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Abstract: 

Prenatal depression is a common, underrecognized, and undertreated condition with negative 

consequences on child behaviour and brain development. Neurological dysfunction of the amygdala, 

cingulate cortex and hippocampus are associated with the development of depression and stress 

disorders in youth and adults. Although prenatal depression is associated with both child behaviour and 

neurological dysfunction, the relationship between these variables remains unclear. In this study, fifty-

four mothers completed the Edinburgh Depression Scale (EDS) during the second and third trimester of 

pregnancy and 3 months postpartum. Their children’s behaviour was assessed using the Child Behaviour 

Checklist (CBCL), and the children had diffusion magnetic resonance imaging (MRI) at age 4.1 +/- 0.8 

years. Associations between prenatal depressive symptoms, child behaviour, and child brain structure 

were investigated. Third trimester EDS scores were associated with altered white matter in the 

amygdala-frontal tract and the cingulum, controlling for postpartum depression. Externalizing behaviour 

was sexually differentiated in the amygdala-frontal pathway. Altered structural connectivity between 

the amygdala and frontal cortex mediated the relationship between third trimester maternal depressive 

symptoms and child externalizing behaviour in males, but not females. These findings suggest that 

altered brain structure is a possible mechanism via which prenatal depressive symptoms can impact 

child behaviour, highlighting the importance of both recognition and intervention in prenatal 

depression. 

 

Introduction: 

Depressive symptoms affect between 13-40% of women in pregnancy [1]. Despite this, prenatal 

depression is under-recognized and under-treated [2,3], which can lead to poor child outcomes. 

Independent of postnatal depression and anxiety, prenatal depression is associated with lower child 

intelligence [4,5], higher infant generalized anxiety and sleep problems [6], increased internalizing and 
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externalizing behaviour in preschool-aged children [7], and increased risk for depression at 18 years [8]. 

Furthermore, evidence indicates that effective treatment of maternal prenatal depression improves 

child outcomes, for example, by decreasing internalizing behaviour [9]. 

 

Child behavioural deficits associated with prenatal maternal depression might be explained, at least in 

part, by alterations to the underlying neurological structure and function. The stress response is 

regulated by the cingulate cortex, hippocampus, and amygdala [10]. Dysfunction of these brain regions 

is associated with the development of depression and stress disorders in youth and adults [11]. The 

amygdala is particularly important for emotional processing [12,13], specifically through its connections 

to the frontal cortex [14]. Altered connectivity between the amygdala and associated cortical areas is 

associated with vulnerability to depression [15–18], anxiety, and increased stress reactivity [19,20]. 

Maternal prenatal depression may impact child behaviour by altering this neurological circuit in utero. 

Indeed, prenatal depression is associated with altered amygdala functional connectivity in 6-month-old 

infants [21], altered right amygdala microstructure at birth [22], lower frontal and parietal brain 

activation [7], and significant cortical thinning in the right frontal lobe of children [23,24].  

 

Together, these findings suggest that maternal prenatal depression affects child behaviour by impacting 

neurological development. However, to our knowledge, no study has investigated whether alterations in 

brain structure mediate the relationship between prenatal depression and child behaviour, which would 

provide more concrete evidence of a mechanism. The goal of this study was to determine the 

relationship between prenatal depression and child brain and behaviour outcomes and investigate 

whether maternal depression and child behaviour is mediated by alterations to structural connectivity.  
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2. Methods:  

2.1. Participants: 

Fifty-four mothers and their children (24 female; 4.1 +/- 0.8 years at the MRI scan) were enrolled from 

an ongoing, prospective study examining maternal nutrition and child outcomes [25]. All participants 

provided informed consent prior to being included in the study, and this project was approved by the 

University of Calgary Health Research Ethics Board and the University of Alberta Health Research Ethics 

Biomedical Panel. Demographics of the women and children are summarized in Table 1. This sample 

partially overlaps with a sample of children examined in a previous study of brain structure and 

maternal depression symptoms [24]. Maternal years of postsecondary education (all mothers had 

completed high school) was used as a proxy for socioeconomic status. Exclusion criteria for children 

included diagnosed neurological disorders, history of head trauma, genetic disorders impacting cognitive 

or motor function, and contraindications to MRI.   
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Table 1: Demographic characteristics of mothers and children enrolled in the study. N=54 unless 
otherwise specified.  

 Range  Mean (± SD) 

Mothers   

Maternal age at child’s birth (years) 26-38 32.3 ± 2.8 

Postsecondary education (years) 0-12 5.53 ± 2.8 

EDS 1st Trimester (n=27) 0-16 4.85 ± 3.7 

EDS 2nd Trimester (n=47) 0-16 4.47 ± 4.0 

EDS 3rd Trimester (n=53) 0-18 4.83 ± 3.5 

EDS 3 months postpartum  0-19 4.72 ± 4.7 

 
Children 

Sex  24 female/30 male  

Gestational age at birth (weeks) 35-41.86 39.3 ± 1.4 

Birth weight (g) 2230-4150 3344.9 ± 451.8  

Age at scan (years) 2.85-6.00 4.12 ± 0.8 

CBCL Externalizing Behaviour T-Scores 28-68 44.81 ± 9.4 

CBCL Internalizing Behaviour T-Scores 20-69 44.80 ± 9.2 
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2.2. Depressive Symptoms: 

Maternal depression symptoms were assessed using the Edinburgh Depression Scale (EDS), a 10-item 

self-report validated scale for measuring depressive symptoms prenatally and postnatally [26,27]. 

Higher scores indicate worse depressive symptoms; scores ≥12 are usually consistent with a physician 

diagnosis of major depressive disorder (MDD) [26]. Women completed the EDS once during each 

trimester of pregnancy (first trimester: 11.0 ± 2.8 weeks n = 27; second trimester: 16.8 ± 2.2 weeks, n = 

47; third trimester 31.5 ± 1.1 weeks, n = 53) and at 3 months postpartum (11.5 ± 2.8 weeks, n = 54); see 

Table 1. Due to late enrollment, 27 women did not complete EDS in the first trimester; these scores 

were not used for analysis. 7 women were missing second trimester scores, and 1 woman was missing a 

third trimester score. Two women (7.4%) scored ≥12 on the EDS in the first trimester, 4 women (8.5%) in 

the second trimester, 2 (3.8%) in the third trimester, and 5 (9.3%) postpartum. One participant was 

taking an antidepressant prenatally (selective serotonin reuptake inhibitor class, moderate dose).  

 

2.3. Behavioural Measures: 

Within 6 months of their MRI scan, each child’s parent completed the Child Behaviour Checklist (CBCL) 

[28]. The CBCL is a 118-item measure of child behaviour in broad categories including internalizing and 

externalizing behaviour. Internalizing behaviour incorporates the Anxious/Depressed, Withdrawn, 

Emotionally-Reactive, and Somatic Complaints domains into a final T-score. Externalizing behaviour 

incorporates the domains of Attention Problems and Aggressive Behaviour into a final T-score (see Table 

1). The CBCL is a useful screening tool for the likelihood of developing a psychiatric condition later in life 

[29]. T-scores ≥70 are considered in the clinically significant range, and children with T-scores ≥60 

considered to be “at-risk”.  
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2.4. Imaging:  

MRI data was collected at the Alberta Children Hospital on a GE 3T MR750w (General Electric, 

Waukesha, Wisconsin) using a 32-channel head coil. During the scan, children were either sleeping 

naturally or watching a movie. Whole brain diffusion tension imaging (DTI) was collected using single 

shot spin echo echo-planar imaging with 30 diffusion encoding gradient directions at b=750 s/mm2 and 5 

images at b=0 s/mm2, TR=6750 ms, TE=79 ms, and spatial resolution of 1.6x1.6x2.2 mm3 (resampled on 

scanner to 0.78x0.78x2.2 mm).  

 

2.5. Image Processing and Analysis  

Images were manually checked and volumes with artifacts or motion corruption were removed. All 

datasets included had ≥18 high quality diffusion weighted and ≥2 b0 volumes. Standard pre-processing 

of DTI images was performed using ExploreDTI [30], and included correction for signal drift, Gibbs 

ringing (non-DWIs), eddy currents and motion [31]. Semi-automated deterministic streamline 

tractography [32] was used to delineate the fornix, cingulum, and white matter connectivity from the 

amygdala to the prefrontal cortex [33] (Figure 1). The angle threshold was set to 30o, and the minimum 

fractional anisotropy (FA) threshold was set to 0.20 to initiate and continue tracking. A representative 

scan (a 3.68 year old female) was identified using FSL [34] for use as a target scan in semi-automated 

tractography. All other subjects’ FA maps were registered to this template. Regions of interest (ROIs) 

were drawn in the left and right hemispheres on the template and warped to fit each subject using the 

inverse registration parameters calculated from the previous step [35]. ROIs for the fornix and cingulum 

were drawn using a priori information on tract location [32,35,36]. 

  

The amygdala is functionally connected with the anterior cingulate, orbitofrontal, and prefrontal cortex 

(PFC) [37], subcortical regions including the hippocampus, and projects posteriorly to the occipital 
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cortex, basal ganglia, midbrain, and cerebellum [21]. To delineate the amygdala tract, ROIs were drawn 

in the axial plane on the amygdala and the coronal plane in the frontal lobe to capture anterior 

projections [33]. An exclusion region was drawn proximal to the inclusion ROIs through the corona 

radiata and central sulcus on the same axial slice to isolate the tract of interest. After semi-automated 

tractography, minor manual edits were done to remove spurious fibers in approximately 15% of the 

participants. The resulting tract contained fibers emanating from the amygdala with anterior projections 

to the PFC and posterior projections to the brainstem (Figure 1b). Anterior fibers bundled in the 

thalamus and projected to the frontal cortex, including the ventral medial prefrontal cortex (vmPFC) and 

anterior cingulate cortex. The operator was blind to maternal depressive symptoms and child sex and  

behaviour. Mean FA and mean diffusivity (MD) were extracted for each tract. Left and right tracts were 

examined separately for the amygdala tract and the cingulum; the fornix was analyzed as a whole.  

 

 

2.6. Regression Analysis  

Statistical analysis was performed in IBM SPSS 24. Brain measures (FA and MD for 3 white matter tracts 

in each hemisphere) were tested separately as dependent variables using linear regression, with age, 

sex, prenatal trimester EDS, EDS-sex interaction, maternal post-secondary education, gestational age at 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


birth, birthweight, and postnatal EDS as predictors. Second and third trimester EDS symptoms were 

tested separately. Similarly, brain measures were tested for relationships with behaviour using linear 

regression with age, sex, CBCL scores (externalizing or internalizing), CBCL-sex interaction, maternal 

post-secondary education, gestational age at birth, and birthweight as predictors. If the sex interaction 

terms were not significant, they were removed from the model and the regression was re-run. First 

trimester EDS symptoms were not tested due to the low number of participants. 

Results are reported both uncorrected and corrected for 5 multiple comparisons using false discovery 

rate (FDR).   

2.7. Mediation Analysis: 

White mater measures that were related to both CBCL and EDS scores were selected for a mediation 

analysis. For white matter measures with significant sex interactions, males and females were analyzed 

separately. Maternal depressive symptoms (EDS) were entered as the independent variable (X), brain 

measures as the mediator (M), and CBCL scores as the outcome variable (Y). Non-parametric mediation 

tests were run using percentile bootstrapping, given the validation of this model on the non-normal 

distribution of mediating variables [38]. These tests were performed using in-house python scripts.  
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3. Results: 

3.1. Maternal depressive symptoms and white matter measures  

Second trimester maternal EDS scores were negatively associated with diffusion parameters in the 

cingulum. EDS had a main effect on FA values in the left cingulum (F = 4.805, p = 0.035), such that 

children of women with higher depressive symptoms tended to have lower FA. The EDS-sex interaction 

was significant for left cingulum MD (F = 4.091, p = 0.050; figure 2 A & B), such that higher maternal 

depressive symptoms were associated with higher MD in boys and lower MD in girls. These results did 

not survive FDR multiple comparison correction.  

 

Third trimester maternal depressive symptoms were significantly associated with diffusion parameters 

in the amygdala pathway. EDS had a positive main effect on both right amygdala pathway MD (F = 

9.900, p = 0.002), and left amygdala pathway MD (F = 4.520, p = 0.032), as in children of women with 

higher 3rd trimester depressive symptoms tended to have higher MD. (Figure 2 C& D) 

 

Third trimester EDS had a main effect on MD values in both the left (F = 8.815, p = 0.005) and right 

cingulum (F = 4.377, p = 0.035), such that mothers with higher third trimester depressive symptoms had 

children with higher MD in the cingulum bilaterally. (Figure 2 E & F) 

 

Effects of maternal depressive symptoms in the third trimester were sexually differentiated for the 

cingulum, with a significant sex-EDS interaction in the right cingulum FA (F= 4.403, p = 0.042) and left 

cingulum MD (F = 5.757 p = 0.021) (Figure 2 E & F) such that higher maternal depressive symptoms were 

associated with lower FA or higher MD in males. All results for EDS-MD relationships in the amygdala 

and cingulum survived FDR correction for multiple comparisons. The right cingulum FA interaction did 

not survive FDR correction.   
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3.2. White matter and child behaviour  

The sex-externalizing behaviour interaction was significant for the right amygdala pathway for both FA 

(F = 7.303, p = 0.010) and MD (F = 6.851 p = 0.012) (Figure 3) and the left amygdala pathway for FA (F = 

6.340, p = 0.016) and MD (F = 9.177, p = 0.004) (Figure 3). In all cases, higher externalizing behavioural 

symptoms were associated with higher FA or lower MD in females, and lower FA or higher MD in males. 

All results survived FDR correction for multiple comparisons. 

Internalizing behaviour in children was positively associated with left cingulum FA (F = 5.249, p = 0.036), 

but did not survive FDR correction.  
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3.3. Mediation analysis 

MD of the right amygdala significantly mediated the relationship between third trimester depressive 

symptoms and externalizing behaviour in males (95% confidence interval: [0.013, 2.05] Figure 4).  
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4. Discussion:  

Here, we show that prenatal maternal depressive symptoms are associated with altered limbic-

prefrontal connectivity in young children. Furthermore, reduced structural connectivity between the 

amygdala and anterior cingulate mediated the relationship between maternal depressive symptoms and 

externalizing behaviour in boys. These results suggest that reduced brain connectivity within the stress 

network is a possible mechanism via which maternal depression symptoms impacts children’s 

behaviour.   

 

We found weaker structural connectivity (lower FA and higher MD) in the amygdala pathway and 

cingulum associated with higher prenatal maternal depressive symptoms. Because FA increases and MD 

decreases with age [39], lower FA and/or higher MD values may indicate underdeveloped white matter 

structures in young children prenatally exposed to higher depression symptoms, which may in turn 

predispose these children to dysregulated emotional states. Previous functional imaging studies have 

reported weaker amygdala-PFC functional connectivity in children born to more depressed mothers 

[22]. Similarly, reduced functional connectivity from the amygdala to the PFC was observed in 4-7 year 

old children exposed to early life stress such (parental divorce or familial death), and this weaker 

connectivity was also associated with more difficulties in aggression and attention [40]. On the other 

hand, Qiu et al (2015) found greater functional connectivity from the left amygdala to frontal cortices in 

neonates exposed to maternal prenatal depression [21], indicating a potentially complex picture that 

depends on factors such as a child’s age and sex. Structurally, previous research has found decreased FA 

in the right amygdala of infants born to mothers with higher third trimester depressive symptoms [41].  

 

The cingulum was also associated with prenatal depressive symptoms, and is thought to be a stress 

susceptible structure [42]. Lower FA has been associated with dissociation and depression in young 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


adults exposed to early life and prenatal stress [43,44]. The hippocampus receives serotonergic 

transmission from the midbrain raphe via the fornix and the cingulum [45], providing a potential means 

by which alterations in the cingulum can disrupt mood.  

 

Previous results from our lab, in an overlapping sample, suggested an accelerated pattern of 

development (lower diffusivity) in right frontal-temporal white matter in children exposed to greater 

second trimester depressive symptoms [24]. Indeed, other data has found that potentially accelerated 

development may predispose children to psychiatric conditions later in life [46–48]. This may be a 

product of timing and brain areas. In fact, in this study we found a non-significant but similar pattern of 

accelerated development, where second trimester maternal depressive symptoms positively associated 

with left cingulum FA in females. It is likely that timing of prenatal maternal depressive symptoms is a 

key factor in how brain development is affected. Furthermore, it is likely that prenatal depressive 

symptoms impact areas of the brain differently, as our previous findings were in a large area of right 

frontal-temporal white matter, while the current results are limited to the cingulum and amygdala tract. 

Nonetheless, these results paint a complex picture of prenatal environment and the child brain, where 

outcomes vary by timing of exposure, child age, and sex.  

 

Altered structural connectivity similar to that observed here is associated with depression. Decreased 

connectivity between the prefrontal cortex and the amygdala is seen in adolescents with MDD [49] and 

individuals with a familial history of depression [50]. Decreased functional and structural connectivity 

between the amygdala and frontal cortex may indicate a loss of inhibitory control and subsequent 

increased amygdala reactivity. This idea is supported by data showing reduced amygdala-PFC 

connectivity in adults is associated with impaired emotional responses [13,51], anxiety and depression 

[20,52,53], and increased aggressive behaviour and attention problems in children [40]. Increased 
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amygdala reactivity is also seen in adolescents with MDD [54]. Medications and psychotherapy that 

treat depression increase functional coupling between the amygdala and the striatum, thalamus, right 

frontal and cingulate cortex [52], likely resulting in increased PFC inhibition and regulation of amygdala 

responsivity. With this in mind, it is important to note that although data consistently shows altered 

amygdala-prefrontal cortex connectivity associated with mood and anxiety disorders, it is unclear 

whether that dysfunction is hypo- or hyper-connectivity [46]. Our results support the theory of weaker 

top-down amygdala inhibition in children who experienced higher prenatal maternal depression and 

show subsequent behavioural alterations, and provide evidence of a structural basis for previously-

observed deficits in functional connectivity.  

 

Structural connectivity of the amygdala pathway mediated the relationship between maternal prenatal 

depressive symptoms and externalizing behaviour in boys. Higher externalizing symptoms have 

consistently been found in children whose mothers experienced prenatal depression [55]. Thus, this 

mediating relationship suggests that alterations to amygdala-PFC structural connectivity may be a 

mechanism via which maternal depression impacts children’s behaviour [8]. Furthermore, this altered 

connectivity may be a mechanism that increases children’s risk for later mental health difficulties, as 

higher externalizing symptoms in childhood are associated with higher risk of suicidality, substance use, 

and severity of psychopathology in adolescence and adulthood [29,56–58].    

 

These data demonstrate an interesting pattern of sexual differentiation suggesting that boys are more 

vulnerable to maternal depressive symptoms. The mediation was only significant in males and 

relationships in the cingulum were stronger in boys. Males experience more prominent age-related gray 

matter volume decreases and white matter increases [59] and accelerated growth in limbic regions 

(including the cingulum) compared to females [60], perhaps underlying their increased susceptibility to 
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environmental factors such as prenatal depression. Males are more susceptible to behavioural 

disturbances than females. In childhood, males have a higher prevalence of depression [61], and males 

but not females of postnatally depressed mothers have poorer cognitive function [62]. Male infants 

exposed to prenatal depression have lower motor skills, higher generalized anxiety, and sleep problems 

[6]. Thus, our data highlights that it may be an underlying brain vulnerability in males that predisposes 

them to these behaviour problems. Of note, previous data in adults showed no moderating effect of sex 

on the relationship between prenatal stress during the first half of pregnancy and FA of the cingulum 

[44,63]. However, the different exposure periods and age of the offspring may account for the 

contrasting results.  

 

The mechanisms through which prenatal maternal depressive symptoms influence child brain structure 

are not well understood. Theories include dysregulation of the hypothalamic-pituitary-adrenal (HPA) 

axis and increased cortisol during pregnancy, genetic heritability of mood disorders, epigenetic 

modification of pre-existing genes, nutrition, and increased inflammation [64–66]. Maternal stress and 

depression during pregnancy increase cortisol and corticotropin releasing hormone (CRH), which 

initiates signalling in the HPA [67] and can cross the placenta [64]. Cortisol exposure peaks in the third 

trimester at 2-3 times non-pregnant values [67]. High levels of stress in women during the 28-32nd weeks 

of pregnancy have been associated with reductions in uterine blood flow, suggesting that fetuses may 

experience periods of hypoxia [68]. Depression is associated with HPA axis dysregulation, with increased 

and prolonged responses to stress and higher circulating glucocorticoids [69], which activate receptors 

in the child’s brain, including the cingulate cortex and amygdala and induces epigenetic changes [70] . 

MDD is highly heritable [71], and pre-existing genetic vulnerability likely plays an important role in child 

vulnerability. Poor nutrition during pregnancy increases the risk of perinatal depression and poor child 

cognitive outcomes, and thus may also play a role [72,73]. Stress during pregnancy is also associated 
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with increased inflammation and cytokine activity particularly in the third trimester [65], which may also 

impact child outcomes [74]. It is likely a combination of these biological factors, as well as psychosocial 

factors like socioeconomical status, education, and social support [66], that contribute to altered brain 

development and child outcomes.  

 

There are some limitations to this study. First, due to the timing of recruitment, limited data was 

available on maternal first trimester depressive symptoms, and therefore this data was not analyzed. 

Another limitation is that although greater severity of EDS depressive symptom scores is associated with 

a diagnosis of MDD, the EDS itself is not diagnostic. Therefore, although we could grade severity of 

symptoms, we cannot say if these women had a clinical diagnosis of depression. Future studies with a 

larger sample size of first trimester scores will be better able to answer questions of how prenatal timing 

of exposure to maternal depression symptoms is related to child outcomes.  

 

In conclusion, we show altered structural connectivity of the amygdala in children of mothers with 

higher prenatal depressive symptoms, and these alterations mediate behavioural dysfunction in boys. 

These data present early evidence of a structural basis for decreased top down inhibition of the 

amygdala resulting in altered behaviour in preschoolers, and may indicate a structural abnormality 

predisposing these children to develop affective disorders. Indeed, these data may provide an 

explanation for why children born to depressed mothers have a much higher risk of developing 

depression themselves [8]. Additionally, we provide evidence of sexual differentiation, suggesting that 

males have increased vulnerability to changes in early childhood. The clinical implications of these 

findings are a need to better recognize and address prenatal depression as an important factor in child 

health outcomes.  

 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


Acknowledgements and Disclosures  

This research was supported by the Canadian Institute of Health Research (CIHR) (funding Grant Nos. 

IHD-134090 and MOP-136797 and MOP-123535), Alberta Innovates – Health Solutions, a grant from the 

Alberta Children’s Hospital Foundation, and the National Institute of Environmental Health Sciences 

(Grant No. 5R21ES021295-03). R.E.H was supported by a Mach-Gaensslen Foundation award through 

the University of Calgary Cumming School of Medicine. J.E.R was supported by an Eyes High University 

of Calgary Postdoctoral Scholarship and the T. Chen Fong Postdoctoral Fellowship in Medical Imaging 

Science. M.N.G was supported by a University of Calgary Queen Elizabeth II Graduate Studentship award 

and funding provided through the Department of Pediatrics, University of Calgary to D.D. 

We thank the members of the Alberta Pregnancy Outcomes and Nutrition study team: Catherine J. 

Field, Rhonda C. Bell, Francois P. Bernier, Marja Cantell, Linda M. Casey, Misha Eliasziw, Anna 

Farmer, Lisa Gagnon, Laki Goodewardene, David W. Johnson, Libbe Kooistra, Brenda M.Y. Leung, 

Donna P. Manca, Jonathan W. Martin, Linda J. McCargar, Maeve O’Beirne, Victor J. Pop, and Nalini 

Singhal 

 

Conflict of Interest: There are no competing financial interests in relation to this work described.  

 

References:  

1. Sandman CA, Buss C, Head K, Davis EP. Fetal exposure to maternal depressive symptoms is 

associated with cortical thickness in late childhood. Biological psychiatry [Internet]. NIH Public Access; 

2015 [cited 2018 Oct 25];77:324–34. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25129235 

2. Earls MF, Committee on Psychosocial Aspects of Child and Family Health American Academy of 

Pediatrics TC on PA of C and F. Incorporating recognition and management of perinatal and postpartum 

depression into pediatric practice. Pediatrics [Internet]. American Academy of Pediatrics; 2010 [cited 

2018 Feb 17];126:1032–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20974776 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


3. Leung BMY, Kaplan BJ. Perinatal Depression: Prevalence, Risks, and the Nutrition Link—A Review 

of the Literature. Journal of the American Dietetic Association [Internet]. Elsevier; 2009 [cited 2018 Oct 

25];109:1566–75. Available from: 

https://www.sciencedirect.com/science/article/pii/S0002822309007688 

4. Barker ED, Jaffee SR, Uher R, Maughan B. The contribution of prenatal and postnatal maternal anxiety 

and depression to child maladjustment. Depression and Anxiety [Internet]. 2011 [cited 2018 Oct 

25];28:696–702. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21769997 

5. Evans J, Melotti R, Heron J, Ramchandani P, Wiles N, Murray L, et al. The timing of maternal 

depressive symptoms and child cognitive development: a longitudinal study. Journal of Child Psychology 

and Psychiatry [Internet]. Wiley/Blackwell (10.1111); 2012 [cited 2018 Oct 25];53:632–40. Available 

from: http://doi.wiley.com/10.1111/j.1469-7610.2011.02513.x 

6. Gerardin P, Wendland J, Bodeau N, Galin A, Bialobos S, Tordjman S, et al. Depression during 

pregnancy: Is the developmental impact earlier in boys? A prospective case-control study. The Journal of 

Clinical Psychiatry [Internet]. Physicians Postgraduate Press, Inc.; 2011 [cited 2018 Feb 17];72:378–87. 

Available from: http://article.psychiatrist.com/?ContentType=START&ID=10007188 

7. Dawson G, Ashman SB, Panagiotides H, Hessl D, Self J, Yamada E, et al. Preschool Outcomes of 

Children of Depressed Mothers: Role of Maternal Behavior, Contextual Risk, and Children’s Brain 

Activity. Child Development [Internet]. 2003;74:1158–75. Available from: 

http://doi.wiley.com/10.1111/1467-8624.00599 

8. Pearson RM, Evans J, Kounali D, Lewis G, Heron J, Ramchandani PG, et al. Maternal Depression 

During Pregnancy and the Postnatal Period. JAMA Psychiatry [Internet]. American Medical Association; 

2013 [cited 2018 Oct 25];70:1312. Available from: 

http://archpsyc.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2013.2163 

9. Foster CE, Webster MC, Weissman MM, Pilowsky DJ, Wickramaratne PJ, Talati A, et al. Remission 

of maternal depression: relations to family functioning and youth internalizing and externalizing 

symptoms. Journal of clinical child and adolescent psychology : the official journal for the Society of 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


Clinical Child and Adolescent Psychology, American Psychological Association, Division 53 [Internet]. 

NIH Public Access; 2008 [cited 2018 Feb 17];37:714–24. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18991123 

10. Sheikh HI, Joanisse MF, Mackrell SM, Kryski KR, Smith HJ, Singh SM, et al. Links between white 

matter microstructure and cortisol reactivity to stress in early childhood: Evidence for moderation by 

parenting. NeuroImage: Clinical [Internet]. Elsevier; 2014 [cited 2018 Feb 10];6:77–85. Available from: 

https://www.sciencedirect.com/science/article/pii/S2213158214001223 

11. Drevets WC, Price JL, Furey ML. Brain structural and functional abnormalities in mood disorders: 

implications for neurocircuitry models of depression. Brain structure & function [Internet]. Springer; 

2008 [cited 2018 Dec 1];213:93–118. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18704495 

12. Phelps EA, LeDoux JE. Contributions of the Amygdala to Emotion Processing: From Animal Models 

to Human Behavior. Neuron [Internet]. 2005 [cited 2018 Dec 1];48:175–87. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16242399 

13. Bjorkquist OA, Olsen EK, Nelson BD, Herbener ES. Altered amygdala-prefrontal connectivity during 

emotion perception in schizophrenia. Schizophrenia Research [Internet]. 2016 [cited 2018 May 

6];175:35–41. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27083779 

14. Banks SJ, Eddy KT, Angstadt M, Nathan PJ, Phan KL. Amygdala–frontal connectivity during 

emotion regulation. Social Cognitive and Affective Neuroscience [Internet]. Oxford University Press; 

2007 [cited 2018 May 6];2:303–12. Available from: https://academic.oup.com/scan/article-

lookup/doi/10.1093/scan/nsm029 

15. Malykhin N V, Carter R, Hegadoren KM, Seres P, Coupland NJ. Fronto-limbic volumetric changes in 

major depressive disorder. Journal of affective disorders [Internet]. 2012 [cited 2017 Dec 7];136:1104–

13. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22134041 

16. Holmes AJ, Lee PH, Hollinshead MO, Bakst L, Roffman JL, Smoller JW, et al. Individual 

Differences in Amygdala-Medial Prefrontal Anatomy Link Negative Affect, Impaired Social Functioning, 

and Polygenic Depression Risk. Journal of Neuroscience [Internet]. 2012 [cited 2017 Dec 7];32:18087–

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


100. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23238724 

17. van Eijndhoven P, van Wingen G, van Oijen K, Rijpkema M, Goraj B, Jan Verkes R, et al. Amygdala 

Volume Marks the Acute State in the Early Course of Depression. Biological Psychiatry [Internet]. 2009 

[cited 2017 Dec 7];65:812–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19028381 

18. Price JL, Drevets WC. Neurocircuitry of Mood Disorders. Neuropsychopharmacology [Internet]. 

2010 [cited 2018 Dec 1];35:192–216. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19693001 

19. Fowler CH, Miernicki ME, Rudolph KD, Telzer EH. Disrupted amygdala-prefrontal connectivity 

during emotion regulation links stress-reactive rumination and adolescent depressive symptoms. 

Developmental Cognitive Neuroscience [Internet]. 2017 [cited 2018 Dec 1];27:99–106. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/28946039 

20. Prater KE, Hosanagar A, Klumpp H, Angstadt M, Luan Phan K. Aberrant Amygdala-frotnal cortex 

connectviity during perception of fearful faces and at rest in generalized social anxiety disorder.  

Depression and Anxiety [Internet]. Wiley-Blackwell; 2013 [cited 2018 Dec 1];30:234–41. Available 

from: http://doi.wiley.com/10.1002/da.22014 

21. Qiu A, Anh TT, Li Y, Chen H, Broekman BFP, Kwek K, et al. Prenatal maternal depression alters 

amygdala functional connectivity in 6-month-old infants. 2015;  

22. Rifkin-Graboi A, Bai J, Chen H, Hameed WB, Sim LW, Tint MT, et al. Prenatal Maternal Depression 

Associates with Microstructure of Right Amygdala in Neonates at Birth. Biological Psychiatry [Internet]. 

2013 [cited 2017 Dec 7];74:837–44. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23968960 

23. Sandman CA, Buss C, Head K, Davis EP. Fetal exposure to maternal depressive symptoms is 

associated with cortical thickness in late childhood. Biological psychiatry [Internet]. NIH Public Access; 

2015 [cited 2018 Mar 10];77:324–34. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25129235 

24. Lebel C, Walton M, Letourneau N, Giesbrecht GF, Kaplan BJ, Dewey D. Archival Report Prepartum 

and Postpartum Maternal Depressive Symptoms Are Related to Children’s Brain Structure in Preschool. 

Biological Psychiatry [Internet]. Elsevier; 2016;80:859–68. Available from: 

http://dx.doi.org/10.1016/j.biopsych.2015.12.004 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


25. Kaplan BJ, Giesbrecht GF, Leung BMY, Field CJ, Dewey D, Bell RC, et al. The Alberta Pregnancy 

Outcomes and Nutrition (APrON) cohort study: rationale and methods. Maternal & Child Nutrition 

[Internet]. Blackwell Publishing Ltd; 2014 [cited 2018 Feb 2];10:44–60. Available from: 

http://doi.wiley.com/10.1111/j.1740-8709.2012.00433.x 

26. Cox JL, Holden JM, Sagovsky R. Detection of Postnatal Depression. British Journal of Psychiatry 

[Internet]. Cambridge University Press; 1987 [cited 2018 Feb 3];150:782–6. Available from: 

https://www.cambridge.org/core/product/identifier/S0007125000214712/type/journal_article 

27. Bergink V, Kooistra L, Lambregtse-van den Berg MP, Wijnen H, Bunevicius R, van Baar A, et al. 

Validation of the Edinburgh Depression Scale during pregnancy. Journal of Psychosomatic Research 

[Internet]. 2011 [cited 2018 Feb 3];70:385–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21414460 

28. Rescorla LA. Assessment of young children using the Achenbach System of Empirically Based 

Assessment (ASEBA). Mental Retardation and Developmental Disabilities Research Reviews [Internet]. 

John Wiley & Sons, Ltd; 2005 [cited 2019 Mar 21];11:226–37. Available from: 

http://doi.wiley.com/10.1002/mrdd.20071 

29. Bellani M, Negri GAL, Brambilla P. The dysregulation profile in children and adolescents: a potential 

index for major psychopathology? Epidemiology and Psychiatric Sciences [Internet]. Cambridge 

University Press; 2012 [cited 2018 Oct 25];21:155–9. Available from: 

http://www.journals.cambridge.org/abstract_S2045796011000849 

30. Leemans A, Jeurissen B, Sijbers J, Jones DK. ExploreDTI: a graphical toolbox for processing, 

analyzing, and visualizing diffusion MR data [Internet]. Available from: http://www.exploredti.com. 

31. Leemans A, Jones DK. The B-matrix must be rotated when correcting for subject motion in DTI data. 

Magnetic Resonance in Medicine [Internet]. 2009 [cited 2019 Mar 21];61:1336–49. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/19319973 

32. Reynolds J, Grohs M, Lebel C. White Matter Tractography Guides [Internet]. figshare; 2019 [cited 

2019Mar27].. Available from: 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


https://figshare.com/articles/White_Matter_Tractography_Guides/7603271/1 1  

33. Hay R, Reynolds J, Lebel C. White Matter Tractography Guide: Amygdala Pathway [Internet]. 

figshare; 2019 [cited 2019Mar27].. Available from: 

https://figshare.com/articles/White_Matter_Tractography_Guide_Amygdala_Pathway/7865186/1   

34. Jenkinson M, Beckmann CF, Behrens TEJ, Woolrich MW, Smith SM. FSL. NeuroImage [Internet]. 

2012 [cited 2019 Mar 21];62:782–90. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21979382 

35. Lebel C, Rasmussen C, Wyper K, Walker L, Andrew G, Yager J, et al. Brain Diffusion Abnormalities 

in Children With Fetal Alcohol Spectrum Disorder. Alcoholism: Clinical and Experimental Research 

[Internet]. 2008 [cited 2019 Feb 16];32:1732–40. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18671811 

36. Wakana S, Jiang H, Nagae-Poetscher LM, van Zijl PCM, Mori S. Fiber Tract–based Atlas of Human 

White Matter Anatomy. Radiology [Internet]. 2004 [cited 2019 Feb 10];230:77–87. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/14645885 

37. Mori S, Kageyama Y, Hou Z, Aggarwal M, Patel J, Brown T, et al. Elucidation of White Matter 

Tracts of the Human Amygdala by Detailed Comparison between High-Resolution Postmortem Magnetic 

Resonance Imaging and Histology. Frontiers in neuroanatomy [Internet]. Frontiers Media SA; 2017 [cited 

2017 Dec 10];11:16. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28352217 

38. Taylor AB, MacKinnon DP. Four applications of permutation methods to testing a single-mediator 

model. Behavior Research Methods [Internet]. Springer-Verlag; 2012 [cited 2018 Feb 17];44:806–44. 

Available from: http://www.springerlink.com/index/10.3758/s13428-011-0181-x 

39. Yoshida S, Oishi K, Faria A V, Mori S. Diffusion tensor imaging of normal brain development. 

Pediatric radiology [Internet]. NIH Public Access; 2013 [cited 2019 Mar 15];43:15–27. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23288475 

40. Park AT, Leonard JA, Saxler PK, Cyr AB, Gabrieli JDE, Mackey AP. Amygdala–medial prefrontal 

cortex connectivity relates to stress and mental health in early childhood. Social Cognitive and Affective 

Neuroscience [Internet]. Oxford University Press; 2018 [cited 2018 May 5];13:430–9. Available from: 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


https://academic.oup.com/scan/article/13/4/430/4924528 

41. Rifkin-Graboi A, Bai J, Chen H, Hameed WB, Sim LW, Tint MT, et al. Prenatal Maternal Depression 

Associates with Microstructure of Right Amygdala in Neonates at Birth. Biological Psychiatry [Internet]. 

Elsevier; 2013 [cited 2019 Jan 25];74:837–44. Available from: 

https://www.sciencedirect.com/science/article/pii/S0006322313006227 

42. Kim SJ, Jeong D-U, Sim ME, Bae SC, Chung A, Kim MJ, et al. Asymmetrically Altered Integrity of 

Cingulum Bundle in Posttraumatic Stress Disorder. Neuropsychobiology [Internet]. 2006 [cited 2018 Jul 

25];54:120–5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17199097 

43. Choi J, Jeong B, Rohan ML, Polcari AM, Teicher MH. Preliminary evidence for white matter tract 

abnormalities in young adults exposed to parental verbal abuse. Biological psychiatry [Internet]. NIH 

Public Access; 2009 [cited 2018 Jul 25];65:227–34. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18692174 

44. Marečková K, Klasnja A, Andrýsková L, Brázdil M, Paus T. Developmental origins of depression-

related white matter properties: Findings from a prenatal birth cohort. Human Brain Mapping [Internet]. 

John Wiley & Sons, Ltd; 2018 [cited 2019 Jan 25]; Available from: 

http://doi.wiley.com/10.1002/hbm.24435 

45. Patel TD, Azmitia EC, Zhou FC. Increased 5-HT1A receptor immunoreactivity in the rat 

hippocampus following 5,7-dihydroxytryptamine lesions in the cingulum bundle and fimbria-fornix. 

Behavioural brain research [Internet]. 1996 [cited 2018 Jul 25];73:319–23. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/8788527 

46. Jalbrzikowski M, Larsen B, Hallquist MN, Foran W, Calabro F, Luna B. Development of White 

Matter Microstructure and Intrinsic Functional Connectivity Between the Amygdala and Ventromedial 

Prefrontal Cortex: Associations With Anxiety and Depression. Biological psychiatry [Internet]. NIH 

Public Access; 2017 [cited 2018 Dec 1];82:511–21. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/28274468 

47. Ono M, Kikusui T, Sasaki N, Ichikawa M, Mori Y, Murakami-Murofushi K. Early weaning induces 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


anxiety and precocious myelination in the anterior part of the basolateral amygdala of male Balb/c mice. 

Neuroscience [Internet]. Pergamon; 2008 [cited 2019 Jan 28];156:1103–10. Available from: 

https://www.sciencedirect.com/science/article/abs/pii/S030645220801124X 

48. Gee DG, Gabard-Durnam LJ, Flannery J, Goff B, Humphreys KL, Telzer EH, et al. Early 

developmental emergence of human amygdala-prefrontal connectivity after maternal deprivation. 

Proceedings of the National Academy of Sciences [Internet]. 2013 [cited 2019 Mar 22];110:15638–43. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/24019460 

49. Cullen KR, Westlund MK, Klimes-Dougan B, Mueller BA, Houri A, Eberly LE, et al. Abnormal 

amygdala resting-state functional connectivity in adolescent depression. JAMA psychiatry [Internet]. NIH 

Public Access; 2014 [cited 2018 Jul 21];71:1138–47. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25133665 

50. Luking KR, Repovs G, Belden AC, Gaffrey MS, Botteron KN, Luby JL, et al. Functional 

Connectivity of the Amygdala in Early-Childhood-Onset Depression. Journal of the American Academy 

of Child & Adolescent Psychiatry [Internet]. Elsevier; 2011 [cited 2018 Jul 21];50:1027–1041.e3. 

Available from: https://www.sciencedirect.com/science/article/pii/S0890856711006496 

51. Banks SJ, Eddy KT, Angstadt M, Nathan PJ, Phan KL. Amygdala-frontal connectivity during 

emotion regulation. Social cognitive and affective neuroscience [Internet]. Oxford University Press; 2007 

[cited 2017 Dec 7];2:303–12. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18985136 

52. Chen C-H, Suckling J, Ooi C, Fu CHY, Williams SCR, Walsh ND, et al. Functional Coupling of the 

Amygdala in Depressed Patients Treated with Antidepressant Medication. Neuropsychopharmacology 

[Internet]. 2008 [cited 2018 Jul 16];33:1909–18. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17987064 

53. Cheng W, Rolls ET, Qiu J, Xie X, Lyu W, Li Y, et al. Functional connectivity of the human amygdala 

in health and in depression. Social Cognitive and Affective Neuroscience [Internet]. Oxford University 

Press; 2018 [cited 2018 Dec 1];13:557–68. Available from: 

https://academic.oup.com/scan/article/13/6/557/4996258 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


54. Perlman SB, Almeida JRC, Kronhaus DM, Versace A, Labarbara EJ, Klein CR, et al. Amygdala 

activity and prefrontal cortex-amygdala effective connectivity to emerging emotional faces distinguish 

remitted and depressed mood states in bipolar disorder. Bipolar disorders [Internet]. NIH Public Access; 

2012 [cited 2018 Jul 16];14:162–74. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22420592 

55. Oberlander TF, Reebye P, Misri S, Papsdorf M, Kim J, Grunau RE. Externalizing and Attentional 

Behaviors in Children of Depressed Mothers Treated With a Selective Serotonin Reuptake Inhibitor 

Antidepressant During Pregnancy. Archives of Pediatrics & Adolescent Medicine [Internet]. American 

Medical Association; 2007 [cited 2018 Oct 25];161:22. Available from: 

http://archpedi.jamanetwork.com/article.aspx?doi=10.1001/archpedi.161.1.22 

56. Holtmann M, Buchmann AF, Esser G, Schmidt MH, Banaschewski T, Laucht M. The Child Behavior 

Checklist-Dysregulation Profile predicts substance use, suicidality, and functional impairment: a 

longitudinal analysis. Journal of Child Psychology and Psychiatry [Internet]. 2011 [cited 2018 Oct 

25];52:139–47. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20854363 

57. Althoff RR, Verhulst FC, Rettew DC, Hudziak JJ, van der Ende J. Adult outcomes of childhood 

dysregulation: a 14-year follow-up study. Journal of the American Academy of Child and Adolescent 

Psychiatry [Internet]. NIH Public Access; 2010 [cited 2018 Oct 25];49:1105–16. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20970698 

58. Uchida M, Faraone S V., Martelon M, Kenworthy T, Woodworth KY, Spencer TJ, et al. Further 

evidence that severe scores in the aggression/anxiety-depression/attention subscales of child behavior 

checklist (severe dysregulation profile) can screen for bipolar disorder symptomatology: a conditional 

probability analysis. Journal of Affective Disorders [Internet]. Elsevier; 2014 [cited 2018 Oct 25];165:81–

6. Available from: https://www.sciencedirect.com/science/article/pii/S0165032714002055 

59. De Bellis MD, Keshavan MS, Beers SR, Hall J, Frustaci K, Masalehdan A, et al. Sex differences in 

brain maturation during childhood and adolescence. Cerebral cortex (New York, NY : 1991) [Internet]. 

2001 [cited 2018 Feb 17];11:552–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11375916 

60. Simmonds DJ, Hallquist MN, Asato M, Luna B. Developmental stages and sex differences of white 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


matter and behavioral development through adolescence: A longitudinal diffusion tensor imaging (DTI) 

study. NeuroImage [Internet]. Academic Press; 2014 [cited 2019 Jan 25];92:356–68. Available from: 

https://www-sciencedirect-com.ezproxy.lib.ucalgary.ca/science/article/pii/S1053811913012640 

61. Merikangas KR, Nakamura EF, Kessler RC. Epidemiology of mental disorders in children and 

adolescents. Dialogues in clinical neuroscience [Internet]. Les Laboratoires Servier; 2009 [cited 2018 

May 6];11:7–20. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19432384 

62. Murray L, Arteche A, Fearon P, Halligan S, Croudace T, Cooper P. The effects of maternal postnatal 

depression and child sex on academic performance at age 16 years: a developmental approach. Journal of 

Child Psychology and Psychiatry [Internet]. 2010 [cited 2018 Feb 17];51:1150–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20840504 

63. Zhang A, Leow A, Ajilore O, Lamar M, Yang S, Joseph J, et al. Quantitative Tract-Specific Measures 

of Uncinate and Cingulum in Major Depression Using Diffusion Tensor Imaging. 

Neuropsychopharmacology [Internet]. Nature Publishing Group; 2012 [cited 2019 Jan 25];37:959–67. 

Available from: http://www.nature.com/articles/npp2011279 

64. Weinstock M. The potential influence of maternal stress hormones on development and mental health 

of the offspring. Brain, Behavior, and Immunity [Internet]. 2005 [cited 2018 Jul 21];19:296–308. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/15944068 

65. Coussons-Read ME, Okun ML, Nettles CD. Psychosocial stress increases inflammatory markers and 

alters cytokine production across pregnancy. Brain, Behavior, and Immunity [Internet]. Academic Press; 

2007 [cited 2018 Jul 25];21:343–50. Available from: https://www-sciencedirect-

com.ezproxy.lib.ucalgary.ca/science/article/pii/S0889159106002959 

66. Goodman SH, Rouse MH, Connell AM, Broth MR, Hall CM, Heyward D. Maternal Depression and 

Child Psychopathology: A Meta-Analytic Review. Clinical Child and Family Psychology Review 

[Internet]. 2011 [cited 2019 Mar 23];14:1–27. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21052833 

67. Field T. Prenatal depression effects on early development: A review. Infant Behavior and 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


Development [Internet]. JAI; 2011 [cited 2018 Dec 2];34:1–14. Available from: https://www-

sciencedirect-com.ezproxy.lib.ucalgary.ca/science/article/pii/S0163638310001062 

68. Van den Bergh BRH, Mulder EJH, Mennes M, Glover V. Antenatal maternal anxiety and stress and 

the neurobehavioural development of the fetus and child: links and possible mechanisms. A review. 

Neuroscience & Biobehavioral Reviews [Internet]. 2005 [cited 2018 Jul 21];29:237–58. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/15811496 

69. Wong ML, Kling MA, Munson PJ, Listwak S, Licinio J, Prolo P, et al. Pronounced and sustained 

central hypernoradrenergic function in major depression with melancholic features: relation to 

hypercortisolism and corticotropin-releasing hormone. Proceedings of the National Academy of Sciences 

of the United States of America [Internet]. 2000 [cited 2018 Jul 21];97:325–30. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/10618417 

70. Weinstock M. The long-term behavioural consequences of prenatal stress. Neuroscience & 

Biobehavioral Reviews [Internet]. 2008 [cited 2018 Jul 21];32:1073–86. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18423592 

71. Lohoff FW. Overview of the genetics of major depressive disorder. Current psychiatry reports 

[Internet]. NIH Public Access; 2010 [cited 2018 Dec 2];12:539–46. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20848240 

72. Leung BMY, Kaplan BJ. Perinatal Depression: Prevalence, Risks, and the Nutrition Link—A Review 

of the Literature. Journal of the American Dietetic Association [Internet]. Elsevier; 2009 [cited 2018 Feb 

17];109:1566–75. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0002822309007688 

73. Barker ED, Kirkham N, Ng J, Jensen SKG. Prenatal maternal depression symptoms and nutrition, and 

child cognitive function. British Journal of Psychiatry [Internet]. Cambridge University Press; 2013 [cited 

2018 Oct 25];203:417–21. Available from: 

https://www.cambridge.org/core/product/identifier/S0007125000079794/type/journal_article 

74. Buitelaar JK, Huizink AC, Mulder EJ, de Medina PGR, Visser GHA. Prenatal stress and cognitive 

development and temperament in infants. Neurobiology of Aging [Internet]. Elsevier; 2003 [cited 2018 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/


Jul 25];24:S53–60. Available from: https://www-sciencedirect-

com.ezproxy.lib.ucalgary.ca/science/article/pii/S0197458003000502 

 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted July 4, 2019. ; https://doi.org/10.1101/692335doi: bioRxiv preprint 

https://doi.org/10.1101/692335
http://creativecommons.org/licenses/by-nc-nd/4.0/

