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Abstract

:

Background: Prepartum and postpartum maternal symptoms of stress, anxiety and depression are likely to influence the child’s sensory processing through hormonal alterations and an influence on mother–child interactions. Objective: We investigated the associations between maternal prepartum and postpartum symptoms of depression, anxiety and stress related to the COVID-19 pandemic and childhood sensory avoidance at 18 months. Methods: Longitudinal data from 409 participants followed during the COVID-19 pandemic were used. They completed questionnaires during pregnancy and up to 18 months after delivery. Maternal distress symptoms were assessed prenatally and at 18 months postnatally using the Edinburgh Postnatal Depression Scale, the Generalized Anxiety Disorders 7-item Scale and a 10-point scale assessing the level of stress felt related to the COVID-19 pandemic. Child sensory avoidance was assessed at 18 months postpartum using the Infant/Toddler Sensory Profile—Second Edition. Pearson correlations and multiple regressions measured the associations between maternal distress symptoms and child sensory avoidance. Results: Prepartum and 18-month postpartum maternal depression and anxiety were significantly correlated with childhood sensory avoidance (p < 0.05). Together, these variables explained 7.18% (F = 2.12, p < 0.05) of the variance of childhood sensory avoidance. Conclusions: These results support the contributory effect of prepartum and postpartum maternal distress on childhood sensory development.
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1. Introduction


Pregnancy and the first few months following childbirth represent a period of mental-health vulnerability for women, as symptoms of depression, anxiety and stress are prevalent [1,2,3]. The COVID-19 pandemic has added further stressors, making everyone, but particularly women in the perinatal period, particularly vulnerable in terms of their well-being and mental health. During the pandemic, perinatal care was modified to comply with sanitary measures, social support was diminished due to social distancing measures and women could have additional worries about their health and the health of their child [4].



Child development is likely to be influenced by exposure to maternal prepartum and postpartum mental health. Exposure to prepartum and postpartum maternal stress has been associated with lower cognitive development [5,6], as well as to the development of a difficult temperament and the child’s social–emotional development [7,8]. Exposure to increased prepartum and postpartum maternal anxiety is associated with a risk of unfavourable development in the child’s social-emotional behaviour [9]. Exposure to maternal postpartum depression has been linked to the child’s cognitive [10] and behavioural [11,12] development.



Several aspects of the mother–child interaction may have consequences on child development [10,11,12]. Indeed, mothers experiencing depressive and anxiety-related symptoms may be less sensitive and attentive to their child’s needs, which can in turn prevent the child from developing a secure attachment, and lead to associated difficulties in social functioning and emotional regulation [11]. The lack of maternal sensitivity and attention may also affect the child’s temperament, influencing their behavioural development [12]. Moreover, depressed mothers may be less disposed to offer a sufficient stimulation [10]. Lack of stimulation may affect the quantity and quality of verbal interactions, affecting children’s cognitive development [10].



While most studies have focused on diminished environmental opportunities for children raised by mothers with distress symptoms, few have investigated the impact of maternal prepartum and postpartum mental health on the child’s ability to process sensory stimuli [13,14,15,16]. While sensory sensitivity varies from person to person, the way one perceives and responds to a stimulus can vary greatly [17]. Some people with sensory hypersensitivity will exhibit over-reactivity to sensory stimuli, which can lead to intense and aversive reactions [17]. On a developmental level, poor sensory processing skills in children are likely to have a negative impact on their social, cognitive and sensorimotor development [18]. According to the conceptual model presented by Dunn (1997), sensory avoidance corresponds to a sensory processing profile for which the neurological threshold for perception is low, i.e., there is sensory hypersensitivity, for which active self-regulatory strategies are employed to avoid excessive sensory stimulation [18]. Thus, children with sensory-avoidance behaviours may be reticent or withdraw from certain activities and adopt routines or rituals so that sensory input and neural activity become predictable and familiar patterns [18]. From a clinical perspective, these children may not be able to tolerate physical touch or commonly encountered sounds, have a restricted diet and withdraw from activities normally perceived as pleasurable, thus becoming overwhelmed by sensory stimulation, resulting in strong emotional reactions or disruptive behaviour [19].



Very few studies have investigated the links between exposure to symptoms of prepartum maternal distress and childhood sensory development [13,14,15,16], and even fewer on the biological mechanisms underlying these associations [14,15,16,20]. However, several studies have delved into the neurobiological and endocrine mechanisms that underly the association between prenatal maternal stress and foetal brain development. According to the foetal programming hypothesis, during critical periods of prepartum development, organ structure and function can be permanently altered as a function of the intrauterine environment and the time of exposure [21,22,23]. Prepartum stress is likely to reduce the activity of the 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) enzyme, which regulates foetal exposure to cortisol by converting it into its inactive form, cortisone [21,24,25,26,27]. This could lead to increased foetal exposure to maternal cortisol, which may affect the neuroendocrine, structural and behavioural phenotype of the offspring [21,26,27]. More specifically, glucocorticoids have important effects on brain development, for instance by modulating synaptic development, as well as cell proliferation and differentiation in various brain regions [23,24,25]. Under high-stress conditions, long-term effects on foetal brain development could result from exposure to higher levels of maternal cortisol [27]. Downregulation of the placental 11β-HSD2 gene has also been associated with prepartum maternal anxiety and, to a lesser extent, prepartum maternal depression [28]. High levels of maternal stress could also lead to increased levels of corticotropin-releasing hormone (CRH) in the placenta, which, by activating CRH receptors, could influence the development of certain foetal brain areas rich in CRH receptors, like the amygdala, the hippocampus and limbic cortical areas [21,29]. For example, prepartum exposure to glucocorticoids leads to higher levels of CRH in the amygdala, which is associated with the altered functioning of this brain structure involved in the expression of anxiety and fear [25]. Prepartum maternal stress has also been associated with sleep disorders during pregnancy and a less healthy diet, which can lead to immune and inflammatory responses, as well as to nutrient deficiencies that can impair foetal brain development [22,24]. One theory to explain greater sensory sensitivity, and even sensory hypersensitivity, puts forward an imbalance between neuronal excitation and inhibition through differences in levels of the excitatory neurotransmitter glutamate or inhibitory neurotransmitter GABA (gamma-aminobutyric acid) in neural circuits of the neocortex involved in sensory perception [17,20]. Exposure to prepartum maternal stress is likely to disrupt the development of GABAergic and glutamatergic pathways in offspring, as it has been associated with the altered expression of certain receptor subunits and markers of synthesis and the transport of the GABAergic and glutamatergic pathways in the offspring [30,31].



Current evidence and recent studies highlight the impact of distress-provoking factors in women during the prepartum and postpartum period in association with the child’s neurological, cognitive and behavioural development [5,6,7,8,9,10,17,21,26,30,31,32,33]. However, few studies have focused on the potential effects of prepartum and postpartum maternal depression, anxiety and stress on children’s sensory development and behavioural responses during sensory stimulation [13,14,15,16,20]. There are still several factors and mechanisms related to childhood sensory avoidance that are not fully understood. Therefore, the aim of the present study is to assess the associations between prepartum and postpartum maternal symptoms of depression, anxiety and stress related to the COVID-19 pandemic and childhood sensory avoidance.




2. Materials and Methods


2.1. Data and Procedures


The data used in this correlational study come from the CONCEPTION longitudinal study [5], in which women in the perinatal period during the COVID-19 pandemic were followed from pregnancy to two years after delivery. This study aimed to assess how maternal mental health was affected by the COVID-19 pandemic and its associated policies. Data were also collected on the delivery and development of their child born during the COVID-19 pandemic. Participants completed online questionnaires at three time points. The first set of questionnaires was completed in the prepartum period, regardless of the participant’s trimester of pregnancy. Participants also completed questionnaires at 2 months and 18 months postpartum. Consent and data were collected online via SurveyMonkey®’s secure survey platform. Women were recruited via press releases and mainstream media interviews (i.e., UdeMNouvelles, CTV News Chanel, University of Manitoba News, Montreal Gazette and Naître et Grandir), who relayed advertisements and preliminary results of the Conception study, and via social media (Facebook, Instagram, Twitter, LinkedIn and TikTok) through an account created for the Conception study, from which members of the Conception team promoted the study. Direct recruitment also took place at community associations for new immigrants in Montreal (Canada) and via QR codes on posters in OB/GYN clinics in Quebec province (Canada), providing direct access to the questionnaires with a mobile device. Women were able to complete the questionnaires in French, English, Mandarin, Spanish or Portuguese. All collected data are centralized at CHU Ste-Justine in Montreal, QC, Canada.




2.2. Sample


This study used data from 409 pregnant participants recruited between 23 June 2020 and 15 July 2021 as part of the CONCEPTION longitudinal study. Participants included in this study (i) were pregnant at the time of recruitment, (ii) had to be at least 18 years old and (iii) had to have reached the 18-month-postpartum measurement time. For the first time point (prepartum), 368 participants (89.7%) fully completed their questionnaires, 39 participants (9.53%) partially completed their questionnaires, and 2 participants (0.48%) did not complete their questionnaires at all. For the second time point (2 months postpartum), 251 participants (61.36%) fully completed their questionnaires, 10 participants (2.44%) partially completed their questionnaires, and 148 participants (36.18%) did not complete their questionnaires at all. For the third time point (18 months postpartum), 333 participants (81.42%) fully completed their questionnaires, and 76 participants (18.58%) partially completed their questionnaires.




2.3. Measures


2.3.1. Demographic and Physical- and Mental-Health Data


Data were prenatally collected on physical health, socio-demographic characteristics (age, ethnic background, education, household income, marital status and area of residence), pregnancy history (number of past pregnancies, abortions and miscarriages), medical diagnosis (asthma, nausea, high blood pressure, thyroid disease, diabetes, high cholesterol, migraines, cancer, epilepsy, hearth disease, lung disease, anaemia or blood disease, ulcer or stomach disease, kidney disease, liver disease, pain, influenza, infection or none), treatment (asthma, nausea, high blood pressure, thyroid disease, diabetes, high cholesterol, migraines, cancer, epilepsy, hearth disease, lung disease, anaemia or blood disease, ulcer or stomach disease, kidney disease, liver disease, pain, influenza, infection or none), health-related behaviours (i.e., smoking, alcohol consumption, drug use and exercise), health concerns and the use of prescribed medication, as well as participants’ employment status and any changes since the start of the pandemic.



Participants also completed scales assessing their well-being and mental health using validated tools. These scales were completed prenatally, as well as at 2 months and at 18 months postnatally. Maternal depression was measured using the Edinburgh Postnatal Depression Scale (EPDS) [34]. The EPDS is a questionnaire assessing perinatal depressive and anxiety symptoms using 10 items rated on a 4-level Likert scale. This instrument has good internal consistency (total scale and subscales: Cronbach α ≥ 0.88), as well as satisfactory validity [34,35]. The Generalized Anxiety Disorder 7-item Scale (GAD-7) [36] was used to assess the presence and severity of generalized anxiety disorders. With a 4-point Likert scale, the GAD-7 has excellent internal consistency (Cronbach α = 0.92), good test–retest reliability (intraclass coefficient (ICC) = 0.83), and good factorial and content validity [36]. The level of stress related to the COVID-19 pandemic was measured using a visual analogue scale ranging from 0 (no stress) to 10 (extreme stress), on which participants were asked to indicate their level of overall stress experienced since the beginning of the COVID-19 pandemic.




2.3.2. Child Health, Development and Sensory Avoidance


Data were collected at 2 months and 18 months postpartum on child health (sex, weight, gestational age at birth, neonatal events, COVID-19 infection, febrile seizures, major malformation and genetic diagnoses, medical complications and hospitalization) and sleep patterns. Aspects of child development progress were assessed at 18 months postpartum using Ages and Stages, Third Edition (ASQ-3), which is an assessment tool used for evaluating children’s developmental progress in five developmental areas (i.e., communication, gross motor, fine motor, problem solving and personal–social) [37]. The ASQ-3 is used to assess whether the child’s development appears to be on time, should be monitored or is at risk of developmental delays [37]. The ASQ-3 has good test–retest reliability (intra-class coefficients (ICC) = 0.75–0.82), poor to good internal consistency (Cronbach’s Alpha = 0.51–0.87), according to developmental domains and age intervals, and good predictive and discriminant validity [38].



Childhood sensory avoidance was measured at 18 months postpartum using the Avoidance subscale of the Infant/Toddler Sensory Profile—Second Edition [39], which is a 54-item questionnaire completed by the caregiver to assess how the child responds to sensory events in daily life. The caregiver is asked to indicate the frequency with which the child performs the described behaviour on a 5-point Likert scale: almost always (90% of the time or more), frequently (75% of the time), half the time (50% of the time), sometimes (25% of the time) or almost never (10% of the time or less). The questionnaire is divided into six sections. The first section covers the general treatment, which assesses the child’s responses to routines and schedules. The next four sections cover auditory, visual, tactile, vestibular and oral sensory processing. The final section covers behavioural responses related to sensory-information processing. The questions in these sections are coded according to the quadrant of sensory tendencies they represent (i.e., Sensation Seeking, Registration, Sensory Sensitivity and Sensory Avoidance). For example, the item “resists being cuddled” is part of the tactile-information-processing section, and the item “shows a clear aversion to almost all foods” is part of the oral sensory-information-processing section, but both items are also part of the quadrant corresponding to sensory avoidance. Total raw scores for the quadrants, including the sensory avoidance quadrant, are calculated by summing the raw scores of the items in the questionnaire corresponding to the quadrant. The Infant/Toddler Sensory Profile—Second Edition has poor to good internal consistency (Cronbach’s alpha = 0.57–0.80), good to excellent test–retest reliability (intra-class coefficients (ICC) = 0.83–0.92) and good content and construct validity based on the Quality Criteria for Health Status Questionnaires (QCHSQ) [40,41]. The Sensory-Avoidance subscale is thus a fair summary of sensory-processing anomalies.





2.4. Statistical Analyses


Statistical analyses were carried out using RStudio (version 2023.06.1+524, Posit Software, PBC, Boston, MA, USA). Preliminary analyses were carried out to perform descriptive analyses and quantify the percentage of missing data for maternal prepartum and 2- and 18-month postpartum depression, anxiety and stress related to the COVID-19 pandemic and childhood sensory avoidance at 18 months. Raw scores from questionnaires (EPDS, GAD-7 and Sensory Profile) were used to create continuous variables. The stress level related to the COVID-19 pandemic, assessed using a 10-point Likert scale question, was considered as a continuous variable. In order to control for known variables likely to affect prepartum and postpartum maternal distress (i.e., main occupation, cultural group, marital status, income, education and number of past pregnancies/abortions/miscarriages) or child development (i.e., trimester of pregnancy, gestational age at recruitment in weeks, the woman’s medical diagnosis, the woman’s medical treatment, substance use during pregnancy [alcohol, cigarettes, drugs and cannabis], and the infant’s medical condition), their relation was tested against all maternal distress symptoms and childhood sensory avoidance in preliminary analyses. The relation between certain aspects of child development (communication, gross motor, fine motor, problem solving, social–relational) and maternal distress symptoms or childhood sensory avoidance was also tested using Ages and Stages (ASQ-3). Only variables statistically correlated with prepartum and postpartum depression, anxiety and stress related to the COVID-19 pandemic, or childhood sensory avoidance, were included as control variables in the statistical analyses. Pearson correlations were performed to determine the associations between self-reported maternal symptoms of depression, anxiety and stress related to the COVID-19 pandemic at each time point (prepartum, 2- and 18-months postpartum) and childhood sensory avoidance measured at 18 months. Correlations were corrected for multiple comparisons using the Holm–Bonferroni adjustment, which is more powerful than the Bonferroni adjustment [42,43]. Then, a multiple regression with all statistically significant variables was performed to determine whether emotional symptoms reported by the mother (depression, anxiety and COVID-19-related stress) predict childhood sensory avoidance at 18 months.




2.5. Ethics


The CHU Sainte-Justine’s Research Ethics Committee has approved the study (no. MP-21–2021-2973).





3. Results


3.1. Participants


The majority of participants lived in Canada (94.38%), particularly in the province of Quebec (85.09%), identified as white (92.67%) and lived in urban cities (45.97%) or suburbs (42.30%) (Table 1). Socioeconomic status was relatively high, with only 1.47% of participants having incomes below the Canadian pre-tax low-income cut-off for people living in a metropolitan area [44]. The average number of years of schooling completed was 17.23 (SD = 4.72), which corresponds approximately to the time required to complete a bachelor’s degree.



At the time that prepartum questionnaires were completed, participants’ mean gestational age was 18.7 weeks. The majority of participants were in their second trimester of pregnancy (68.46%), and fewer were in their first trimester (23.96%) or third trimester (7.09%). The mean gestational age at birth was 39.2 weeks (SD = 1.60). Most participants had no previous deliveries (48.66%), abortions (77.02%) or miscarriages (63.81%) (Table 2). Nausea (17.36%), thyroid disease (10.02%), asthma (9.05%), migraines (5.62%) and high blood pressure (3.42%) were the most prevalent and treated diagnoses among pregnant participants. The majority of participants (45.23%) had no diagnoses and were not receiving medical treatment (Table 2). Few infants had medical conditions (Table 3), and the majority showed normal development in communication, gross-motor, fine-motor, problem-solving and interpersonal skills measured at 18 months (Table 4 and Table 5). For the ASQ, data from 342 children were obtained for the communication, gross-motor and fine-motor scales (missing data: 16.38%), and data from 336 children were obtained for the problem-solving and personal–social scales (missing data: 17.85%).




3.2. Preliminary Analyses


As marital status, trimester of pregnancy, gestational age at recruitment in weeks, household income, cigarette smoking during pregnancy and whether or not it is a first pregnancy, as well as number of past deliveries, abortions and miscarriages were statistically correlated with prepartum and postpartum depression, anxiety and stress related to the COVID-19 pandemic, or sensory avoidance (p < 0.05), they were included in all statistical analyses as control variables. As certain diagnoses (i.e., asthma, high blood pressure, migraines, anaemia or blood disease, diabetes, ulcer or stomach disease) and treatments (i.e., asthma, anaemia or blood disease) were associated with prepartum and 18-month postpartum depression, anxiety and stress related to the COVID-19 pandemic (Table 6), the dichotomous variables “presence of a diagnosis” (yes, no) and “presence of a treatment” (yes, no) were created and integrated into all statistical analyses. All variables were normally distributed, while skewness and kurtosis indices were all +/−2 and +/−7, respectively [45]. All extreme scores (+/−3.29 SD) were identified and replaced by scores at the limit of z = +/−3.29 using the winsorizing method [46]. Since between 37.9% and 38.63% of data were not provided by participants for depression, anxiety and stress related to the COVID-19 pandemic at 2 months postpartum, this measurement time was removed from all statistical analyses. For prepartum and 18-month postpartum depression and stress related to the COVID-19 pandemic, as well as for 18-month postpartum anxiety, the percentage of missing data ranged from 2.2% to 4.9%. Given the higher percentage of missing data for prepartum anxiety (9.5%) and sensory avoidance at 18 months (18.6%; data were available for 333 children), all statistical analyses were performed using multiple imputations, as it is a recommended method for generating unbiased estimates when the number of missing data is moderate (i.e., ≤20% for data missing at random) [47]. Data were assumed to be missing at random (MAR), as there were no demographic characteristics or trends in the available data for these participants to suggest that the missing data were not random, and that Little’s MCAR test, which was statistically significant (p < 0.001), suggested that data were not missing completely at random. The Fully Conditional Specification algorithm (FSC) [38,48] was used to create 20 imputed databanks [49] from maternal prepartum and 18-month postpartum depression, anxiety and stress related to the COVID-19 pandemic, childhood sensory avoidance at 18 months and control variables.




3.3. Associations between Maternal Symptoms and Sensory Avoidance


In the prepartum period, maternal depression (r(407) = 0.19, p = 0.0004) and anxiety (r(407) = 0.18, p = 0.0006) were significantly correlated with childhood sensory avoidance at 18 months (Figure 1), but not maternal stress related to the COVID-19 pandemic (r(407) = 0.09, p = 0.06). Maternal depression (r(407) = 0.17, p = 0.0008) and anxiety (r(407) = 0.16, p = 0.002) at 18 months postpartum were significantly correlated with childhood sensory avoidance at 18 months (Figure 2), but not maternal stress related to the COVID-19 pandemic at 18 months postpartum (r(407) = 0.08, p = 0.15). The strength of the associations indicates that prepartum and 18-month postpartum depression and anxiety are weakly associated with childhood sensory avoidance at 18 months [50]. All significant correlations were positive, meaning that a higher level of prepartum and 18-month postpartum depression and anxiety is associated with a higher level of childhood sensory avoidance at 18 months.



The variables significantly correlated with childhood sensory avoidance at 18 months (i.e., prepartum and 18-month postpartum maternal depression and anxiety) and control variables were entered into a multiple regression as independent variables. Together, these variables significantly explained 7.18% of the variance of childhood sensory avoidance at 18 months (F(10, 398) = 2.12, p < 0.05, R2 = 0.07). Within this model, none of the maternal symptoms (i.e., prepartum and 18-month postpartum depression and anxiety) was significantly associated with childhood sensory avoidance at 18 months (Table 7).





4. Discussion


This study demonstrates that higher levels of maternal prepartum and 18-month postpartum symptoms of depression and anxiety are associated with higher levels of childhood sensory avoidance at 18 months. The results support that together, prepartum and 18-month postpartum depression and anxiety predict the variance of childhood sensory avoidance at 18 months. However, none of these maternal distress symptoms stand out as a better predictor of childhood sensory avoidance at 18 months. These results concur with those of Gee et al. (2021) [13], who found that higher levels of maternal prepartum anxiety and depression, as well as higher levels of maternal anxiety and depression at 6 months postpartum, were associated with more “outside of the majority” scores on the sensory sensitivity scale in 14-month-old infants. Whereas sensory avoidance involves active self-regulatory strategies to sensory overstimulation, sensory sensitivity is characterized by passive responses to sensory overstimulation [18]. Our results, together with those obtained by Gee et al. (2021) [13], suggest an association between prepartum and postpartum maternal distress and sensory processing profiles characterized by sensory hypersensitivity. Hence, our study complements the latter, indicating that the association is maintained in time, and suggesting the association between maternal prepartum and postpartum distress symptoms and infants’ sensory sensitivity symptoms can also involve avoidance behaviours.



Associations found between maternal postpartum depression and anxiety and childhood sensory avoidance suggest that maternal postpartum distress might influence children’s behavioural responses to sensory overstimulation. Indeed, postpartum maternal distress is susceptible to influencing childhood behavioural development through a reduced number of positive mother–infant interactions [12]. In particular, maternal postpartum distress has been associated with a child’s difficult temperament [8], which is reflected in withdrawal responses to new sensorial stimulation and intense emotional responses [51]. These responses associated with having a difficult temperament are in line with active withdrawal and avoidance behaviours observed in children who are prone to sensory avoidance [18].



Since maternal prepartum depression and anxiety symptoms were also associated with child sensory avoidance at 18 months, the involvement of biological mechanisms in these associations are likely. It was suggested that prepartum maternal stress could increase foetal exposure to maternal cortisol and increased levels of corticotropin-releasing hormone (CRH) in the placenta [21,28]. This could affect the neuroendocrine, structural and behavioural phenotype of the offspring, as well as the development of certain foetal-brain areas rich in CRH receptors [21,26]. Maternal prepartum stress has also been linked to the alteration of the expression of certain components of the GABAergic and glutamatergic pathways [30,31]. An imbalance in the levels of the excitatory neurotransmitter glutamate or the inhibitory neurotransmitter GABA is likely to lead to hyperexcitability in the neocortex neural circuits involved in sensory perception [17,20,52]. Prepartum maternal stress has also been associated with alterations in the serotonergic and norepinephrine systems, with neurotransmitters playing a crucial role in brain development [53,54,55,56,57]. Several brain-development processes (cell migration, neuronal division and synaptogenesis) are influenced by serotonin, which acts as a trophic factor [58]. The development of noradrenergic neurons is regulated by norepinephrine, which contributes to the shaping of the nervous system [56]. The disruption of these processes by excessive or insufficient levels of these neurotransmitters is likely to alter the developmental trajectory of the brain, leading to lasting changes in brain function [54,56,58]. In fact, prepartum exposure to selective serotonin reuptake inhibitors (SSRIs) has been associated with anatomical and functional changes in somatosensory cortical neurons [55]. For instance, SSRI use during pregnancy was associated with improved infant performance on a language discrimination task, suggesting accelerated perceptual development in the auditory cortex [15]. Consequently, exposure to maternal prepartum stress could affect the development of certain brain areas involved in cerebral excitability and sensory processing, lowering the neurological threshold [17,20,21,26,52,53,54,55,56,57,58,59,60].



Genetic factors could also partly explain the results obtained in our study. Sensory-processing abnormalities are particularly common in children and adults with neurodevelopmental disorders caused by genetically guided mechanisms, such as autism spectrum disorders (ASDs) [61]. Studies have shown a greater prevalence of sensory abnormalities among parents of children with ASDs than among parents of typically developing children [61,62], and among parents of multiplex ASD families than among parents of simplex ASD families [61]. The concordance rate of defensive behaviours to tactile and auditory stimuli was also higher in monozygotic than in dizygotic twins [63]. Some polymorphisms in the CNTNAP2 (contactin-associated protein-like 2) and Gabrb3 genes, which are known genetic risk factors for ASD, were associated with hypersensitivity to heat and tactile stimuli [64,65,66]. These findings support the idea that genetic predispositions could also lead to sensory-processing abnormalities and could partly explain the results obtained in our study.



Our results could also be explained by epigenetic modifications induced by prepartum and postpartum exposure to maternal stress. Indeed, according to the Dual-Activation Hypothesis, exposure to prepartum maternal stress during critical periods of neural development may lead, via hormonal and synaptic alterations, to epigenetic modifications in stress-related and other connected neural networks, including sensory and emotional networks [14]. Genes coding for the glucocorticoid receptor (Gr) [14,67,68,69,70] and the FK506-binding protein 5 (Fkbp5) [14,67] in the hippocampus, along with the neuropeptide arginine vasopressin (Avp) [14,67,68,71] and the corticotropin-releasing factor (Crf) [14,67] in the hypothalamus, may be implicated in the epigenetic programming of the stress response [14]. These epigenetic modifications, while facilitating specific adaptations to stressors, may also lead to functional maladaptation depending on the timing and the intensity of the stimulation [14,72,73]. For example, prior research has shown alterations in brain structures, such as increased grey matter density in the left superior temporal gyrus of the primary auditory cortex in children exposed to verbal abuse [14,72], and reduced grey matter volume in the visual cortex in those witnessing domestic violence [14,73]. Thus, the associations we observed between prepartum and postpartum maternal depression and anxiety could also result from epigenetic changes due to early exposure to maternal distress. To acquire a thorough understanding of the transgenerational transmission of sensory sensitivity, it is essential to gather genetic, epigenetic and symptom evaluations from both infants and parents.



Moreover, our study stands out for having examined prepartum and postpartum maternal stress related to the COVID-19 pandemic and its possible association with sensory avoidance. However, prepartum and 18-month postpartum stress related to the COVID-19 pandemic were not associated with or predictive of infant sensory sensitivity. This was not expected, considering the literature supporting a link between prepartum and postpartum maternal stress and child development [6,8,21,26]. Indeed, it is possible that stress specifically linked to the COVID-19 pandemic has not had a detectable effect on child development, but overall maternal stress does. In fact, our results suggest that regardless of the reason or source of the distress experienced by the mother, it can influence the child’s sensory development. On the other hand, our sample was made up of participants who were predominantly employed, with high incomes and living with a partner. Therefore, our participants may had protective factors that prevented them from being impacted by the additional stress factors arising from the pandemic (e.g., social isolation, job loss and lockdown) [4,74]. Also, the level of distress associated with the COVID-19 pandemic could have fluctuated considerably depending on the level of contagion and public health policies in place, which were modified considerably throughout the pandemic. The level of distress could also have stabilized or decreased over time as the COVID-19 pandemic unfolded over a long period of time. Our scale, which assessed the overall stress levels experienced in relation to the COVID-19 pandemic, may thus have lacked sensitivity. Future studies could evaluate the effects of prepartum and postpartum maternal distress experienced during the COVID-19 pandemic while considering the different waves of the pandemic, as well as the impacts of certain additional stressors resulting from the pandemic (e.g., job loss and social isolation).



Most participants were in their second trimester of pregnancy when they completed their prepartum questionnaires, which is a particularly vulnerable window for foetal neurodevelopment, as neurogenesis and neuronal migration processes are particularly active [75,76]. Thus, exposure to prepartum maternal stress during the second trimester of pregnancy may particularly influence foetal brain development [75,76,77], affecting subsequent childhood cognitive development [78]. As we found a higher effect of anxiety during the prepartum period, and considering that most of our participants were in their second trimester when they completed their prepartum questionnaires, our results corroborate studies regarding the timing of exposure to prepartum maternal distress on child development [75,76,77,78]. On the other hand, foetal brain development begins as early as the first trimester of pregnancy. As early as the fifth week of pregnancy, all major subdivisions of the brain (i.e., myelencephalon, metencephalon, mesencephalon, diencephalon and telencephalon), as well as the interhemispheric fissure, are identifiable [79]. The thickening of the hippocampus begins at 5 weeks postmenstrual age (PMA) [79]. Moreover, maternal distress experienced during the first trimester of pregnancy has been associated with the child’s cognitive development [78] and having difficult temperament [80,81]. While a proportion of our participants were in their first trimester of pregnancy at the time of completing their prepartum questionnaires, distress experienced during this trimester of pregnancy may also have influenced the results obtained in this study.



Associations were found between some maternal diagnoses (i.e., asthma, high blood pressure, migraines, anaemia or blood disease, diabetes, ulcer or stomach disease) and treatments (i.e., asthma, anaemia or blood disease), and maternal prepartum and postpartum depression, anxiety and stress related to COVID-19. These findings are consistent with studies investigating the distress experienced by pregnant women with chronic illnesses [82,83,84]. Some chronic illnesses (e.g., diabetes, thyroid and kidney disease) can lead to adverse outcomes for pregnant women (e.g., pre-eclampsia and gestational hypertension) [83,85,86,87] and their infants [83,88,89]. Pregnant women with chronic illnesses may therefore experience distress resulting from managing the risk of these chronic diseases on their health and that of their infant [83], or from perceptions of a lack of control and low self-efficacy [82]. Interestingly, even after controlling for the potential impacts of chronic diseases during pregnancy on foetal development and maternal stress [82,83,84,85,86,87,88,89], associations were still observed between prepartum and 18-month postpartum maternal depression and anxiety and childhood sensory avoidance.



The respective associations between prepartum and 18-month postpartum symptoms of maternal distress and child sensory avoidance at 18 months were observed among children with typical development. In this sample of the CONCEPTION study, the developmental spheres assessed using the ASQ-3 (i.e., communication, gross motor, fine motor, problem solving and personal–social) were not significantly associated with prepartum and 18-month postpartum symptoms of depression, anxiety and stress related to the COVID-19 pandemic, nor with sensory avoidance at 18 months. However, numerous studies support an association between exposure to prepartum and postpartum symptoms of maternal distress and childhood cognitive, motor, behavioural and socio-emotional development [6,8,9,10,11,12]. Given that a large proportion of the children in the sample showed normal development across the different developmental spheres assessed (i.e., between 60.8% and 72.6%), it is possible that prepartum and 18-month postpartum maternal distress did not impact the developmental spheres as assessed through the ASQ-3 for the majority of children. Thus, the associations observed between prepartum and 18-month postpartum symptoms of maternal distress and childhood sensory avoidance at 18 months were unlikely to be influenced by atypical child development.



The limitations of this study must be considered. For example, some of the measurement scales used are very circumscribed in time, since the depression- and anxiety-screening scales assess symptoms experienced in the seven to fourteen days preceding the completion of the questionnaire. Thus, it is not possible to know whether these symptoms persisted over time, and what effect the persistence of symptoms would have had on the study results. However, we have used validated tools to measure maternal mental health, which yields results indicative of symptoms of depression and anxiety. Also, this study cannot reveal the relation between sensory avoidance and temperament peculiarities, which have been observed as influencing child behavioural development [90]. This limits the interpretation of the observed associations between maternal distress symptoms and sensory avoidance, which could be due either to neurological reasons, such as a particular sensory-processing profile such as sensory hypersensitivity, or to behavioural tendencies, arising, for example, from a difficult temperament. In addition, since our sample consisted mainly of white Canadians with a high socioeconomic status, the generalizability of our results to diverse populations is limited. To ensure better generalizability, future studies investigating the associations between maternal mental health and childhood sensory development should include participants from more diverse cultural communities and socioeconomic statuses. Lastly, all variables were measured from questionnaires completed by the mothers, including variables relating to their child. The condition of the mother could have led to a bias in the evaluation of variables related to the child’s health and development. The size of the observed associations could have been artificially inflated. Despite these limitations, this study revealed for the first time associations between prepartum maternal emotional symptoms and sensory avoidance, which can subsequently affect infants’ and children’s behaviours. As a result, the findings reveal new mechanistic avenues to explain the associations between prepartum maternal emotional symptoms and postpartum childhood neurodevelopment.




5. Conclusions


From a sample of women in the perinatal period during the COVID-19 pandemic, our study has shown that maternal prepartum and 18-month postpartum symptoms of depression and anxiety are associated with childhood sensory avoidance at 18 months. Together, prepartum and 18-month postpartum depression and anxiety predict the variance of childhood sensory avoidance at 18 months. The observed associations are correlational. Although the influence of maternal mental health on the child’s sensory development is understudied, our study is in line with the literature supporting an association between exposure to prepartum and postpartum maternal distress and child cerebral and behavioural development. This study highlights the importance of considering the influence of maternal mental health on children’s sensory development in future studies and in clinical care.







Author Contributions


Conceptualization, A.B., J.G. and S.L.; methodology, D.A., A.B., J.G. and S.L.; validation, S.L.; formal analysis, D.A.; investigation, A.B.; resources, J.G. and S.L.; data curation, J.G.; writing—original draft preparation, D.A.; writing—review and editing, D.A., S.L., J.G. and A.B.; supervision, S.L.; project administration, S.L.; funding acquisition, A.B. and S.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the faculty of pharmacy of the University of Montreal and the Canadian Institutes of Health Research (UIP 179219).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of le comité d’éthique de la recherche du CHU Sainte-Justine (MP-21-2021-2973 and 19 June 2020).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Anonymized individual-level data from the study including data dictionaries, data collection tools will be made available upon request. Requests for access will be reviewed by a data-access committee. The data are not publicly available due to the absence of authorization in consent forms allowing public publication of participants’ data.




Acknowledgments


The authors are grateful to the participants, as well as all researchers and collaborators involved in the CONCEPTION longitudinal study.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Gavin, N.I.; Gaynes, B.N.; Lohr, K.N.; Meltzer-Brody, S.; Gartlehner, G.; Swinson, T. Perinatal Depression: A Systematic Review of Prevalence and Incidence. Obstet. Gynecol. 2005, 106 Pt 1, 1071–1083. [Google Scholar] [CrossRef] [PubMed]

	



Mughal, M.K.; Giallo, R.; Arnold, P.; Benzies, K.; Kehler, H.; Bright, K.; Kingston, D. Trajectories of Maternal Stress and Anxiety from Pregnancy to Three Years and Child Development at 3 Years of Age: Findings from the All Our Families (AOF) Pregnancy Cohort. J. Affect. Disord. 2018, 234, 318–326. [Google Scholar] [CrossRef] [PubMed]

	



Dennis, C.-L.; Falah-Hassani, K.; Shiri, R. Prevalence of Antenatal and Postnatal Anxiety: Systematic Review and Meta-Analysis. Br. J. Psychiatry 2017, 210, 315–323. [Google Scholar] [CrossRef] [PubMed]

	



Iyengar, U.; Jaiprakash, B.; Haitsuka, H.; Kim, S. One Year Into the Pandemic: A Systematic Review of Perinatal Mental Health Outcomes During COVID-19. Front. Psychiatry 2021, 12, 674194. [Google Scholar] [CrossRef] [PubMed]

	



Bérard, A.; Gorgui, J.; Tchuente, V.; Lacasse, A.; Gomez, Y.-H.; Côté, S.; King, S.; Muanda, F.; Mufike, Y.; Boucoiran, I.; et al. The COVID-19 Pandemic Impacted Maternal Mental Health Differently Depending on Pregnancy Status and Trimester of Gestation. Int. J. Environ. Res. Public Health 2022, 19, 2926. [Google Scholar] [CrossRef] [PubMed]

	



King, S.; Laplante, D.P. The Effects of Prenatal Maternal Stress on Children’s Cognitive Development: Project Ice Storm. Stress 2005, 8, 35–45. [Google Scholar] [CrossRef]

	



Karam, F.; Sheehy, O.; Huneau, M.-C.; Chambers, C.; Fraser, W.D.; Johnson, D.; Kao, K.; Martin, B.; Riordan, S.H.; Roth, M.; et al. Impact of Maternal Prenatal and Parental Postnatal Stress on 1-Year-Old Child Development: Results from the OTIS Antidepressants in Pregnancy Study. Arch. Women’s Ment. Health 2016, 19, 835–843. [Google Scholar] [CrossRef] [PubMed]

	



Thiel, F.; Eberhard-Gran, M.; Garthus-Niegel, S. The Impact of Perinatal Life Stress on Infant Temperament and Child Development: A 2-Year Follow-Up Cohort Study. J. Dev. Behav. Pediatr. 2021, 42, 299–306. [Google Scholar] [CrossRef]

	



Polte, C.; Junge, C.; von Soest, T.; Seidler, A.; Eberhard-Gran, M.; Garthus-Niegel, S. Impact of Maternal Perinatal Anxiety on Social-Emotional Development of 2-Year-Olds, A Prospective Study of Norwegian Mothers and Their Offspring. Matern. Child Health J. 2019, 23, 386–396. [Google Scholar] [CrossRef]

	



Ali, N.S.; Mahmud, S.; Khan, A.; Ali, B.S. Impact of Postpartum Anxiety and Depression on Child’s Mental Development from Two Peri-Urban Communities of Karachi, Pakistan: A Quasi-Experimental Study. BMC Psychiatry 2013, 13, 274. [Google Scholar] [CrossRef]

	



Gao, W.; Paterson, J.; Abbott, M.; Carter, S.; Iusitini, L. Maternal Mental Health and Child Behaviour Problems at 2 Years: Findings from the Pacific Islands Families Study. Aust. N. Z. J. Psychiatry 2007, 41, 885–895. [Google Scholar] [CrossRef] [PubMed]

	



Hanington, L.; Ramchandani, P.; Stein, A. Parental Depression and Child Temperament: Assessing Child to Parent Effects in a Longitudinal Population Study. Infant Behav. Dev. 2010, 33, 88–95. [Google Scholar] [CrossRef] [PubMed]

	



Gee, B.M.; Aubuchon-Endsley, N.L.; Prow, A. Perinatal Maternal Mental Health and Breastfeeding Are Associated with Infant and Toddler Sensory Profiles. Children 2021, 8, 766. [Google Scholar] [CrossRef]

	



Lux, V. Epigenetic Programming Effects of Early Life Stress: A Dual-Activation Hypothesis. Curr. Genom. 2018, 19, 638–652. [Google Scholar] [CrossRef]

	



Weikum, W.M.; Oberlander, T.F.; Hensch, T.K.; Werker, J.F. Prenatal Exposure to Antidepressants and Depressed Maternal Mood Alter Trajectory of Infant Speech Perception. Proc. Natl. Acad. Sci. USA 2012, 109 (Suppl. S2), 17221–17227. [Google Scholar] [CrossRef] [PubMed]

	



Grégoire, S.; Jang, S.H.; Szyf, M.; Stone, L.S. Prenatal Maternal Stress Is Associated with Increased Sensitivity to Neuropathic Pain and Sex-Specific Changes in Supraspinal mRNA Expression of Epigenetic- and Stress-Related Genes in Adulthood. Behav. Brain Res. 2020, 380, 112396. [Google Scholar] [CrossRef]

	



Ward, J. Individual Differences in Sensory Sensitivity: A Synthesizing Framework and Evidence from Normal Variation and Developmental Conditions. Cogn. Neurosci. 2019, 10, 139–157. [Google Scholar] [CrossRef]

	



Dunn, W. The Impact of Sensory Processing Abilities on the Daily Lives of Young Children and Their Families: A Conceptual Model. Infants Young Child. 1997, 9, 23. [Google Scholar] [CrossRef]

	



Reynolds, S.; Lane, S.J. Diagnostic Validity of Sensory Over-Responsivity: A Review of the Literature and Case Reports. J. Autism Dev. Disord. 2008, 38, 516–529. [Google Scholar] [CrossRef]

	



Rubenstein, J.L.R.; Merzenich, M.M. Model of Autism: Increased Ratio of Excitation/Inhibition in Key Neural Systems. Genes Brain Behav. 2003, 2, 255–267. [Google Scholar] [CrossRef]

	



Charil, A.; Laplante, D.P.; Vaillancourt, C.; King, S. Prenatal Stress and Brain Development. Brain Res. Rev. 2010, 65, 56–79. [Google Scholar] [CrossRef] [PubMed]

	



Weerth, C.D. Prenatal Stress and the Development of Psychopathology: Lifestyle Behaviors as a Fundamental Part of the Puzzle. Dev. Psychopathol. 2018, 30, 1129–1144. [Google Scholar] [CrossRef] [PubMed]

	



Van den Bergh, B.R.H.; Mulder, E.J.H.; Mennes, M.; Glover, V. Antenatal Maternal Anxiety and Stress and the Neurobehavioural Development of the Fetus and Child: Links and Possible Mechanisms. A Review. Neurosci. Biobehav. Rev. 2005, 29, 237–258. [Google Scholar] [CrossRef] [PubMed]

	



Huizink, A.C.; de Rooij, S.R. Prenatal Stress and Models Explaining Risk for Psychopathology Revisited: Generic Vulnerability and Divergent Pathways. Dev. Psychopathol. 2018, 30, 1041–1062. [Google Scholar] [CrossRef] [PubMed]

	



Seckl, J.R.; Meaney, M.J. Glucocorticoid Programming. Ann. N. Y. Acad. Sci. 2004, 1032, 63–84. [Google Scholar] [CrossRef] [PubMed]

	



O’Donnell, K.; O’Connor, T.G.; Glover, V. Prenatal Stress and Neurodevelopment of the Child: Focus on the HPA Axis and Role of the Placenta. Dev. Neurosci. 2009, 31, 285–292. [Google Scholar] [CrossRef] [PubMed]

	



Kinsella, M.T.; Monk, C. Impact of Maternal Stress, Depression & Anxiety on Fetal Neurobehavioral Development. Clin. Obstet. Gynecol. 2009, 52, 425–440. [Google Scholar] [CrossRef]

	



O’Donnell, K.J.; Bugge Jensen, A.; Freeman, L.; Khalife, N.; O’Connor, T.G.; Glover, V. Maternal Prenatal Anxiety and Downregulation of Placental 11β-HSD2. Psychoneuroendocrinology 2012, 37, 818–826. [Google Scholar] [CrossRef]

	



Weinstock, M. The Potential Influence of Maternal Stress Hormones on Development and Mental Health of the Offspring. Brain Behav. Immun. 2005, 19, 296–308. [Google Scholar] [CrossRef]

	



Crombie, G.K.; Palliser, H.K.; Shaw, J.C.; Hodgson, D.M.; Walker, D.W.; Hirst, J.J. Effects of Prenatal Stress on Behavioural and Neurodevelopmental Outcomes Are Altered by Maternal Separation in the Neonatal Period. Psychoneuroendocrinology 2021, 124, 105060. [Google Scholar] [CrossRef]

	



Crombie, G.K.; Palliser, H.K.; Shaw, J.C.; Hodgson, D.M.; Walker, D.W.; Hirst, J.J. Evaluating Changes in GABAergic and Glutamatergic Pathways in Early Life Following Prenatal Stress and Postnatal Neurosteroid Supplementation. Psychoneuroendocrinology 2022, 139, 105705. [Google Scholar] [CrossRef] [PubMed]

	



Baek, H.; Yi, M.-H.; Pandit, S.; Park, J.B.; Kwon, H.H.; Zhang, E.; Kim, S.; Shin, N.; Kim, E.; Lee, Y.H.; et al. Altered Expression of KCC2 in GABAergic Interneuron Contributes Prenatal Stress-Induced Epileptic Spasms in Infant Rat. Neurochem. Int. 2016, 97, 57–64. [Google Scholar] [CrossRef] [PubMed]

	



Dunkel Schetter, C.; Tanner, L. Anxiety, Depression and Stress in Pregnancy: Implications for Mothers, Children, Research, and Practice. Curr. Opin. Psychiatry 2012, 25, 141–148. [Google Scholar] [CrossRef] [PubMed]

	



Cox, J.L.; Holden, J.M.; Sagovsky, R. Detection of Postnatal Depression: Development of the 10-Item Edinburgh Postnatal Depression Scale. Br. J. Psychiatry 1987, 150, 782–786. [Google Scholar] [CrossRef] [PubMed]

	



Goldberg, D.P.; Cooper, B.; Eastwood, M.R.; Kedward, H.B.; Shepherd, M. A Standardized Psychiatric Interview for Use in Community Surveys. J. Epidemiol. Community Health 1970, 24, 18–23. [Google Scholar] [CrossRef]

	



Spitzer, R.L.; Kroenke, K.; Williams, J.B.W.; Löwe, B. A Brief Measure for Assessing Generalized Anxiety Disorder: The GAD-7. Arch. Intern. Med. 2006, 166, 1092–1097. [Google Scholar] [CrossRef]

	



Squires, J.; Bricker, D.; Twombly, E.; Potter, L. ASQ-3 User’s Guide; Paul H. Brookes Publishing Company: Baltimore, MD, USA, 2009. [Google Scholar]

	



Rothstein, A.; Miskovic, A.; Nitsch, K. Brief Review of Psychometric Properties and Clinical Utility of the Ages and Stages Questionnaires, Third Edition for Evaluating Pediatric Development. Arch. Phys. Med. Rehabil. 2017, 98, 809–810. [Google Scholar] [CrossRef]

	



Dunn, W. Sensory Profile-2 User’s Manual; Pearson: San Antonio, TX, USA, 2014. [Google Scholar]

	



Licciardi, L.; Brown, T. An Overview & Critical Review of the Sensory Profile—Second Edition. Scand. J. Occup. Ther. 2023, 30, 758–770. [Google Scholar] [CrossRef]

	



Terwee, C.B.; Bot, S.D.M.; de Boer, M.R.; van der Windt, D.A.W.M.; Knol, D.L.; Dekker, J.; Bouter, L.M.; de Vet, H.C.W. Quality Criteria Were Proposed for Measurement Properties of Health Status Questionnaires. J. Clin. Epidemiol. 2007, 60, 34–42. [Google Scholar] [CrossRef]

	



Chen, S.-Y.; Feng, Z.; Yi, X. A General Introduction to Adjustment for Multiple Comparisons. J. Thorac. Dis. 2017, 9, 1725–1729. [Google Scholar] [CrossRef] [PubMed]

	



Holm, S. A Simple Sequentially Rejective Multiple Test Procedure. Scand. J. Stat. 1979, 6, 65–70. [Google Scholar]

	



Statistics Canada. Low Income Cut-Offs (LICOs) before and after Tax by Community Size and Family Size, in Current Dollars. Available online: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1110024101 (accessed on 23 January 2024).

	



Curran, P.J.; West, S.G.; Finch, J.F. The Robustness of Test Statistics to Nonnormality and Specification Error in Confirmatory Factor Analysis. Psychol. Methods 1996, 1, 16–29. [Google Scholar] [CrossRef]

	



Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics, 6th ed.; Always Learning; Pearson Education: Harlow, UK, 2014. [Google Scholar]

	



Schlomer, G.L.; Bauman, S.; Card, N.A. Best Practices for Missing Data Management in Counseling Psychology. J. Couns. Psychol. 2010, 57, 1–10. [Google Scholar] [CrossRef]

	



van Buuren, S. Flexible Imputation of Missing Data; Chapman and Hall/CRC: New York, NY, USA, 2012. [Google Scholar] [CrossRef]

	



Enders, C.K. Applied Missing Data Analysis; Guilford Press: New York, NY, USA, 2010; pp. xv, 377. [Google Scholar]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; L. Erlbaum Associates: Hillsdale, NJ, USA, 1988. [Google Scholar]

	



Thomas, A.; Chess, S.; Birch, H.G. Temperament and Behavior Disorders in Children, 1st ed.; New York University Press: New York, NY, USA, 1968. [Google Scholar]

	



Carreño-Muñoz, M.I.; Chattopadhyaya, B.; Agbogba, K.; Côté, V.; Wang, S.; Lévesque, M.; Avoli, M.; Michaud, J.L.; Lippé, S.; Di Cristo, G. Sensory Processing Dysregulations as Reliable Translational Biomarkers in SYNGAP1 Haploinsufficiency. Brain 2022, 145, 754–769. [Google Scholar] [CrossRef]

	



Miyagawa, K.; Tsuji, M.; Fujimori, K.; Saito, Y.; Takeda, H. Prenatal Stress Induces Anxiety-like Behavior Together with the Disruption of Central Serotonin Neurons in Mice. Neurosci. Res. 2011, 70, 111–117. [Google Scholar] [CrossRef]

	



St-Pierre, J.; Laurent, L.; King, S.; Vaillancourt, C. Effects of Prenatal Maternal Stress on Serotonin and Fetal Development. Placenta 2016, 48, S66–S71. [Google Scholar] [CrossRef]

	



Homberg, J.R.; Schubert, D.; Gaspar, P. New Perspectives on the Neurodevelopmental Effects of SSRIs. Trends Pharmacol. Sci. 2010, 31, 60–65. [Google Scholar] [CrossRef]

	



Saboory, E.; Ghasemi, M.; Mehranfard, N. Norepinephrine, Neurodevelopment and Behavior. Neurochem. Int. 2020, 135, 104706. [Google Scholar] [CrossRef]

	



Thébault-Dagher, F.; Robles, M.; Herba, C.M.; St-Pierre, J.; Brochen, C.; Muckle, G.; Lupien, S.J.; Séguin, J.R.; Fraser, W.D.; Vaillancourt, C.; et al. Febrile Seizure Incidence and Age at First Occurrence Are Associated with Changes in Placental Normalized Gene Expression: The ‘3D’ Pregnancy Cohort Study. J. Neuroendocrinol. 2021, 33, e13046. [Google Scholar] [CrossRef]

	



Monk, C.; Fitelson, E.M.; Werner, E. Mood Disorders & Their Pharmacological Treatment during Pregnancy: Is the Future Child Affected? Pediatr. Res. 2011, 69 Pt 2, 3R–10R. [Google Scholar] [CrossRef]

	



Mesulam, M.M. From Sensation to Cognition. Brain 1998, 121, 1013–1052. [Google Scholar] [CrossRef]

	



Navidhamidi, M.; Ghasemi, M.; Mehranfard, N. Epilepsy-Associated Alterations in Hippocampal Excitability. Rev. Neurosci. 2017, 28, 307–334. [Google Scholar] [CrossRef]

	



Donaldson, C.K.; Stauder, J.E.A.; Donkers, F.C.L. Increased Sensory Processing Atypicalities in Parents of Multiplex ASD Families Versus Typically Developing and Simplex ASD Families. J. Autism Dev. Disord. 2017, 47, 535–548. [Google Scholar] [CrossRef]

	



Uljarević, M.; Prior, M.R.; Leekam, S.R. First Evidence of Sensory Atypicality in Mothers of Children with Autism Spectrum Disorder (ASD). Mol. Autism 2014, 5, 26. [Google Scholar] [CrossRef]

	



Goldsmith, H.H.; Van Hulle, C.A.; Arneson, C.L.; Schreiber, J.E.; Gernsbacher, M.A. A Population-Based Twin Study of Parentally Reported Tactile and Auditory Defensiveness in Young Children. J. Abnorm. Child Psychol. 2006, 34, 393–407. [Google Scholar] [CrossRef]

	



DeLorey, T.M.; Sahbaie, P.; Hashemi, E.; Li, W.-W.; Salehi, A.; Clark, J.D. Somatosensory and Sensorimotor Consequences Associated with the Heterozygous Disruption of the Autism Candidate Gene, Gabrb3. Behav. Brain Res. 2011, 216, 36–45. [Google Scholar] [CrossRef]

	



Peñagarikano, O.; Abrahams, B.S.; Herman, E.I.; Winden, K.C.; Gdalyahu, A.; Dong, H.; Sonnenblick, L.I.; Gruver, R.; Almajano, J.; Bragin, A.; et al. Absence of CNTNAP2 Leads to Epilepsy, Neuronal Migration Abnormalities and Core Autism-Related Deficits. Cell 2011, 147, 235–246. [Google Scholar] [CrossRef]

	



Tavassoli, T.; Auyeung, B.; Murphy, L.C.; Baron-Cohen, S.; Chakrabarti, B. Variation in the Autism Candidate Gene GABRB3 Modulates Tactile Sensitivity in Typically Developing Children. Mol. Autism 2012, 3, 6. [Google Scholar] [CrossRef]

	



Anacker, C.; O’Donnell, K.J.; Meaney, M.J. Early Life Adversity and the Epigenetic Programming of Hypothalamic-Pituitary-Adrenal Function. Dialogues Clin. Neurosci. 2014, 16, 321–333. [Google Scholar] [CrossRef]

	



Jawahar, M.C.; Murgatroyd, C.; Harrison, E.L.; Baune, B.T. Epigenetic Alterations Following Early Postnatal Stress: A Review on Novel Aetiological Mechanisms of Common Psychiatric Disorders. Clin. Epigenet. 2015, 7, 122. [Google Scholar] [CrossRef]

	



Lupien, S.J.; McEwen, B.S.; Gunnar, M.R.; Heim, C. Effects of Stress throughout the Lifespan on the Brain, Behaviour and Cognition. Nat. Rev. Neurosci. 2009, 10, 434–445. [Google Scholar] [CrossRef]

	



Weaver, I.C.G.; Cervoni, N.; Champagne, F.A.; D’Alessio, A.C.; Sharma, S.; Seckl, J.R.; Dymov, S.; Szyf, M.; Meaney, M.J. Epigenetic Programming by Maternal Behavior. Nat. Neurosci. 2004, 7, 847–854. [Google Scholar] [CrossRef]

	



Matas, E.; Bock, J.; Braun, K. The Impact of Parent-Infant Interaction on Epigenetic Plasticity Mediating Synaptic Adaptations in the Infant Brain. Psychopathology 2016, 49, 201–210. [Google Scholar] [CrossRef]

	



Tomoda, A.; Sheu, Y.-S.; Rabi, K.; Suzuki, H.; Navalta, C.P.; Polcari, A.; Teicher, M.H. Exposure to Parental Verbal Abuse Is Associated with Increased Gray Matter Volume in Superior Temporal Gyrus. NeuroImage 2011, 54 (Suppl. S1), S280–S286. [Google Scholar] [CrossRef]

	



Tomoda, A.; Polcari, A.; Anderson, C.M.; Teicher, M.H. Reduced Visual Cortex Gray Matter Volume and Thickness in Young Adults Who Witnessed Domestic Violence during Childhood. PLoS ONE 2012, 7, e52528. [Google Scholar] [CrossRef]

	



Liu, J.; Hung, P.; Alberg, A.J.; Hair, N.L.; Whitaker, K.M.; Simon, J.; Taylor, S.K. Mental Health among Pregnant Women with COVID-19–Related Stressors and Worries in the United States. Birth 2021, 48, 470–479. [Google Scholar] [CrossRef]

	



Andersen, S.L. Trajectories of Brain Development: Point of Vulnerability or Window of Opportunity? Neurosci. Biobehav. Rev. 2003, 27, 3–18. [Google Scholar] [CrossRef]

	



Ge, X.; Shi, Y.; Li, J.; Zhang, Z.; Lin, X.; Zhan, J.; Ge, H.; Xu, J.; Yu, Q.; Leng, Y.; et al. Development of the Human Fetal Hippocampal Formation during Early Second Trimester. NeuroImage 2015, 119, 33–43. [Google Scholar] [CrossRef]

	



Buss, C.; Davis, E.P.; Muftuler, L.T.; Head, K.; Sandman, C.A. High Pregnancy Anxiety during Mid-Gestation Is Associated with Decreased Gray Matter Density in 6–9-Year-Old Children. Psychoneuroendocrinology 2010, 35, 141–153. [Google Scholar] [CrossRef]

	



King, S.; Dancause, K.; Turcotte-Tremblay, A.-M.; Veru, F.; Laplante, D.P. Using Natural Disasters to Study the Effects of Prenatal Maternal Stress on Child Health and Development. Birth Defects Res. Part C Embryo Today Rev. 2012, 96, 273–288. [Google Scholar] [CrossRef]

	



Govaert, P.; Triulzi, F.; Dudink, J. Chapter 14—The Developing Brain by Trimester. In Handbook of Clinical Neurology; Steegers, E.A.P., Cipolla, M.J., Miller, E.C., Eds.; Neurology and Pregnancy; Elsevier: Amsterdam, The Netherlands, 2020; Volume 171, pp. 245–289. [Google Scholar] [CrossRef]

	



Laplante, D.P.; Brunet, A.; King, S. The Effects of Maternal Stress and Illness during Pregnancy on Infant Temperament: Project Ice Storm. Pediatr. Res. 2016, 79, 107–113. [Google Scholar] [CrossRef]

	



Simcock, G.; Elgbeili, G.; Laplante, D.P.; Kildea, S.; Cobham, V.; Stapleton, H.; Austin, M.-P.; Brunet, A.; King, S. The Effects of Prenatal Maternal Stress on Early Temperament: The 2011 Queensland Flood Study. J. Dev. Behav. Pediatr. 2017, 38, 310. [Google Scholar] [CrossRef]

	



Ralston, E.R.; Smith, P.; Chilcot, J.; Silverio, S.A.; Bramham, K. Perceptions of Risk in Pregnancy with Chronic Disease: A Systematic Review and Thematic Synthesis. PLoS ONE 2021, 16, e0254956. [Google Scholar] [CrossRef]

	



Tyer-Viola, L.A.; Lopez, R.P. Pregnancy with Chronic Illness. J. Obstet. Gynecol. Neonatal Nurs. 2014, 43, 25–37. [Google Scholar] [CrossRef]

	



Bahadir Yilmaz, E.; Şahin, E. Factors Associated with Prenatal Distress Levels of Pregnant Women. J. Psychiatr. Nurs. 2019, 10, 197–203. [Google Scholar] [CrossRef]

	



Estensen, M.; Gude, E.; Ekmehag, B.; Lommi, J.; Bjortuft, O.; Mortensen, S.; Nystrom, U.M.; Simonsen, S. Pregnancy in Heart- and Heart/Lung Recipients Can Be Problematic. Scand. Cardiovasc. J. 2011, 45, 349–353. [Google Scholar] [CrossRef]

	



Evans, M.K.; O’Brien, B. Gestational Diabetes: The Meaning of an At-Risk Pregnancy. Qual. Health Res. 2005, 15, 66–81. [Google Scholar] [CrossRef]

	



Josephson, M.A.; McKay, D.B. Pregnancy and Kidney Transplantation. Semin. Nephrol. 2011, 31, 100–110. [Google Scholar] [CrossRef]

	



Dunlop, A.L.; Jack, B.W.; Bottalico, J.N.; Lu, M.C.; James, A.; Shellhaas, C.S.; Hallstrom, L.H.-K.; Solomon, B.D.; Feero, W.G.; Menard, M.K.; et al. The Clinical Content of Preconception Care: Women with Chronic Medical Conditions. Am. J. Obstet. Gynecol. 2008, 199 (Suppl. SB), S310–S327. [Google Scholar] [CrossRef]

	



Siu, S.C.; Sermer, M.; Colman, J.M.; Alvarez, A.N.; Mercier, L.-A.; Morton, B.C.; Kells, C.M.; Bergin, M.L.; Kiess, M.C.; Marcotte, F.; et al. Prospective Multicenter Study of Pregnancy Outcomes in Women with Heart Disease. Circulation 2001, 104, 515–521. [Google Scholar] [CrossRef]

	



Abulizi, X.; Pryor, L.; Michel, G.; Melchior, M.; van der Waerden, J.; on behalf of The EDEN Mother–Child Cohort Study Group. Temperament in Infancy and Behavioral and Emotional Problems at Age 5.5: The EDEN Mother-Child Cohort. PLoS ONE 2017, 12, e0171971. [Google Scholar] [CrossRef] [PubMed]








[image: Children 11 00352 g001] 





Figure 1. Correlations and regression lines between maternal prepartum anxiety and depression and childhood sensory avoidance. 
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Figure 2. Correlations and regression lines between maternal postpartum anxiety and depression and childhood sensory avoidance. 
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Table 1. Characteristics of participants.
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	N = 409
	%
	Mean
	SD
	Min
	Max





	Country of residence
	
	
	
	
	
	



	Canada
	386
	94.38
	
	
	
	



	United States
	9
	2.20
	
	
	
	



	France
	6
	1.47
	
	
	
	



	Sweden
	1
	0.24
	
	
	
	



	Democratic Republic of Congo
	2
	0.49
	
	
	
	



	United Arab Emirates
	1
	0.24
	
	
	
	



	Not specified
	4
	0.98
	
	
	
	



	Province
	
	
	
	
	
	



	Quebec
	348
	85.09
	
	
	
	



	Ontario
	25
	6.11
	
	
	
	



	British Columbia
	4
	0.98
	
	
	
	



	Alberta
	6
	1.47
	
	
	
	



	Manitoba
	2
	0.49
	
	
	
	



	New Brunswick
	1
	0.24
	
	
	
	



	Nova Scotia
	2
	0.49
	
	
	
	



	Not specified
	21
	5.13
	
	
	
	



	Area of residence
	
	
	
	
	
	



	Urban
	188
	45.97
	
	
	
	



	Suburban
	173
	42.30
	
	
	
	



	Rural
	44
	10.76
	
	
	
	



	Not specified
	4
	0.98
	
	
	
	



	Ethnic background
	
	
	
	
	
	



	White
	379
	92.67
	
	
	
	



	Asian
	9
	2.20
	
	
	
	



	Black
	7
	1.71
	
	
	
	



	Hispanic
	2
	0.49
	
	
	
	



	Aboriginal (North American Indians, Metis or Inuit [Inuk])
	2
	0.49
	
	
	
	



	Other
	7
	1.71
	
	
	
	



	Not specified
	3
	0.73
	
	
	
	



	Years of schooling
	404
	98.77
	17.23
	4.72
	0
	32



	Not specified
	5
	1.22
	
	
	
	



	Employment status
	
	
	
	
	
	



	Employed—Full time
	303
	74.08
	
	
	
	



	Employed—Part time
	26
	6.36
	
	
	
	



	On welfare
	6
	1.47
	
	
	
	



	Self-employed
	35
	8.56
	
	
	
	



	Student/Intern
	15
	3.67
	
	
	
	



	Unemployed
	18
	4.40
	
	
	
	



	Prefer not to answer
	2
	0.49
	
	
	
	



	Not specified
	4
	0.98
	
	
	
	



	Living situation
	
	
	
	
	
	



	Living with a partner/married
	389
	95.11
	
	
	
	



	Living alone or single mother
	12
	2.93
	
	
	
	



	Living with parents/family
	4
	0.98
	
	
	
	



	Other
	1
	0.24
	
	
	
	



	Prefer not to answer
	1
	0.24
	
	
	
	



	Not specified
	2
	0.49
	
	
	
	



	Household income, CAD
	
	
	
	
	
	



	<CAD 30,000
	6
	1.47
	
	
	
	



	CAD 30,000–CAD 60,000
	31
	7.58
	
	
	
	



	CAD 60,001–CAD 90,000
	58
	14.18
	
	
	
	



	CAD 90,001–CAD 120,000
	108
	26.41
	
	
	
	



	CAD 120,001–CAD 150,000
	71
	17.36
	
	
	
	



	CAD 150,001–CAD 180,000
	52
	12.71
	
	
	
	



	>CAD 180,000
	60
	14.67
	
	
	
	



	Prefer not to answer
	20
	4.89
	
	
	
	



	Not specified
	3
	0.73
	
	
	
	










 





Table 2. Women’s pregnancy history.
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	N = 409
	%
	Mean
	SD
	Min
	Max





	Age at recruitment in years
	407
	99.51
	32.64
	3.96
	21.17
	45.87



	Not specified
	2
	0.48
	
	
	
	



	Gestational age at recruitment in weeks
	407
	99.51
	18.68
	6.48
	5
	38



	Missing value
	2
	0.48
	
	
	
	



	Gestational age in weeks at birth
	267
	65.28
	39.2
	1.60
	31
	43



	Missing value
	142
	34.72
	
	
	
	



	Trimester of pregnancy at the time of survey completion
	
	
	
	
	
	



	First trimester
	98
	23.96
	
	
	
	



	Second trimester
	280
	68.46
	
	
	
	



	Third trimester
	29
	7.09
	
	
	
	



	Not specified
	2
	0.49
	
	
	
	



	First Pregnancy
	
	
	
	
	
	



	Yes
	164
	40.1
	
	
	
	



	No
	243
	59.41
	
	
	
	



	Missing value
	2
	0.49
	
	
	
	



	Pregnancy type
	
	
	
	
	
	



	Singleton (one baby)
	400
	97.8
	
	
	
	



	Twins (two babies)
	4
	0.98
	
	
	
	



	Missing value
	5
	1.22
	
	
	
	



	Number of past deliveries
	
	
	
	
	
	



	Zero
	199
	48.66
	
	
	
	



	One
	138
	33.74
	
	
	
	



	Two
	42
	10.27
	
	
	
	



	Three
	9
	2.2
	
	
	
	



	Four
	2
	0.49
	
	
	
	



	Six
	2
	0.49
	
	
	
	



	Missing value
	17
	4.16
	
	
	
	



	Number of past abortions
	
	
	
	
	
	



	Zero
	315
	77.02
	
	
	
	



	One
	40
	9.78
	
	
	
	



	Two
	11
	2.69
	
	
	
	



	Four
	1
	0.24
	
	
	
	



	Missing value
	42
	10.27
	
	
	
	



	Number of past miscarriages
	
	
	
	
	
	



	Zero
	261
	63.81
	
	
	
	



	One
	84
	20.54
	
	
	
	



	Two
	21
	5.13
	
	
	
	



	Three
	14
	3.42
	
	
	
	



	Four
	4
	0.98
	
	
	
	



	Five
	1
	0.24
	
	
	
	



	Missing value
	24
	5.87
	
	
	
	



	Medical diagnosis
	
	
	
	
	
	



	Asthma
	37
	9.05
	
	
	
	



	Nausea
	71
	17.36
	
	
	
	



	High Blood Pressure
	14
	3.42
	
	
	
	



	Thyroid disease
	41
	10.02
	
	
	
	



	Diabetes
	13
	3.18
	
	
	
	



	Migraines
	23
	5.62
	
	
	
	



	Hearth Disease
	5
	1.22
	
	
	
	



	Lung Disease
	1
	0.24
	
	
	
	



	Anemia or other blood disease
	2
	0.49
	
	
	
	



	Ulcer/Stomach Disease
	2
	0.49
	
	
	
	



	Kidney disease
	1
	0.24
	
	
	
	



	Liver disease
	2
	0.49
	
	
	
	



	Pain
	4
	0.98
	
	
	
	



	Infection
	7
	1.71
	
	
	
	



	None
	185
	45.23
	
	
	
	



	Missing value
	2
	0.48
	
	
	
	



	Medical treatment
	
	
	
	
	
	



	Asthma
	25
	6.11
	
	
	
	



	Nausea
	64
	15.65
	
	
	
	



	High Blood Pressure
	5
	1.22
	
	
	
	



	Thyroid disease
	37
	9.05
	
	
	
	



	Diabetes
	5
	1.22
	
	
	
	



	Hearth Disease
	1
	0.24
	
	
	
	



	Anemia or other blood disease
	20
	4.89
	
	
	
	



	Ulcer/Stomach Disease
	7
	1.71
	
	
	
	



	Kidney disease
	1
	0.24
	
	
	
	



	Liver disease
	1
	0.24
	
	
	
	



	Pain
	2
	0.49
	
	
	
	



	Infection
	6
	1.47
	
	
	
	



	None
	194
	47.43
	
	
	
	



	Missing value
	2
	0.49
	
	
	
	










 





Table 3. Children’s medical conditions.
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	N = 409
	%





	Blind or partially blind
	1
	0.24



	Nystagmus
	1
	0.24



	Strabismus
	2
	0.49



	Abnormal muscle tone/muscle weakness
	4
	0.98



	Is gaining weight too slowly
	30
	7.33



	Is gaining weight too quickly
	3
	0.73



	Vitamin or mineral deficiencies
	1
	0.24



	Difficulties being fed
	2
	0.49



	Cardiac anomaly confirmed by cardiac ultrasound
	4
	0.98



	Stridor
	5
	1.22



	Apnea
	1
	0.24



	Asthma
	13
	3.18



	Stomach infection or frequent diarrhea
	1
	0.24



	Syndrome or condition that affects heart development
	1
	0.24



	Brain injury
	1
	0.24







Note: Medical conditions shown by at least one child from the sample.













 





Table 4. Child development: ages and stages at 18 months.
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	N = 409
	%





	Communication
	
	



	Above the cut-off (30–60)
	270
	66.01



	Close to the cut-off (15–29)
	61
	14.91



	Below the cut-off (0–14)
	11
	2.68



	Missing value
	67
	16.38



	Gross motor
	
	



	Above the cut-off (46–60)
	287
	70.17



	Close to the cut-off (36–45)
	19
	4.64



	Below the cut-off (0–35)
	36
	8.8



	Missing value
	67
	16.38



	Fine motor
	
	



	Above the cut-off (45–60)
	297
	72.61



	Close to the cut-off (35–44)
	35
	8.55



	Below the cut-off (0–34)
	10
	2.44



	Missing value
	67
	16.38



	Problem solving
	
	



	Above the cut-off (36–60)
	249
	60.88



	Close to the cut-off (26–35)
	55
	13.44



	Below the cut-off (0–25)
	32
	7.82



	Missing value
	73
	17.84



	Personal–social
	
	



	Above the cut-off (38–60)
	291
	71.14



	Close to the cut-off (27–37)
	36
	8.8



	Below the cut-off (0–26)
	9
	2.2



	Missing value
	73
	17.84







Note: Above the cut-off = child’s development appears to be on schedule; close to the cut-off = child is in the monitoring zone.













 





Table 5. Ages and stages at 18 months: measures of central tendency and dispersion.
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	N
	Mean
	SD
	Min
	Max





	Ages and stages at 18 months
	
	
	
	
	



	Communication
	342
	37.73
	13.51
	0
	60



	Gross Motor
	342
	52.98
	11.32
	13.03
	60



	Fine Motor
	342
	52.37
	8.38
	22.76
	60



	Problem Solving
	336
	43.94
	11.48
	6.13
	60



	Personal–Social
	336
	46.84
	9.15
	16.19
	60










 





Table 6. Associations between maternal prepartum and postpartum depression, anxiety and stress related to the COVID-19 pandemic, and prepartum medical diagnosis and treatment.
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	Prepartum Depression
	Postpartum Depression
	Prepartum Anxiety
	Postpartum Anxiety
	Prepartum Stress Related to COVID-19 Pandemic
	Postpartum Stress Related to COVID-19 Pandemic





	Medical diagnosis
	
	
	
	
	−0.25 **
	



	Asthma
	
	
	−0.24 *
	
	−0.25 *
	



	High Blood Pressure
	−0.33 **
	−0.29 *
	−0.33 **
	−0.24 *
	−0.23 *
	



	Diabetes
	
	
	
	−0.24 *
	−0.22 *
	



	Migraines
	−0.21 *
	
	−0.22 *
	
	
	



	Anemia or other blood disease
	
	
	−0.24 *
	
	
	



	Ulcer/Stomach Disease
	
	
	
	
	0.24 *
	



	Medical treatment
	
	
	
	
	
	



	Asthma
	−0.2 *
	
	
	
	
	



	Anemia or other blood disease
	
	
	−0.26 *
	
	
	







* p < 0.05, ** p < 0.01.













 





Table 7. Associations between maternal prepartum and 18-month postpartum distress symptoms and childhood sensory avoidance within the multiple regression model.
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	Estimate
	Standard Error
	p Value





	Prepartum depression
	0.08
	0.08
	0.31



	18-month postpartum depression
	0.08
	0.07
	0.25



	Prepartum anxiety
	0.10
	0.1
	0.30



	18-month postpartum anxiety
	0.04
	0.09
	0.62
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