This observation suggests that other attachment-facilitating activities may also be beneficial to mothers during the prenatal period. Indeed, breastfeeding is a simple and effective attachment-facilitating activity for mothers and their infants to engage in postpartum. However, ideally expectant mothers would engage in attachment-facilitating activities already during pregnancy to begin the process of mother-infant attachment building early on. Such a “preemptive” approach may avoid subsequent issues and may be easier to implement for the mother. Therefore, there is a need to explore potential prenatal intervention activities that may reduce maternal psychopathology and improve mother-infant attachment and engagement.



Fetal Kick Counting

The prenatal period offers a relatively underutilized window of opportunity to prevent the emergence of maternal psychopathology. While there may be pharmacological interventions available, a cheaper and less intrusive intervention may be engaging in fetal kick counting (FKC). Fetal kick counting asks mothers to take a moment each day and be attentive to their fetal movements. One medical use of FKC is to check on fetal wellbeing by quantifying the movements. Therefore, FKC is used in high-risk pregnancies, allowing them to detect any abnormal or decreased movement patterns and alert their physician, preventing from possible stillbirth (Lobb et al., 1985). In addition, FKC may also benefit maternal mental health and encourage early mother-child bonding but findings on this emerging intervention strategy are still mixed. Some studies report no effect of engaging in FKC on maternal mental health (Liston et al., 1994; Delaram et al., 2017), while others have found that mothers engaging in FKC to report enhancement on their general health status, social functioning, anxiety and depressive symptoms, and insomnia (Saastad et al., 2012; El-Sayed et al., 2018). One theory regarding why FKC may benefit maternal wellbeing is attending to fetal movements facilitates maternal-fetal attachment (Saastad et al., 2011). These inconclusive findings show that more research on the potential impact of FKC on maternal mental health is needed.



The Current Study

The current study provides a preliminary exploration of the relation between subclinical maternal psychopathology symptoms on infant motor development during the first months of life. Further, we explore whether engaging in FKC during the last trimester of pregnancy may reduce the emergence of subclinical maternal psychopathology symptoms such as negative perceptions toward their child. We hypothesize that already the presence of subclinical postpartum psychopathology (i.e., anxiety and depression) will have a negative impact on infants’ early motor development and may also increase parent’s negative views regarding their child’s development. Further, we predict that engaging in a 2-week FKC activity during pregnancy will reduce postpartum psychopathology symptoms and mother’s endorsement of negative perceptions about their child. Finally, we will explore whether fetal activity levels are related to infant’s subsequent motor development, and whether engaging in FKC during pregnancy enhances the quality of subsequent mother-infant engagement quality during play. We will examine these questions with a fully remote sample of mother-child dyads, completing all assessments via online surveys and live video conferencing.




MATERIALS AND METHODS

All study procedures and measures were approved by the University’s Internal Review Board. Participants completed informed consent before engaging in any study procedures. Mothers completed consent on behalf of themselves and of their child.


Participants

Participants were recruited via posts on social media and digital ads in local obstetrician-gynecologist and pediatrician offices for an ongoing longitudinal study examining the factors influencing early motor development. Participants included a total of 50 mother-child dyads divided into two groups based on the time of their entry into the study. One group of mother-child dyads enrolled in the study during the third trimester of pregnancy (after 28 weeks gestation) and completed a daily kick-count survey for a period of 2 weeks (“Kick Count Group” or K+; n = 25; 11 female). All mothers in this group were asked to complete the kick-counting activity around 30 to 34 weeks of gestation. A second group of mother-child dyads enrolled into the study following their child’s birth and consequently did not complete the kick-count survey (“No Kick Group” or K−; n = 25; 12 female). Mothers in this group joined the study between 1- to 3-months following the birth of their child. It is important to note that group membership is not random in our design: Group membership was determined by the timing of enrollment into the study (during vs. after pregnancy). However, families in both groups enrolled into a larger longitudinal study including repeated parent-child observations over the next 24 months. Further, demographics variables show no differences between the K+ and K− groups (see Table 1). Therefore, it seems unlikely that systematic differences between the two groups existed due to the timing of enrollment.


TABLE 1. Participant demographic information.
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Measures


Fetal Movements

Mother-child dyads in the K+ group (enrolled during pregnancy) were asked to complete a daily kick-count survey for a period of 14 days during their third trimester of pregnancy. To complete the survey, mothers were asked to identify a time during their day that is convenient for them, sit or lie down, place their hands on their stomach, and pay attention to their child’s movements for a duration of 10 min. Mothers were instructed to count each felt movement of their child that is separated by at least 2 s of inactivity as one kick. An online diary was used to collect the daily kick counts and allowed mothers to enter the actual duration of their observation. Using this information, fetal movements rate per minute was calculated for each mother-child dyad. Emails and notes within the diary were used to remind parents to complete the daily sessions. While mothers were encouraged to complete the kick-counting diary around the same time each day, this was not monitored.



Maternal Psychopathology

Symptoms of postnatal depression, anxiety, or other psychopathology were assessed for mothers in both the K+ and K− group during the first 6 months following the birth of their child using the Symptom Checklist 90-Revised (SCL90-R; Derogatis, 1983). Mothers completed the SCL-90R at home using an online version of the measure between 1- to 4-months following the birth of their child. The SCL-90 is a self-report questionnaire consisting of 90 items designed to capture a range of psychopathology symptoms. The instrument yields three global indices and nine primary symptom dimensions. Individual symptom dimensions are somatization, obsessiveness-compulsiveness, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. However, the current study focuses only on the depression and anxiety-related dimensions (i.e., anxiety, phobic anxiety, and paranoid ideation), as these have been reported to be most prevalent during the postpartum period (Reck et al., 2008). For analysis, the three anxiety related dimensions were compounded into one comprehensive anxiety score. SCL-90 items are rated on a 5-point scale ranging from “Not at all” (0) to “Extremely” (4). Scores across 13 depression related items and 23 anxiety related items were averaged, resulting in final scores ranging from 0 to 4 for the depression and anxiety dimensions, respectively. For the current sample of mothers, mean depression ratings (M = 0.56, SD = 0.55) and mean anxiety ratings (M = 0.24, SD = 0.36) were low confirming that our participants do not show signs of clinical depression or anxiety.



Infant Motor Development

Infant motor development was assessed in both the K+ and K− group at 3 months of age using the Early Motor Questionnaire-Extended (EMQ-X) when the infant was around 4 months of age (M = 3.83 months, SD = 0.79). The EMQ-X is a slight extension of the EMQ, a parent-report measure of early motor skills that has been validated for accuracy in the past (Libertus and Landa, 2013). However, for the age-range tested in the current study, the EMQ and EMQ-X are identical. The EMQ-X includes 140-item parent-report measure that assesses infants’ gross motor (GM, 50 items), fine motor (FM, 50 items), and perception-action skills (PA, 40 items). Parents completed an online version of the EMQ-X from their own homes. The original EMQ correlates highly the Mullen Scales of Early Learning (Mullen, 1995) and the Peabody Developmental Motor Scales (Folio and Fewell, 2000), two gold-standard measures of early motor development (Libertus and Landa, 2013).



Parent Perceptions

In addition to assessing infants’ motor skills, the EMQ-X also introduces a 20-item parent perceptions scale. This new measure asks parents how they feel about parenting in general (10 items) and their child in particular (10 items). This measure was designed around four conceptual sub-scales intended to capture parents’ positive perceptions toward being a parent, negative perceptions toward being a parent, positive perceptions toward their child, negative perceptions toward their child. However, this questionnaire has not been validated to-date and its use should be considered exploratory. For full dissemination and future adoption, the full parent perceptions scale is provided in Supplementary Appendix 1.



Maternal Engagement

Maternal engagement was examined in a longitudinal follow-up when the child was around 3 months of age. Mother-child dyads were observed during a 5-min free play session in their own home. Visits were completed virtually via video conference and mothers were instructed to play with their child as they “normally would.” This approach increases ecological validity and reduces distractions of the dyad during the interaction and has been used in previous research (Libertus and Violi, 2016). Video recordings of the interactions were captured remotely and subsequently coded by trained observers for maternal engagement using the coding scheme outlined in Table 2. Video records were coded in 1-minute-long intervals, resulting in a total of five codes for each mother-child dyad. For analysis, the average engagement score across all 5 min of play was calculated for each participant. Coders were blind to participant’s group membership. Please note that the coding scheme was developed for the current study and has not been validated or tested in prior research.


TABLE 2. Maternal engagement coding scale.
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Procedure

All participants were invited to participate in this research study via email and received an online consent form. Following consent completion, families received all study-related surveys and materials via email. Families were first asked to complete a demographic questionnaire, asking about their child’s gender, race, ethnicity, family education levels, and family income. Next, families in the K+ group received the fetal movements survey during their third trimester of pregnancy. Following birth of their child, mothers in both the K+ and K− groups received the SCL-90R questionnaire to assess maternal psychopathology. Finally, when their child was around 4 months of age, families in both the K+ and K− groups were asked to complete the EMQ.




RESULTS


Relation Between Postpartum Maternal Psychopathology and Infant Motor Development

The relation between subclinical maternal psychopathology and infants’ early motor development was examined using linear regression. Mother’s depression score, mother’s anxiety score, the child’s age at assessment, and the child’s gender were used predictors for infants’ GM (M = −64.49, SD = 7.97, range −74 to −38), FM (M = −64.89, SD = 10.32, range −78 to −32), and PA (M = −41.19, SD = 11.66, range −63 to 6) skills across three separate models. Overall models were significant in the GM, F(4,29) = 5.26, p = 0.003, R2Adj = 0.34, and FM domains, F(4,29) = 4.90, p = 0.004, R2Adj = 0.32, but not in the PA domain (p = 0.635). In the GM domain, only the child’s age (β = 0.57; p < 0.001) was a significant predictor of infants’ motor scores. In the FM domain, child age (β = 0.52; p = 0.001) was a significant predictor while parent’s anxiety ratings were approaching significance (β = −0.34; p = 0.050). Infants of mothers reporting high levels of anxiety showed a trend toward lower FM scores (see Figure 1). Thus, maternal anxiety may have some negative impact on infants’ fine motor skills around 4 months of age.
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FIGURE 1. Relation betweenMaternal Anxiety and Infant Fine Motor Scores. This figure demonstrates the relation between maternal anxiety self-ratings scores measured through the SCL90-R and infant fine motor scores at 3 months of ages as assessed on the parent-reported EMQ.




Relation Between Maternal Psychopathology and Parent Perceptions

The impact of maternal psychopathology (i.e., depression or anxiety symptoms) on parent’s perceptions about their own child was examined using linear regression Mother’s depression score, mother’s anxiety score, the child’s age at assessment, and child gender were used predictors. The primary outcome measure was a composite score of parent’s perceptions. This composite score was calculated by summing responses across four areas: Positive/Negative perceptions about their role as parent and positive/negative perceptions about their child. Negative perceptions were reverse coded for the composite score (i.e., higher scores indicate the parent endorses overall more positive views). The overall model was significant, F(4,27) = 5.16, p = 0.003, R2Adj = 0.35, with parental depression ratings being the only significant predictor in the model (β = −0.64; p < 0.001). This suggest that postnatal maternal depression have a negative impact on parent’s perceptions about their child above and beyond the impact of all other variables in the model. However, it remains unclear what aspects of parent perceptions are most impacted by depression symptoms.

To determine what kind of parent’s perceptions are most impacted by maternal depression, this analysis was repeated for each of the four parent perception areas separately. Bonferroni correction was applied to these regression results to adjust for multiple comparisons. This analysis failed to reach significance for parent’s positive (p = 0.836) or negative perceptions (p = 0.256) about their role as parent, and for parent’s positive perceptions about their child (p = 0.920). However, the model reached significance for parent’s negative perceptions about their child, F(4,28) = 5.14, p = 0.012, R2Adj = 0.34. Again, parental depression ratings were the only significant predictor in the model (β = 0.74; p = 0.004). These results suggest that parents endorsing more symptoms of depression also endorse an overall more negative view toward their child’s development (see Figure 2).
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FIGURE 2. Relation between Maternal Depression and Parents’ Negative Perceptions. This figure demonstrates the relation between maternal depression self-rating scores (SCL90-R) and subsequent parent negative perceptions toward their child (EMQ-X) at around 3 months postpartum.




Fetal Kick Counting and Its Impact on Maternal Psychopathology

The potential impact of completing fetal kick counting during pregnancy on self-endorsed maternal psychopathology symptoms was examined using Analyses of Covariance (ANCOVA) with Fetal Kick Counting (2) and infant Gender (2) as independent variables and child age and parental age as co-variates. Results reveal no significant main effects or interactions regarding depression (ps > 0.189) or anxiety ratings (ps > 0.182). This suggest that self-endorsed maternal psychopathology symptoms are not affected by engaging in FKC during pregnancy.

To further explore the effect of the FKC activity, we used the same analytic approach to examine if FKC has an impact on parent’s negative perceptions about their child. Our results suggest that mothers self-reporting more depression symptoms seem to also endorse more negative perceptions about their child. While our results provide no evidence for FKC reducing depressive symptoms, FKC may still have a positive impact on mother’s negative perceptions toward their child. Indeed, the model reveals a significant main effect of FKC on parent’s negative perceptions about their child, F(1,30) = 6.86, p = 0.014 (see Figure 3). There were no other significant effects or interactions (ps > 0.195). This suggests that mothers engaging in FCK endorse overall fewer negative perceptions about their child.
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FIGURE 3. Differences in Parent Negative Perceptions by Fetal Kick Counting Exposure. This figure demonstrates the significant impact seen in the K+ group postnatally as mothers who participated in the brief FKC intervention exhibited a decline in negative perceptions and attitudes toward their infants (EMQ-X) in comparison to the K− group.




Relation Between Fetal Movements and Infant Motor Development

The relation between individual differences in prenatal motor activity (defined as kicks per minute during the FKC activity) and infants’ postnatal motor development as assessed via the EMQ was examined using Pearson’s correlations. Further, given the results reported above, we also examined the correlation between prenatal motor activity level and parent’s negative perceptions about their child. Results suggest that average kicks per minute produced during pregnancy were not correlated with infants’ subsequent GM, FM, or PA development (ps > 0.435). In contrast, parents; negative perceptions about their child’s development showed a significant negative correlation with the fetus’ average kicks per minute during the FKC activity (r = −0.45, p = 0.006; see Figure 4). Fetal activity in utero did not seem related to postnatal motor development but may impact parents’ subsequent perception of their child.
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FIGURE 4. Relation between Fetal Kick Rates and Parent Negative Perceptions. This figure demonstrates the link between in utero fetal kick rates (FKC) and negative parent perceptions toward their child (EMQ-X) around 3 months postpartum.




Relation Between Fetal Kick Counting and Mother-Child Engagement Quality

Finally, we examined whether engaging in FKC during the third trimester of pregnancy would alter mother-child engagement quality when the child is around 3 months of age. This question was addressed using a 2 (FKC Condition) by 2 (Child Gender) Analysis of Covariance (ANCOVA) controlling for the child’s age at the observation. Results reveal no significant main effects of FKC Condition or Child Gender, and no significant interaction (all ps > 0.527). This suggests that mother-child engagement quality, at least as measured in the current study, was not affected by engaging in FKC during pregnancy. However, mother-child dyads in both the K+ (M = 3.12, SD = 0.86) and K− (M = 3.36, SD = 0.78) groups scored close to ceiling on the scale. Therefore, it is likely that the scale used here was too narrow in range to detect meaningful differences between the FKC groups.




DISCUSSION

The present study examined whether subclinical maternal psychopathology (i.e., depression and anxiety) may negatively impact infants’ early motor development. Further, we investigated if fetal kick counting (FKC) may reduce subclinical maternal psychopathology symptoms. And finally, we explored whether engaging in FKC may positively influence subsequent mother-child engagement quality. Results partially confirm our hypotheses. First, we did observe evidence that subclinical maternal psychopathology can have an impact on infants’ early motor skills. Specifically, maternal anxiety symptoms seem to negatively affect infants’ fine motor skills around 3 months of age. Further, we also observed that subclinical maternal psychopathology predicted mothers’ endorsement of negative perceptions toward their child’s development. An increase in mothers’ negative perceptions is one potential route for maternal psychopathology to impact infants’ motor development. Third, while engaging in FKC during pregnancy did not reduce maternal psychopathology symptoms, the FKC activity did seem to reduce mother’s negative perceptions toward their child. Finally, our findings do not suggest an improvement in mother-child engagement after engaging in the FKC activity. Thus, while FKC may have some positive influences, the overall and long-term effect seem relatively small.

Despite not finding a reduction of negative maternal psychopathology from FKC engagement, identifying a relation between fetal movements and negative parental perceptions has important implications and applications. Specifically, depression may manifest in parents as an increase of negative attitudes toward their child’s development. By increasing negative views toward their child, severe and acute depression symptoms may interfere with mother-infant interactions early in life (Tronick and Reck, 2009). The current study examines this issue within the context of subclinical levels of maternal depression and shows that even mild forms of depression may adversely impact aspects of child development. Specifically, our findings suggest that even parents showing only mild depression symptoms seem to endorse more negative perceptions toward their child and their child’s development. This may subsequently impact how the mother interacts with the child. While the current study did not observe any direct evidence this possibility, future research should re-visit this issue. It is possible that the engagement measure used here was not detailed enough to capture the impact of subclinical psychopathology on mother-child engagement. Further, it is also possible that the adverse impact of negative parental perceptions on mother-child engagement require more time to become evident. Longer-term follow-up examinations are needed to address this possibility.

The impact of maternal psychopathology on infant motor development is currently unclear as previous studies have reported inconclusive findings. For example, Piallini et al. (2016) found that children of mothers reporting higher levels of depression show higher motor scores compared to children of mothers experiencing subclinical or no symptoms. In contrast, others report that maternal depression has long-term negative impacts on infant motor development trajectories (Cornish et al., 2005). Our findings provide support for both positions. On the one hand, we report that children of mothers endorsing higher levels of (subclinical) anxiety show overall lower fine motor skills at 3 months of age. This suggest that maternal anxiety may have a negative impact on infants’ motor development. On the other hand, we did not observe a relation between subclinical depression symptoms and subsequent infant motor development. Therefore, the relation between subclinical maternal psychopathology and infant motor development does not seem universal but is dependent on both the domain of motor skills assessed (e.g., gross motor vs fine motor) and the type of maternal psychopathology (e.g., depression vs. anxiety). Depression and anxiety symptoms are often comorbid in postpartum depression, and more research is needed to clearly separate their unique or joint impact of on infant motor development.

The potential negative impact of maternal psychopathology highlights the need for intervention in this area. Research regarding the impact of fetal-kick counting is limited, but a few studies report that engaging in FKC may have positive effects. For example, engaging in FKC may increase maternal wellbeing (El-Sayed et al., 2018) and improve general health due to a reduction of anxiety, depression, and insomnia symptoms (Saastad et al., 2012). Unfortunately, the current study did not support the notion that FKC may reduce maternal anxiety or depression symptoms. Nevertheless, mothers in our FKC group endorsed fewer negative perceptions toward their child, suggesting that FKC may have some benefits despite the brief and informal FKC activity applied here. Engaging in FKC for a longer period or using a more structured diary approach may lead to stronger results. Longer-term research is necessary to examine this question.

Another interesting question is whether fetal movements may predict postnatal infant motor development. Past research has discovered links between fetal brain connection patterns and postnatal infant motor development abilities (Thomason et al., 2018). In addition, prenatal fetal activity levels have been shown to correlate with postnatal infant activity levels (DiPietro et al., 2002). However, our findings did not observe a link between prenatal motor activity and postnatal infant motor development trajectories. This may be due to using maternal self-report to assess fetal movement activity. More accurate and objective measures of fetal movement activity (e.g., ultrasound) should re-visit this idea to determine if fetal movement activity can predict postnatal motor skill emergence.

The current study also examined whether engaging in FKC during pregnancy might alter mother-child engagement quality following birth. One could speculate that engaging in FKC may encourage bonding between mother and child prior to birth and enhance the subsequent quality of mother-child interactions. Such a relation between FKC and mother-child interactions could act as a potential mechanism explaining some of the other findings reported here. Specifically, improved mother-child engagement may encourage infant motor skills and decrease the likelihood of maternal psychopathology symptoms. Our findings do not support that FKC influences subsequent mother-infant engagement. However, it is possible that the engagement scale used here (see Table 2) could not adequately capture nuances in mother-infant engagement.

Finally, it is important to note that the current study only focused on the relation between the mother and child. Our FKC activity had to be completed by the mother, and our postnatal psychopathology assessment focused on the mother only. However, it is possible that FKC could also be performed by fathers/partners, and the joint activity with the pregnant mother may be more effective than FKC by the mother alone. Further, fathers also experience postpartum depression and are influenced by similar psychosocial factors as mothers (Escribà-Agüir and Artazcoz, 2011), although fewer cases are diagnosed due to cultural and gender expectations (Hops, 1995). Fathers experiencing postpartum depression are more likely to endure a constant state of depression, whereas mothers are likely to decrease in symptomatology over the course of the first year postpartum (Escribà-Agüir and Artazcoz, 2011). Therefore, postpartum depression is an important issue with fathers as well. Fathers are a critical factor predicting early child development and the interactions between father and child are likely to have long-term implications for child development. Therefore, examining the benefits of FKC with fathers presents an interesting next step for this line of research.


Limitations

Some limitations need to be considered when interpreting our results. First, the sample size was relatively small and lacked diversity. This limits the generalizability of our results. Further, the engagement coding scheme used here may not fully encapsulate the complex dynamics of mother-infant engagement. The measure used here primarily assesses the reciprocal nature of mother-infant interactions, although research on depressed and anxious mothers shows them to also exhibit negative characteristics such as hostility and intrusiveness (Wang and Dix, 2013). These behaviors were not quantified in the current study. Finally, mother-infant dyads were not randomly assigned to group membership. Instead, assignment into groups was based on the time of recruitment into the study. However, all families agree to participate in a larger longitudinal study where most study related observations only begin after the child is around 3-months of age. Together with the lack of demographic differences (see Table 1), there is little reason to suggest that families self-selected into the FKC group on purpose. Nevertheless, we acknowledge that the lack of random assignment needs to be considered when interpreting our results. Finally, depression may significantly affect maternal behavior and compliance with prenatal routines. None of the mothers enrolled in the current study presented with clinical levels of depression or anxiety on our self-report screening measure. Self-report may include under (or over) reporting of symptoms and could have impacted our results.



Future Directions

The results reported here show promise for the use of FKC as a simple and cost-efficient intervention. Future research should further explore this possibility and improve upon the FKC approach used here. The current study did not combine the FKC activity with any form of parental education or even provide any feedback about the child’s behavior. Others used a similar approach by explicitly incorporated fetal kick counting informational sessions for mothers to learn more about self-monitoring fetal kicks and to potentially stimulate fetal movements (El-Sayed et al., 2018). This information may increase mothers’ investment and enjoyment. Future studies should combine fetal kick counting with information about fetal development. A mobile app called “Mamma Mia” used a similar approach to combat postpartum depression using a combination of positive and metacognitive psychology in addition to couples therapy (Haga et al., 2013). In combination with a parent-child bonding activity such as FKC, effectiveness of this approach may be increased. However, potential risks such as the FKC activity inadvertently inducing anxiety also need to be considered and this potential side effect needs to be examined before broadly recommending FKC.




CONCLUSION

The current findings advance our understanding of the potential benefits of engaging in prenatal fetal kick counting for postnatal infant motor development and long-term mother-infant interactions. Results suggest that mothers experiencing subclinical levels of depression may subsequently exhibit more negative perceptions toward their child. Furthermore, the presence of subclinical maternal anxiety seems to have some influence on infants’ fine motor skills development. Specifically, engaging in fetal kick counting during the third trimester of pregnancy may reduce parents’ negative perceptions toward their child. Given the low cost and ease of implementation, our preliminary study suggests that fetal kick counting is a worthwhile activity that should be examined further in future research.
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