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Article 
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Abstract: Background: Prenatal maternal stress is of significant global concern due to its adverse 

effects on both women and fetus. Depression, anxiety and stress during pregnancy are associated 

with various outcomes in children, including neurological effects such as attention deficits. This 

study aims to investigate the association between prenatal maternal stress and attention deficit 

behavioral disorder among 5-year-old children in a low-risk Danish population. Methods: Maternal 

and umbilical blood were sampled at birth to measure the placental cortisol metabolism. Self-

reported depression, anxiety and stress were assessed late in the pregnancy, using the questionnaires: 

Depression-Anxiety-Stress Scales (DASS) and Pregnancy-Related-Anxiety (PRA). Data collected at 

birth were extracted from the research project ‘Maternal Stress and Placenta Function’ (MSPF). 

Attention deficits in 5-year-olds (n=115; female, n=59, male, n=54) were measured using ‘Strength and 

Difficulties Questionnaire’ (SDQ) and ‘Five to Fifteen parent reported questionnaire’ (FTF). 

Association between prenatal maternal stress and attention deficit was examined using logistic 

regression, controlling for confounders. Results: A statistically significant association was found 

between PRA measured during pregnancy and attention deficits in the 5-year-old children (FTF, OR: 

3.39), and this association was significantly increased in children of multiparous mothers even after 

adjusting for potential confounders. No associations were observed for biological stress markers 

sampled at birth and attention deficits. Conclusion: Low to moderate stress levels during pregnancy 

measured using questionnaires on pregnancy related anxiety, can increase the risk of attention 

deficits among children, emphasizing its relevance to a broader population of women, beyond those 

with severe mental health issues. 

Keywords: maternal stress; placental function; child neurobehavior; environmental exposure;  

self-reported questionnaires; birth strain 

 

1. Introduction 

During pregnancy, women experience both joy and significance as they prepare for their child's 

arrival. However, this period can also bring about stress due to the numerous physical, psychological, 

and interpersonal changes and challenges they encounter, including pregnancy related physiological 

changes such as alterations in hormone balance, blood volume, and metabolism (Chandra and Paray, 

2024)(Sun et al., 2024). 

On a global scale, the prevalence of stress in pregnant women is a cause for concern for both 

individuals and society. Maternal mental health is a key focus area in the WHO's Mental Health 

Action Plan (2013-2030), which estimates that approximately 10% of pregnant women worldwide 

have experienced mental health issues during pregnancy (World Health Organization, 2021). A 

Swedish study found that between 20% to 35% of pregnant women evaluated their own emotional 

and physical well-being as poor (Schytt and Hildingsson, 2011). Pregnancy-related anxiety represents 

a unique psychological stressor during pregnancy, distinct from both depression and general anxiety 
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disorders (Tarafa et al., 2022). It encompasses feelings of fear and worry concerning the woman's 

health, the child's well-being, the progression of the pregnancy and the delivery (Tarafa et al., 2022). 

Pregnancy-related anxiety is among the common maternal mental health challenges during 

pregnancy.  

A mechanism explaining the association between prenatal maternal stress and attention 

disorders in the child involves the placental transfer of hormones. Experiencing prolonged chronic 

stress results in dysfunction in the stress response feedback loop, causing the HPA-axis to become 

less sensitive to signals sent by cortisol in the bloodstream (Gjerstad et al., 2018). Fetal exposure to 

cortisol is regulated by the enzyme 11β-HSD2, and a decrease in enzyme activity results in more 

cortisol passing from the mother to the fetus through the placental barrier. Additionally, a study 

found a correlation between maternal cortisol and cortisol in amniotic fluid, with cortisol levels in 

the amniotic fluid being higher in women with anxiety (Glover et al., 2009).  

Studies have linked various types of prenatal maternal stress to children's development and 

health. Studies indicate associations between maternal stress during pregnancy and neurobehavioral 

problems in the offspring, such as ADHD, that manifest throughout the lifespan (Van Den Bergh et 

al., 2020), and the risk of symptoms of attention disorders, symptoms of ADHD, or diagnosed ADHD 

in children (Li et al., 2010; MacKinnon et al., 2018; Ronald et al., 2011; Shao et al., 2020; Shih et al., 

2022; Zhu et al., 2015). These studies suggest that the hypothalamic pituitary adrenal (HPA) axis plays 

a role in mediating the effects of maternal stress on the fetal brain. The focus has been on prenatal 

maternal stress and its correlation with ADHD symptoms or diagnoses in children at young ages 

ranging from 2 to 4.5 years (Li et al., 2010; Ronald et al., 2011; Shao et al., 2020; Zhu et al., 2015) and 

two studies explored similar associations in older age groups, focusing on children aged 8 and above, 

and those between 6 and 16 years old (MacKinnon et al., 2018; Shih et al., 2022). The causality of 

prenatal maternal stress on etiology of neurodevelopmental disorders in the offspring is studied in 

large population cohorts. Recently, research has focused on biological correlates and mediators of 

these findings (Lautarescu et al., 2020). When an increased amount of maternal cortisol passes 

through the placenta it can bind to glucocorticoid receptors in the developing brain, where activation 

of the HPA axis is regulated by limbic structures closely associated and mutually regulated by cortical 

structures mainly located in the prefrontal cortex (PFC), creating a corticolimbic-HPA system. The 

PFC is responsible for executive functions such as predicting consequences of behaviors and 

understanding social behavior (Martin et al., 2009). 

The high prevalence of stressed women of reproductive age, as well as the adverse health 

consequences for both mother and child, emphasizes that stress during pregnancy is a public health 

concern. Studies often examine populations of women experiencing severe mental distress (Glover, 

2015). Therefore, the aim of this study is to investigate the long-term effects of prenatal maternal 

stress on children's attention capacities at the age of 5 in a low-risk population of women exposed to 

normal levels of stress during pregnancy.  

2. Materials and Methods  

2.1. Maternal Stress and Placental Function Project  

The current study is a 5-year follow-up of the project: Maternal Stress and Placental Function 

(MSPF), conducted by the Department of Environmental Health within the Institute of Public Health 

at the University of Copenhagen. The study is based on data on fetal exposure measured during 

pregnancy and directly after birth, and outcome measures at 5 years of age, with focus on attention 

deficit. The aim of MSPF was to investigate how prenatal maternal stress affects the placenta's ability 

to transport and metabolize cortisol. MSPF involved collection of four self-reported questionnaires 

on: depression, anxiety and stress during pregnancy, pregnancy-related anxiety, personality, and 

demographic information (age, BMI, smoking and alcohol intake before and during pregnancy, 

chronic disease, medication use, stressful life events, housing and environmental conditions, birth 

parameters and the child's characteristics at birth) and biomarkers in blood and placental tissue 
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(Dahlerup et al., 2018). The MSPF population at birth was recruited from July 2015 to May 2016 

among pregnant women above 18 years of age, giving birth at Copenhagen University Hospital. 

2.2. Follow-Up After 5 Years 

The project was approved by the Regional Scientific Ethical Committee of Copenhagen (H-

15006254) and the Danish Data Protection Agency (2015-41-4208). The 5-year follow up was 

conducted in 2020 and registered in the Regional Scientific Ethical Committee of Copenhagen as not 

subject to assessment as it was strictly questionnaire collection (j.nr. 20055232). All women were 

informed about the aim of the study and gave written informed consent. The study is registered in 

the University of Copenhagen's register of research projects that include personal data. Participants 

in the Maternal Stress and Placental Function (MSPF) project were invited to participate in the 5-year 

follow up via e-mail or letter a few days before the 5th birthday of the child. A flow chart of the 

recruitment process is shown in Figure 1. 

A total of 273 women participated in MSPF at birth and 256 (94%) of these gave consent to follow-

up. Among these 256 women, 115 were included in the follow-up cohort, accounting for 45% of the 

invited participants (Figure 1).  

 

Figure 1. Flowchart outlining the participants in the MSPF and the follow-up. 

The follow up contained five questionnaires that required approximately 2 hours to complete, 

and they were answered electronically via SurveyXact, which could be accessed through a link 

provided in the invitation letter. The first questionnaire was on demographic information including 

age, income level, educational level and breastfeeding status. Second, the mothers answered various 

questionnaires to assess both their own and their children's mental health and development. These 

included the 'Depression Anxiety Stress Scales' (DASS-42) (Psychology Foundation of Australia, 2022), 

the parent-reported 'Strength and Difficulties Questionnaire' (SDQ) (SDQ-INFO, n.d.), the 'Preschool 

Anxiety Scale' (PAS) for anxiety severity in younger children (Spence et al., 2001), and the 'Five-to-

Fifteen Nordic questionnaire' (FTF).  
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2.3. Exposure Measures 

2.3.1. Pregnancy-Related Anxiety 

Assessment of Pregnancy-related Anxiety (PRA) was measured at baseline in 2015 and involved 

the utilization of a Danish translation of the 10-item “Pregnancy-Related Thoughts” (PRT) questionnaire 

(Dahlerup et al., 2018). Additionally, four supplementary items (Birth-Related Thoughts, BRT) were 

included, based on questions used by the Copenhagen University Hospital to screen for severely 

anxious pregnant women. The PRT-questions used a four-point Likert scale (1 to 4) with response 

options ranging from 1 - Not at all to 4 - to a higher degree. The BRT questionnaire had a six-point Likert 

scale (0 to 5) with response options ranging from 0 - No concern at all to 5 - Extreme concern. Combining 

them yielded a Pregnancy-Related Anxiety measure. Respondents from the current study reported 

themselves to which degree they experienced each statement while pregnant. PRA was scored and 

used in the same manner as described by Dahlerup et al. (2018) and categorized into four groups 

based on total scores in the study: 10-19 defined “no PRA”, 20–25 “some PRA”, 26–31 “moderate PRA” 

and scores more than 31 “high PRA” (Dahlerup et al., 2018). In the statistical analyses, PRA was 

examined as a binary variable, wherein women with moderate or high PRA (≥ 26) were compared 

with those women who had no or low PRA (< 26).  

2.3.2. Depression Anxiety Stress Scales 

The Depression Anxiety Stress Scales (DASS-42) comprise 42 items evaluating depression, 

anxiety, and stress. Each of the three DASS scales contains 14 items, divided into subscales of 2-5 

items with similar content (Psychology Foundation of Australia, 2022). Each item describes a 

common symptom of depression,  anxiety, or stress. Each item was rated on a four-point Likert scale 

(0 to 3) with response options ranging from 0 - Did not fit me to 3 - Fit very much or most of the time for 

me. Respondents from this study self-reported the frequency of experiencing each state over the past 

week. Scores for Depression, Anxiety and Stress were calculated by summing the scores for relevant 

items (Psychology Foundation of Australia, 2022). 

DASS was measured at baseline in 2015 and at follow-up in 2020. It was treated as a binary 

variable in the statistical analyses, where women with a moderate or high score (depression: ≥ 14, 

anxiety: ≥ 10, stress: ≥ 19) were compared to those with scores below these thresholds, indicative of 

having a normal or mild score. Correlation between DASS scores at baseline and follow-up was 

investigated. 

2.3.3. Biological Measures 

As a part of the MSPF at birth, participants donated a maternal blood-sample and umbilical cord 

blood, as well as a tissue sample of the placenta. Maternal and fetal blood cortisol and cortisone at 

birth were quantified.  

We applied a ratio between fetal and maternal cortisol and cortisone levels, termed Adjusted 

Fetal Cortisol Exposure (AFCE) to measure the placental ability to metabolize cortisol at term. AFCE 

was developed by Dahlerup et al. (2018): 

 
The levels of cortisol in both mother and fetus were also included as independent biomarkers of 

stress and were examined binarily. Thresholds for fetal cortisol and AFCE were conducted such that 

women in the higher threshold group had a higher average score across the three outcome measures 

compared to those below the threshold. In the case of maternal cortisol, stratification based on the 

distribution of cortisol levels and outcome measure scores among women lacked meaningful 
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distinctions. Consequently, the threshold was established at the population's mean cortisol 

concentration, thereby ensuring that the comparison groups were situated above and below the 

mean, respectively. For maternal cortisol, the threshold was determined at > 3.2 (1584.9 nmol/L) and 

for fetal cortisol, the threshold was determined at >2.3 (199.5 nmol/L). For AFCE the threshold was 

determined at a log AFCE ratio > -1.2. 

2.4. Outcome Measures 

Attention deficits in the children were examined by using the two validated questionnaires: 

"Five-to-Fifteen Nordic questionnaire for evaluation of development and behavior" (FTF) and 

”Strengths and Difficulties Questionnaire” (SDQ).  

2.4.1. Five-to-Fifteen Questionnaire 

FTF is a parent-reported questionnaire developed to examine children aged 5 to 15 

(Trillingsgaard et al., 2004). The questionnaire includes 181 statements that are arranged into eight 

general domains divided into 20 subdomains (Kadesjö et al., 2004). The main outcome measure in 

this study was assessed using scores from the subdomains Attention and concentration and 

Hyperactivity and impulsivity.   

Scores from the subdomain Attention and concentration, consisted of eight items (item 18-26). Each 

item describes the child's ability to be attentive or concentrated in relation to various tasks or activities 

in different ways such as “has difficulty following instructions and completing tasks” and “becomes tired of 

or avoids tasks that require mental effort”. Likewise, the subdomain Hyperactivity and impulsivity 

examined and consisted of nine items (item 27-35). The items describe to which degree the child is 

overly active and impulsive such as “has difficulty sitting still in situations where it is expected” and 

“jumps into answering before hearing the question to completion”. Each item was rated on a three-point 

Likert scale (0 to 2) with response options ranging from 0 - Not applicable to 2 - Certainly applies. Scores 

from the subdomains were calculated by summing scores for each item following official guidelines 

for assessing subdomain in the FTF-questionnaire (Trillingsgaard, A. et al., 2005), resulting in scores 

ranging from 0-16 for Attention and concentration and 0-18 for Hyperactivity and impulsivity. Scores on 

Attention and concentration and Hyperactivity and impulsivity were dichotomized into above and below 

a score of 4 in accordance with other studies (Stübner et al., 2020).  

2.4.2. Strengths and Difficulties Questionnaire 

SDQ is a 25-item scale developed to screen for psychopathology in children and adolescents 

(SDQ-INFO, n.d.). SDQ is completed by parents reporting on their child's behavior in the past six 

months and consists of five subdomains of psychological adjustment: 1) Hyperactivity or Inattention, 

2) Peer problems, 3) Conduct problems, 4) Emotional symptoms, and 5) Prosocial behaviors. Each subdomain 

consists of five items, and scores from the subdomain Hyperactivity and Inattention are presented. Each 

item in this subdomain screens for hyperactivity and inattention by assessing different aspects of the 

child's behavior and attention span. All five items were rated on a three-point Likert Scale (0 to 2) 

with the response options ranging from 0 - not true to 2 - certainly true, resulting in scores ranging 

from 0-10. Scores from the subdomains were calculated using official guidelines (SDQ-INFO, n.d.).  

Hyperactivity and Inattention scores were categorized into four groups based on the obtained 

scores in the study: 0-5 defined “normal”, 6 - “slightly raised”, 7 - “high” and scores more than 8 - “very 

high” (SDQ-INFO, n.d.). In the statistical analysis, a threshold was determined at > 5, indicating 

difficulties with hyperactivity and inattention, following the official SDQ documentation (SDQ-

INFO, n.d.). 
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2.5. Statistical Analyses 

The study population characteristics, the associations between biological stress measures 

(maternal and fetal cortisol, as well as AFCE), and children's attention deficits were assessed using 

the Chi-square test for distribution analysis. 

Associations between maternal pregnancy-related anxiety and children's attention deficits were 

assessed using logistic regression on the three different scales: Attention and concentration, 

Hyperactivity and impulsivity and Hyperactivity and Inattention. Additionally, the probability of 

association is presented as unadjusted and adjusted odds ratio (OR) with a 95 % confidence interval 

(CI). Separate analyses explored interactions between pregnancy-related anxiety and various 

variables including maternal age, BMI, smoking during pregnancy, alcohol consumption during 

pregnancy, medication intake, normal pregnancy (self-reported absence of gestational 

complications), income level, educational level, birth strain, neuroticism, delivery mode, parity, 

breastfeeding, child sex and birth weight in relation to the child's attention capacity. Models 

including interactions between PRA and parity, educational level, consumption of alcohol, and 

smoking during pregnancy, showed statistical significance. However, the models examining 

interactions with smoking, alcohol consumption, and educational level had a very limited number of 

observations in some of the groups (results not shown). Hence, the stratified analysis is divided only 

according to parity. 

Potential confounders were selected and divided into seven groups (model 1-7). Model 1 

(unadjusted), model 2 (demographic variables): higher educational level, income level, and maternal 

age,  model 3 (lifestyle factors): smoking during pregnancy, alcohol consumption during pregnancy, 

and BMI before pregnancy,  model 4 (birth-related characteristics): normal pregnancy, delivery 

mode, parity, and birth strain score, model 5 (maternal health): maternal chronic disease reported, 

and medication during pregnancy, model 6 (neuroticism): neuroticism score, model 7 (characteristics 

of the child):  sex and birth weight. R-studio version 2022.12.0+353 was used to perform statistical 

analyses, and a 5% significance level was used.  
Intercorrelations between exposure variables (DASS, PRA, fetal and maternal cortisol and 

cortisone, and AFCE) and outcome measures (Attention and concentration, Hyperactivity and impulsivity 

and Hyperactivity and inattention), were investigated and correlation coefficient was estimated using 

gamma test. 

3. Results 

3.1. Distribution of Exposure Measures  

The frequency of PRA-scores measured from the follow-up population at birth distributed into 

four categories ranging from no PRA to high PRA are depicted in Figure 2. 

The majority of women participating in the 5-year follow-up experienced low levels of 

pregnancy-related anxiety, e.g. 27.8% experienced no PRA, while one in four (24.9%) had a PRA-score 

≥ 26, indicating having moderate to high levels of pregnancy-related anxiety. 
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Figure 2. Categorical distribution of the study population based on PRA-Scores: The frequency distribution 

of PRA-scores collected during pregnancy, among the 5 year follow-up study population categorized into four 

groups based on severity of pregnancy-related anxiety. 

In Supplementary Materials (Figure S1), the distribution of PRA-questions is delineated. 

Although it appears that there is a relatively even distribution of average scores across the PRA-

questions, two questions related to childbirth achieved the highest average scores: question 1 (“I am 

confident of having a normal childbirth”) and question 2 (“I believe my childbirth will be normal”).  

Population Characteristics by PRA Level 

Table 1 displays the proportions of demographic characteristics, lifestyle and birth-related 

outcomes of the women, divided into low PRA (< 26) and high PRA (≥ 26).  
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Table 1. Characteristics of the study population (n = 115 mother-child pairs). The population is described as 

divided into low and high pregnancy related anxiety (PRA), defined as a score of 26 or above for high PRA. 

 

Less than one out of ten of the women had smoked during their pregnancy, and approximately 

a third had consumed alcohol to some extent during pregnancy. There were almost an equal number 

of girls and boys born, nearly half of the children were delivered by cesarean section, and half of the 

women were primiparous. Women with high scores on pregnancy-related anxiety (≥26) differed 

significantly from women without lower scores in pregnancy-related anxiety on three of the tested 

variables: fewer had experienced a normal pregnancy (p = 0.03), more had a higher neuroticism score 

(p = 0.03) and more had a cesarean section (delivery mode) (p = 0.03)).  
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DASS was not explored as the main exposure measure of interest but rather as an indicator for 

the mothers' mental health at baseline and at the follow-up. Correlation analyses revealed that DASS 

among the women at baseline and follow-up was significantly correlated. Distribution of DASS at 

baseline and follow-up is presented in Supplementary Materials (Figure S2).  

Fetal cortisol, maternal cortisol and AFCE (on a logarithmic scale) appeared approximately 

normal distributed, as presented in Supplementary Materials (Figure S3). The mothers participating 

in the 5 year follow-up study had an average log cortisol concentration of 3.2 (1584.9 nmol/L), while 

their corresponding newborns had an average log umbilical cord cortisol concentration of 2.0 (100 

nmol/L). The average AFCE ratio was -1.7. Correlation analysis showed that fetal and maternal 

cortisol and cortisone, and AFCE were intercorrelated, and PRA was significantly correlated with 

AFCE, presented in Supplementary Materials (Table S1). 

3.2. Distribution of Attention Deficit Outcome Measures at 5-Year Follow-Up 

The frequency distribution for the psychological outcome subdomains, Attention and 

concentration (FTF), Hyperactivity and Impulsivity (FTF) and Hyperactivity or Inattention (SDQ) for the 

children, is categorically depicted in Figure 3. 
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Figure 3. Categorical distribution of the study population based on Five to Fifteen scores and Strength and 

Difficulties scores: Distribution of the children's scores on the subdomains Attention and concentration (FTF) 

(Upper panel), Hyperactivity and Impulsivity (FTF) (Middle panel), and Hyperactivity/inattention (SDQ) (Lower 

panel). 

Most of the children scored within the normal range across all three attention deficit subdomains 

studied. Approximately one in eight children had a slightly raised, high, or very high score on 

Hyperactivity and Inattention (SDQ), and/or a moderate or severe score on Attention and concentration 

(FTF). Lastly, approximately one in five children had a moderate or severe score on Hyperactivity and 

Impulsivity (FTF). 

The correlation analysis between the three psychological outcome measures (Hyperactivity and 

inattention disorders, SDQ; Attention and concentration, FTF; Hyperactivity and impulsivity, FTF), showed 

that these were significantly correlated as shown in Supplementary Materials (Table S2). 

The examination of the association between PRA and the three psychological measures for 

attention deficits among 5-year-old children: Attention and concentration, FTF; Hyperactivity and 

impulsivity, FTF, Hyperactivity and inattention disorders, SDQ), showed a statistically significant 

association for Attention and concentration (FTF) (Table 2). Women with high PRA during their 

pregnancy (≥26) showed an increased risk of having children with a score above the cutoff for 

attention deficits (≥4), compared to women with low PRA (<26). The association remained significant 

when adjusting for potential confounding factors in all of the models (2-7). No significant association 

was found for the subdomains Hyperactivity and impulsivity (FTF) and Hyperactivity and inattention 

(SDQ). No statistically significant effects were found between the biological stress measures (fetal 

cortisol, maternal cortisol, AFCE) and children's attention deficits (results not shown). 
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Table 2. Adjusted associations between maternal pregnancy-related anxiety (PRA) ≥ 26, and the 5-year-old 

child's parent-reported attention capacity scores. 

 

1 unadjusted. 2 adjusted for educational level, income and maternal age. 3 adjusted for smoking during 

pregnancy, alcohol during pregnancy and BMI. 4 adjusted for birth strain, normal pregnancy, parity and delivery 

mode. 5 adjusted for chronic disease and medication during pregnancy. 6 adjusted for maternal neuroticism. 7 

adjusted for sex and birth weight *: Significant p-values (5% significance level). 

A significant interaction was found between PRA and parity (see Table 1). When stratifying by 

parity, no statistically significant association was found among the primiparous women. However, a 

significant association was found between PRA and attention deficit in children at the age of 5 years, 

among multiparous women. The group of multiparous women at MSPF 2015 with high PRA during 

their pregnancy (≥26) showed an increased risk of having children with a score above the cutoff for 

attention deficits at the age of 5 (≥4) (OR = 9.07), compared to the multiparous women without PRA 

(Table 3). The results remain significant after adjusting for potential confounding factors in all of the 

models (models 2-7). The OR more than doubled when adjusting for demographic variables. 

Conversely, the OR decreased, when adjusted for the child's characteristics. 

Table 3. Parity specific association between maternal pregnancy-related anxiety and attention deficit (FTF) 

among 5-year-old children. 

 

1 unadjusted. 2 adjusted for educational level, income and maternal age. 3 adjusted for smoking during 

pregnancy, alcohol during pregnancy and BMI. 4 adjusted for birth strain, normal pregnancy and delivery mode. 
5 adjusted for chronic disease and medication during pregnancy. 6 adjusted for maternal neuroticism. 7 adjusted 

for sex and birth weight. *: Significant p-values (5% significance level). 
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4. Discussion 

Using a diverse set of stress measures, both biological and self-reported, to assess prenatal stress 

exposure, we found no associations for the biological stress markers in this study. Notably, we found 

an association between self-reported pregnancy-related anxiety (PRA) and parent-reported Attention 

and Concentration (FTF) in a normal population of women and their 5-year-old children. When 

stratifying for parity, the association was significant among multiparous women with high PRA (≥ 

26), indicating an increased risk for attention deficits in their 5-year-old children.  

Previous studies have found effects of prenatal maternal stress on the risk of symptoms of 

attention disorders, symptoms of ADHD, or diagnosed ADHD in children (Li et al., 2010; MacKinnon 

et al., 2018; Shao et al., 2020; Shih et al., 2022; Spence et al., 2001; Zhu et al., 2015). These studies show 

substantial differences in exposure measures ranging from self-reported stressful life events during 

pregnancy to assessments of pregnancy-related anxiety symptoms utilizing the Pregnancy-related 

Anxiety Questionnaire (MacKinnon et al., 2018; Shao et al., 2020; Zhu et al., 2015), self-reported job 

stress during pregnancy (Shih et al., 2022), and prenatal maternal bereavement (Li et al., 2010). In 

addition, outcome measures range from parent-reported ADHD symptoms in children using 

different questionnaires as Conners' Hyperactivity Index and the child behavior checklist, to hospital 

diagnoses of ADHD. The use of statistical methods and inclusion of covariates also differ among 

these studies. Although there are differences in the compared studies, there are clear associations 

between psychological stress during pregnancy and attention deficits in the children.  

In our study we did not find any difference regarding the sex of the child on attentional capacity. 

This is contrary to three previous studies on prenatal pregnancy-related anxiety and stress (Shao et 

al., 2020; Trillingsgaard et al., 2004; Zhu et al., 2015), but consistent with two studies examining 

prenatal stressful events (MacKinnon et al., 2018; Ronald et al., 2011), and similar to one study on 

maternal job stress during pregnancy (Shih et al., 2022). Our study investigated attention deficits 

using the questionnaires FTF and SDQ, whereas Zhu, Shao and Li used ADHD symptoms measured 

by Conner´s Hyperactivity Index (Conners et al., 1998) or diagnosed ADHD (ICD 10 code F90). 

Evidence indicates that ADHD is found more often in boys, with ADHD tests typically being more 

sensitive in detecting symptoms in boys than girls (Slobodin and Davidovitch, 2019). Shao et al. 

demonstrated how prenatal pregnancy-related anxiety predicts ADHD symptoms in boys. They 

utilized the Pregnancy-related Anxiety Questionnaire (PRAQ). Our approach, employing 

comprehensive measures, strengthens our study by providing a more complete understanding of the 

complex interplay between prenatal stress and attention deficits. While we did not observe any sex 

differences in attentional capacity, it is noteworthy that other studies have reported such disparities. 

This could be attributed to the potential biases in diagnosing ADHD, and there might be underlying 

biological distinctions in how stress hormones affects the placenta and fetal development, as 

indicated by research in both human and animal models (Galbally et al., 2022; Glover and Hill, 2012). 

It is plausible that our study did not detect these differences, perhaps due to limitations in sample 

size or other factors. 

It is important to note that in our study, we focused on two subdomains from the questionnaire 

FTF (Attention and concentration and Hyperactivity and impulsivity) and one subdomain from the 

questionnaire SDQ (Hyperactivity and Inattention). While we only found significant association using 

the subdomain Attention and concentration, it is possible that the other subdomains were not as 

sensitive or perhaps measured different aspects of attention problems. 

The majority of studies on prenatal stress includes participants with a potentially high stress 

exposure, and primarily focuses on women experiencing severe mental stressors or diagnosed with 

depression or anxiety (MacKinnon et al., 2018; Ronald et al., 2011; Zhu et al., 2015). In contrast, our 

study represents a low-risk population of women experiencing a normal level of stress during 

pregnancy. Even in this relatively unselected population, we find a significant effect of maternal 

prenatal anxiety, which makes our results relevant to a larger population of women. Accordingly, we 

investigated whether certain groups of mothers are particularly sensitive to prenatal anxiety, 

expecting primiparous women to have particularly many concerns about their first pregnancy and 
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parental role. Therefore, it was contrary to our expectations that no association was found for the 

primiparous women. Conversely, this suggests that multiparous women experience pregnancy-

related concerns that have a greater impact on risk for attention deficit in their 5-year-old children, 

as a statistically significant association was observed for this group. In addition, it highlights the need 

for public awareness on the effects of even low levels of pregnancy related anxiety and stress during 

pregnancy.  

4.1. Interpretation  

There are several possible pathways between prenatal maternal stress and developmental effects 

in children. We highlight five causal explanations (A-E) (Figure 4). 

 

Figure 4. Diagram of proposed associations between PRA and children's neurodevelopmental challenges. 1. 

Measurement: Self-reported DASS and PRA in the mother, living and lifestyle conditions, personality traits, 

biomarkers for stress, birth outcomes. 2. Measurement: Parent-reported attentional capacity in the child and self-

reported DASS in the mother. 

4.1.1. A. Epigenetic Alterations 

One potential explanation for our findings is epigenetic alterations. Several studies explain the 

importance of epigenetic alterations, when genes interact with the environment as an underlying 

mechanism in the correlation between stress and attention deficits in children (Glover, 2015; Hompes 

et al., 2013; Mulligan et al., 2012). Epigenetic alterations occur when environmental influences, such 

as lifestyle factors, alter gene expression without altering the DNA sequence in itself (Wilcox, 2010). 

For this mechanism, determination of causality is challenging in this study, because fetal epigenetics 

can be influenced by both the mother's environment during pregnancy and/or the children's 

developmental environment. Hence PRA as a prenatal environmental factor may have influenced 

children's epigenetics and led to attention deficits (Glover, 2015). Similarly, early childhood 

exposures such as parental attachment deficiencies or exposure to toxic drugs also induces epigenetic 

alterations (Silk et al., 2022). Environmental exposure measurements in this study, including the 

mother's self-reported PRA and DASS during pregnancy or DASS during childhood measured at the 

5-year follow-up, are potential factors influencing child epigenetics. It would have been feasible to 

assess the epigenetic changes, by using biological measures from birth. We have not conducted 

measurements of epigenetic changes, due to lack of biological samples at the age of five. 

4.1.2. B. Increased Prenatal Fetal Cortisol Exposure 
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Prolonged exposure to increased maternal cortisol levels might influence fetal neuroendocrine 

regulation and brain development, potentially resulting in various developmental disorders such as 

attention disorders (Glover, 2015; Jeon et al., 2021; Zijlmans et al., 2015). Maternal and umbilical cord 

cortisol levels were measured postpartum, allowing this hypothesis to be investigated. However, the 

analyses found no significant difference in fetal cortisol exposure related to the children's attentional 

capacity at the age of five.  

4.1.3. C. Affected Fetal Growth Parameters 

Experiencing anxiety, depression, or high levels of stress-related hormones during pregnancy is 

associated with reduced fetal growth parameters (Bolten et al., 2011; Henrichs et al., 2010; Van Dijk 

et al., 2010). Low birth weight itself is a risk factor of developing ADHD (Hatch et al., 2014). Similar 

other risk factors such as smoking and alcohol consumption during pregnancy may induce low birth 

weight (Abel, 1982). Hence, fetal growth parameters may mediate the causal pathway between PRA 

and attention deficits in the child. This hypothesis was examined in this study by adjusting for the 

child's birth weight in the analyses. After adjustment, the risk decreased, indicating the relevance of 

growth parameters to the association. 

4.1.4. D+E. Postnatal Effects  

Postnatal exposures such as parental anxiety, depression, stress and parental behavior can affect 

children's development during childhood since the mother's mental health is an environmental risk 

factor that contributes to the child's vulnerability for developing ADHD (Class et al., 2014). According 

to Clayborne et al. (2021) the association between prenatal maternal stress and children's mental 

health was found to be modified by parental behavior and parenting style (Clayborne et al., 2023). 

Hence, parenting and child-rearing may impact the child (Glover, 2015; Okano et al., 2019). 

Measurements of mothers' DASS at follow-up (2nd data collection) were correlated with the baseline 

measurement in 2015, indicating no difference in the mothers' mental health. Therefore, the analyses 

were not adjusted for DASS. Adjustment for neuroticism as a confounder in all analyses was 

necessary due to the possibility of anxious personality traits in stressed parents. Risk of attention 

deficits slightly decreased after adjustment, suggesting neuroticism's relevance to the association. 

The cause of attention deficits is a complex interplay between several causal explanations. Our 

study design enabled the investigation of individual parameters in hypothesis B, C and E, and our 

findings support the influence of fetal growth parameters (C) and parental behavior (E) as plausible 

underlying mechanisms. Contrary to expectations, no association was found between biological 

stress makers and attention deficits, which can be due to methodological challenges in our test-

strategy: most importantly the influence of birth method and birth strain on maternal hormone levels 

directly after birth (Dahlerup et al., 2018).  

4.2. Methodological Considerations 

This study has several strengths. Firstly, the study is based on a prospective cohort study, 

providing a strong argument for causality. Secondly, the study utilized highly validated 

questionnaires (The Danish Social Services Agency, 2013; Trillingsgaard et al., 2004), which 

strengthens the measurement of both exposure and outcome, thus supporting the validity of the 

findings. Thirdly, the extensive collection of information on the women enabled controlling for a 

wide range of confounders (e.g., maternal age, income, education level, BMI, chronic illness, 

medication use, type of birth, pregnancy complications, neuroticism, child's sex, birth weight). This 

ensured a more precise estimation of the effect of prenatal maternal stress on the child's attentional 

capacity. Lastly examining children's development at the age of 5 holds significance as symptoms of 

ADHD typically begin to emerge around this time (The Danish Mental Health Fund, nd).  

We included biological stress hormones measured at birth in both mother and umbilical cord, 

and the calculated adjusted fetal cortisol exposure (AFCE) in our analyses, but these did not show 
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any association to the parent-reported outcome measures. The stress-hormones were intercorrelated, 

and in the baseline population (2015), they showed correlation with PRA, but in this smaller follow-

up subset of the population, only PRA as exposure was sensitive enough to attain significant 

association with our outcome measures of attention deficits at five years of age. Cortisol is a 

challenging hormone to use as an exposure measure when investigating pregnant women. This is 

because during pregnancy and especially immediately after childbirth, cortisol reflects more on 

pregnancy, the type of delivery, and level of birth strain, rather than indicating the overall wellbeing 

of the pregnant woman, during the pregnancy (Dahlerup et al., 2018).  

Even though the access to analyses of biological samples is a strength, the study also has several 

limitations. Because of the resource-intensive data collection due to biological samples, the follow-up 

study with 45% recruitment success consisted of only 115 mother-child pairs. When stratifying by 

parity, educational level, smoking and alcohol consumption, respectively, the groups were further 

reduced in size. Therefore, it remains uncertain whether the non-significant findings of the stratified 

analyses were due to the small sample size. Statistical power limitations also prevented adjusting for 

all potential confounders in one model, necessitating separate adjustment for confounder groups, 

leading to seven sub-analyses (model 1-7). 

There is a risk of residual confounding due to merging income groups for anonymity purposes 

and categorizing smoking and alcohol intake during pregnancy in binary terms, potentially 

oversimplifying the significance of confounders. Furthermore, there may be unmeasured 

confounding, such as genetic predisposition for ADHD, exposure to environmental factors during 

pregnancy or heritability for ADHD, which could not be adjusted for (ADHD Working Group of the 

Psychiatric Genomics Consortium (PGC) et al., 2019; Dalsager et al., 2019). Previous twin studies from 

high-income countries suggest that genes and their interaction with the environment play a 

substantial role in the development of ADHD. However, the heritability of ADHD fluctuates over 

the life course, and determining causality for specific environmental factors is challenging (Faraone 

et al., 2021; Faraone & Larsson, 2019; Larsson et al., 2013).  

Women scheduled to give birth at Copenhagen University Hospital were invited to participate 

in the MSPF project, and the study population was selected based on residency. The majority of the 

participants had a medium or long higher education and a medium or high income, representing a 

resourceful population. Depression, anxiety, and stress are diseases that reduce motivation and 

energy; hence women suffering from these conditions may not have participated or might have 

dropped out by the time of the follow-up, confirmed by the overall low scores on the three domains 

in the study population. The study population is an overall healthy population, suggesting that a 

stronger association might be found by examining a more representative sample from the target 

population.  

4.3. Public Health Impact  

The analysis of the PRA questionnaire revealed a concern among the pregnant woman on the 

topic of childbirth (Figure S1). There was media's attention on increased busyness in delivery wards 

and exhausted midwives throughout Denmark around the time of the first sample collection of the 

Maternal Stress and Placental Function cohort (Denmarks Radio, 2016a, 2016b, Walking in the Shoes of 

the midwife: 12 days in October 2015, 2015). This may have caused concerns in our participating women. 

By investing in alleviating these concerns, we may reduce pregnancy-related anxieties, potentially 

reducing the occurrence of attention deficits in children. Our study thus highlights a possible high 

societal impact of prioritizing delivery and maternity ward antenatal preparation to address 

childbirth-related anxieties in pregnant women. 

5. Conclusions 

In this prospective study of 115 mother-child pairs we investigated maternal stress as a risk 

factor of children's attention deficits at 5 years. No significant associations were found for the 

biological stress markers. However, we found significant associations between self-reported 
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pregnancy-related anxiety and attention deficits in the children 5 years later. The association 

remained significant after adjusting for potential confounders. Previous research primarily focuses 

on populations experiencing severe mental distress or diagnosed with depression or anxiety. The 

findings of our study provide valuable insights into the risk of attention deficits among children in a 

population of women with low to moderate stress levels during pregnancy, emphasizing its 

relevance to a broader population of women, beyond those with severe mental health issues.  

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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