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Abstract. Early executive functioning is a crucial precursor to the future cognitive and 

behavioral development of children. Given that the mother is typically the child’s primary 

caregiver, her maternal behavior may be an important factor that either facilitates or hinders 

the child’s cognitive development, especially if the mother suffers from depression. It is im-

portant to analyze these effects, taking into consideration the mother’s birth experience. This 

study focuses on assessing the child’s executive functions, the mother’s concomitant depres-

sion and her birth experience, including the mode of delivery. The results obtained have shown 

no significant relationship between the executive function performance and the mother’s con-

comitant depression. However, significant relationships have been found between the child’s 

executive function performance and complications during the mother’s pregnancy, birth 

and mode of delivery. The regression analysis shows that cesarean birth reduces the child’s 

overall executive function performance by 1 point, while the data of the moderation analysis 

including the mode of delivery and mother’s depression are not statistically significant. 

The total executive performance score is largely related to the mother’s educational level. 

The mother’s perinatal depression may have a stronger adverse effect on the child’s develop-

ment than her concomitant depression. A higher level of the mother’s education may be a pro-

tective factor that could potentially offset the cesarean birth effect. 

Key words: executive functions, parental depression, birth experience, child develop-

ment, cognitive development, mode of delivery 
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The quality of relationships with their caregivers is crucial for healthy se-

cure attachment and cognitive development in children. Parental mental illness, 

such as depression, can have a detrimental effect on the parenting experience, 

the quality of caregiver-child interactions, and child health and development (Cook 

et al., 2018; Goodman et al., 2011; Van Ee et al., 2016). It is more difficult to re-

main sensitive and responsive to the child’s cues when a caregiver is experiencing 

psychological distress or a mental illness (Erickson et al., 2019; Ku, Feng, 2021). 

In this paper, we focus on the effects of the mother’s depression, birth experience 

and the mode of delivery on the preschoolers’ cognitive development, in particu-

lar on executive functions. 

Executive functions (EFs) are a set of higher cognitive processes that enable 

goal behavior such as problem solving, reasoning or planning in a novel context 

(Best et al., 2009; Nolvi et al., 2018; Snyder et al., 2015; Welsh et al., 2006). 

The three components of the EFs are inhibitory control, set-shifting, and working 

memory updating (Best et al., 2009; Miyake et al., 2000; Miyake, Friedman, 

2012). The EFs develop rapidly in the first five years of life (Garon et al., 2008). 

Preschool age is a sensitive period in the development of the EFs, and already 

from this age they can be reliably assessed (Veraksa et al., 2020). Since the emer-

gence of higher-order skills depends on the development of simpler abilities, 

suboptimal development of basic EFs in toddlerhood and preschool years nega-

tively affects the development of more complex EF skills (De Cock et al., 2017). 

Early executive functioning is a crucial precursor to the future cognitive and 

behavioral development of children. Greater gains in the EF skills between ages 

4 and 6 have been associated with higher levels of socio-emotional competence 

and lower levels of emotional disturbances (e.g., hyperactivity) at age 6 (Hughes, 

Ensor, 2011). The EF skills in preschool age are predictive of academic success 

(such as reading and mathematical abilities) (Bierman et al., 2009; Blair, Razza, 

2007; Blankson et al., 2012; Clark et al., 2010; Gagne, 2017; Utendale et al., 

2011; Veraksa et al., 2020, 2022; Zelazo et al., 2003; Tikhomirova et al., 2021). 

Poor preschool executive functioning has been associated with higher rates of spe-

cific learning disorders (Operto et al., 2021), preschool problem behavior (Monette 

et al., 2015), externalizing and internalizing disorders (De Cock et al., 2017; 

Hughes, Ensor, 2011; Roman et al., 2016; Sulik et al., 2015), school dropout (Bier-

man et al., 2008), and poorer academic performance (Bull et al., 2008). 

Strong predictors of the development of high EFs in children are parental 

education and socio-economic status (Conway et al., 2018; Waters et al., 2021). 

However, given that mothers are usually the primary caregivers of their children, 

maternal behavior and mental health may be an important factor that either facili-

tates or hinders children’s cognitive development. According to the model pro-

posed by Gergely and Unoka, there is a significant correlation between the deve- 

lopment of higher emotional and cognitive functions (such as emotion regulation 

and executive functioning) and the relationship between children and their 

mothers (Gergely, Unoka, 2008), since the child’s ability to mentalize is developed 

through synchronized, reciprocal and mindful interactions, which ultimately con-

tributes to the maturation of higher cognitive and emotional functions (Priel et al., 
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2020). The mother’s ability to accurately comprehend and react to her child’s cues 

facilitates the integration of these experiences into the child’s emerging set of self-

regulatory skills that serve as the basis for higher-order cognitive control abilities 

in early childhood, such as the executive functions (Gueron-Sela et al., 2018; Pos-

ner, Rothbart, 1998; Swingler et al., 2015). 

There is accumulating evidence of a negative correlation between exposure 

to the mother’s depressive symptoms, especially in early childhood, and the child’s 

later executive functioning (Belleau et al., 2013; Goodman et al., 2011; Gueron-

Sela et al., 2018; Hughes et al., 2013; Pearson et al., 2016). According to Snyder’s 

meta-analysis, maternal major depressive disorder uniquely predicts impaired EF 

performance (Snyder, 2013). Early exposure to the mother’s depression is related 

to the child’s impaired EFs at age 6 (Hughes et al., 2013), and maternal depressive 

symptoms in infancy, regardless of later exposure, predict poor EFs at school en-

try (Wang, Dix, 2017). 

Several studies have shown that the mother’s depression during pregnancy, 

but not in the postpartum period, is associated with adverse impacts on the child’s 

neurodevelopment (Bluett-Duncan et al., 2021; Huot et al., 2004; Power et al., 

2021; Tran et al., 2013; Zhang et al., 2023) and poorer EFs related to organiza-

tion, planning, working memory, emotional control, and inhibition of inappropri-

ate impulses (Faleschini et al., 2019). 

A longitudinal Iranian study showed that developmental disabilities in commu-

nication and gross motor skills in 4-year-old children were associated with the mother’s 

concomitant and chronic depression rather than perinatal depression (Abdollahi et al., 

2017). However, the effects of the mother’s concomitant depression on the EF de-

velopment are still understudied. 

We consider it important to investigate the possible impact of the mother’s 

depression on the EF development in the light of childbirth experience. The mode 

of delivery can be both related to the mother’s traumatic experience and the child’s 

cognitive development. In recent years, there has been a discussion about how 

the mode of delivery, especially cesarean birth (CB), can affect the neurobeha- 

vioral development of children. While CB can be a life-saving intervention, when 

medically indicated, it may also have various adverse short- and long-term effects 

on mothers and their babies (Sandall et al., 2018). Although the potential impact 

of the mode of delivery on the child’s neurobehavioral development has been 

widely discussed in recent years, most research has focused on children with autism 

spectrum disorders (Curran et al., 2015, 2016), low birth weight infants (Chen et al., 

2016; Minguez-Milio et al., 2011) or preterm births (Gluck et al., 2021). Studies 

exploring the emotional, behavioral and cognitive outcomes after CB vs. vaginal 

delivery have reported mixed results. 

An Irish study, comparing behavioral, cognitive, and motor developmental 

outcomes of 43,927 vaginal births vs. 9,460 elective CBs, found that, at the age of 

9 months, elective CB affected the scores for personal social skills, problem 

solving and gross motor function (Khalaf et al., 2015). Conversely, an Australian 

study (Robson et al., 2015) did not find any significant association between CB 

and neurodevelopmental outcomes in children. Khadem and Khadivzadeh in Iran 

compared the intelligence quotient (IQ) in vaginally-born children vs. cesarean-
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born children and did not find any association between the type of delivery and 

child cognitive development (Khadem, Khadivzadeh, 2010). Smithers and col-

leagues found little differences in the school performance between cesarean-born 

children (n = 650) vs. vaginally-born children (n = 2,959) at age 8 to women with 

previous CB (Smithers et al., 2016). Curran and colleagues assessed the school 

performance in Swedish adolescents aged 14 to 21 (n = 1,489,925), using data 

from the National School Register and Medical Birth Register and found only 

a slight association between the reduced school performance and CBs (Curran et al., 

2017). In a recent systematic review, Blake and colleagues analyzed 17 studies 

that compared cognitive outcomes of children born by CB with those born by vagi-

nal delivery: four studies found a significant association between elective and 

emergency CBs and reduced children cognitive performance, while the other three 

studies did not find any associations (Blake et al., 2021). The long-term impact of 

the mode of delivery on the child’s cognitive developmental outcomes, especially 

the EFs, is an area that is still understudied. 

To sum up all of the above, it is crucial to examine the EF development, 

taking into account the three potentially strong factors: (1) the mother’s depres-

sion, (2) birth experience and (3) mode of delivery. The purpose of this study is to 

investigate the relationships between the mother’s concomitant depression, birth 

experience and the child’s EF development during preschool age. Finally, we in-

tend to explore whether differences in the effects of the mother’s depression and 

birth experience on the EF development are mediated by the mode of delivery. 

Procedure and participants. The study included two stages: (1) a survey of 

parents to assess parental depression and collect information on childbirth experi-

ence and (2) observational diagnostics of the preschoolers’ EF development. 

The data were collected during the period of April – June 2022 on the basis of 

10 kindergartens in four Russian regions (Yakutia, Perm, Tatarstan, and Moscow). 

The study involved children from three kindergartens in Yakutia, two kindergartens 

in Tatarstan, three kindergartens in Moscow and two kindergartens in Perm. The re-

sults were based on responses from a sample of 251 dyads: the parents (M = 33.74, 

SD = 5.08) and the preschool children (M = 4.92, SD = 0.44). The participants re-

ceived an invitation to take part in the study through the kindergarten’s admi- 

nistration. The study included families in which the participating parents lived 

with their children and were their legal representatives, and could also speak 

and read Russian. 

Ethical considerations. The design of the study was approved by the Ethical 

Committee of the Russian Psychological Society, Lomonosov Moscow State Uni-

versity, Protocol No. 2021/68. All the participants signed an informed consent 

using an online form before proceeding to complete the parental survey. The par-

ticipants also signed an agreement for their children to participate in the study. 

The study was conducted in accordance with the Declaration of Helsinki. All 

the participants took part in the study voluntarily. The assessments were carried 

out using the Testograph online platform, and the confidentiality of the responses 

was guaranteed to the parents. 
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Measures. Demographic questionnaire. The participants self-reported their 

age at the time of testing, educational level (primary/secondary/higher), marital 

status (married/co-partner/single) and socioeconomic status (low/middle/high). 

We also collected data on the child’s age, gender, chronic medical conditions (re-

ported by the parents), and gestational age at birth.  

Beck Depression Inventory (BDI). We used the Russian version of the Beck 

Depression Inventory to assess the levels of parental depression (Yakupova, 2018). 

The BDI is a 21-item, self-report questionnaire to assess depressive symptoms (Beck 

et al., 1961). Items are scored on a scale from 0 to 3, e.g., 0: “I do not feel irritated 

more often than usual,” 1: “I feel irritated a little more often than usual,” 2: “I often 

feel irritated” 3: “I feel irritated all the time”. The depression score is obtained by 

summing the scores for 21 items. For the Russian version, Cronbach’s α = 0,866. 

Childbirth experience. We collected information about the mode of delivery 

(vaginal birth, emergency CB, elective CB). We also collected data on medical 

complications during pregnancy and childbirth. 

Executive functions. Executive functioning was assessed individually with 

each participant. The experimenter presented the tasks using cards, with the ex-

ception of working memory task, which was presented orally.  

The Russian version of the NEPSY-II ‘Repetition of sentences’ subtest was 

used to measure auditory-speech working memory (Korkman M. et al., 2007; Veraksa 

et al., 2020). It consisted of 17 progressively complicated sentences, which the child 

was asked to repeat after the experimenter. The sentences were spoken slowly. 

For each exactly repeated sentence, the participant was awarded two points. For each 

category of errors (adding new words, skipping words, replacing a word), one point 

was deducted. The sum of all the points determined the final score for testing 

auditory-speech working memory (maximum 34 points). 

The Russian version of the NEPSY-II ‘Inhibition’ subtest was aimed at as-

sessing the speed of information processing and inhibition (cognitive inhibitory 

control) (Korkman M. et al., 2007; Veraksa et al., 2020). It consisted of two blocks: 

(1) a series of white and black shapes (circles and squares) and (2) a series of ar-

rows with different directions (up and down). With each series of pictures, two 

tasks were performed: (1) a task for naming shapes (in this case, the participants 

simply were to name the figures that they saw at a fast pace) and (2) an inhibition 

task, in which the participants were to do the opposite: e.g., if a square was 

shown, they were supposed to say “circle” and so on. In each task, the experi-

menter recorded the number of errors made, the number of corrected errors that 

could not be corrected, and the amount of time spent on the task. Based on these 

data, as well as the exact age of the child in months, complex scores for naming 

and inhibition were calculated (maximum 19 points). 

Cognitive flexibility was assessed by the Russian Version Dimensional Change 

Card Sort (DCCS) task (Zelazo, 2006; Veraksa et al., 2020). This system included 

three sets of cards sorting exercises. In the first task, the child was supposed to 

first sort the cards by color before moving on to the shapes. Then, using a compli-

cated method, the child was supposed to sort the cards by color, if the card had 

a frame, and by shape, if it did not. The child was awarded one point for each suc-

cessfully sorted card. Next, the number of points for each attempt was calculated 
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(maximum 6, 6 and 12 points, respectively). Finally, the total score for all the tasks 

was calculated (maximum 24 points). 

Covariates. As covariates, the analysis included: (1) child’s age at testing, 

(2) gestational age at birth, (3) mother’s age at testing, (4) mother’s educational 

level, (5) marital status, (6) socioeconomic status (SES), (7) region, and (8) parity. 

Statistical analysis. A univariate analysis was used to examine the relation-

ships between parental depression, executive functioning and mode of delivery, 

complications during pregnancy and delivery, and mother’s educational level. 

A multiple linear regression analysis investigated the relationship between 

parental depression and child cognitive development. It was further used to ana-

lyze the moderation and interaction between these variables and mode of delivery 

and mother’s educational level. 

The BDI scores were log-transformed for regression analyses to achieve 

normality. In the analysis of the mother’s depression, Model 1 was adjusted for 

the child’s age at testing and gestational age at birth; Model 2 was further adjusted 

for the parity, mother’s age, educational level, family status, region, and SES. 

The regression analysis of mode of delivery and education also includes adjust-

ment for parity, mother’s age, educational level (by mode of delivery only), fami-

ly status, region, and SES. 

All the analyses were performed using SPSS 28 software (IBM). 

The sample characteristics are presented in Table 1. All the parents partici-

pating in the study were mothers, 69.7% with middle income, 61.8% of the parti- 

cipants had higher education and 81.6% were married. The study involved 

girls (57.6%) and boys (42.4%); the average age of the children’s sample was 

4.92 years; 9.7% of children were born before 37 weeks of gestation. 

There were no significant associations between mode of delivery and de-

pression scores (F = .749, p = .474 and F = 1.831, p = .163 respectively).  

Child’s age at testing and gestational age at birth were not significantly cor-

related with overall EF scores (Pearson’s correlation coefficient = ‒0.035, p = .602, 

Pearson’s correlation coefficient = 0.036, p = .598). Both Models 1 and 2 did not 

reveal any significant association between EF scores and the mother’s concomi-

tant depression (Table 2). 

However, there was a significant relationship between EF performance and 

complications during pregnancy and childbirth and mode of delivery (Table 3). 

The regression analysis showed that CB reduced overall EF performance 

by one point (B = ‒1.053; CI: ‒1.964, ‒.141; p = 0.024), while the moderation ana- 

lysis data, including mode of delivery and the mother’s depression (B = ‒.044; 

CI: ‒.115; .026; p = 0.218), were not statistically significant. 

The overall executive performance score was significantly associated with 

the mother’s educational level (F = 4.547, p = .012). The regression analysis 

showed this level added 1.8 points to the total EF performance (B = 1.806, 

CI: .032, 3.579; p = .046), while the analysis of interaction with the mother’s 

depression (B = .003; CI: ‒.098, .105; p = 0.946) did not show any statistically 

significant relationships. 
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The purpose of this study was to investigate the relationship between the 

mother’s comorbid depression and the child’s EF development during preschool 

age. We also analyzed the role of mode of delivery in developing the EFs. There 

was a significant relationship found between EF performance and mother’s medi-

cal complications during pregnancy and childbirth. Based on these results we can 

assume that medical complications during pregnancy and birth might be a strong 

factor, influencing the child’s cognitive development. 

In the current study, the mother’s depression did not reveal any significant 

relationship with the child’s EF development. Most research has focused on early 

exposure of the mother’s depression and its adverse effects on the child’s cogni-

tive development (Belleau et al., 2013; Hughes et al., 2013; Pearson et al., 2016; 

Gueron-Sela et al., 2018;). There is evidence suggesting that the mother’s comor-

bid depression may be a stronger factor. For example, the study of 1,992 mother-

child dyads showed the significance of the mother’s concomitant depressive 

symptoms for the child’s emotional development and communication skills (Hentges 

et al., 2020). However, our results do not support this assumption. We can specu-

late that the mother’s perinatal depression could have stronger adverse effects on 

the child’s development than her concomitant depression. Comparing effects of 
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the mother’s perinatal and concomitant depressions could be the topic for further 

research. 

It should be noted that there are studies showing that the mother’s depres-

sion itself does not significantly correlate with the child’s EF development, but 

the cumulative effect of chronic stress and depression does (Nordenswan et al., 

2021). Collecting data on cumulative maternal stress could enrich our understand-

ing of the impact of depression on the EF development. 

There is another possible explanation for the presented results. Parental de-

pression is highly stigmatized in Russian society (Beshanova, 2020), which may 

lead to data bias: the participants tended to give more socially desirable answers. 

The data were collected through the kindergartens and, despite guaranteed confi-

dentiality, the parents could be worried about reporting depressive symptoms. 

In the present study, we examined the differences in the impact of the mother’s 

concomitant depression on the child’s EF development depending on the mode of 

delivery. Working memory was largely related to the mode of delivery. The over-

all EF development showed borderline significance. The regression analysis showed 

that CB reduced the overall EF performance by 1 point. Research on the topic is 

controversial and the potential impact of mode of delivery on the child’s cognitive 

development is still under debate. For example, a prospective cohort study (n = 1,328) 

conducted by Zavez and colleagues in Seychelles found no difference in multiple 

measures of cognitive, language, and motor development before age 7 between 

vaginally- and CB-born children (Zavez et al., 2021). Conversely, in a cohort of 

3,666 children, Polidano and colleagues found that the vaginally-born children 

outperformed the CB-born ones in a national test of mathematical knowledge be-

tween ages 8 and 9 (Polidano et al., 2017). Based on our findings, we can assume 

that there may be separate CB effects on various cognitive functions. Accounting 

for medical complications during childbirth can be important because emergency 

CB is performed in case of life-threatening, while elective CB can be performed 

without it. 

Our results also show that the mother’s educational level is an important 

variable, influencing the child’s EF development. The regression analysis shows 

that the mother’s educational level adds 1.8 points to the overall EF performance 

and is a stronger factor than the mode of delivery. These results are consistent with 

previous research, suggesting that parental education is an important factor in 

the child’s EF development (Waters et al., 2021). A large cohort study by Conway 

and colleagues revealed a strong relationship between the child’s EF development 

and parents’ educational level and socioeconomic status (Conway et al., 2018). 

Our present results suggest that a higher level of the mother’s education may be 

a protective factor that can potentially compensate for the CB effects. 

The obtained results did not reveal any significant relationship between 

the child’s EF performance and the mother’s concomitant depression. They sup-

port the hypothesis that the mother’s perinatal depression may have stronger ad-

verse effects on the child’s development than her concomitant depression. 
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In the present study we examined the differences in the impact of the mother’s 

concomitant depression on the child’s EF development depending on the mode of 

delivery. Only differences in working memory were associated with the mode of 

delivery. A significant relationship was found between EF performance and com-

plications during pregnancy and childbirth and mode of delivery. Based on the pre-

sented results, we can assume that medical complications during pregnancy and 

childbirth can be a strong factor affecting the child’s cognitive development, which 

should be taken into account when analyzing the effects of the mode of delivery. 

Our present results suggest that a higher level of the mother’s education 

may be a protective factor that can potentially compensate for the CB effects. 

Strengths and limitations. The strengths of our study include the study de-

sign, experimental data on the child’s EF development, the use of validated ques-

tionnaires, and the control for important covariates, such as the mode of delivery 

and mother’s education. We have investigated the child’s EF development in  

the context of the mother’s concomitant depression, which can potentially have 

strong adverse effects on the child’s development. 

However, several limitations should be noted. The data obtained in the study 

may be skewed by social desirability bias, because they were collected through 

kindergartens. Despite guaranteed confidentiality, the parents could be worried 

about reporting their depressive symptoms, as they are socially stigmatized. 

The data were collected only in big cities, and extension to smaller towns 

may be a prospect for further research.  

Our findings lack objective medical information about medical complica-

tions during pregnancy and childbirth, as well as mental health conditions, and are 

based solely on self-reports, which is a common limitation in perinatal studies, 

especially in countries where registry data are unavailable. The present study has 

a cohort design, and information on birth experience is collected retrospectively. 

Data on parental depression in fathers could improve the outcomes and, 

therefore, further research is needed that includes measuring fathers’ mental health. 
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Аннотация. Развитие регуляторных функций в раннем возрасте является предик-

тором когнитивного и поведенческого развития ребенка. Учитывая, что мать, как правило, ‒ 

главный заботящийся взрослый ребенка, материнское поведение может быть важным 

фактором, который либо способствует, либо препятствует его когнитивному развитию, 

особенно если мать страдает депрессией. Важно анализировать влияние состояния ма-

тери на развитие регуляторных функций ребенка, принимая во внимание опыт родов. 

Исследование посвящено оценке уровня развития регуляторных функций ребенка, те-

кущей депрессии матери и ее опыта родов, включая способ родов. Полученные резуль-

таты показали отсутствие значимой связи между развитием регуляторных функций ре-

бенка и сопутствующей материнской депрессией. Выявлены значимые связи между 

уровнем развития регуляторных функций ребенка, осложнениями во время беременно-

сти и родов и способом родов. Регрессионный анализ показывает, что кесарево сечение 

снижает общий балл по методикам оценки регуляторных функций на 1 балл, в то время 

как анализ модерации, включая способ рождения и родительскую депрессию, не явля-

ется статистически значимым. Уровень развития регуляторных функций ребенка зна-

чимо связан с уровнем образования родителя. Материнская перинатальная депрессия 

может оказывать более сильное неблагоприятное воздействие на развитие ребенка, чем 

актуальная материнская депрессия. Более высокий уровень материнского образования 

может выступать защитным фактором, который потенциально способен компенсиро-

вать влияние кесарева сечения. 

Ключевые слова: регуляторные функции, родительская депрессия, опыт родов, 

развитие ребенка, когнитивное развитие, способ родов 
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