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Abstract

This prospective longitudinal study examined how maternal

prenatal substance use disorder (SUD) and early mother–infant

interaction quality are associated with child social cognition

(emotion recognition and mentalization) at school age. A sample

of 52 poly-substance-using mothers receiving early interven-

tions and 50 non-users, along with their children, was followed

from pregnancy to school age. First-year mother–infant interac-

tion quality was measured with EA scales. At school age, child

facial emotion recognition was measured with DANVA and

mentalization with LEAS-C. SUD group children did not differ

from comparison children in social cognition, but higher severity

of maternal prenatal addiction predicted emotion recognition

problems. High early mother–infant interaction quality pre-

dicted better emotion recognition and mentalization, and

mother–infant interaction quality mediated the effect of prena-

tal SUD on emotion recognition. The results highlight the need

for early treatments targeting both parenting and addiction, as

well as long-term developmental support for these children.
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Highlights

• We examined how mother's prenatal substance use dis-

order (SUD) and early mother–infant interaction predict

child social cognition at school age.

• Questionnaires, observational and computer tasks were

used. Maternal prenatal addiction severity and early par-

enting problems predicted problematic child social

cognition.

• Early interventions should simultaneously target addic-

tion and parenting. Attention should also be paid to the

long-term developmental support of children.
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1 | INTRODUCTION

Social cognition refers to the array of processes children use for assessing and interpreting social information to nav-

igate relationships (Frith & Frith, 2012; Pennington, 2000). Two of social cognition's core aspects include emotion

recognition, that is, the basic ability to process and identify emotions from perceptual cues such as facial expressions,

and mentalization, that is, higher order meta-cognitive awareness of both one's own and others' mental states

(i.e., emotions, cognitions and intentions) as mechanisms underlying observable behaviour. Both capacities are vital

for adaptive social functioning and mental health (Caputi, Lecce, Pagnin, & Banerjee, 2012; Collin, Bindra, Raju,

Gillberg, & Minnis, 2013). Although deficits in social cognition often underlie adult substance use disorders (SUDs)

(Castellano et al., 2015; Sanvicente-Vieira et al., 2017), little is known about the development of social cognition in

the children of mothers with SUDs. Maternal prenatal SUD is accompanied by a variety of biological and psychoso-

cial risks that may also predispose children to mental health and substance use problems (Koponen et al., 2020; Min-

nes et al., 2014). Deficits in social cognition are an important topic of study because they may precede the

development of mental health and substance use problems.

Social cognition develops in the context of early parent–child relationships (Dykas & Cassidy, 2011; Fonagy,

Bateman, & Lyuten, 2012), which are often found disturbed in dyads with maternal SUD (Parolin & Simonelli, 2016).

Longitudinal studies are lacking on the role of both maternal SUD and early mother–infant interaction on children's

social cognition. Finally, the severity of maternal addiction may play a role in a child's socioemotional outcome,

including social cognition, but studies are lacking. Our study examines the relative contributions of maternal prenatal

SUD—including addiction severity—and early mother–infant interaction quality during the first year on the develop-

ment of children's social cognition (emotion recognition and mentalization) at school age.

1.1 | Mother's prenatal SUD as a context of cumulative developmental risk

Fetal drug exposure leads to maladaptive changes in brain structure and functional connectivity in various areas that

are important for cognitive and socioemotional development (Gautam, Warner, Kan, & Sowel, 2015; Salzwedel

et al., 2015), including social cognition (Homer & Solomon, 2008; Lindinger et al., 2016). Fetal exposure may also lead
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to infant health problems, such as prematurity and withdrawal symptoms (Minnes, Lang, & Singer, 2011; Salo &

Flykt, 2013), and problems in self-regulation and social behaviour, such as increased crying or passivity (Lin, Ostlund,

Conradt, Lagasse, & Lester, 2018).

Mothers with prenatal SUD often experience severe, cumulative psychosocial risks, including socioeconomic dif-

ficulties, single parenthood, mental health problems and interpersonal trauma history (Conners et al., 2004;

Kaltenbach, 2013). These risks can especially interfere with optimal parenting resources: SUD mothers often show

insensitive, poorly structured and intrusive-hostile features in early mother–infant interactions (Belt et al., 2012; Salo

et al., 2010) or even direct maltreatment (Kepple, 2017). Maternal and infant vulnerabilities may create a negative

feedback cycle, further exacerbating their interaction difficulties. This deprives infants of having maternal guidance

in emotion recognition, expression and regulation, compromising their ability to learn and interpret others' behav-

ioural intentions and social communication cues (Cicchetti, Rogosch, Maughan, Toth, & Bruce, 2003; Eiden, Godleski,

Colder, & Schuetze, 2014; Pollak & Sinha, 2002), leading to problems in social cognition and ultimately to the risk of

developmental psychopathology.

1.2 | Mother's prenatal substance use and child social cognition

Research is scarce on the role of maternal SUD for children's social cognition, so far focussing on maternal smoking

and alcohol use. Concerning mentalization, preschool children prenatally exposed to smoking showed more difficul-

ties in theory of mind tasks (i.e., the cognitive form of mentalization) than unexposed children (Reidy, Ross, &

Hunter, 2013). Similarly, school-age children with fetal alcohol spectrum disorder (FASD) showed more difficulties in

interpreting the mental states of others when compared with unexposed children (Greenbaum, Stevens, Nash,

Koren, & Rovet, 2009; Lindinger et al., 2016). Less research exists on facial emotion recognition, but Greenbaum

et al. (2009), as well as an unpublished doctoral dissertation (Siklos, 2008), both showed poorer facial emotion recog-

nition and emotion processing among children with FASD. Finally, some research has indicated that rather than

resulting in permanent impairment in social cognition, nicotine and alcohol exposure may lead to slower develop-

ment of mentalization and emotion recognition among 4- to 8-year-olds but not younger or older children (Reidy

et al., 2013; Siklos, 2008).

To the best of our knowledge, no studies exist on social cognition among children exposed to maternal prenatal

illicit drug use. It is likely that exposure to illegal substances, such as opioids or amphetamine, also has similar harmful

effects because in prenatally drug-exposed children, research has found anomalies in the neural networks related to

social cognition. Studies have suggested that the frontal lobes, especially the prefrontal cortex, are vital for social

cognition (Homer & Solomon, 2008). Salzwedel et al. (2015) showed that prenatal exposure to various drugs leads to

connectivity disruptions within the amygdala–frontal, insula–frontal and insula–sensorimotor circuits in infancy.

Jones and Davalos (2004) also found that children prenatally exposed to cocaine showed less empathic behaviour,

along with frontal EEG asymmetry, which could potentially indicate problems in social cognition. Also, studies on

adult SUD have shown that problems in social cognition are accompanied by neural deficits (Quednow, 2017), which

persist despite the length of abstinence (Fernandez-Serrano, Lozano, Perez-Garcia, & Verdejo-Garcia, 2010),

suggesting the importance of examining the role of maternal SUD on children's social cognition beyond the direct,

biological exposure effects.

1.3 | Maternal addiction severity and child socioemotional development

In addition to prenatal exposure effects, maternal addiction severity may also affect children's socioemotional devel-

opment. Addiction severity encompasses the extent of both physical and psychological dependence on the substance.

Whereas physical dependence refers to withdrawal symptoms (e.g., nausea, headaches, sweating and tremors) and
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increased tolerance, psychological dependence implies the emotional and mental processes associated with the

development and recovery from SUD (e.g., cravings or mood issues when not being able to use) (American Addiction

Centers, https://americanaddictioncenters.org/the-addiction-cycle/psychological-dependence). Harm from substances

that the person perceives physically, psychologically and socially is also inherently associated with the severity of

addiction (Higgins-Biddle & Babor, 2018; Nutt, King, Saulsbury, & Blakemore, 2007).

Addiction severity has been associated with several factors that are known to be harmful for parenting and child

development, such as maternal psychopathology and traumatic experiences both in childhood and adulthood (Cole,

Sprang, & Silman, 2019; Gerra et al., 2014; Gossop, Marten, & Stewart, 2001). Both addiction severity and the num-

ber of childhood maltreatment experiences are also associated with impaired physiological stress regulation of the

hypothalamus-pituitary-adrenocortical (HPA-) axis (Gerra et al., 2014). Furthermore, more severely addicted patients

show more relapses and need more treatment cycles (Simoneau & Brochu, 2017; van Dam, Rando, Potenza, Tuit, &

Sinha, 2014).

We could not find earlier studies on maternal addiction severity on children's social cognition. However, more

severe addiction, as indicated by a higher amount and duration of use, has been associated with more emotion rec-

ognition problems in adults (Fernandez-Serrano et al., 2010). We could locate only two studies on the role of a

mother's addiction on a child's socioemotional development, namely child mental health, which gave inconclusive

results. In their population-based register study, Raitasalo, Holmila, Jääskeläinen, and Santalahti (2019) showed that

maternal alcohol dependence, independent of its severity, was associated with increased behavioural and mental

health symptoms in their adolescents. Hser, Evans, Li, Metchnik-Gaddis, and Messina (2014) showed in a 10-year

follow-up study on mothers who had undergone drug abuse treatment that mothers' alcohol or drug addiction sever-

ity was not associated with children's mental health symptoms, but symptoms were explained by psychosocial risks.

In the current study, we examine whether maternal addiction severity, as indicated by the mother's physical and psy-

chological dependence on alcohol and drugs, as well as perceived harm from drugs, is associated with the develop-

ment of a child's social cognition.

1.4 | Early mother–infant interaction and children's social cognition in high-risk families

Early parent–child relationship forms the most important context for the development of children's emotion recogni-

tion and mentalization. The mother's sensitive responsiveness to child signals and her adequate regulation and vali-

dation of the child's emotions are considered vital for the optimal development of a child's social cognition (Fonagy

et al., 2012). However, inconsistent or frightening parenting characteristics that are prevalent in high-risk families

may leave the child with an impoverished or biased understanding of their caregiver's and, subsequently, other peo-

ple's emotions and behaviour (Cicchetti et al., 2003; Pollak & Sinha, 2002).

Most literature on the role of parenting on child emotion recognition has focussed on child maltreatment, which

can be considered the most severe form of parent–child interaction disturbance. Most studies (for a review, see

Luke & Banerjee, 2013; Assed et al., 2020) have indicated that maltreated children develop less accurate emotion

recognition than children with more optimal caregiving. Maltreating and especially emotionally neglecting caregiving

may present fewer learning opportunities when children's emotions are not labelled or responded to (McLaughlin,

Sheridan, & Nelson, 2017). Similar findings on the association between higher parent–child relationship quality and a

child's better emotion recognition have also been obtained in the context of maternal depression (Kujawa

et al., 2014; Székely et al., 2014) and among normative children (Steele, Steele, & Croft, 2008). In the only existing

longitudinal study from infancy to school age (Steele et al., 2008), infants' secure attachment during the first year

predicted better emotion recognition at 6 and 11 years of age. A few studies also indicate that as an adaptation to

dangerous environments or coping alone without parental support, children may also develop lower thresholds in

recognizing certain salient emotions. Children with highly problematic early parenting and marital relationships in

their families showed an enhanced ability to recognize negative emotions (Laamanen et al., 2021). Along similar lines,
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physically abused children were shown to over-recognize emotions as angry (Pollak & Sinha, 2002), whereas children

of depressed mothers over-recognized them as sad (Lopez-Duran, Kuhlman, George, & Kovacs, 2013).

Concerning mentalization, the research is univocal in that children from both normative (Ensor, Spencer, &

Hughes, 2011) and distressed caregiving contexts, such as maltreatment or maternal depression, show more prob-

lems in mentalization (Ensink, Bégin, Normandin, & Fonagy, 2016; Koizumi & Takagishi, 2014; Pears & Fisher, 2005;

Raikes & Thompson, 2006). Fonagy et al. (2012) suggested that awareness of the caregiver's hostile emotions is too

threatening; therefore, it is defensively shut out. Subsequently, these children are deprived of the capacity to use

their own and others' emotions as a source of guidance. Also, the nature of the family environment can be decisive

for learning specific types of mentalization. Fonagy et al. (2012) (see also Luyten & Fonagy, 2015) differentiated

between self- and other-directed mentalization as two neurally separate but intertwined abilities of understanding

one's own and other people's emotions and other mental states. Typically, maltreated children may become highly

vigilant of others' emotions, especially negative ones but may not adequately learn to understand their own emo-

tions, which have rarely elicited caregiver attention (Fonagy et al., 2012; Lambie & Lindberg, 2016).

1.5 | Maternal SUD, mother–infant interaction and social cognition: Cascading
pathways

No previous research exists on the role of early mother–infant interaction in the development of children's social

cognition in children with prenatal maternal SUD. Previous research has mainly focused on early childhood and

cross-sectional designs (except for Steele et al., 2008). Long-term follow-ups would be vital here because early

mother–infant interaction quality may be part of a cascading developmental pathway to child psychopathology or

adaptation.

In terms of general socioemotional development throughout childhood and adolescence, in normative samples,

substantial evidence is available on the protective role of optimal early parenting quality (Haltigan, Roisman, &

Fraley, 2013; Raby, Roisman, Fraley, & Simpson, 2015). In samples with maternal SUD, Conners-Burrow et al. (2013)

and Eiden et al. (2014) showed that maternal SUD itself did not increase the risk for children's mental health symp-

toms but did so only in conjunction with harsh parenting. Similarly, prenatal tobacco exposure predicted children's

self-regulation problems only in the context of low maternal responsiveness (Clark, Massey, Wiebe, Espy, &

Wakschlag, 2019). Early sensitive parenting may lead to positive developmental cascades that counteract the nega-

tive effects of fetal exposure to drugs. Among children in alcoholic families, early maternal sensitive responsiveness

led to positive developmental cascades with higher social competence, less externalizing symptoms and lower sub-

stance use risk in adolescence (Eiden et al., 2016). The current study aims to shed light on the relative contributions

and pathways between maternal prenatal SUD, including addiction severity, and early mother–infant interaction

quality for the development of children's social cognition.

1.6 | Research questions and hypotheses

Our first research question is whether the children of prenatally treatment-enrolled mothers with SUD differ from the

children of non-using mothers in their social cognition, including facial emotion recognition and mentalization. We

further examine whether maternal prenatal substance addiction severity predicts children's emotion recognition and

mentalization. We hypothesize that the SUD group children will show lower emotion recognition accuracy and

poorer self- and other-directed mentalization than the children of non-using mothers. We further hypothesize that

mothers' addiction severity, that is, higher physical and psychological dependence on alcohol and drugs, as well as

perceived harm from drugs, will be associated with less accurate emotion recognition and poorer mentalization at

school age.
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Our second research question is whether early mother–infant interaction quality predicts social cognition at

school age among the children of SUD and non-using mothers. We hypothesize that higher early mother–infant

interaction quality will be associated with better facial emotion recognition accuracy and self- and other-directed

mentalization at school age, despite maternal SUD. Finally, our third question is whether early mother–infant interac-

tion quality mediates the effect of maternal SUD on children's social cognition. We hypothesize that the negative

effects of maternal prenatal SUD will be mediated via the lower quality of mother–infant interaction, which then will

predict poor emotion recognition accuracy and mentalization.

2 | METHODS

2.1 | Participants and procedure

The present prospective quasi-experimental study included four measurement points: pregnancy (T1), child age of

4 months (T2), child age of 12 months (T3) and child at school age (8–12 years, T4). The study group consisted of

mothers with a diagnosed SUD (n = 52), all with a history of severe illegal drug or poly-substance misuse that had

lasted for several years. The SUD mothers were recruited during the third (or in three cases, the second) trimester of

pregnancy (mean gestational week: 34.61, SD 4.70) from two outpatient clinics in Southern Finland that were offer-

ing integrated parenting and SUD treatments. The comparison group consisted of mothers (n = 50) with no prenatal

substance use, previous illegal drug use or alcohol misuse. They were recruited during the third trimester of preg-

nancy from a hospital outpatient clinic where they had contact because of pregnancy complications, such as gesta-

tional diabetes or preterm contractions.

In both clinics, the SUD mothers received comprehensive, multi-professional support, including help from social

services and addiction and mental health counselling. For parenting support, they received either weekly 3-hour ses-

sions of group-based mother–infant psychotherapy or home visits and other individually tailored support for

1–2 days a week. The interventions lasted for 9–12 months. Mother–infant interaction problems decreased during

the first-year interventions (for more details about interventions and their effectiveness, see Belt & Punamäki, 2007;

Belt et al., 2012). The first assessment (T1) took place prior to any interventions. Although the interventions may

attenuate some effects of maternal SUD on child development, it would be ethically problematic to study this high-

risk population without providing treatment when possible.

On average, SUD mothers had used eight different substances, the most common being cannabis, amphetamine,

opioids, alcohol and misuse of prescription drugs. At T1, a majority (79.2%) reported intravenous use, and more than

half (58.8%) reported alcohol use above the clinical cut-off (≥3 for women) on the Alcohol Use Disorders Identifica-

tion Test consumption scale (AUDIT-C). Almost a fourth (23.1%) were in buprenorphine replacement therapy

throughout their pregnancy. At T1, 87.2% of SUD group mothers reported having stopped using drugs, and the

remaining four mothers reported diminishing their use. According to the treating clinicians (who had access to urine

test data), most mothers either stopped or diminished use after pregnancy recognition, typically in the second trimes-

ter. Thus, most mothers used substances heavily only during the first trimester although it was not uncommon for

substance use to continue until the beginning of treatment. Four SUD group children showed opiate withdrawal

symptoms at birth, all with mothers receiving buprenorphine replacement therapy. During the child's first year,

24.4% of the mothers (n = 10; 5 at T2 and 8 at T3) reported occasional drug relapses, and 9.5% (n = 4; 3 at T2 and 3

at T3) reported intravenous use.

No systematic treatment was offered to SUD mothers after the initial interventions, but according to the clini-

cians, many continued to have help, such as psychiatric or addiction counselling or help from social services. At T4,

55% of the SUD group mothers reported currently receiving help for addiction and/or mental health symptoms,

including from addiction counselling or anonymous alcoholics (AA) groups (n = 6), mental health services (n = 7), psy-

chiatric medication (n = 7) and buprenorphine replacement therapy (n = 4). Furthermore, at T4, 33.3% of the SUD
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group mothers reported total Alcohol Use Identification Test (AUDIT) scores above the clinical cut-off (≥7), and

10.5% reported illegal drug use during the past year. Yet, although 57.9% of SUD group mothers reported intrave-

nous use between childbirth and T4 measurement, none reported it during the past year.

The participation rate at T2 was 92% (n = 48) for the SUD group and 86% (n = 43) for the comparison group; at

T3, the participation rate was 73% (n = 38) for the SUD group and 78% (n = 39) for the comparison group. For T4,

the participation rate was low for the SUD group, 38% (n = 20), whereas in the comparison group, it was 62%

(n = 31). The rates differed significantly only at T4, with SUD mothers and their children having higher drop-out,

χ2(1) = 5.65, p = .02. The T4 drop-out rate was, however, not related to any background characteristics, including

marital status, χ2(1) = 0.99, p = .32, educational level, χ2(2) = 5.59, p = .06, economic difficulties, χ2(1) = 3.24, p = .07,

mother's drug use at T2, Fisher exact test p = .39 or at T3, Fisher's exact test p = .72 or mother–infant interaction at

T2, t(81) = −1.35, p = .18 or at T3, t(76) = −1.55, p = .13.

For T4 recruitment, the contact information of previously participating mothers was obtained from the Finnish

population registry, and the mothers were recontacted with a letter. Those interested in participating phoned the

researchers or returned a written consent form that allowed the researcher to call them. The researchers explained

the study procedure in detail over the phone, and the mothers were also instructed to describe the study to their

children and ask their permission to participate. Eight mothers in the SUD group could not be reached: three had

died, and five had no permanent address. The rest refused or did not return the form. In eight cases (three SUD and

five comparisons), the mother participated without the child. Two comparison mothers had twins, and data from one

(randomly selected) twin were used in the analyses. Six of the SUD group children were in foster care, and with per-

mission from the biological mother, the foster mothers were also contacted. Three foster mothers participated

together with the biological mothers, and in one case, only the foster mother participated.

At T4, a licensed psychologist met the SUD and comparison group mothers and children at their homes or open

clinic settings, based on their preferences. Before the assessment, both the mother and child received detailed verbal

and written information about the study and signed an informed consent form. During the visit, the mother filled out

a questionnaire while the psychologist conducted an individual assessment with the child, including computerized

and individual testing and questionnaires, which were read aloud if necessary. The study procedure was accepted by

the ethical boards of the local hospital districts at T1–T4 and also by the municipal clinics where the participants

were recruited at T1–T3. The study conforms to the ethical standards of the Declaration of Helsinki.

2.2 | Measures

2.2.1 | Background variables

The demographic factors at T1 were reported by mothers on a questionnaire, including gestational week when

enrolled in the study (for the SUD group, this also signified the beginning of intervention), number of children,

mother's marital status (dichotomized into ‘married/cohabiting’ vs. ‘single’), educational level (dichotomized into

‘high school or lower’ vs. ‘college or other education after high school’) and economic difficulties (Yes/No). At T2,

the mothers further reported about child sex, neonatal health problems (Yes/No) and birth weight.

2.2.2 | Maternal substance use variables

The mothers reported at T1–T3 on the drugs they had used, intravenous use and buprenorphine replacement ther-

apy. At T1, they also reported whether they currently had stopped their drug use, diminished it or whether it

remained the same or had increased. Maternal prenatal addiction severity was indicated by the T1 AUDIT scores

(Saunders, Aasland, Babor, de la Puente, & Grant, 1993) (scores on consumption and dependence scales, scale: 0–4),
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their self-reported physical and psychological dependence on drugs (scale: 1–5, 1 = no dependency and 5 = complete

dependency), and whether they perceived their use as harmful (No/Yes). Maternal postnatal use was indicated by a

combination of self-reported drug relapses at T2 and T3 (No/Yes). At T4, maternal alcohol use was measured with

the AUDIT (Saunders et al., 1993). At T4, the mothers also reported illegal drug use during the past year, intravenous

use after the child was born and during the past year and buprenorphine replacement therapy.

2.2.3 | Mother–infant interaction quality

This was measured at T2 and T3 using the EA scales, fourth edition (Biringen, 2008). The mother was asked to play

with the infant as they usually would, and a 10–15 minute free-play interaction was videotaped. Only maternal

scales were used because the child scales were not theoretically expected to associate with the outcome variables.

They comprise maternal sensitivity (i.e., positive emotional expression and adaptive reactions toward the child), mater-

nal structuring (i.e., guiding and scaffolding the child in a developmentally appropriate way), maternal non-intrusiveness

(i.e., ability to refrain from negatively interfering, overstimulating or overprotecting the child) and maternal non-hostil-

ity, which is indicative of the ability to regulate one's negative affect expression. All scales were coded on a 7-point

Likert scale (1–7, with .5 being possible codes) by two reliable coders who were blind to maternal group status and

background information. Inter-rater reliabilities (Pearson's r) ranged between .82 and .97 at T2 and between .85 and

.97 at T3. An average composite scale from all the maternal dimensions at both time points was used to indicate

early maternal EA. A composite scale was chosen to decrease the number of variables in the analyses because of the

small sample size while at the same time withholding as much information as possible because all the scales differed

between SUD and comparison mothers (see Belt et al., 2012). Different EA scales have high intercorrelations, and

using composite scales has been described as typical and appropriate in the EA literature (for a review, see Biringen,

Dersceid, Vliegen, Closson, & Easterbrooks, 2014).

2.2.4 | T4 child emotion recognition

This was measured with the computerized version of Diagnostic Analysis of Nonverbal Accuracy 2: Child Facial

Expressions (DANVA-2-CF; Nowicki, 2006; Nowicki Jr. & Carton, 1993). The test consists of 24 photographs of child

facial expressions (12 male, 12 female) showing an equal number of high- and low-affective intensity displays of

happy, sad, angry and fearful faces. The children were instructed to select the verbal emotion label that best matched

the facial expression they saw on the screen. The photographs were presented for 2 seconds, and the children had

as much time as needed to select one of the four labels using a computer mouse. At the beginning of the task, the

children did an interactive practice task and heard prerecorded instructions played by the computer. The researcher

was also available for assistance if needed. If the child could not answer, s/he was instructed to ‘choose the one that

would be the best guess’. Two separate summary scores were computed for low-intensity, that is, difficult to recog-

nize (max 12 points), and high-intensity, that is, easily recognizable (max 12 points) emotions by summing the total

correct answers separately for both intensities. Finally, the emotion-specific accuracy scores were computed sepa-

rately for each emotion (happiness, sadness, anger and fear) by calculating a sum of the correct answers for each

emotion (max 6).

2.2.5 | T4 child mentalization

This was measured using the Levels of Emotional Awareness Scales for Children (LEAS-C; Bajgar, Ciarrochi, Lane, &

Deane, 2005), which measures affective mentalization. LEAS-C is a modification of an adult version, LEAS
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(Lane, 1991). It consists of 12 scenarios, each involving the child and another person. The scenarios were read aloud

to the children, and after each one, they were asked to answer the following questions: ‘How would you feel?’ and
‘How would the other person feel?’ The answers were videotaped and scored by two blinded coders. Each scenario

was rated separately for the self and the other person (range 0–4 on a Likert scale, total maximum of 48). The com-

plexity of explicit emotion words was scored, not whether the emotions were ‘correct’ for the situation. Low scores

reflect non-emotional responses (e.g., ‘I would feel sick’), whereas high scores reflect complex descriptions with

emotion blends (e.g., ‘I would feel angry, but also somewhat sad’). Inter-rater reliability (Pearson's r) for 21% of the

cases (n = 10) was .85 for the self-directed scale and .97 for the other-directed scale. Differences were negotiated

between the coders and the first author.

2.3 | Statistical analyses

Descriptive analyses included examining the associations of background variables (number of children, mother's mar-

ital status, educational level, economic difficulties, child sex, neonatal health problems and birth weight) with

(a) maternal SUD/comparison group status and (b) the main study variables: maternal EA during the first-year and

school-age children's emotion recognition (including emotion-specific recognition of anger, sadness, fear and happi-

ness) and, separately, intensity-specific recognition, that is, total recognition of low- versus high-intensity emotions,

along with self- and other-directed mentalization. Additionally, we tested whether maternal first-year EA differed

between the SUD and comparison groups. Further, for SUD mothers only, we examined whether the gestational age

when the mother started the intervention (T1) and occurrence of postnatal drug relapses (T2 + T3) were associated

with the main study variables. Finally, we reported how maternal prenatal addiction severity variables (T1 alcohol

consumption and dependence, physical and psychological drug dependence and perceived harm from drugs) were

associated with the above-mentioned background variables in the SUD group. Chi-square tests/Fisher's exact tests,

student's t-tests and Pearson's correlations were used for descriptive analyses based on whether the variables were

categorical or continuous.

To answer our research questions, Mplus version 8 (Muthén & Muthén, 1998–2017) was used. Little's MCAR

test showed that missingness in the data occurred completely at random, p = .88. Therefore, the missing values were

handled using the full information maximum likelihood (FIML), which is known to be more reliable than listwise dele-

tion with high levels of missingness (Graham, 2009). Collins, Schafer, and Kam (2001) and Graham (2003) recom-

mend that in the case of high missingness (>50%), FIML with auxiliary variables (i.e., variables that correlate with at

least .40 with the study variables) should be used to reliably correct for missingness. Therefore, 10 additional vari-

ables (e.g., child development and soothability at 12 months) from T1–T3 that correlated highly (>.40) with the study

variables were used as auxiliary variables. MLR was used as the estimation method.

To answer our first research question about the differences between the SUD and comparison groups in social

cognition (emotion recognition and mentalization), three separate regression models were built, with the maternal

SUD group versus comparison group as a dichotomous predictor. In the first, the accuracy scores for high-intensity

emotions and low-intensity emotions were used as the dependent variables. In the second, the accuracy scores for

emotion-specific recognition of sad, angry, fearful and happy expressions were the dependent variables. In the third,

child self- and other-directed mentalization was used as dependent variables. Furthermore, we then separately

looked at the association between maternal addiction severity variables on the same sets of outcome variables by

constructing a set of models for T1 alcohol use (AUDIT consumption and AUDIT dependence) and another one for

T1 illegal drug use (physical and psychological drug dependence and perceptions of harm from drugs).

To answer our second question regarding the first-year maternal EA being associated with child social cognition

in the SUD and comparison groups, we analysed its effect on child emotion recognition and mentalization in three

different regression models by using the same outcome variables as in the first research question. We conducted the

analysis both with and without maternal SUD group status in the model. Third, we used three mediation analyses to
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examine whether maternal EA mediated the effect of SUD on child emotion recognition, here separately for (1) the

recognition of low- or high-intensity stimuli, (2) emotion-specific recognition and (3) child mentalization. Mediation

analyses were based on the delta method in Mplus (Muthén & Muthén, 1998–2017).

All regression analyses involved child age, maternal educational level, marital status and economic problems as

covariates. Child age has been found to be associated with better social cognition (Herba, Landau, Russell, Ecker, &

Phillips, 2006), and the age range in our sample varied between 8 and 12 years at T4. Other covariates were based

on preliminary results from descriptive analyses. Benjamini–Hochberg corrections were performed to account for

the total number of statistical analyses related to SUD, addiction severity and EA variables, and adjusted p-values

(padj) were used for statistical inferences.

3 | RESULTS

3.1 | Descriptive statistics

Table 1 shows the differences in background variables and EA between maternal SUD and comparison group dyads.

The results showed that the SUD group differed from the comparison group in lower maternal educational levels,

more economic difficulties and mothers as being more likely to be single parents. The SUD mothers also showed

TABLE 1 Differences in the background variables and maternal EA in the SUD and comparison groups

SUD Comparison

n % n % χ2(1) p

Mother's marital status 18.31 <.001

Married or cohabiting 28 57.1% 47 94%

Single 21 42.8% 3 6%

Mother's educational level 27.43 <.001

Lower 47 94% 23 46%

Higher 3 6% 27 54%

Economic difficulties 21.17 <.001

Yes 37 72% 14 26%

No 13 28% 36 74%

Child sex 0.84 .36

Girl 17 37% 20 46.5%

Boy 29 63% 23 53.5%

Neonatal health problems 2.05 .15

No 29 76.3% 38 88.4%

Yes 9 23.7% 5 11.6%

M SD M SD t(df) p

Number of children 0.84 0.87 0.86 1.16 .11 (97) .91

Infant birth weight 3,502.08 450.66 3,444.90 793.16 −0.39 (78) .70

Maternal first year EA 4.10 0.83 5.04 0.86 5.34(89) <.001

Note: Differences in ‘n’ are because of missing values in some of the variables.

Abbreviations: SUD, substance use disorder.
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lower EA during the child's first year than the comparison mothers. There was no difference in child sex, neonatal

health problems, birth weight or number of children.

Appendices A1–A3 in Data S1 show the associations of the background variables with maternal EA and child

social cognition variables. Lower maternal educational level was associated with lower maternal EA during the first

year, t(89) = −2.90, p = .005. Economic difficulties, t(40) = 2.45, p = .019, and neonatal health problems, t

(36) = −2.37, p = .023, were associated with higher child anger recognition. A higher number of children was associ-

ated with better child self-directed mentalization, Pearson's r = .35, p = .038. No differences were found in other var-

iables, including the gestational week the mother started the intervention or postnatal relapses, which were

examined in the SUD group only.

Appendices A4–A6 in Data S1 show the associations of maternal prenatal addiction severity variables with the

background variables in the SUD group. Higher reported physical drug dependence at T1 was associated with being

married/cohabiting, t(38) = 2.74, p = .009, and having economic problems, t(39) = 3.23, p = .003; it was also associ-

ated with neonatal health problems, t(8.62) = −2.98, p = .048. Higher reported alcohol consumption at T1 was asso-

ciated with a higher occurrence of post-natal drug relapses, t(36) = −2.05, p = .048.

3.2 | Maternal prenatal SUD and child social cognition at school age

Our first question was whether children in the SUD and comparison groups would differ in social cognition, as indi-

cated by emotion recognition and mentalization. As shown in Table 2, concerning both intensity-specific and

emotion-specific recognition accuracy, the results did not support our hypothesis, showing no differences between

the SUD and comparison groups. Similarly, as shown in Table 3, SUD group status was not associated with children's

mentalization.

The results regarding the role of maternal prenatal addiction severity in predicting child social cognition are

shown in detail in the Appendix A7 and A8 in Data S1. Mothers' alcohol consumption and dependence, psychological

drug dependence and perceived harm from drugs were associated with children's emotion recognition. In more

detail, regarding alcohol use, the mother's higher prenatal alcohol dependence predicted the child's poorer recognition

of low-intensity emotions, as hypothesized, β = −.42, SE = .15, 95% CI [−.72, −.13], padj = .02. Curiously, and against

our hypothesis, higher alcohol consumption predicted a child's better recognition of anger, β = .34, SE = .13, 95% CI

[.09, .59], padj = .03, and low-intensity emotions, β = .33, SE = .13, 95% CI [.08, .58], padj = .04. Regarding drug use, as

hypothesized, mother's perceived harm from drugs predicted the child's poorer high-intensity emotion recognition,

TABLE 3 Mentalization at school age in children with maternal prenatal SUD and comparison children

Self-directed mentalization Other-directed mentalization

β SE CI p padj
a β SE CI p padj

a

SUD groupa −.15 .20 [−.55, .25] .46 .48 −.37 .22 [−.81, .06] .09 .16

Child age .05 .13 [−.21, .30] .72 −.20 .15 [−.51, .10] .19

Educational level .28 .15 [−.01, .59] .055 −.06 .22 {−.49, .37] .78

Economic problems −.34 .16 [−.65, −.03] .03 −.19 .19 [−.55, .18] .31

Marital status .27 .14 [−.002, .55] .052 .13 .19 [−.23, .50] .48

R2 = .21* R2 = .09

Note: CIs refer to 95% confidence intervals. Comparison = 1, SUD = 2. *p < .05.

Abbreviations: SUD, substance use disorder.
ap-values for SUD variables were adjusted with Benjamini–Hochberg correction to take into account the number of

analyses.
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β = −.80, SE = .13, 95% CI [−1.06, −.54], padj < .001, and poorer recognition in all emotion-specific areas: anger,

β = −.48, SE = .15, 95% CI [−.77, −.18], padj = .005; sadness, β = −.60, SE = .16, 95% CI [−.91, −.29], padj < .001; fear,

β = −.74, SE = .20, 95% CI [−1.12, −.36], padj < .001 and happiness, β = −.61, SE = .17, 95% CI [−.95, −.26],

padj < .001. Curiously, and against our hypothesis, higher maternal prenatal psychological drug dependence was asso-

ciated with the child's better recognition of high-intensity emotions, β = .55, SE = .19, 95% CI [.19, .91], padj = .02.

Contrary to our hypothesis, the maternal addiction severity variables were not associated with child mentalization.

3.3 | The role of early mother–infant interaction on social cognition

Our second question was whether early mother–infant interaction quality was associated with child social cognition at

school age. The results partially supported our hypothesis on the beneficial effect of high early mother–infant interaction

quality predicting good child emotion recognition. Table 4 shows that concerning emotion-specific recognition, higher

early maternal EA predicted a child's more accurate recognition of sadness and fear. Concerning intensity-specific recog-

nition, higher early maternal EA predicted a child's more accurate recognition of low-intensity emotions. When maternal

SUD was added to the emotion-specific model (see Appendix A9 in Data S1), EA remained significant only on sadness

recognition, β = .54, SE = .12, 95% CI [.31, .77], padj <. 001. Further, when maternal SUD was added to the intensity

model, EA remained significant for low-intensity recognition, β = .50, SE = .14 95% CI [.22, .78], padj = .005.

As shown in Table 5, concerning mentalization, the results were in line with our hypothesis. Mothers' higher

early EA was associated both with children's higher self- and other-directed mentalization. When maternal SUD was

added to the model (see Appendix A10 in Data S1), the results remained only for self-directed mentalization, β = .44,

SE = .16, 95% CI [.12, .75], padj = .03.

3.4 | The mediating role of mother–infant interaction between SUD and social
cognition

Our third question was whether early mother–infant interaction quality mediates the effect of maternal SUD on chil-

dren's social cognition. As hypothesized, the results showed that early maternal EA mediated the effects of maternal

TABLE 5 Mother's emotional availability during the child's first-year and child mentalization at school age

Self-directed mentalization Other-directed mentalization

β SE 95% CI p Corr. padj
a β SE 95% CI p Corr.padj

a

EA .38 .11 [.16, .60] .001 .005 .41 .16 [.09, .73] .012 .04

Child age .01 .11 [−.21, .23] .93 −.09 .13 [−.34, .16] .47

Educational

level

.25 .13 [−.01, .50] .06 .02 .18 [−.33, .37] .92

Economic

problems

−.31 .15 [−.61, −.01] .045 −.14 .18 [−.49, .21] .43

Marital status .23 .13 [−.01, .48] .06 .04 .17 [−.28, .37] .79

R2 = .29** R2 = .17

Note: CIs refer to 95% confidence intervals. **p < .01.

Abbreviations: EA, mother's emotional availability during the first year.
ap-values for EA variables were corrected with Benjamini–Hochberg correction to take into account the number of analyses.
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SUD on child recognition of low-intensity emotions, β = −.24, SE = .07, 95% CI [−.39, −.10], padj = .005, and sadness,

β = −.26, SE = .07, 95% CI [−.39, −.13], padj < .001. In other words, maternal SUD predicted low maternal EA, which

subsequently predicted children's poorer recognition of low-intensity emotions and sadness. Yet, mediation was not

significant on high-intensity recognition, β = −.17, SE = .08, 95% CI [−.33, −.02], padj = .08, or on recognition of other

emotions, anger: β = −.13, SE = .08, 95% CI [−.28, .02], padj = .17; fear: β = −.15, SE = .10, 95% CI [−.34, .05], padj = .22

or happiness: β = −.07, SE = .08, 95% CI [−.28, .02], padj = .46. Concerning mentalization, early maternal EA did not

mediate the effects of maternal SUD on either the child's self-directed, β = −.21, SE = .09, 95% CI [−.38, −.04],

padj = .06, or other-directed mentalization, β = −.17, SE = .11, 95% CI [−.23, .09], padj = .20.

4 | DISCUSSION

Maternal prenatal SUD presents multi-level, cascading risks for a child's socioemotional development, including the

child's social cognition, a central capacity for social information processing and emotional adaptation. Our prospec-

tive longitudinal study followed a sample of treatment-enrolled, high-risk mothers with prenatal SUD and their chil-

dren from pregnancy into school age. Our main findings highlight the potential role of both the psychosocial and

biological influences on the development of social cognition in children with maternal prenatal SUD. Importantly,

problems in early mother–infant interaction and maternal prenatal addiction severity, rather than SUD alone, were

associated with difficulties in a child's emotion recognition and mentalization at school age. Furthermore, the

mother–infant interaction quality also mediated the effect of maternal SUD on the child's emotion recognition.

Contrary to our hypothesis and previous findings among children prenatally exposed to nicotine and alcohol

(e.g., Greenbaum et al., 2009; Reidy et al., 2013), mothers' prenatal SUD per se was not associated with the child's

emotion recognition or mentalization. This may be at least partially because all the SUD mothers in our study

received early integrated interventions, targeting both addiction and the mother–child relationship – which is the

type of treatment usually described as the most effective (Moreland & McRae-Clark, 2018; Neger & Prinz, 2015).

Indeed, a previous 10-year longitudinal study similarly failed to find any harmful effects of maternal addiction per

se on children's mental health when mothers had attended substance use treatment (Hser et al., 2014). However,

it should also be noted that the lack of behavioural differences does not rule out neural differences in social cogni-

tion. For example, Taylor, Eisenberger, Saxbe, Lehman, and Lieberman (2006) and Dannlowski et al. (2012) found

that adults from high-risk families (including substance use) recognized angry and fearful faces much like controls

did but showed deviant neurological responses (dampened or over-responsive amygdala response) to viewing the

stimuli.

Interestingly, the mother's addiction severity rather than her SUD was predictive of the child's social cognition,

but different aspects showed opposing effects. Higher maternal prenatal alcohol dependence predicted a child's

poorer recognition of low-intensity emotions, that is, emotions that are harder to identify from subtle cues. Similarly,

mothers' perception of harm from drug use predicted poorer recognition of high-intensity emotions and poorer

emotion-specific recognition in all areas, including anger, sadness, fear and happiness. High dependence may be

especially harmful: addiction has been associated with abnormalities in maternal brain functioning that are crucial for

sensitive parenting (Landi et al., 2011; Rutherford & Mayes, 2017), thus potentially hindering maternal capacity to

respond to and label the child's emotions. The perceptions of harm from drugs may reflect the struggle between the

identities of a drug user and a mother and might be linked to deep feelings of guilt, helplessness and low parenting

self-confidence, which may be harmful for adequate parenting and child development.

Curiously, and against our hypothesis, higher maternal prenatal alcohol consumption was associated with a child's

better recognition of anger and low-intensity emotions. Similarly, higher psychological drug dependence was associ-

ated with better recognition of high-intensity emotions. Although the explanation is unclear, it is possible that these

features represent higher adversity in the caregiving environment, leading children of severely alcohol- or drug-

dependent mothers to highly tune their emotional perceptions into detecting subtle social cues (see Pollak &
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Sinha, 2002). Heightened anger recognition, here linked with the mothers' higher alcohol consumption, is commonly

found in maltreated children (Pollak & Sinha, 2002). Hypervigilant processing of emotions, especially anger, may help

anticipate and cope with unpredictable caregiving behaviours in the context of heavy maternal substance use.

Higher addiction severity has also been linked with other mechanisms that may form a risk for parenting and

child socioemotional development, including substance relapses (Simoneau & Brochu, 2017), maternal traumatic

experiences (Gerra et al., 2014) and psychopathology (Gossop et al., 2001). It is possible that these factors, along

with prenatal addiction severity, could indicate dangerous or dysregulating caregiving environments, leading to

hypervigilant emotion processing. Along these lines, Lopez-Duran et al. (2013) found hypervigilant sadness

processing in children with maternal depression. Interestingly, maternal prenatal addiction severity did not predict

child mentalization, suggesting that prenatal addiction severity may be more relevant for early-developing basic

capacities of emotion recognition (see Leppänen, 2011) than a more developmentally complex, higher order capacity

for mentalization that develops later at the preschool age (Ensink & Mayes, 2010).

Our results especially highlighted the role of the first-year mother–infant interaction quality on children's

social cognition. As hypothesized, after controlling for maternal SUD, high early mother–infant interaction quality

predicted better social cognition at school age. Interestingly, the prediction seemed to be true concerning develop-

mentally more complex aspects of social cognition, namely, recognition of low-intensity facial expressions, sadness

and self-directed mentalization. These results on the beneficial role of early mother–infant interaction on child

social cognition also extend previous findings from the children of normative and depressed mothers (Steele

et al., 2008; Székely et al., 2014) to samples of children with maternal SUD. When children do not receive emo-

tionally available parental interaction, where their emotions are mirrored and validated, they face difficulties in

learning about their own and other people's emotions. At the same time, in a frightening or dysregulating parenting

context, the child may especially learn to block out painful emotions, such as sadness, from conscious awareness

(Dykas & Cassidy, 2011; Fonagy et al., 2012), and they may especially struggle with learning self-mentalization

(Fonagy et al., 2012).

Furthermore, in line with similar findings on the cascading developmental pathways of maternal SUD via

mother–infant interaction on other aspects of socioemotional development (e.g., Eiden et al., 2014), in our study,

early mother–infant interaction quality mediated the effect of maternal SUD on the recognition of sadness and low-

intensity emotions, as hypothesized. There was no mediation effect on mentalization, possibly suggesting that early

predictors have less of an effect on this social cognitive capacity, which tends to develop later. It may also be the

case that the effects of SUD on mentalization are age specific. Previous studies have shown that the harmful effects

of prenatal nicotine and alcohol exposure on mentalization are the most evident in 4- to 8-year-old children (Reidy

et al., 2013; Siklos, 2008), whereas the majority of children in our study were older.

The strengths of the present study include following a difficult-to-reach high-risk group over a long interval and

using observational and experimental methods that are more reliable than self-reported data. The study, however,

also has several limitations. Because of the small sample size, the results should be considered preliminary. Although

data were missing at random and sophisticated methods of replacing missing data were used, the drop-out rate was

high, especially in the SUD group. This may be because of the extremely challenging nature of keeping this popula-

tion in long-term follow-up studies because of the instability in their lives, which here manifested as lacking a perma-

nent address or rapidly changing contact information and having recurring difficult life circumstances, such as

psychiatric hospitalizations or deaths and other trauma in their lives that may have hindered participation or contact.

Further limitations include that our measure of maternal substance use was based on self-report instead of

health care records and drug-testing in urine samples and meconium. Substance-using mothers are generally consid-

ered overly optimistic in their self-reporting (Hennigan, Keefe, Noether, Rinahart, & Russell, 2006), so it is possible

that self-reports underestimate the level of substance use. Furthermore, it cannot be ruled out that mothers with

better mentalization or treatment motivation may be more honest in their self-reports. However, the low amount of

newborn withdrawal symptoms in our study and concurring reports from clinicians about most mothers remaining

abstinent during the intervention may somewhat support the maternal self-reports. More reliable documentation on
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the exact timing and amount of exposure would have been ideal. Also, our choice of a comparison group can be criti-

cized because it consisted of children with medical rather than psychosocial risks. Yet this also made the groups med-

ically and developmentally more comparable.

Further, including a measurement point between infancy and school age, for example, at preschool age, would

have provided richer developmental information. It is important to note that SUD is a severe lifetime illness with

recurrent relapses, always requiring long-term rehabilitation and support. In our sample, a high percentage of

mothers still reported problematic substance use when children were at school age, and 60% reported intravenous

use between childbirth and T4. The high rate occurred despite these mothers receiving intensive early interventions

and potentially having less chaotic lifestyles that enabled them to participate in the study. We lack information on

the full history of the mothers' substance use between T3 and T4, as well as the possible additional interventions

they received during that period. Further, our results may not be applicable to children with high exposure levels

throughout pregnancy because, in our sample, exposure was presumably most often restricted to early pregnancy.

Similarly, results may differ for non-treated substance-using mothers, and even in our sample, there was some varia-

tion in the mothers' early treatment because three mothers had already started the intervention during the second

trimester, while most had started just before childbirth. Starting treatment early in pregnancy may be more effective

in situations of severe parenting risk (see Glover & Capron, 2017).

Future studies should also more carefully map the exposure effects on the functional and structural brain

changes that underlie problems in social cognition. Also, neural, in addition to behavioural measures of social cogni-

tion in SUD children, should be examined because adult research suggests that some differences may only be evi-

dent at the latent biological level (Dannlowski et al., 2012; Taylor et al., 2006). Further, studies should also more

carefully control for coexisting psychosocial risks for social cognition, for example, by using a high-risk control group

or an adoptive sample in children with maternal SUD. Two important candidates for such mechanisms, which were

outside the scope of the current paper, would be maternal mental health and traumatic experiences. Addiction sever-

ity, which was also found to be important for the children's social cognition in our study, has been linked with both

of these (Gerra et al., 2014; Gossop et al., 2001). Research on these variables could potentially help explain our find-

ings on the opposing roles of the different aspects of maternal addiction severity on child social cognition. Finally,

the present study mainly concentrated on the effects of mothers' prenatal substance use, although it would also be

important to follow how later substance use affects the development of children's social cognition. Multiple mea-

surement points with the exact mapping of maternal use during the child's lifetime would be warranted.

4.1 | Clinical implications

Overall, our preliminary results suggest that maternal prenatal diagnosis of SUD alone may not—at least in samples

receiving intensive early interventions—necessarily show long-term associations with a child's social cognition.

Instead, the mother's addiction severity, as well as problematic early mother–infant interaction quality, may facilitate

the recognition of children and families in need of long-term support. Our findings indicate that not all children with

maternal prenatal SUD are equally at risk, which may ease the stigmatization of these families.

Our findings highlight the great importance of supporting all SUD mothers during the perinatal period. Deficits

in social cognition have also been consistently reported among SUD mothers (Castellano et al., 2015; Sanvicente-

Vieira et al., 2017), which may affect their ability to mirror, label and validate their children's emotions, representing

an intergenerational transmission pattern of problematic social cognition. Interventions directly enhancing maternal

social cognition, that is, mentalization-based interventions, have been shown to be effective for mothers with SUD

(for a review, see Camoirano, 2017). Integrated substance use and parenting interventions have been robustly asso-

ciated with the best treatment outcome (Moreland & McRae-Clark, 2018; Neger & Prinz, 2015), and including the

infant in the treatment is known to promote the mother's treatment motivation and treatment outcome (Parolin &

Simonelli, 2016).
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An earlier Scandinavian study (Sandtorv, Haugland, & Elgen, 2017) showed that 92% of children who were referred to

University Hospital with developmental impairment and were substance exposed, needed continuing support when they

reached school age. It is crucial that a multidisciplinary team, including, for example, a psychiatrist specializing in psychoac-

tive substances and a child mental health professional, together plan for long-term support for families with severe mater-

nal addiction and mother–child interaction problems. The children would also benefit from interventions targeting

mentalization and other social cognitive skills. There are new promising methods for children when it comes to focusing on

learning ways to recognize and regulate emotions (e.g., Ornaghi, Brockmeier, & Grazzani, 2014; Sanchez, Lavigne,

Romero, & Elosegui, 2019). Children living in high-risk conditions also need reliable adults who are available to share their

burdens. Therefore, peer groups conducted by teachers and other supportive adults may be an integral part of enhancing

their emotional development, though knowledge on the specific effectiveness of such school interventions is still very lim-

ited (for a review, see Schlesier, Roden, & Moschner, 2019). Future studies should identify the specific factors underlying

parental mentalization and how to influence children's social cognitive skills during the different stages of development.

ACKNOWLEDGEMENTS

The study was funded by Alkoholitutkimussäätiö (Alcohol Research Foundation) in Finland. We thank Kaisa Saurio

for data collection, and Saara Salo, Emmi Niemelä and Sanna Koivisto for their help in scoring of the research

instruments.

CONFLICT OF INTEREST STATEMENT

The authors report no conflict of interest.

ETHIC APPROVAL STATEMENT AND PARTICIPANT CONSENT

The study was approved by ethical committee of Tampere University Hospital in all data collection phases (T1-T4)

and at T1-T3 also by the committees of the participating clinics. The study has been conducted according to the eth-

ical standards by Declaration of Helsinki.

All participating mothers and children provided informed consent. They were aware that participation was vol-

untary and they could cancel it any time, without providing reason.

We are not reproducing material from other sources.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on request from the corresponding author. The data are

not publicly available due to privacy or ethical restrictions.

ORCID

Marjo Susanna Flykt https://orcid.org/0000-0003-0874-4357

Jallu Lindblom https://orcid.org/0000-0003-4636-1226

Raija-Leena Punamäki https://orcid.org/0000-0003-4385-3073

REFERENCES

Assed, M. M., Kalif, T. C., Belizario, G. O., Fatorelli, R., Castanho de Ameida Rocca, C., & de Padum Serafim, A. (2020). Facial

emotion recognition in maltreated children: A systematic review. Journal of Child and Family Studies, 29, 1493–1509.
https://doi.org/10.1007/s10826-019-01636-w

Bajgar, J., Ciarrochi, J., Lane, R., & Deane, F. P. (2005). Development of the levels of emotional awareness scale for children

(LEAS-C). British Journal of Developmental Psychology, 23, 569–589. https://doi.org/10.1348/026151005X35417
Belt, R., Flykt, M., Punamäki, R.-L., Pajulo, M., Posa, T., Biringen, Z., & Tamminen, T. (2012). Psychotherapy groups to

enhance mental health and early dyadic interaction among drug abusing mothers. Infant Mental Health Journal, 33,

520–534. https://doi.org/10.1002/imhj.21348

18 of 22 FLYKT ET AL.

https://orcid.org/0000-0003-0874-4357
https://orcid.org/0000-0003-0874-4357
https://orcid.org/0000-0003-4636-1226
https://orcid.org/0000-0003-4636-1226
https://orcid.org/0000-0003-4385-3073
https://orcid.org/0000-0003-4385-3073
https://doi.org/10.1007/s10826-019-01636-w
https://doi.org/10.1348/026151005X35417
https://doi.org/10.1002/imhj.21348


Belt, R., & Punamäki, R.-L. (2007). Mother-infant group psychotherapy as an intensive treatment in early interaction among

mothers with substance abuse problems. Journal of Child Psychotherapy, 33, 202–230. https://doi.org/10.1080/

00754170701437096

Biringen, Z. (2008). The emotional availability (EA) scales and the emotional attachment & emotional availability (EA2) clinical

screener: Infancy/early childhood version (4th ed.), Boulder, CO: Colorado State University. http://emotio

nalavailabilty.com.

Biringen, Z., Dersceid, D., Vliegen, N., Closson, L., & Easterbrooks, A. (2014). Emotional availability (EA): Theoretical back-

ground, empirical research using the EA scales and clinical applications. Developmental Review, 34, 114–167. https://doi.
org/10.1016/j.dr.2014.01.002

Camoirano, A. (2017). Mentalizing makes parenting work: A review about parental reflective functioning and clinical inter-

ventions to improve it. Frontiers in Psychology, 8, 14. https://doi.org/10.3389/fpsyg.2017.00014

Caputi, M., Lecce, S., Pagnin, A., & Banerjee, R. (2012). Longitudinal effects of theory of mind on later peer relations: The

role of prosocial behavior. Developmental Psychology, 48, 257–270. https://doi.org/10.1037/a0025402
Castellano, F., Bartoli, F., Crocamoa, C., Gambaa, G., Tremoladaa, M., Santambrogioa, J., … Carràc, G. (2015). Facial emotion

recognition in alcohol and substance use disorders: A meta-analysis. Neuroscience and Biobehavioral Reviews, 59,

147–154. https://doi.org/10.1016/j.neubiorev.2015.11.001
Cicchetti, D., Rogosch, F. A., Maughan, A., Toth, S. L., & Bruce, J. (2003). False belief understanding in maltreated children.

Development and Psychopathology, 15, 1067–1091. https://doi.org/10.1017/S0954579403000440
Clark, C. A., Massey, S. H., Wiebe, S. A., Espy, K. A., & Wakschlag, L. S. (2019). Does early maternal responsiveness buffer

prenatal tobacco exposure effects on young children's behavioral disinhibition? Development and Psychopathology, 31,

1285–1298. https://doi.org/10.1017/S0954579418000706
Cole, J., Sprang, G., & Silman, M. (2019). Interpersonal trauma exposure, trauma symptoms and severity of substance use

disorder among youth entering outpatient substance abuse treatment. Journal of Child and Adolescent Trauma, 12,

341–349. https://doi.org/10.1007/s40653-018-0239-3
Collin, L., Bindra, J., Raju, M., Gillberg, C., & Minnis, H. (2013). Facial emotion recognition in child psychiatry: A systematic

review. Research in Developmental Disabilities, 34, 1505–1520. https://doi.org/10.1016/j.ridd.2013.01.008
Collins, L. M., Schafer, J. L., & Kam, C. M. (2001). A comparison of inclusive and restrictive strategies in modern missing data

procedures. Psychological Methods, 6, 330–351. https://doi.org/10.1037/1082-989X.6.4.330
Conners, N. A., Bradley, R. H., Mansell, L. W., Liu, J. Y., Roberts, T. J., Burgdorf, K., & Herrell, J. M. (2004). Children of

mothers with serious substance abuse problems: An accumulation of risks. The American Journal of Drug and Alcohol

Abuse, 30, 85–100. https://doi.org/10.1081/ada-120029867
Conners-Burrow, N. A., McKelvey, L., Pemberton, J. R., Lagory, J., Mesman, G. R., & Whiteside-Mansell, L. (2013). Modera-

tors of the relationship between maternal substance abuse symptoms and preschool children's behavioral outcomes.

Journal of Child and Family Studies, 22, 1120–1129. https://doi.org/10.1007/s10826-012-9674-1
Dannlowski, U., Stuhrmann, A., Beutelmann, V., Zwanger, P., Lenzen, T., Grotegerd, D., … Kugel, H. (2012). Limbic scars:

Long-term consequences of childhood maltreatment revealed by functional and structural magnetic resonance imaging.

Biological Psychiatry, 15, 286–293. https://doi.org/10.1016/j.biopsych.2011.10.021
Dykas, M. J., & Cassidy, J. (2011). Attachment and the processing of social information across the life span: Theory and evi-

dence. Psychological Bulletin, 137, 19–46. https://doi.org/10.1037/a0021367
Eiden, R., Godleski, S., Colder, C. R., & Schuetze, P. (2014). Prenatal cocaine exposure: The role of cumulative environmental

risk and maternal harshness in the development of child internalizing behavior problems in kindergarten. Neurotoxicology

and Teratology, 44, 1–10. https://doi.org/10.1016/j.ntt.2014.04.002
Eiden, R. D., Lessard, J., Colder, C. R., Livingston, J., Casey, M., & Leonard, K. E. (2016). Developmental cascade model for

adolescent substance use from infancy to late adolescence. Developmental Psychology, 52, 1619–1633. https://doi.org/
10.1037/dev0000199

Ensink, K., Bégin, M., Normandin, L., & Fonagy, P. (2016). Maternal and child reflective functioning in the context of child

sexual abuse: Pathways to depression and externalising difficulties. European Journal of Psychotraumatology, 7, 30611.

https://doi.org/10.3402/ejpt.v7.30611

Ensink, K., & Mayes, L. (2010). The development of mentalisation in children from a theory of mind perspective. Psychoana-

lytic Inquiry, 30, 301–337. https://doi.org/10.1080/07351690903206504
Ensor, R., Spencer, D., & Hughes, C. (2011). ‘You feel sad?’ Emotion understanding mediates effects of verbal ability and

mother–child mutuality on prosocial behaviors: Findings from 2 years to 4 years. Social Development, 20, 93–110.
https://doi.org/10.1111/j.1467-9507.2009.00572.x

Fernandez-Serrano, M. J., Lozano, O., Perez-Garcia, M., & Verdejo-Garcia, A. (2010). Impact of severity of drug use on dis-

crete emotions recognition in polysubstance abusers. Drug and Alcohol Dependence, 109, 57–64. https://doi.org/10.
1080/07351690903206504

FLYKT ET AL. 19 of 22

https://doi.org/10.1080/00754170701437096
https://doi.org/10.1080/00754170701437096
http://emotionalavailabilty.com
http://emotionalavailabilty.com
https://doi.org/10.1016/j.dr.2014.01.002
https://doi.org/10.1016/j.dr.2014.01.002
https://doi.org/10.3389/fpsyg.2017.00014
https://doi.org/10.1037/a0025402
https://doi.org/10.1016/j.neubiorev.2015.11.001
https://doi.org/10.1017/S0954579403000440
https://doi.org/10.1017/S0954579418000706
https://doi.org/10.1007/s40653-018-0239-3
https://doi.org/10.1016/j.ridd.2013.01.008
https://doi.org/10.1037/1082-989X.6.4.330
https://doi.org/10.1081/ada-120029867
https://doi.org/10.1007/s10826-012-9674-1
https://doi.org/10.1016/j.biopsych.2011.10.021
https://doi.org/10.1037/a0021367
https://doi.org/10.1016/j.ntt.2014.04.002
https://doi.org/10.1037/dev0000199
https://doi.org/10.1037/dev0000199
https://doi.org/10.3402/ejpt.v7.30611
https://doi.org/10.1080/07351690903206504
https://doi.org/10.1111/j.1467-9507.2009.00572.x
https://doi.org/10.1080/07351690903206504
https://doi.org/10.1080/07351690903206504


Fonagy, P., Bateman, A. W., & Lyuten, P. (2012). Introduction and overview. In A. W. Bateman & P. Fonagy (Eds.), Handbook

of mentalizing in mental health practise (pp. 3–42). Arlington, TX: American Pscyhiatric Association.

Frith, C. D., & Frith, U. (2012). Mechanisms of social cognition. Annual Review of Psychology, 63, 287–313. https://doi.org/
10.1146/annurev-psych-120710-100449

Gautam, P., Warner, T. D., Kan, E. C., & Sowel, E. R. (2015). Executive function and cortical thickness in youths prenatally

exposed to cocaine, alcohol and tobacco. Developmental Cognitive Neuroscience, 16, 155–165. https://doi.org/10.1016/
j.dcn.2015.01.010

Gerra, G., Somaini, L., Manfredini, M., Raggi, M. A., Saracino, M. A., Amore, A., … Donnini, C. (2014). Dysregulated responses

to emotions among abstinent heroin users: Correlation with childhood neglect and addiction severity. Progress in Neuro-

Psychopharmacology & Biological Psychiatry, 48, 220–228. https://doi.org/10.1016/j.pnpbp.2013.10.011
Glover, V., & Capron, L. (2017). Prenatal Parenting. Current Opinion in Psychology, 15, 66–70. https://doi.org/10.1016/j.

copsyc.2017.02.007

Gossop, M., Marten, J., & Stewart, D. (2001). Dual dependence: Assessment of dependence upon alcohol and illicit drugs,

and the relationship of alcohol dependence among drug misusers to patterns of drinking, illicit drug use and health prob-

lems. Addiction, 97, 169–178. https://doi.org/10.1046/j.1360-0443.2002.00028.x
Graham, J. W. (2003). Adding missing-data-relevant variables to FIML-based structural equation models. Structural

Equation Modeling, 10, 80–100. https://doi.org/10.1207/S15328007SEM1001_4

Graham, J. W. (2009). Missing data analysis: Making it work in the real world. Annual Review in Psychology, 60, 549–576.
https://doi.org/10.1146/annurev.psych.58.110405.085530

Greenbaum, R. L., Stevens, S. A., Nash, K., Koren, G., & Rovet, J. (2009). Social cognitive and emotion processing abilities of

children with fetal alcohol spectrum disorders: A comparison with attention deficit hyperactivity disorder. Alcoholism:

Clinical and Experimental Research, 33, 1656–1670. https://doi.org/10.1111/j.1530-0277.2009.01003.x
Haltigan, J. D., Roisman, G. I., & Fraley, R. C. (2013). The predictive significance of early caregiving experiences for symptoms

of psychopathology through midadolescence: Enduring or transient effects? Development and Psychopathology, 25,

209–221. https://doi.org/10.1017/S0954579412000260
Hennigan, K. M., Keefe, M. O., Noether, C. D., Rinahart, D. J., & Russell, L. A. (2006). Through a Mother's eyes: Sources of

bias when mothers with co-occurring disorders assess their children. Journal of Behavioral Health Services and Research,

33, 87–104. https://doi.org/10.1007/s11414-005-9005-z
Herba, C. M., Landau, S., Russell, T., Ecker, C., & Phillips, M. L. (2006). The development of emotion-processing in children:

Effects of age, emotion, and intensity. Journal of Child Psychology and Psychiatry, 47, 1098–1106. https://doi.org/10.
1111/j.1469-7610.2006.01652.x

Higgins-Biddle, J. C., & Babor, T. F. (2018). A review of the alcohol use disorders identification test (AUDIT), AUDIT-C, and

USAUDIT for screening in the United States: Past issues and future directions. American Journal of Drug and Alcohol

Abuse, 44, 578–586. https://doi.org/10.1080/00952990.2018.1456545
Homer, B. D., & Solomon, T. M. (2008). Methamphetamine abuse and impairment of social functioning: A review of the

underlying neurophysiological causes and behavioral implications. Psychological Bulletin, 134, 301–310. https://doi.org/
10.1037/0033-2909.134.2.301

Hser, Y.-I., Evans, E., Li, L., Metchnik-Gaddis, A., & Messina, N. (2014). Children of treated substance abusing mothers: A

10-year prospective study. Clinical Child Psychology and Psychiatry, 19, 217–232. https://doi.org/10.1177/

1359104513486999

Jones, N., & Davalos, M. (2004). Greater right frontal EEG asymmetry and nonempathic behavior are observed in children

prenatally exposed to cocaine. International Journal of Neuroscience, 114, 459–480. https://doi.org/10.1080/

00207450490422786

Kaltenbach, K. (2013). Bio-psychosocial characteristics of parenting women with substance use disorders. In N. E. Suchman,

M. Pajulo, & L. C. Mayes (Eds.), Parenting and substance abuse (pp. 185–194). New York, NY: Oxford University Press.

Kepple, N. J. (2017). The complex nature of parental substance use: Examining past year and prior use behaviors as corre-

lates of child maltreatment frequency. Substance Use and Misuse, 52, 811–821. https://doi.org/10.1080/10826084.
2016.1253747

Koizumi, M., & Takagishi, H. (2014). The relationship between child maltreatment and emotion recognition. PLoS One, 9(1),

e86093. https://doi.org/10.1371/journal.pone.0086093

Koponen, A. M., Nissinen, N.-M., Gissler, M., Autti-Rämö, I., Sarkola, T., & Kahila, H. (2020). Prenatal substance exposure,

adverse childhood experiences and diagnosed mental and behavioral disorders—A longitudinal register-based matched

cohort study in Finland. SSM - Population Health, 11, 100625. https://doi.org/10.1016/j.ssmph.2020.100625

Kujawa, A., Dougherty, L., Durbin, E., Laptook, R., Torpey, D., & Kelin, D. N. (2014). Emotion recognition in preschool chil-

dren: Associations with maternal depression and early parenting. Development and Psychopathology, 26, 159–170.
https://doi.org/10.1017/S0954579413000928

20 of 22 FLYKT ET AL.

https://doi.org/10.1146/annurev-psych-120710-100449
https://doi.org/10.1146/annurev-psych-120710-100449
https://doi.org/10.1016/j.dcn.2015.01.010
https://doi.org/10.1016/j.dcn.2015.01.010
https://doi.org/10.1016/j.pnpbp.2013.10.011
https://doi.org/10.1016/j.copsyc.2017.02.007
https://doi.org/10.1016/j.copsyc.2017.02.007
https://doi.org/10.1046/j.1360-0443.2002.00028.x
https://doi.org/10.1207/S15328007SEM1001_4
https://doi.org/10.1146/annurev.psych.58.110405.085530
https://doi.org/10.1111/j.1530-0277.2009.01003.x
https://doi.org/10.1017/S0954579412000260
https://doi.org/10.1007/s11414-005-9005-z
https://doi.org/10.1111/j.1469-7610.2006.01652.x
https://doi.org/10.1111/j.1469-7610.2006.01652.x
https://doi.org/10.1080/00952990.2018.1456545
https://doi.org/10.1037/0033-2909.134.2.301
https://doi.org/10.1037/0033-2909.134.2.301
https://doi.org/10.1177/1359104513486999
https://doi.org/10.1177/1359104513486999
https://doi.org/10.1080/00207450490422786
https://doi.org/10.1080/00207450490422786
https://doi.org/10.1080/10826084.2016.1253747
https://doi.org/10.1080/10826084.2016.1253747
https://doi.org/10.1371/journal.pone.0086093
https://doi.org/10.1016/j.ssmph.2020.100625
https://doi.org/10.1017/S0954579413000928


Laamanen, P., Kiuru, N., Flykt, M., Vänskä, M., Hietanen, J.K., Peltola, M.J., Kurkela, E., Poikkeus, P., & Lindblom, J. (2021).

How do early family systems predict emotion recognition in middle childhood? Under review.

Lambie, J. A., & Lindberg, A. (2016). The role of maternal emotional validation and invalidation on children's emotional

awareness. Merrill-Palmer Quarterly, 62, 129–157. https://doi.org/10.13110/merrpalmquar1982.62.2.0129

Landi, N., Montoya, J., Kober, H., Rutherford, H., Mencl, W. E., Worhunsky, P. D., … Mayes, L. C. (2011). Maternal neural

responses to infant cries and faces: Relationships with substance use. Frontiers in Psychiatry, 2, 1–13. https://doi.org/10.
3389/fpsyt.2011.00032

Lane, R. D. (1991). LEAS scoring manual and glossary. Tuscon, AZ: University of Arizona Health Sciences Center Unpublished

manual.

Leppänen, J. (2011). Neural and developmental bases of the ability to recognize social signals of emotions. Emotion Review,

3, 179–188. https://doi.org/10.1177/1754073910387942
Lin, B., Ostlund, B. D., Conradt, E., Lagasse, L. L., & Lester, B. (2018). Testing the programming of temperament and psycho-

pathology in two independent samples of children with prenatal substance exposure. Development and Psychopathology,

30, 1023–1040. https://doi.org/10.1017/S0954579418000391
Lindinger, N. M., Malcolm-Smith, S., Dodge, N. C., Molteno, C. D., Thomas, K. G. F., Meinties, E. M., … Jacobson, S. W.

(2016). Theory of mind in children with fetal alcohol spectrum disorders. Alcoholism: Clinical and Experimental Research,

40, 367–376. https://doi.org/10.1111/acer.12961
Lopez-Duran, N. L., Kuhlman, K. R., George, C., & Kovacs, M. (2013). Facial emotion expression recognition by children at

familial risk for depression: High-risk boys are oversensitive to sadness. Journal of Child Psychology and Psychiatry, 54,

565–574. https://doi.org/10.1111/jcpp.12005
Luke, N., & Banerjee, R. (2013). Differentiated associations between childhood maltreatment experiences and social understand-

ing: A meta-analysis and systematic review. Developmental Review, 33, 1–28. https://doi.org/10.1016/j.dr.2012.10.001
Luyten, P., & Fonagy, P. (2015). The neurobiology of mentalizing. Personality Disorders, 6, 366–379. https://doi.org/10.

1037/per0000117

McLaughlin, K. A., Sheridan, M. A., & Nelson, C. A. (2017). Neglect as a violation of species-expectant experience: Neu-

rodevelopmental consequences. Biological Psychiatry, 82, 462–471. https://doi.org/10.1016/j.biopsych.2017.02.1096
Minnes, S., Lang, A., & Singer, L. (2011). Prenatal tobacco, marijuana, stimulant, and opiate exposure: Outcomes and practice

implications. Addiction Science & Clinical Practice, 6, 57–70.
Minnes, S., Singer, L., Min, M. O., Wu, M., Lang, A., & Yoon, S. (2014). Effects of prenatal cocaine/polydrug exposure on sub-

stance use by age 15. Drug and Alcohol Dependence, 134, 201–210. https://doi.org/10.1016/j.drugalcdep.2013.09.031
Moreland, A. D., & McRae-Clark, A. (2018). Parenting outcomes of parenting interventions in integrated substance-use

treatment programs: A systematic review. Journal of Substance Abuse Treatment, 89, 52–59. https://doi.org/10.1016/j.
jsat.2018.03.005

Muthén, L. K., & Muthén, B. O. (1998-2017). Mplus User’s Guide, 8th ed., Los Angeles, CA: Muthén & Muthén.

Neger, E. N., & Prinz, R. J. (2015). Interventions to address parenting and parental substance abuse: Conceptual and method-

ological considerations. Clinical Psychology Review, 39, 71–82. https://doi.org/10.1016/j.cpr.2015.04.004
Nowicki, S., Jr., & Carton, J. (1993). The measurement of emotional intensity from facial expressions: The DANVA FACES 2.

Journal of Social Psychology, 133, 749–750. https://doi.org/10.1080/00224545.1993.9713934
Nowicki, S. (2006). A manual and reference list for the diagnostic analysis of nonverbal accuracy. Atlanta, GA: Department of

Psychology, Emory University Unpublished manuscript.

Nutt, D., King, L. A., Saulsbury, W., & Blakemore, C. (2007). Development of a rational scale to assess the harm of drugs of

potential misuse. Lancet, 369, 1047–1053. https://doi.org/10.1016/S0140-6736(07)60464-4
Ornaghi, V., Brockmeier, J., & Grazzani, I. (2014). Enhancing social cognition by training children in emotion understanding: A

primary school study. Journal of Experimental Child Psychology, 119, 26–39. https://doi.org/10.1016/j.jecp.2013.10.005
Parolin, M., & Simonelli, A. (2016). Attachment theory and maternal drug addiction: The contribution to parenting interven-

tions. Frontiers of Psychiatry, 30, 152. https://doi.org/10.3389/fpsyt.2016.00152

Pears, K. C., & Fisher, P. A. (2005). Emotion understanding and theory of mind among maltreated children in foster care: Evi-

dence of deficits. Development and Psychopathology, 17, 47–65. https://doi.org/10.1017/S0954579405050030
Pennington, D. C. (2000). Social cognition. New York, NY: Routledge.

Pollak, S. D., & Sinha, P. (2002). Effects of early experience on children's recognition of facial displays of emotion. Develop-

mental Psychology, 38, 784–791. https://doi.org/10.1037//0012-1649.38.5.784
Quednow, B. B. (2017). Social cognition and interaction in stimulant use disorders. Current Opinion in Behavioral Sciences, 13,

55–62. https://doi.org/10.1016/j.cobeha.2016.10.001
Raby, K. L., Roisman, G. I., Fraley, R. C., & Simpson, J. A. (2015). The enduring predictive significance of early maternal sensi-

tivity: Social and academic competence through age 32 years. Child Development, 86, 695–708. https://doi.org/10.
1111/cdev.12325

Raikes, H. A., & Thompson, R. A. (2006). Family emotional climate, attachment security and young children's emotion knowledge

in a high risk sample. British Journal of Developmental Psychology, 24, 89–104. https://doi.org/10.1348/026151005X70427

FLYKT ET AL. 21 of 22

https://doi.org/10.13110/merrpalmquar1982.62.2.0129
https://doi.org/10.3389/fpsyt.2011.00032
https://doi.org/10.3389/fpsyt.2011.00032
https://doi.org/10.1177/1754073910387942
https://doi.org/10.1017/S0954579418000391
https://doi.org/10.1111/acer.12961
https://doi.org/10.1111/jcpp.12005
https://doi.org/10.1016/j.dr.2012.10.001
https://doi.org/10.1037/per0000117
https://doi.org/10.1037/per0000117
https://doi.org/10.1016/j.biopsych.2017.02.1096
https://doi.org/10.1016/j.drugalcdep.2013.09.031
https://doi.org/10.1016/j.jsat.2018.03.005
https://doi.org/10.1016/j.jsat.2018.03.005
https://doi.org/10.1016/j.cpr.2015.04.004
https://doi.org/10.1080/00224545.1993.9713934
https://doi.org/10.1016/S0140-6736(07)60464-4
https://doi.org/10.1016/j.jecp.2013.10.005
https://doi.org/10.3389/fpsyt.2016.00152
https://doi.org/10.1017/S0954579405050030
https://doi.org/10.1037//0012-1649.38.5.784
https://doi.org/10.1016/j.cobeha.2016.10.001
https://doi.org/10.1111/cdev.12325
https://doi.org/10.1111/cdev.12325
https://doi.org/10.1348/026151005X70427


Raitasalo, K., Holmila, M., Jääskeläinen, M., & Santalahti, P. (2019). The effect of the severity of parental alcohol abuse on

mental and behavioural disorders in children. European Child & Adolescent Psychiatry, 28, 913–922. https://doi.org/10.
1007/s00787-018-1253-6

Reidy, R. E., Ross, R. G., & Hunter, S. K. (2013). Theory of mind development is impaired in 4-year-old children with prenatal

exposure to maternal tobacco smoking. International Neuropsychiatric Disease Journal, 1, 24–34. https://doi.org/10.
9734/INDJ/2013/3916

Rutherford, H. J. V., & Mayes, L. C. (2017). Parenting and addiction: Neurobiological insights. Current Opinion in Psychology,

15, 55–60. https://doi.org/10.1016/j.copsyc.2017.02.014
Salo, S., & Flykt, M. (2013). The impact of parental addiction on child development. In N. E. Suchman, M. Pajulo, & L. C. May-

es (Eds.), Parenting and substance abuse (pp. 195–210). New York, NY: Oxford University Press.

Salo, S., Politi, J., Tupola, S., Biringen, Z., Kalland, M., Halmesmäki, E., … Kivitie-Kallio, S. (2010). Early development of opioid-

exposed infants born to mothers in buprenorphine-replacement therapy. Journal of Reproductive and Infant Psychology,

28, 161–179. https://doi.org/10.1080/02646830903219109
Salzwedel, A. P., Grewen, K. M., Vachet, C., Gerig, G., Lin, W., & Gao, W. (2015). Prenatal drug exposure affects neonatal

brain functional connectivity. Journal of Neuroscience, 8, 5860–5869. https://doi.org/10.1523/JNEUROSCI.4333-14.

2015

Sanchez, M., Lavigne, R., Romero, J. F., & Elosegui, E. (2019). Emotion regulation in participants diagnosed with attention

deficit hyperactivity disorder, before and after an emotion regulation intervention. Frontiers in Psychology, 24(10), 1092.

https://doi.org/10.3389/fpsyg.2019.01092

Sandtorv, L. B., Haugland, S., & Elgen, I. (2017). Care and supportive measures in school-aged children with prenatal sub-

stance exposure. Scandinavian Journal of Public Health, 45, 782–788. https://doi.org/10.1177/1403494817713544
Sanvicente-Vieira, B., Romani-Sponchiado, A., Kluwe-Schiavon, B., Brietzkec, E., Araujod, R. B., & Grassi-Oliveira, R. (2017).

Theory of mind in substance users: A systematic minireview. Substance Use and Misuse, 52, 127–133. https://doi.org/
10.1080/10826084.2016.1212890

Saunders, J. B., Aasland, O. G., Babor, T. F., de la Puente, J. R., & Grant, M. (1993). Development of the alcohol use disorders

screening test (AUDIT). WHO collaborative project on early detection of persons with harmful alcohol consumption. II.

Addiction, 88, 791–804.
Schlesier, J., Roden, I., & Moschner, B. (2019). Emotion regulation in primary school children: A systematic review. Children

and Youth Services Review, 100, 239–257. https://doi.org/10.1016/j.childyouth.2019.02.044
Siklos, S. (2008). Emotion recognition in children with fetal alcohol spectrum disorders. (Unpublished Doctoral dissertation). Uni-

versity of Victoria.

Simoneau, H., & Brochu, S. (2017). ASI profile of persons who re-enter treatment for substance use disorders. Substance

Abuse, 38, 432–437. https://doi.org/10.1080/08897077.2017.1356786
Steele, H., Steele, M., & Croft, C. (2008). Early attachment predicts emotion recognition at 6 and 11 years old. Attachment &

Human Development, 10, 379–393. https://doi.org/10.1080/14616730802461409
Székely, E., Lucassen, N., Tiemeier, H., Bakermans-Kranenburg, M. J., Van Ijzendoorn, M. H., Kok, R., … Herba, C. M. (2014).

Maternal depressive symptoms and sensitivity are related to young children's facial expression recognition: The genera-

tion R study. Development and Psychopathology, 26, 333–345. https://doi.org/10.1017/S0954579413001028
Taylor, S. E., Eisenberger, N. I., Saxbe, D., Lehman, B. J., & Lieberman, M. D. (2006). Neural responses to emotional stimuli

are associated with childhood family stress. Biological Psychiatry, 60, 296–301. https://doi.org/10.1016/j.biopsych.
2005.09.027

van Dam, N., Rando, K., Potenza, M. N., Tuit, K., & Sinha, R. (2014). Childhood maltreatment, altered limbic neurobiology,

and substance use relapse severity via trauma-specific reductions in limbic gray matter volume. JAMA Psychiatry, 71,

917–925. https://doi.org/10.1001/jamapsychiatry.2014.680

SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Information section at the end of this

article.

How to cite this article: Flykt MS, Lindblom J, Belt R, Punamäki R-L. The role of mother's prenatal substance

use disorder and early parenting on child social cognition at school age. Inf Child Dev. 2021;30:e2221.

https://doi.org/10.1002/icd.2221

22 of 22 FLYKT ET AL.

https://doi.org/10.1007/s00787-018-1253-6
https://doi.org/10.1007/s00787-018-1253-6
https://doi.org/10.9734/INDJ/2013/3916
https://doi.org/10.9734/INDJ/2013/3916
https://doi.org/10.1016/j.copsyc.2017.02.014
https://doi.org/10.1080/02646830903219109
https://doi.org/10.1523/JNEUROSCI.4333-14.2015
https://doi.org/10.1523/JNEUROSCI.4333-14.2015
https://doi.org/10.3389/fpsyg.2019.01092
https://doi.org/10.1177/1403494817713544
https://doi.org/10.1080/10826084.2016.1212890
https://doi.org/10.1080/10826084.2016.1212890
https://doi.org/10.1016/j.childyouth.2019.02.044
https://doi.org/10.1080/08897077.2017.1356786
https://doi.org/10.1080/14616730802461409
https://doi.org/10.1017/S0954579413001028
https://doi.org/10.1016/j.biopsych.2005.09.027
https://doi.org/10.1016/j.biopsych.2005.09.027
https://doi.org/10.1001/jamapsychiatry.2014.680
https://doi.org/10.1002/icd.2221

	The role of mother's prenatal substance use disorder and early parenting on child social cognition at school age
	1  INTRODUCTION
	1.1  Mother's prenatal SUD as a context of cumulative developmental risk
	1.2  Mother's prenatal substance use and child social cognition
	1.3  Maternal addiction severity and child socioemotional development
	1.4  Early mother-infant interaction and children's social cognition in high-risk families
	1.5  Maternal SUD, mother-infant interaction and social cognition: Cascading pathways
	1.6  Research questions and hypotheses

	2  METHODS
	2.1  Participants and procedure
	2.2  Measures
	2.2.1  Background variables
	2.2.2  Maternal substance use variables
	2.2.3  Mother-infant interaction quality
	2.2.4  T4 child emotion recognition
	2.2.5  T4 child mentalization

	2.3  Statistical analyses

	3  RESULTS
	3.1  Descriptive statistics
	3.2  Maternal prenatal SUD and child social cognition at school age
	3.3  The role of early mother-infant interaction on social cognition
	3.4  The mediating role of mother-infant interaction between SUD and social cognition

	4  DISCUSSION
	4.1  Clinical implications

	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST STATEMENT
	  ETHIC APPROVAL STATEMENT AND PARTICIPANT CONSENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


