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Abstract
	The effect of maternal state on infant development in utero has been an important topic of research; however, maternal social support has not been well defined as a factor in infant outcomes. The COVID-19 pandemic provided an opportunity to study widespread changes in social support in perinatal women. In an effort to better understand the relationship between perinatal maternal social support and infant temperament and development, this study analyzed data from the COVID-19 and Perinatal Experiences (COPE) study, including ten measures of social support from the Medical Outcomes Study (MOS) Social Support Survey and COPE-IS survey, three measures of infant temperament from the Infant Behavior Questionnaire-Revised, and five measures of infant development from the Ages and Stages Questionnaire, Third Edition. The main hypothesis was that increased maternal social support during the perinatal period would be associated with a decrease in infant negative affect at twelve months of age. Linear regressions were run predicting infant negative affect from maternal social support, as well as predicting other measures of infant temperament and development. Maternal social network support and a specific measure of emotional/informational support significantly predicted infant negative affect approximately one year later. Additionally, the relationship appeared to be specific to social support measured early in the perinatal period. No other relationships were found between maternal social support and infant temperament or development. Overall, these findings promote perinatal maternal social support as an important factor in the development of infant temperament (specifically negative affect), with emotional support appearing to have the greatest individual influence.

I. Introduction
Social relationships contribute to overall health in various populations (Holt-Lunstad, Smith, & Layton, 2010). Specifically, strong social relationships have been associated with a significant increase in odds of survival (Holt-Lunstad, Smith, & Layton, 2010). A meta-analysis of nearly 150 studies concluded that the mortality risk corresponding with poor social relationships appears to parallel or surpass the risk associated with factors such as smoking and obesity (Holt-Lunstad, Smith, & Layton, 2010). Availability of social support has been identified as one aspect of social relationships having influence over both physical and mental health measures, with different dimensions of social support individually predicting physical or mental health (Yang & Jiang, 2020).
Social support can be defined as the resources received from social relationships, which may be presented in the form of emotional, informational, financial, or instrumental aid (Orr, 2004). Social support has been shown to have an impact on pregnancy outcomes, as well (Orr, 2004). A study by Nelson and colleagues (2020) demonstrated that social support moderated the effect of maternal stress on the infant. In situations of increased maternal stress, greater social support was related to reduced markers of early life stress in the infant compared to individuals with high maternal stress and low social support (Nelson, Wright, Allen, & Laurent, 2020). Individual support from a romantic partner during pregnancy has been shown to relate to lower infant distress when presented with unfamiliar stimuli as reported by the mother (Stapleton et al., 2012). While many dimensions of infant outcomes and the mechanisms by which social support influences baby development have not yet been explored, current literature provides evidence that maternal social support plays a role in early child health and development.
Infant temperament has a role in predicting later behavior and child conduct as demonstrated by Rigato, Charalambous, Stets, and Holmboe (2020). Negative affect, defined by expression of anger, frustration, fear, and sadness, during the first year of life was associated with conduct problems at age three. Expression of positive emotion and approach of positive activity are measures of infant positive affect and surgency, which have been related to prosocial behavior and measures of hyperactivity-inattention later on. A third subset of infant behavior and temperament—orienting and regulatory capacity, including measures of soothability and cuddliness—was also related to prosocial behavior at three years of age (Rigato, Charalambous, Stets, & Holmboe, 2020).  Negative emotionality in infancy has been identified as a risk factor for internalizing problems at age five (Shaw et al., 1997). Difficult temperament, characterized by fussiness and difficulty to soothe, at five months of age has also been shown to predict depression and anxiety symptom trajectories later in childhood (Côté et al., 2009). Overall, it can be concluded that infant temperament, particularly infant negative affect, may be a marker for future behavioral challenges in childhood.
Maternal depression has been found to have significant associations with child negative affect at several ages, with effect size increasing as child age decreases (Goodman et al., 2011). Maternal inflammatory markers during pregnancy can be used as a biological measurement of prenatal depression, with higher inflammation corresponding to greater symptoms of depression (Osborne et al., 2018; Gustafsson et al., 2018). Higher levels of prenatal inflammation have been associated with heightened stress response in infants and poorer outcomes on the neonatal behavioral assessment scale (Osborne et al., 2018). Maternal inflammatory markers also positively correlated with infant negative affect as reported by the mother (Gustafsson et al., 2018). Recurring depression and anxiety symptoms in a mother throughout the first year postnatal have been correlated with higher infant negative affect at two years (Prenoveau et al., 2017), while greater variation in prenatal maternal depression and anxiety symptoms have been associated with higher infant negative affect at twelve and twenty-four months (Glyn et al., 2017). This research demonstrates a link between maternal biology and infant temperament and development. Additionally, it shows that perinatal maternal psychopathology can influence infant negative affect, which necessitates controlling for maternal mental health when analyzing other possible relationships with infant temperament.
While it has been established that maternal inflammation due to depression can influence the negative affect of an infant (Gustafsson et al., 2018), other stressors can contribute to maternal inflammation, as well. A study by Ross and colleagues (2019) showed that different forms of partner support during pregnancy have been related to both maternal and infant inflammatory markers. Ambivalent support during the prenatal period, involving high levels of both positive and negative support, was related to greater inflammation in the mother and infant (Ross et al., 2019). 
Neurophysiological factors have been proposed as another underlying factor relating to both maternal inflammatory markers and infant temperament. Graham and colleagues (2016) demonstrated that greater amygdala connectivity was a predictor of infant negative affect, specifically emerging as fear expression. Heightened inflammatory markers and cortisol levels corresponding to psychosocial stress and maternal psychopathology in pregnant women has been related to greater infant amygdala volume and connectivity, as well as higher cortisol levels at two years of age (Graham et al., 2018; Graham et al., 2019). This corresponded to lower impulse control and internalizing behaviors in the infant, suggesting a connection between prenatal environment and infant brain development, behavior, and temperament (Graham et al., 2018; Graham et al., 2019). 
Both animal and human research have investigated a biological mechanism through which maternal state influences the infant. Meaney and Szyf (2005) used rats to demonstrate that maternal care shortly after birth alters methylation, and therefore expression, of DNA in offspring. The affected DNA coded for genes that influence the offspring’s hypothalamic-pituitary-adrenal (HPA) axis, which is involved in stress responses of both rats and humans (Meaney & Szyf, 2005). Research examining epigenetic markers in humans has demonstrated a link between maternal stress during pregnancy and infant DNA methylation in genes that are associated with the HPA axis (Palma-Gudiel et al., 2015). This research suggests a biological mechanism occurring during pregnancy and shortly after birth which may underlie changes in infant behavior.
With the onset of the COVID-19 pandemic in 2020, social distancing and shelter-in-place orders created widespread changes in social support. Similar to other populations, perinatal women experienced an overall decrease in social support (Zhou et al., 2021). Lower social support was associated with greater stress levels, distress related to disruptions in support, symptoms of depression, and lower overall mental health (Zhou et al., 2021). Another group of perinatal women reported feelings of loneliness and isolation due to decreased social support and reduced face-to-face interactions (Rhodes, Kheireddine, and Smith, 2020). Concerns about child development and socialization due to disruptions in accessibility of support were also reported by these mothers (Rhodes, Kheireddine, and Smith, 2020). The social isolation and decrease in support facilitated by the COVID-19 pandemic provided an opportunity to examine the effects of disruptions in maternal social support on infants born during this time. This was a unique opportunity given that pre-pandemic low social support was generally associated with disrupted maternal mental health (i.e. depressed mothers; Taylor et al., 2021), but the pandemic led to widespread disruption of social support for pregnant people, broadening the relevance of this research. 
Perceived social support, or lack thereof, has been understudied as a stressor on new mothers, and extant literature on related topics has yet to examine how it relates to infant temperament. It does, however, suggest a relationship between maternal stress and psychopathology with infant outcomes, providing a basis for the current research. This study could contribute to the understanding of how the maternal perinatal environment impacts a baby while implicating the unique effects of perceived social support. It will provide groundwork for investigating the mechanisms by which the prenatal environment interacts with the development of both brain and behavior of the infant. 
The overarching goal of this research is to understand the relationship between maternal social support during the perinatal period and infant temperament (particularly negative affect) at twelve months of age. The underlying hypothesis is that maternal social support affects the biological and social environment in which temperament develops. This research will explore three aims related to social support and infant temperament and development. Aim one is to determine if maternal social support, and what types of social support, during the perinatal period are related to infant negative affect at twelve months. Hypothesis one is that a global measure of maternal social support will be associated with infant negative affect. Hypothesis two is that different aspects of social support (emotional, tangible, affectionate, and positive social interaction) will have different associations with infant negative affect. Aim two will examine other aspects of infant temperament and broader infant development to determine if the effects of social support are specific to any infant outcomes. The hypothesis for aim two is that maternal social support will be related to measures of infant temperament, while outcomes of infant development will vary independently of social support. The third aim will investigate social support at two timepoints to determine if the timing of social support is relevant for the relationship with infant temperament at twelve months. The hypothesis is that earlier measures of social support will be better predictors of infant affect at twelve months.  
II. Methods
The data used in this study was collected through the COVID-19 and Perinatal Experiences (COPE) study. Over 200 women were enrolled in the COPE study between June of 2020 and March of 2022. Participants were recruited from lists of patients who received care at the University of Vermont Medical Center Obstetrics Department. Eligible women were age eighteen or older and either pregnant or had a child under six months of age at the time of enrollment. Participants were sent a study description and completed informed consent electronically.  This study was approved by the Institutional Review Board (IRB) of the University of Vermont. 
The aim of the study was to collect data on the impact of the COVID-19 pandemic on the experiences and health of the mother and behavior, development, and health of the baby. Surveys were administered via email and completed online. Biweekly surveys were administered for the first ten weeks, after which the participants were given the option to enroll in a two year follow up period, receiving surveys once per month. More extensive infant developmental surveys were administered every six months, beginning when the child was newborn. These surveys attempted to measure the impact of the COVID-19 pandemic on the mother and infant, spanning topics in maternal social support, parental stress, and psychopathology as well as infant behavior and development. 
Two forms of assessment occurred when the infants were six and twelve months old. The first assessment, occurring at both six- and twelve-month time points, was a virtual visit in which four behavioral tasks were administered to the mother and infant. Two of the tasks administered were from the Laboratory Temperament Assessment Battery (LAB-TAB; Goldsmith & Rothbart, 1996), including the Arm-Restraint task and Free-Play task. The Arm-Restraint task measured anger and frustration when an infant’s arms were held back from playing with a favored toy. The Free-Play task examined the infant’s activity level and the infant-caregiver relationship during a ten-minute session of play with the mother, both with and without toys (Goldsmith & Rothbart, 1996). A third task involving the Still-Face Paradigm, developed by Tronick and colleagues (1978), was included to measure the emotional regulation of an infant when face-to-face with an unresponsive mother. Finally, a visual attention task, measuring attention and visual processing speed of the infant, was completed by monitoring the infant's eye movement while watching a forty-five second video clip (Werchan, Thomason, & Brito, 2022). These assessments were recorded via Zoom for scoring. The second form of infant assessment was an MRI of the infant’s brain, which was completed at the twelve-month visit.
The measures of social support used in this study are summarized in Table 1. Maternal perceived social support was assessed at the week four time point and in the infant six-month developmental surveys with the Medical Outcomes Study (MOS) Social Support Survey (Sherbourne & Stewart, 1991). This instrument was found to be reliable and construct validity was established by the Medical Outcomes Study (Sherbourne & Stewart, 1991). The survey included nineteen items inquiring about the availability of various forms of support. These items were scored individually and averaged into four subscores of Positive Social Interaction, Emotional/Informational Support, Affectionate Support, and Tangible Support. All nineteen measures were averaged to create a composite Social Support Sum Score (Sherbourne & Stewart, 1991). One item from the Affectionate Support Subscore (availability of someone to hug you, if needed) was not included in the survey, as social distancing may have biased this measure. Definitions of the subscores as provided by Sherbourne and Stewart (1991) are listed in Table 1. 
Additional measures of social support were assessed by questions from the COPE-IS survey at enrollment and week four (Thomason, Graham, & Vantieghem, 2020). Current social network support was measured by the question “Currently, how supported do you feel by your social network?” Social support prior to the pandemic was assessed by the question “Prior to COVID-19, how supported did you feel by your social network?” Both questions were measured on a scale of one (not supported) to seven (very supported). Disruption of emotional support, social activity, and outings from the home were assessed at week four. Participants were asked “During the past 7 days, how much has the COVID-19 outbreak disrupted your ability to… receive emotional support from family and friends,” “...engage in social activity,” and “...leave your house?” These questions were assessed on a seven-point scale, with one indicating no disruption and seven indicating extreme disruption. Distress due to disruptions in social support was measured at week four with the question “What is the level of distress you have experienced related to disruptions to your social support due to the COVID-19 outbreak?” Possible responses ranged from one (no concern) to seven (highly concerned). 
Table 1
Measures and Definitions of Social Support
	Construct
	Measure
	Construct Description

	Time Point Collected

	Current social network support
	COPE-IS
	“Currently, how supported do you feel by your social network?” (Thomason, Graham, & Vantieghem, 2020)
	Enrollment

	Social network support prior to COVID-19
	COPE-IS
	“Prior to COVID-19, how supported did you feel by your social network?” (Thomason, Graham, & Vantieghem, 2020)
	Enrollment

	Sum of social support
	MOS Social Support Survey (Sum score)
	“Availability of people to provide support if needed such as emotional support and tangible help” (Sherbourne & Stewart, 1991)
	Week 4

	Emotional/
informational support
	MOS Social Support Survey (Emotional/
Informational Support subscore)
	“Someone to confide in, to listen to you, and provide advice and information” (Sherbourne & Stewart, 1991)
	Week 4

	Tangible support
	MOS Social Support Survey (Tangible Support subscore)
	“Someone to help with daily chores, prepare meals, or drive you if needed” (Sherbourne & Stewart, 1991)
	Week 4

	Affectionate support
	MOS Social Support Survey (Affectionate Support subscore)
	“Someone to show you love and affection, hug you, and make you feel wanted” (Sherbourne & Stewart, 1991)
	Week 4

	Positive social interaction
	MOS Social Support Survey (Positive Social Interaction subscore)
	“Someone to have a good time, do enjoyable things with, get together with for relaxation” (Sherbourne & Stewart, 1991)
	Week 4

	Disruption in emotional support
	COPE-IS
	“During the past 7 days, how much has the COVID-19 outbreak disrupted your ability to receive emotional support from family and friends?” (Thomason, Graham, & Vantieghem, 2020)
	Week 4

	Disruption in social activities
	COPE-IS
	“During the past 7 days, how much has the COVID-19 outbreak disrupted your ability to engage in social activity?” (Thomason, Graham, & Vantieghem, 2020)
	Week 4

	Disruption in leaving the house
	COPE-IS
	“During the past 7 days, how much has the COVID-19 outbreak disrupted your ability to leave your house?” (Thomason, Graham, & Vantieghem, 2020)
	Week 4

	Distress related to disrupted social support
	COPE-IS
	“What is the level of distress you have experienced related to disruptions to your social support due to the COVID-19 outbreak?” (Thomason, Graham, & Vantieghem, 2020)
	Week 4



Infant temperament was assessed using the Infant Behavior Questionnaire - Revised (IBQ-R; Putnam et al., 2014): a parent-report survey administered to participants in the six- and twelve-month infant developmental survey sets. The IBQ-R is a standardized, norm-referenced survey containing thirty-seven items of infant behavior, divided into three subscales of infant temperament: Negative Affectivity (NEG), Positive Affectivity/Surgency (PAS), and Orienting/Regulatory Capacity (ORC). The NEG Subscore was derived from twelve items measuring fear, sadness, and distress to limitations. The PAS Subscore was composed of thirteen questions regarding activity level, approach, smiling and laughter, high intensity pleasure, perceptual sensitivity, and vocal reactivity. Twelve questions related to the ORC Subscore, which were derived from measures of soothability, low intensity pleasure, duration of orientating, and cuddliness (Putnam et al., 2014). The NEG subscale was scored and used to numerically quantify negative affect in infants. The PAS and ORC Subscores were calculated to measure other forms of infant temperament. This research focused on infant temperament measured at twelve months.
The Ages & Stages, Third Edition (ASQ-3) Twelve-Month Questionnaire (Squires & Bricker, 2009) was completed by participants when their child was twelve months of age. The ASQ-3 is a standardized assessment of child development that was completed by a parent as a written questionnaire. The assessment included thirty questions that pertain to five areas of child development: communication, gross motor, fine motor, problem solving, and personal-social. Answers were scored as zero (not yet), five (sometimes), or ten (yes) and combined to create a composite score for each measure. Composite scores were compared to standardized ranges indicating above the cutoff, close to the cutoff, or below the cutoff for expected development at twelve months in each area (Squires & Bricker, 2009).
To further assess infant affect, the LAB-TAB Arm-Restraint behavioral task (Goldsmith and Rothbart, 1996) was analyzed from the infant twelve-month virtual visit. In this task, the infant was placed in a high-chair and allowed to play with a favored toy. For two thirty-second intervals, the mother was instructed to hold the infant’s arms to their sides while leaving the toy in view. The task was recorded and later coded for the latency to distress and the total duration of distress during the task. Coding was adapted from Sullivan et al. (2015). Distinct measures of negative vocalization, including screaming and crying, were used as indicators of distress. Ambiguous vocalization (grunting and straining) and mild fussiness were excluded from this analysis.
Maternal mental health was measured at enrollment using the Brief Symptom Inventory-18 (BSI-18; Derogastis, 2001). The BSI-18 is a self-report measure including eighteen questions measuring symptoms of depression and anxiety (Derogastis, 2001). One question measuring suicidality was omitted from the survey. Answers were scored from one (not at all) to five (extremely) for distress to each symptom. A composite score was calculated by summing the scores for each question. Subscores for depression and anxiety were calculated from five depression-specific symptoms and six anxiety-specific symptoms, respectively. The BSI-18 was included to control for the effects of maternal mood and mental health on infant temperament. 
Data analysis was completed using IBM SPSS Statistics Version 28. Descriptive statistics, data inspection, and quality control were carried out first. No participants were removed for missing data. The number of prior pregnancies of one participant was retrieved from medical records, as permitted by participant informed consent. A paired samples t-test was run using social support prior to COVID-19 and current social network support to determine if there was a significant change with the onset of the COVID-19 pandemic. 
The general approach to hypothesis testing was to run a series of linear regressions, predicting infant negative affect (or developmental variables in aim two) from social support plus covariates. Covariates were selected to control for sociodemographic factors, maternal mood, and parity (nulliparous - having never birthed a baby; multiparous - having previously birthed at least one baby). Maternal mood symptoms have previously been related to infant temperament (Goodman et al., 2011) and parity has been shown to affect maternal sensitivity to infant emotion (Maupin et al., 2018). Sociodemographic covariates included maternal age, household income, and maternal education. Demographic measures of race and ethnicity were excluded due to a lack of variability in the sample. Any covariates found to have a significant association with a dependent variable were included in subsequent regressions. 
To determine if type of social support, or distress related to disrupted social support, was related to infant negative affect, the ten measures of social support (see Table 1) were individually regressed against the IBQ-R Negative Affect Score. The Akaike information criterion was used to assess whether model fit was significantly improved with the addition of each social support regressor in comparison to the covariate-only model.
The process was repeated for each additional dependent variable: other aspects of temperament from the IBQ-R (Positive Affect/Surgency Subscore; Orienting/Regulatory Capacity Subscore), and standard measures of infant development from the ASQ-3 (Communication Subscore, Gross Motor Subscore, Fine Motor Subscore, Problem Solving Subscore, and Personal-Social Subscore). Baseline covariate-only models were run as described above, and then a social support measure selected from the initial regressions was added as an independent variable to determine if model fit was improved. 
A subgroup of participants having completed the MOS Social Support Survey at both week four and six months (infant six-month developmental time point) was identified for further analyses. A paired samples t-test was run to determine if social support significantly varied between the two time points. Regressions using the MOS Social Support Sum Score and any significant subscores from initial analyses of week four data were repeated using the IBQ-R Negative Affect Score as a dependent variable. This was then repeated using the same social support measures from the six-month time point. 
A second subgroup was identified including participants that completed the virtual twelve-month behavioral assessment. Three subjects were excluded, two for not completing the Arm-Restraint task during the visit and one for deviating from protocol (infant had a pacifier during the task). Measures of latency to distress and duration of distress during the Arm-Restraint task were first compared to maternal reports of infant negative affect from IBQ-R scores by running a bivariate correlation. The dependent variables of latency to distress and duration of distress were individually regressed against the covariates used in previous models. The regressions were then repeated using the current social network support measure as an independent variable.
III. Results
	Eighty-three participants completed the social support measures at week four and Infant Behavior Questionnaire - Revised from the twelve-month developmental surveys. Sample characteristics are detailed in Table 2. The average age of participants was 32.8 years old (SD=3.94). 94% of participants were white, 78.3% had received a four-year degree or higher, and 54.2% had a household income greater than $80,000. At the time of enrollment, 45.8% of the participants were still pregnant and 48.2% of participants reported this being their first pregnancy. Descriptive statistics of all variables are listed in Table 3.
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	A paired samples t-test indicated a significant difference between maternal report of social support prior to the pandemic (M=5.81, SD=1.41) and current social network support at enrollment (M=4.92, SD=1.56); [t=5.482, p<0.001]. 
	The demographic covariate-only model with independent variables of maternal age, household income, maternal education, parity, and BSI-18 scores regressed against IBQ-R Negative Affect indicated that none of the covariates significantly predicted the infant Negative Affect Score (Table 4). Therefore, the covariates were dropped from further analyses of IBQ-R data. Maternal BSI-18 scores were included given the strength of the literature relating maternal self-report of mental health and maternal report of child affect. Regressions including all demographic variables are included in the appendix and do not substantially differ from the models without demographic covariates.
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Results of the ten maternal social support measures regressed against the infant Negative Affect Score are summarized in Table 5. The current social network support was significantly associated with the infant Negative Affect Score at twelve months (B=-0.161, SE=0.056, p<0.05). An increase of one standard deviation in current social network support corresponded to a 0.310 standard deviation decrease of IBQ-R Negative Affect. 7.2% of the variance in IBQ-R Negative Affect was explained by the model using the current social network support and BSI-18 scores. The Emotional/Informational Support Subscore of the MOS Social Support Survey had a significant negative association with IBQ-R Negative Affect (B=-0.219, SE=0.105, p<0.05). A one standard deviation increase in MOS Emotional/Informational Support was associated with a 0.241 standard deviation decrease in the infant Negative Affect Score. The Emotional/Informational Support measure and BSI-18 score accounted for 3.0% of variance in IBQ-R Negative Affect. No other measures of social support were significantly associated with the Negative Affect Score (p>0.05). Distress due to change in social support and measures of social disconnectedness, including disruption in number of times leaving the house and disruption to participating in social activities, were not significantly associated with IBQ-R Negative Affect (p>0.05). 
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Given the strength of the relationship between current social network support and the infant Negative Affect Score, current social network support was used as the independent variable in the regressions predicting other measures of infant temperament and development from the IBQ-R and ASQ-3. Covariate only models showed no significant associations between covariates and the IBQ-R Positive Affect/Surgency (Table 6) or IBQ-R Orienting/Regulatory Capacity Scores (Table 7). Regressions of current social network support against PAS and ORC Scores were not statistically significant (p>0.05). 
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No individual covariates or covariate only models were statistically significant when regressed against ASQ-3 measures of Communication (Table 8), Gross Motor Skill (Table 9), Fine Motor Skill (Table 10), or Problem Solving (Table 11). Thus, no covariates were included in the regression of current social network support against these measures. Current social network support was not significantly associated with any ASQ-3 measures (p>0.05). Maternal education and parity were significantly associated with the ASQ-3 Personal-Social measure (Table 12) in the covariate only model (p<0.05). These two measures were included in the regression of current social network support against ASQ-3 Personal-Social Subscores. Current social network support was not statistically significant (p>0.05).
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	Fifty-two participants completed the MOS Social Support Surveys at both week four and six-month time points. A paired-sample t-test for the Social Support Sum Score indicated a significant difference between the week four time point (M=4.12, SD=0.77) and the six-month time point (M=4.37, SD=0.71); [t=-3.384, p<0.001]. There was a significant difference in means between the Emotional/Informational subscores for week four (M=4.11, SD=0.89) and six months (M=4.41, SD=0.80), as well (t=-3.785, p<0.001). None of the covariates were significant in the regressions against IBQ-R Negative Affect (Table 13). The regression for week four MOS Social Support Sum Score was statistically significant against IBQ-R Negative Affect (B=-0.343, SE=0.166, p<0.05). One standard deviation increase in the Social Support Sum Score corresponded to a 2.060 standard deviation decrease in the infant Negative Affect Score. The model using MOS Social Support Sum Scores and BSI-18 scores explained 4.5% of the variance in IBQ-R Negative Affect. The MOS Emotional/Informational Subscore was significantly associated with the infant Negative Affect Subscore (B=-0.349, SE=0.140, p<0.05). An increase of one standard deviation in MOS Emotional/Informational Support corresponded with a 2.493 standard deviation decrease in IBQ-R Negative Affect. 8.0% of the variance in Negative Affect was explained by the Emotional/Information Support Score at week four. Neither social support score measured when the infant was six months old was significantly associated with IBQ-R Negative Affect at twelve months (p>0.05). 
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	The subgroup of participants that completed the virtual twelve-month behavioral visit included thirty-two subjects. The bivariate correlation was not significant for IBQ-R Negative Affect and latency to distress or duration of distress during the Arm-Restraint task (p>0.05). No covariates significantly predicted latency to distress or duration of distress (p>0.05). The regressions including the current social network support were not significant (p>0.05; Table 14, Table 15).
[image: Table

Description automatically generated]
[image: Table

Description automatically generated]
IV. Discussion
	This study first documented a significant decrease in social support in the perinatal period during the COVID-19 pandemic. This is consistent with findings from Zhou and colleagues (2021) in another cohort of perinatal women. Next, this study examined associations between perinatal social support and infant affect at twelve months.  
	Overall, the results support hypothesis one, showing an association between maternal social support during the perinatal period and infant negative affect at twelve months. Analysis of ten social support variables revealed two significant associations, both indicating that individuals with greater social support (either currently received or available if needed) rated their infant as having lower negative affect at twelve months. The maternal current social network support predicted infant negative affect an average of 12.5 months later. 
Measures of social disconnectedness, such as disruptions to leaving the house and engaging in social activity, did not have a significant relationship with infant negative affect. This may indicate a greater influence of perceived social network support than physical isolation or reduced interaction. This supports research demonstrating that the social environment is multimodal, with different variables, such as loneliness, lack of social support, social inactivity, and lack of human contact, having independent influence over outcomes such as physical health and mortality (Cornwell & Waite, 2009; Shankar, McMunn, Banks, & Steptoe, 2011).
Emotional aspects of support appeared to be distinct from other forms of support in predicting negative affect, supporting the second hypothesis. While the MOS Social Support Sum score was not significantly associated with negative affect, the emotional/informational component of the MOS Social Support Survey significantly predicted infant negative affect at twelve months. Further supporting the importance of emotional support, reported disruption in ability to receive emotional support due to COVID-19 trended towards significance (p=0.052). The trend was in the predicted direction (more disruption in emotional support related to higher negative affect in infants). This suggests that availability of emotional support, such as people who can be trusted to listen and give advice when needed, may be more important than other forms of social support (tangible, affectionate, positive social interaction) during the perinatal period. 
Contrary to the prediction, none of the covariates significantly predicted infant negative affect at twelve months. This included demographic covariates (race, ethnicity, household income, and education) and maternal characteristics (age and parity). The restricted demographics in this sample, discussed further in study limitations (below), may have contributed to this. The participants in this study were predominantly upper middle class. Associations of socioeconomic status with infant negative affect and emotionality demonstrated in other literature (Jansen et al., 2008) may be driven by the extremes of the income distribution, which were not represented in this participant population. Past research involving maternal characteristics of age and parity has demonstrated that first-time mothers are more sensitive to infant expressions and vocalizations (Maupin et al., 2018) while babies of older mothers typically have less reactivity to novel stimuli (Werner et al., 2013), both of which might affect reports of infant negative affect. One explanation for the lack of association seen in this sample is that reductions in external sources of childcare due to the pandemic (Rhodes, Kheireddine, and Smith, 2020) led to greater exposure of new mothers to infant emotionality. Additionally, maternal age was categorized as greater than or less than thirty-five years, which may have limited the impact of the variable on predicting negative affect. 
 In the regression using the ASQ-3 Personal-Social Score, two covariates had significant relationships, however, the association was opposite the predicted direction. Both maternal education and parity had significant negative relationships with the ASQ-3 Personal-Social Score, meaning lower maternal education and being a first-time mother corresponded to greater personal-social development at twelve months. The pandemic may have altered the impact of maternal characteristics and socioeconomics on personal-social development; however, this relationship was not investigated. Therefore, few conclusions can be drawn from this.
Social support explained unique variance in infant negative affect over and above the influence of maternal depression and anxiety. In addition, maternal symptoms of depression and anxiety were not significantly associated with infant affect or behavior at twelve months. This could be due to the depression and anxiety symptoms only being analyzed at one time point. Past research has demonstrated that chronic symptoms of depression and anxiety correspond to infant negative affect while transient symptoms do not (Prenoveau, et al., 2017). Chronicity of symptoms was not collected for this study. 
Negative affect was the only infant outcome significantly associated with social support.  Other measurements of infant temperament, including positive affect/surgency and orientation/regulatory control varied independently of maternal social support. This suggests that maternal support has a direct relationship with negative affect rather than influence over broader infant temperament. Additionally, no measures of infant development measured by the ASQ-3 correlated with maternal social support, again demonstrating a unique relationship between maternal support and infant negative affect. 
A subgroup of fifty-two participants completed the MOS Social Support Survey at both week four and six-month timepoints. For this group, both the Social Support Sum Score and Emotional/Informational Subscore measured at week four were significant in predicting infant negative affect at twelve months (consistent with the trends of the entire sample). Conversely, when measured at six months, neither social support score was significantly associated with negative affect. This suggests that there may be an important window in the perinatal period in which maternal social support influences infant negative affect. This may be due to the neurobiological mechanisms through which maternal support affects the infant. Several studies have proposed maternal inflammatory markers as a mediator between maternal state (stress, depression, anxiety) and infant development (Gustafsson et al, 2018; Graham et al., 2018; Graham et al., 2019), which would suggest the prenatal period as the critical window. An alternative explanation is that infant temperament is highly impressionable in early life but reduces in susceptibility later on.
Contrary to predictions, negative affect measured by the Arm-Restraint task did not correspond with maternal measures of infant negative affect reported using the IBQ-R. Additionally, maternal social support did not predict latency to distress or duration of distress. Several factors may have affected these results. Only measures of negative vocalization were used to represent infant distress. It is possible that measures of affective expression and regulatory behavior are needed in order to maintain validity of the assessment. Additionally, negative vocalization during the Arm-Restraint task may measure aspects of infant affect that are distinct from those measured by the IBQ-R. Infant vocalization could be impacted by external factors, such as sleep and feeding schedules on the day of the assessment. Finally, the impact of maternal social support on infant negative affect may be specific to maternal-report measures.
V. Limitations
	The participants in this study were primarily white, educated, and high earning, representing a largely homogeneous demographic. Research has shown that socioeconomic status is correlated with perceived support, perceived stress, and inflammatory markers in response to acute stressors (Jiang et al., 2020). Maternal socioeconomic status has also been shown to have relationships with infant brain morphology and behavior (Spann, et al., 2020). A more diverse sample should be identified in future work in order to account for these factors. Additionally, the sample size was moderately small, and a different effect may be seen with a larger population. 
	The participants in this sample were recruited between June of 2020 and October of 2021. The COVID-19 pandemic was dynamic in social restrictions and recommendations, availability of vaccines, and support services throughout this time. This study was unable to control for any effects this may have had on the participant population, or the measures collected, such as change in social support or disruption in social activity. 
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Table 6
Regression Results of Current Social Support vs IBQ-R Positive Affect/Surgency

Independent Variable B SE B t » R Ad‘j":; o Modelp
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Table 7

Regression Results of Current Social Support vs IBQ-R Orienting/Regulatory Capacity

Independent Variable B SE B t ) R R Adjusted Modelp
Covariate Model 5724 036 15907 <0001 0041 0022 0.662
BSI-18 Total 0,003 0011 0031 0261 0795
Maternal Age 0073 0190 0045 0385 0701
Household Income 0134 0111 0165 1212 0229
Maternal Education 0,009 0088 0014 0,100 0921
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Table 8
Regression Results of Current Social Support vs ASQ-3 Communication

Independent Variable B SE ] t » R> R Adjusted Model p
Covariate Model 52986 6267 8454 <0001 0067 0.006 0366
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image8.png
Table 9
‘Regression Results of Current Social Support vs ASQ-3 Gross Motor.

Independent Variable B SE B t ) R R”Adjusted Modelp
Covariate Model 60443 6457 9361 <0001  0.109 0,051 0107
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Table 10
Regression Results of Current Social Support vs ASQ-3 Fine Motor

Independent Variable B SE B t ) R’ R*Adjusted Model p
Covariate Model 55567 3910 14213 <0001 0061 0.000 0426
BSI-18 Total 0008 0120 0008 0070 0945
Matemnal Age 2990 2068 0168 1446 0152
Household Income 0391 1202 004 0325 0746
Maternal Education 0654 0959 0094 0682 0497
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Social Support Model 49444 2825 17505 <0001 0026 0014 0.149

Current Social Network Support 0799 0548 0160 1458 0.149
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Table 11
‘Regression Results of Current Social Support vs ASQ-3 Problem Solving

Independent Variable B SE ] t » R> ___ R*AdjustedModelp
Covariate Model 50095 5125 9775 <0001 0027 0,036 0826
BSI-18 Total 0050 0157 0038 0320 0750
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Current Social Network Support 0090 0.715 0014 0125 0901





image11.png
Table 12

Regression Results of Current Social Support vs ASQ-3 Personal-Social

Independent Variable B SE B t » R* __ R*Adjusted Model p
Covariate Model 4947 5049 8903 <0001 0089 0030 0196
BSI-18 Total 0183 0155 0136 1179 0242
Matemnal Age 0817 2671 0035 0306 0760
Household Income 1507 1552 0129 0971 0335
Maternal Education 2573 1238 0283 2078 0.041*
Parity 4718 232 0233 2033 0.045*
Social Support Model 45665 4770 9573 <0001 0079 0.044 0087
Current Social Network Support __ 0.803  0.728  0.122 1102 0274
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Table 13

Regression Results of MOS Social Support vs IBQ-R Negative Affect at Week 4 and 6-Month Time Points

Independent Variable B SE ] t » R R Adjusted MOO
Covariate Model 4905 0566 8663 <0001 0040 -0.064 0856
BSL-18 Total 0014 0022 0104 0645 0522
Materal Age 0011 0320 0005 0035 0972
‘Household Income 0063 0188 0062 0334 0740
Materal Education 0170 0177 0189 0959 0343
Parity 0109 0286 0062 -0381 0705
Week 4 Time Point
MOS Social Support Sum 0343 0166 0296 2060 0045  0.083 0.045 0120
MOS Emotional/Informational  -0.349  0.14  -0350 2493 0016+ 0116 0,080 0.049%
6 Month Time Point
MOS Social Support Sum 0144 0183 0116 -0785 0436 0016 0024 0675
MOS Emotional/Informational  -0.120 0163 -0.109 -0.740  0.463 0015 0026 0699
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Table 14
Regression Results of Current Social Support vs Latency to Distress

Independent Variable B SE ] t 0 R? ___ R?Adjusted Modelp
Covariate Model 14583 10813 1345 0191 0104 -0.082 0731
BSI-18 Total 0201 0265 0163 0761 0454
Matemnal Age 1184 4643 0054 0255 0801
Household Income 2315 2529 0200 0915 0369
Maternal Education -0.684 2184 0,075 0313 0757
Parity 3429 4346 0.161 0.789 0438
Social Support Model 19.459 8755 2223 0034 0043 0,023 0525

Current Social Network
Support 0160 1224 0.024 0130 0897
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Table 15
Regression Results of Current Social Support vs Duration of Distress

Independent Variable B SE B t » R? __ R®Adjusted Modelp
Covariate Model 29105 21759 1338 0194 0079 0121 0848
BSI-18 Total 0212 0530 0089 0399 0694
Matemnal Age -8.480 9407 0198 0902 0377
Household Income 4114 5076 0183 0810 0426
Maternal Education 2387 4388 0134 0544 0592
Parity 4933 8736 0119 0565 0578
Social Support Model 22048 17325 1273 0214 o011 -0.060 0861

Current Social Network Support __ 0.848 2420 0.067 0351 0729
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Table 16

Regression Results of Social Support Variables vs IBQ-R Negative Affect, Covariates Included

Independent Variable B SE ] t o R R Adusted MO0
Current Social Network Support -0.157 0059 -0303 2671  0.009+ 0098 0.027 0236
MOS Social Support Sum 0247 0127 0244 1952 0055 006 0014 0563
MOS Emotional Informational 0248 0110 0273 2257 0027+ 0075 0.002 0413
MOS Tangible 0178 0104 0205 1707 0092 0050 0,025 0.681
MOS Affectionate 0068 0136 0065 0501 0618 0016 -0.061 0972
MOS Positive Social Interaction  0.095 0110 0112 -0857 0394 0023 0,055 0938
Disrupt Emotional Support 0097 0050 0225 1938 0056 0067 0,009 0513
Distress due to Disrupt Support 0041 0061 0084 0679 0499 0025 0,055 0927
Disrupt Leaving the House 0009 0055 0019 -0.161 0873 0020 0,060 0.959
Disrupt Social Activity 0004 0052 0010 0084 0933 0019 -0.060 0.960
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Table17
‘Regression Results of Current Social Support vs Dependent Variables, Covariates Included

Dependent Variable B SE ] t 0 R?__ R?Adjusted Model p
IBQ-R Negative Affect -0.157 0.059 0303 2671 0.009% 0.098 0.027 0.236
IBQ-R Positive Affect/Surgency 0.065 0.042 0172 1556 0.124 0.147 0.080 0.053
IBQ-R Orienting/Regulatory Capacity 0.039 0.053 0.085 0731 0.467 0.047 -0.028 0.708
ASQ-3 Communication 0749 0923 0093 0811 0420 0075 0.002 0416
'ASQ-3 Gross Motor -1330 0943 -0.157 -1410 0.163 0.132 0.063 0.088
'ASQ-3 Fine Motor 0.660 0573 0132 1151 0.253 0.077 0.004 0.398
'ASQ-3 Problem Solving 0.074 0.758 0012 0.098 0.922 0.027 -0.049 0.905

ASQ-3 Personal-Social 0944 0.739 0.144 1277 0.205 0.109 0.038 0.176
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Table 2
Participant Demographics

Sample Characteristics

M

Maternal Age

Under 35 years

35 years or older
Race

White

Asian

Multiracial

Refused to Answer
Ethnicity

Not Hispanic or Latino

Hispanic or Latino

Refused to Answer
Tncome

Less than $60,000

$60.000-80.000

Greater than $80.000
Education

High School/GED

Partial College

2 Year Degree

4 Year Degree

Graduate Degree
Parity

Nulliparous

Multiparous
Pregnant at Enrollment

Yes

No

62
21

78

23
15
45

40
43

38
45

747
253

940
24
24
12

976
12
12

277
181
542

36
108

72
373
410

482
518

458
542

328

394

Note: A

53
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Table3

Descriptive Statistics
Variable Min Max M SD
COPE-IS Measures

Current social network support 1 7 4% 156
Social network support prior to COVID 1 7 581 141
Disruption in emotional support 1 7337 188
Disruption in social activities 1 7478 183
Disruption in leaving the house 1 7358 179
Distress related to disrupted social support 1 7413 165
MOS Social Support Measures
‘Sum of Social support 172 5 413 080
‘Emotional/informational support 15 5 414 089
Tangible support 125 5 412 093
Affectionate support 1 5462 04
Positive social interaction 133 5 3% 095
TBQ-R Measures
Negative Affect 292 675 471 081
Positive Affect/Surgency 4 708 570 059
Orienting/Regulatory Capacity 325 7 54 on
ASQ-3 Measures
Communication 5 60 4741 1250
Gross Motor 5 60 5012 1318
Fine Motor 25 60 5337 177
Problem Solving 20 60 4825 1001
Personal-Social 20 60 4778 1020
BSI-18 Measure
Total Score 16 53 2mo1 762
LAB-TAB Arm Restraint Measures
Latency to Distress 048 30 1251 1039
Duration of Distress 0 60 3115 2017
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Table 4

Regression Results of Covariates vs IBQ-R Negative Affect

Independent Variable B SE B t » R R Adjusted MO0
Covariate Model 4815 0416 11572 <0001 0.013 -0.051 0959
BSL-18 Total -0.005 0.013 0048 0400 0.690
Materal Age 0064 0220 0035 0291 0772
‘Household Income 0031 0.128 0033 0242 0.809
Materal Education 0.051 0.102 0.071 0.501 0.618
Parity -0.176 0.191 0110 0921 0360
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Table 5

Regression Results of Social Support Variables vs IBQ-R Negative Affect

Independent Variable B SE B t » R RAdjustea MO
Current Social Network Support 0161 0056 0310 2869 0005  0.094 0072 0019
MOS Social Support Sum 0216 0120 0213 -1806 0075  0.040 0016 0193
MOS Emotional/Informational 0219 0105 0241 2099  0.039* 0054 0030 0112
MOS Tangible 0159 0099 0183 -L601 0113 0032 0008 0271
MOS Affectionate 0043 0126 0039 0339 0736 0003 002 0902
MOS Positive Social Interaction 0084 0104 0099  -0803 0424 0009 0016 0692
Disrupt Emotional Support 0097 0049 0224 1976 0052 0049 0025 0.139
Distress due to Disrupt Support 0026 0058 0.052 0449 0655 0004 0021 0842
Disrupt Leaving the House 0001 0052 0002  -002 0983 0002 0024 0934
Disrupt Social Activity 0.002 0.051 0.005 0.043 0966 0002 -0024 0933





