
Hanna Karoliina Kero 

Master’s Thesis 

Psychology 

Faculty of Medicine 

June 2019 

Supervisor: Jari Lahti 

 

 

 

 

 

 

 

 

FoxO1 variation modifies associations between maternal depression and 

anxiety during pregnancy and offspring psychiatric problems in early 

childhood 

  



 

 

Tiedekunta / Fakultet – Faculty 

 Faculty of Medicine / Department of Psychology and Logopedics  

Laitos / Institution – Department 

 

Tekijä / Författare – Author 

Hanna Karoliina Kero 

Työn nimi / Arbetets titel – Title 

FoxO1 variation modifies associations between maternal depression and anxiety during pregnancy 

and offspring psychiatric problems in early childhood 

Oppiaine / Läroämne – Subject 

Psychology 

Työn laji / Arbetets art – Level  

Master’s thesis 

Aika / Datum – Month and year 

 June 2019 

Sivumäärä / Sidoantal – Number of pages  

31 

Tiivistelmä – Abstrakt – Abstract 

Objective: Maternal prenatal distress increases the risk for offspring psychiatric problems. Genetic 

variation in FoxO1 was recently found to moderate the association between childhood stress and the 

risk for adulthood depression. This study is set to examine if FoxO1 modifies associations between 

maternal depression or anxiety during pregnancy and the risk for offspring psychiatric problems in 

early childhood. 

Methods: Participants were 460 mother-child pairs of the Finnish Prediction and prevention of 

preeclampsia and intrauterine growth restriction (PREDO) -cohort. To measure maternal depression 

and anxiety the mothers completed the Center for Epidemiologic Studies Depression Scale (CES-D) 

and Spielberger State Anxiety Scale (STAI) up to 14 times during pregnancy. DNA was extracted from 

cord blood samples and FoxO1 genotypes from the Illumina OmniExpress Exome array. Offspring 

psychiatric problems were reported by the mothers with the Child Behavior Check List (CBCL) at the 

mean age of 3.5-years. 

Results: Higher CES-D and STAI scores during pregnancy predicted higher child CBCL scores, and 

these associations differed according to the FoxO1 rs17592371 genotypes (p-values for interaction < 

.05). Higher maternal CES-D and STAI scores associated with higher scores in Total problems and 

Externalizing problems in rs17592371 CC carriers, but not in CT/TT carriers. 

Conclusions: The study showed that variation in the FoxO1 SNP rs17592371 modified the association 

between maternal depression and anxiety during pregnancy and offspring psychiatric problems in early 

childhood. This result is in line with an earlier study focusing on the modifying role of FoxO1 variation 

in the relationship between childhood stress and depression in adulthood and may thus indicate the role 

of FoxO1 in sensitivity to psychosocial distress. 

Avainsanat – Nyckelord – Keywords 

Prenatal depression, prenatal anxiety, early psychiatric problems, gene by environment interaction, plasticity 

gene, cortisol, FoxO1 

Säilytyspaikka – Förvaringsställe – Where deposited 

Helsingin yliopiston kirjasto – Helda / E-thesis (opinnäytteet)                                 ethesis.helsinki.fi 

 

 

 

 

 

 

 



Tiedekunta / Fakultet – Faculty 

  Lääketieteellinen tiedekunta / Psykologian ja logopedian osasto 

Laitos / Institution – Department 

 

Tekijä / Författare – Author 

Hanna Karoliina Kero 

Työn nimi / Arbetets titel – Title 

FoxO1-geenin variaatio muokkaa yhteyttä äidin raskaudenaikaisen masennuksen tai ahdistuksen ja 

jälkeläisten varhaislapsuuden psykiatrisen oireilun välillä 

Oppiaine / Läroämne – Subject 

Psykologia 

Työn laji / Arbetets art – Level  

Pro gradu -tutkielma 

Aika / Datum – Month and year 

Kesäkuu 2019 

Sivumäärä / Sidoantal – Number of pages  

31 

Tavoitteet: Äidin raskaudenaikainen ahdinko kasvattaa jälkikasvun psyykkisten oireiden riskiä. 

FoxO1-geenin variaation havaittiin äskettäin muokkaavan lapsuusiän stressin ja aikuisiän 

masennusriskin välistä yhteyttä. Tämän tutkimuksen tavoitteena on tutkia, muokkaako FoxO1 

yhteyttä myös äidin raskaudenaikaisen masennuksen tai ahdistuksen ja jälkikasvun varhaislapsuuden 

psyykkisten ongelmien välillä.  

Menetelmät: Osallistujat olivat 460 äiti-lapsi paria suomalaisesta Prediction and prevention of 

preeclampsia and intrauterine growth restriction (PREDO) -kohortista. Äidit täyttivät raskauden 

aikana  Epidemiologic Studies Depression Scale (CES-D) -masennuskyselyn ja Spielberger State 

Anxiety Scale (STAI) -ahdistuskyselyn jopa 14 kertaa, joilla mitattiin äitien raskaudenaikaisen 

ahdingon tasoa. DNA eristettiin napanuorasta otetusta verinäytteestä ja FoxO1-genotyyppi 

määritettiin Illumina OmniExpress Exome sirun avulla. Jälkikasvun varhaiset psyykkiset ongelmat 

raportoitiin Child Behavior Check List (CBCL) -kyselyllä, jonka äidit täyttivät lasten ollessa 

keskimäärin 3,5 vuoden iässä. 

Tulokset: Korkeammat CES-D ja STAI pisteet olivat yhteydessä korkeampiin lapsen CBCL 

pisteisiin, mutta yhteydet erosivat FoxO1 rs17592371 -genotyypin mukaan (interaktioiden p-arvot < 

.05). Korkeampi äidin masennus ja ahdistus oli yhteydessä korkeampiin pisteisiin sekä 

kokonaisoireilussa että eksternalisoivissa oireissa FoxO1 rs17592371 CC-kantajilla, mutta ei 

CT/TT-kantajilla.  

Johtopäätökset: Tulokset osoittivat, että variaatio FoxO1-geenin yhden nukleotidin polymorfismi 

rs17592371:ssä muokkaa äidin raskaudenaikaisen masennuksen ja ahdistuksen yhteyttä jälkikasvun 

psyykkisiin ongelmiin varhaislapsuudessa. Tämä tulos on linjassa aiemman tutkimuksen kanssa, 

jossa FoxO1-variaatio muokkasi yhteyttä lapsuuden stressin ja aikuisiän masennuksen välillä. Näin 

ollen FoxO1-geenillä saattaakin olla merkitystä yksilön herkkyydessä psykososiaaliselle stressille. 

Avainsanat / Nyckelord – Keywords 

Raskaudenaikainen masennus, raskaudenaikainenen ahdistus, varhaiset psyykkiset ongelmat, geeni-ympäristö 

interaktio, plastisiteettigeeni, kortisoli, FoxO1 

Säilytyspaikka / Förvaringsställe – Where deposited 

Helsingin yliopiston kirjasto – Helda / E-thesis (opinnäytteet)                                 ethesis.helsinki.fi 

 

 

 

 

 



 

Contents 

1. Introduction................................................................................................................................... 1 

1.1. Research questions and hypotheses ....................................................................................... 4 

2. Methods and materials .................................................................................................................. 5 

2.1. Participants ............................................................................................................................ 5 

2.2. Measures ................................................................................................................................ 8 

Prenatal distress................................................................................................................................ 8 

Early psychiatric symptoms ............................................................................................................. 9 

SNP-genotyping ............................................................................................................................... 9 

Covariates....................................................................................................................................... 10 

2.3. Statistical analyses ............................................................................................................... 11 

3. Results......................................................................................................................................... 11 

3.1. Associations of maternal depression or anxiety during pregnancy and child rs17592371 on 

psychiatric problems ...................................................................................................................... 12 

3.2. Interaction effects ................................................................................................................ 14 

4. Discussion ................................................................................................................................... 19 

Conclusion ..................................................................................................................................... 25 

References .......................................................................................................................................... 26 



   

 

1 

 

1. Introduction 

Psychiatric problems are a source of significant distress not only to the adult population, but for 

individuals of any age. According to a worldwide meta-analysis an estimated 13.4 % of all children 

and adolescents suffer from some form of mental disorder (Polanczyk, Salum, Sugaya, Caye, & 

Rohde, 2015) forming a substantial burden to the individual and community alike. In Britain, for 

example, mental disorders in 5 to 15 -year-olds add up to an annual cost of at least £1.465 billion to 

the society (Snell et al., 2013).  

Early psychiatric problems have been linked to many adverse outcomes such as dropping out of 

school at an earlier age (Leach & Butterworth, 2012), criminality and incarceration (Brennan, 

Mednick, & Hodgins, 2000; Copeland, Wolke, Shanahan, & Costello, 2015), suicidality (Copeland 

et al., 2015), financial problems (Copeland, Angold, Shanahan, & Costello, 2014; Copeland et al., 

2015) and psychiatric illness later in life (Copeland et al., 2013; Copeland et al., 2014; Copeland et 

al., 2015) with the adversities showing even with subclinical symptoms (Copeland et al., 2015). 

Studies have also shown that up to 50 % of all mental illnesses in adulthood have their onset in 

adolescence (Belfer, 2008) with childhood problems predicting problems in adolescence which 

again predict problems in adulthood (Copeland et al., 2013). For effective and timely intervention, 

early detection of those at risk is vital as focused interventions should take place as early as 

possible. 

The well-validated developmental programming or “Developmental Origins of Health and Disease” 

(DOHaD) hypothesis, originally put forward by Barker et al. (1993), postulates that environmental 

adversities during critical or sensitive periods in development affect the fetal development of cells, 

tissues and organs (Gluckman, Hanson, & Buklijas, 2010). Accordingly, the prenatal environment 

has been shown to play a substantial role in children’s later psychological well-being. Several 

factors regarding the mother’s lifestyle choices and health during pregnancy, such as substance 

abuse and lower levels of education, have been associated with an elevated risk for poorer offspring 

mental health (Khoury, Jamieson, & Milligan, 2018; Tearne et al., 2015). Over and above the 

mother’s overall lifestyle, maternal depression and anxiety during pregnancy has frequently been 

shown to have adverse effects on the children (Lahti et al., 2017; Madigan et al., 2018).  

With prevalence estimates for clinically significant depression ranging from 13 to 22 % (Lee et al., 

2007; Shakeel et al., 2015) and clinically significant anxiety from 25 to 36 % (Lee et al., 2007; 
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Verly-Miguel et al., 2015) during pregnancy, maternal prenatal depression and anxiety are 

remarkably prevalent phenomena. Depression and anxiety are not problematic only to the mother, 

but greater prenatal symptoms during pregnancy have been shown to predict an increased risk of 

psychiatric problems in the offspring, manifesting as diverse behavioral, emotional and social 

problems (Lahti et al., 2017; Madigan et al., 2018; Van den Bergh et al., 2017). Findings from 

several community samples have shown that even subclinical levels of depression and anxiety may 

have a detectable impact on offspring physiological, behavioral, emotional and cognitive outcomes 

(Madigan et al., 2018; Van den Bergh et al., 2017).  

It still remains unclear whether the effects of maternal depression and anxiety during pregnancy 

depend on their timing. While some researchers have suggested a particularly influential role of 

maternal distress in distinct pregnancy periods (Howland, Sandman, Glynn, Crippen, & Davis, 

2016; Van den Bergh, Mulder, Mennes, & Glover, 2005), others have concluded that the timing 

itself is not a significant factor for the offspring mental health (Lahti et al., 2017; Madigan et al., 

2018). These mixed results are at least partly due to considerable methodological differences 

between studies and the fact that levels of prenatal distress are often assessed only once during 

pregnancy (Bussières et al., 2015), which calls for further research with multiple measurements 

during pregnancy. In addition to possible sensitive periods during pregnancy, adverse experiences 

in childhood, such as exposure to violence and abuse, neglection and parental separation, have been 

shown to elevate risks for subsequent psychiatric problems and worsen overall mental well-being 

later in life (Hughes, Lowey, Quigg, & Bellis, 2016; Rossiter et al., 2015).  

The associations between maternal depressive and anxiety symptoms during pregnancy and 

offspring psychiatric problems have been pointed out in several studies, but it is not well 

understood what their specific mechanisms are. One of the most widely studied and supported 

theories accentuates the role of the hypothalamic-pituitary-adrenal (HPA) axis (Van den Bergh et 

al., 2017). The HPA axis is the primary neuroendocrine system regulating the body’s adaptive stress 

response by controlling glucocorticoid, e.g. cortisol, secretion (Smith & Vale, 2006). Circulating 

glucocorticoids bind to glucocorticoid (GR) and mineralocorticoid receptors (MR) located in 

different tissues, forming the base for the HPA axis negative feedback loop and mediating the 

physiological effects of glucocorticoids (Smith & Vale, 2006). Maternal distress affects the 

developing fetus through increased levels of circulating glucocorticoids following HPA axis 

activation (Palma-Gudiel, Córdova-Palomera, Eixarch, Deuschle, & Fañanás, 2015). Most of the 

active maternal cortisol is transformed into its inactive form (cortisone) by the placental 11β-
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hydroxysteroid dehydrogenase type 2 (11β-HSD2) enzyme (Edwards, Benediktsson, Lindsay, & 

Seckl, 1993), thus protecting the fetus from excess glucocorticoid exposure. Cortisol binds to the 

fetus’ GRs and MRs, which act as transcription factors to alter genetic expression (Smith & Vale, 

2006). Disrupted function of the HPA axis has also been linked to several psychiatric disorders 

including depression, posttraumatic stress disorder (PTSD) and anxiety disorders (Thiagarajah et 

al., 2014). However, the effects of early life adversities are not identical in all individuals.  

Twin and adoption studies have convincingly shown that most psychiatric problems are a combined 

result of the genome, the environment and a complex interplay between the two (Tsuang, Bar, Stone 

& Faraone, 2004). This has been widely accepted his is widely, but several challenges have risen 

within the field of research. Candidate-gene research has yielded some well-validated gene by 

environment interactions showing for example that genes related to HPA axis functioning (FK506 

binding protein-5 polymorphism, FKBP5; Corticotropin-Releasing Hormone Receptor 1, CRHR1) 

may modify the effects of prenatal or early life stress on subsequent mental health (Halldorsdottir & 

Binder, 2017). However, many findings in candidate-gene research have failed to replicate. In their 

review, Heim and Binder (2012) also argue that heavily hypothesis-driven research can only 

discover a fragment of all the potential genetic variants in gene-environment interaction studies. 

By not making assumptions regarding candidate-genes, genome wide association studies (GWAS) 

could provide more insight in the modifying effects of genes in associations between early life 

distress and psychiatric problems. However, GWA studies on interactions are rather scarce and 

would demand huge amounts of data to reach sufficient statistical power (Reimers, Craver, 

Dozmorov, Bacanu, & Kendler, 2019). A vast majority of the past studies on gene by environment 

interaction on psychiatric problems have been focusing on stress occurring during childhood, 

adolescence or adulthood and not prenatally, concerning both candidate-gene and GWA studies 

(Abbott, Gumusoglu, Bittle, Beversdorf, & Stevens, 2018). To the best of my knowledge, GWA 

studies regarding prenatal distress and offspring psychiatric problems have not been published. 

A recent study by Cattaneo et al. (2018) used a novel “omics-based” strategy to screen for plausible 

genes that could modify the effects of distress on depression. In order to limit the number of 

investigated genes, they used cross-species and cross-tissue biological prioritization strategies. 

Cattaneo et al. (2018) analyzed the transcriptome and miRNome profiles from prenatal stress 

exposed rats’ hippocampal cells – a well-established animal model of early life stress relating to 

HPA axis hyperactivity and depressive behavior later in life. The profiles were analyzed to narrow 

down the list of genes that are both modulated by prenatal stress and are targeted by the miRNAs 
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that are modulated by prenatal stress. These profiles were integrated with human blood 

transcriptome data obtained from subjects exposed to early life trauma. The overlapping genes were 

analyzed using network analysis and the top cluster was tested for interactions in order to examine 

the effects of early life stress on depressive symptoms in adulthood in two different human samples 

(Cattaneo et al., 2018). Six single nucleotide polymorphisms (SNP) (rs17592371, rs17592468, 

rs28553411, rs7319021, rs12585452, rs2297626) in the FoxO1 (Forkhead Box O1) in chromosome 

13 were significantly interacting with emotional stress due to childhood traumatic experiences and 

long-term early separation from parents in childhood predicting subsequent depression.  

FoxO1 is a protein coding gene and it belongs to the FoxO subfamily of transcription factors. The 

FoxO transcription factors are the main target of insulin signaling, they regulate metabolic 

homeostasis in response to oxidative stress and are known to be involved in various cellular 

processes including proliferation, differentiation, metabolic regulation and control of bone 

formation (Calnan & Brunet, 2008; Eijkelenboom & Burgering, 2013; Kousteni, 2012; 

Tikhanovich, Cox, & Weinman, 2013), but not all specific functions are known. 

While prior to the study by Cattaneo et al. (2018) FoxO1 had not been considered as a modifier of 

early life stress on mental health, it shows sensitivity to cortisol making it a plausible candidate 

gene in gene by environment studies: FoxO1 mRNA levels were significantly upregulated 

following cortisol exposure in human hippocampal progenitor cells (Cattaneo et al., 2018) and 

glucocorticoid exposure lead to an increase in both mRNA and protein levels in mice indicating that 

FoxO1 promoters contain one or more functional Glucocorticoid receptor elements (GREs) (Qin et 

al., 2014).  

FoxO1 modified the effects of early life stress on later mental health (Cattaneo et al., 2018), but the 

possible moderating role during prenatal distress exposure is not yet known. Therefore, the aim of 

this study is to examine if FoxO1-variants moderated the association between maternal depression 

or anxiety during pregnancy and child psychiatric problems in the Finnish PREDO birth cohort. 

1.1. Research questions and hypotheses 

Research questions of this study were as follows: 1) Is maternal prenatal distress measured by 

depressive symptoms and state anxiety associated with greater offspring psychiatric problems at the 

mean age of 3.5 years in the Finnish PREDO-cohort? As for maternal depressive symptoms, Lahti 

et al. (2017) have reported in a larger PREDO sample not restricted to those with genotype data that 
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maternal prenatal depressive symptoms predicted higher psychiatric problems in the offspring. 2) 

Does the effect of prenatal distress on offspring psychiatric problems differ between trimesters? For 

the effects of depression, Lahti et al. (2017) reported previously that the effects of maternal prenatal 

depressive symptoms are nonspecific to the pregnancy trimester. 3) Is the offspring FoxO1-

variation associated with psychiatric problems in early childhood? 4) Does variation in the FoxO1-

gene moderate associations between maternal prenatal depressive or anxiety symptoms and 

childhood psychiatric problems?  

Based on previous research, the working hypotheses were that higher maternal levels of depressive 

and anxiety symptoms are connected to greater offspring psychiatric problems and that the effects 

of depressive symptoms are not trimester-specific. Additionally, I hypothesized that FoxO1-variants 

modify the effects of maternal depressive symptoms and state anxiety on child psychiatric 

problems. 

2. Methods and materials 

2.1. Participants  

Participants were 460 mother-child pairs of the Finnish Prediction and prevention of preeclampsia 

and intrauterine growth restriction (PREDO) -cohort. The flow diagram of this study is presented in 

Figure 1.  

The original cohort comprises 4777 pregnant women and their singleton infants born alive between 

2006 and 2010. The women were recruited at antenatal clinics in 10 study clinics where the women 

visited for their first ultrasound screening at 12 + 0 – 13 + 6 weeks + days of gestation. Of the 4777 

children, 983 were genotyped from a fetal cord blood sample. 

Those, who provided prenatal distress data (n = 3407, 71.3 %) were invited to the 2-week follow-

up. 3190 (93.6 % of those invited) participated. From the original cohort, 4586 women with 

obstetric and prenatal data (33 had missing data) were invited to the 3.5-year follow-up studies (3 

children had died, 55 did not wish to be contacted for follow-up, 100 were untraceable) and 2667 

(58.2 %) participated.  
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                Figure 1 Flow chart of participant selection  

All the mother-child pairs with complete genotyping (n = 983) had provided obstetric and prenatal 

data and were invited to both the 2-week and 3.5-year follow-up. 719 (73.1 % of those invited) 

participated the 2-week follow-up and 503 (51.2 % of those invited) the 3.5-year follow-up. 460 

(46.8 % of those genotyped, 9.6 % of the total cohort) women with their children took part in all 

stages and provided maternal prenatal distress data, the child’s genome data and follow-up data, and 

thus formed the analytic sample for this study.  

Compared to the nonparticipants in the original sample (n = 4317), mothers in the study sample 

were slightly older (mean age difference = 1.9 years, p < .001) and smoked less during pregnancy 

(quit during first trimester 3.3 % vs. 3.5 % and smoked throughout pregnancy 1.1 % vs 5.4 %, p < 

.001). All comparisons between the study sample and nonparticipants are presented in Table 1  
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The original PREDO study protocol was approved by the Ethics Committee of Obstetrics and 

Gynaecology and Women, Children and Psychiatry of the Helsinki and Uusimaa Hospital District 

and by the participating hospitals. All participants provided written informed consent and consent of 

participating children was provided by parent(s)/guardian(s). Further details of the PREDO study 

can be found elsewhere (Girchenko et al., 2017). 

Table 1 Characteristics of the study sample and nonparticipants 

 
Study Sample (N=460)  

Nonparticipants 
(N=4317)  

Study variables 
n 

Mean (SD) / n 
(%)   n 

Mean (SD) / n 
(%) p 

Maternal age at delivery, years 460 33.24 (5.43)  2148 31.31 (4.79) < .001 
Maternal Education 460   3939  .77 

Primary Education  14 (3.0%)   155 (3.6%)  
Secondary Education  168 (36.5%)   1469 (34%)  

Lower Tertiary Education  122 (26.5%)   1018 (23.5%)  
Upper Tertiary Education  156 (33.9%)   1297 (30%)  

Smoking during pregnancy 460   4297  < .001 

Quit during first trimester  15 (3.3%)   153 (3.5%)  
Smoked throughout pregnancy  5 (1.1%)   235 (5.4%)  

Maternal alcohol drinking during 
pregnancy 452 71 (15.4%)  3130 521 (12.0%) .62 
Child Sex, Boy 460 233 (50.7%)  4295 2251 (52.0%) .47 
Maternal BDI at follow-up 458 6.74 (6.65)  2119 6.32 (6.21) .20 

       
CES-D       

Trimester mean 460 11.42 (6.60)  2944 11.48 (6.37) .84 
1st trimester 442 11.37 (7.90)  2791 11.52 (7.92) .71 

2nd trimester 458 11.12 (6.82)  2928 11.07 (6.44) .88 
3rd trimester 457 11.83 (7.53)  2811 11.81 (7.10) .97 

STAI        
Trimester mean 460 33.49 (8.18)  2945 33.02 (7.59) .24 

1st trimester 441 32.37 (10.59)  2785 31.73 (9.66) .23 
2nd trimester 458 33.53 (8.35)  2928 33.10 (7.77) .30 
3rd trimester 457 34.55 (9.03)  2811 34.07 (8.59) .27 

CBCL Total Problems t-score 460 45.76 (8.83)  2134 46.24 (9.32) .29 

CBCL Externalizing t-score 460 47.20 (8.85)  2134 47.31 (9.21) .81 

CBCL Internalizing t-score 460 45.06 (8.64)   2134 45.77 (9.64) .12 

CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies Depression Scale; STAI, Spielberger State Anxiety 
Scale  

Trimester mean refers to questionnaire scores averaged across all trimesters 

CES-D and STAI were completed up to 14 times during pregnancy. Early psychiatric problems were reported by the mothers with 
CBCL at the mean age of 3.5. 
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2.2. Measures  

Prenatal distress 

In this study, maternal prenatal distress levels were measured through levels of depressive 

symptoms and state anxiety biweekly up to 14 times during pregnancy. The baseline levels were 

measured at gestational weeks + days 12+0 – 13+6 biweekly until 38+0 – 39 + 6 weeks+ days of 

gestation or delivery.  

Maternal depressive symptoms. Participants completed the Center for Epidemiologic Studies 

Depression Scale (CES-D) (Radloff, 1977) at two-week intervals. The CES-D questionnaire 

comprises 20 questions, rated on a scale of zero (none of the time) to three (all of the time). Higher 

total sum scores reflect more depressive symptoms during the past week (Radloff, 1977; Vilagut, 

Forero, Barbaglia, & Alonso, 2016). A mean sum score across trimesters and trimester-specific 

scores (first trimester: week 12 measurement, second trimester: mean of scores during week 14 to 

26, third trimester: mean of scores during week 28 to 38 or delivery) were calculated, after which a 

square root transformation was conducted to attain normality. Maternal state anxiety. Participants 

filled the Spielberger State Anxiety Scale (STAI) (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 

1983)  questionnaire also biweekly. The questionnaire comprises 20 items evaluating the amount of 

anxiety currently experienced on a scale from one (not at all) to four (very much so) with higher 

scores indicating higher levels of anxiety. As with CES-D, a mean sum score across trimesters and 

trimester-specific scores (first trimester: week 12 measurement, second trimester: mean of scores 

during week 14 to 26, third trimester: mean of scores during week 28 to 38 or delivery) were 

calculated. Due to heavy skewness, a logarithmic transformation was conducted to attain normality. 

Both CES-D and STAI questionnaires are used widely in both research and clinical settings and are 

considered as valid and reliable measures for self-assessed depression and anxiety with acceptable 

psychometric properties (reported Cronbach’s α = .85-.90 and .89-.92 for CES-D and STAI, 

respectively)  (Barnes, Harp, & Jung, 2002; Radloff, 1977; Spielberger et al., 1983; Vilagut et al., 

2016). In this data, the trimester-specific depression and state anxiety levels were highly 

intercorrelated (Pearson’s r = .62-.83 for CES-D and .60-.78 for STAI, p < .001 in all cases), and 

there was also a strong correlation between the CES-D and STAI scores averaged across trimesters 

(Pearson’s r = .84, p < .001). 
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Early psychiatric symptoms 

The offspring early psychiatric symptoms were measured at the 3.5-year follow-up with the Child 

Behavior Check List 1½−5 (CBCL 1½−5) reported by the mothers (Achenbach & Rescorla, 2000). 

The CBCL questionnaire is a parent-report questionnaire used widely for both clinical and research 

purposes (Rescorla et al., 2011). The questionnaire comprises 99 problem items where behaviors 

are rated on a scale of zero (not true) to two (very true or often true) assessing three broad main 

scales used in this study (total problems, externalizing problems and internalizing problems), but 

also DSM-oriented scales (affective, anxiety, pervasive developmental, attention-

deficit/hyperactivity and oppositional defiant problems) and syndrome scales (emotionally reactive, 

anxious/depressed, somatic complaints, withdrawn, sleep problems, attention problems and 

aggressive behavior) (Achenbach & Rescorla, 2000; Macmann & Barnett, 1993). The CBCL 

questionnaire has internationally well-documented reliability and validity (reported Cronbach’s α = 

94-.88 for the three broad scores) (Rescorla et al., 2011). The raw scores were transformed into 

standardized t-scores after which a square root transformation was conducted to attain normality. In 

this data, the CBCL Total problems, Internalizing problems and Externalizing problems scores were 

highly intercorrelated (Pearson’s r = .61-.90, p < .001 for all correlations). 

SNP-genotyping  

A total of 996 cord blood samples were genotyped. Genotyping was performed on Illumina Human 

Omni Express Exome Arrays containing 964,193 SNPs. Only markers with a call rate of at least 

98%, a minor allele frequency of at least 1% and a p-value for deviation from Hardy-Weinberg-

Equilibrium (HWE) > 1.0 x 10⁻⁶ were kept in the analyses. After the quality control, 587,290 SNPs 

were available and a total of 11 samples were removed due to a call rate below 98%.  

Any pair of samples with identical by descent (IBD) estimates greater than 0.125 was checked for 

relatedness. For most pairs, high IBD estimates could be explained by the individuals’ African 

origin. As admixture in the analyses was corrected, these samples were kept except for one pair 

which could not be resolved. From this pair, one pair of the samples was excluded from further 

analyses. Individuals showing discrepancies between phenotypic and genotypic sex (n=1) were 

removed. The data was also checked for heterozygosity outliers but none were found.  

983 participants were available in the final dataset. Imputation was performed using Shapeit2 

(https://mathgen.stats.ox.ac.uk./genetics_software/shapeit/shapeit.html) and Impute2 
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(https://mathgen.stats.ox.ac.uk/impute/impute_v2.html) after excluding AT and CG SNPs. 

Chromosomal and base pair positions were updated to the 1000 Genomes Phase 3 reference set, 

allele strands were flipped where necessary. 

In this data, the six individual intronic SNPs identified by Cattaneo et al. (2018) were in perfect 

linkage disequilibrium (LD) with D’ 1.0 and the intercorrelations between the six SNPs were r = 

1.0, p < .001, indicating perfect linear correlation. Therefore the analyses were conducted using 

only the directly genotyped SNP rs17592371, which also had shown the strongest interaction with 

early emotional stress in the study by Cattaneo et al. (2018). Minor allele frequency (MAF), HWE, 

and call rate for rs17592371 was 0.09, 0.89 and 1, respectively. The data from the low MAF 

homozygous TT carriers (n=6) were combined with heterozygous CT carriers (n=71) resulting in 

two genome groups: the CT/TT carriers (n=77, 16.7 %) and the CC carriers (n=383, 83.3 %). 

Covariates 

The covariates included sex and age of the child, maternal age at delivery, maternal education level 

(primary, secondary, upper and lower tertiary level), smoking during pregnancy (did not smoke/quit 

during first trimester/smoked throughout pregnancy) and maternal alcohol use in the past four 

weeks / during the time they already knew they were pregnant (yes/no) at 12 to 13 weeks of 

gestation. All selected covariates have been associated with child psychiatric problems in early 

childhood (e.g. Carneiro, Dias, & Soares, 2016). The listed covariates were self-reported in a 

questionnaire given to the mothers during pregnancy, except for maternal smoking, which was 

derived from the Finnish Medical Birth Register (MBR) and the child’s age at follow-up (years), 

which was reported while filling the CBCL-questionnaire.  

Maternal depressive symptoms at follow-up was controlled as well, as the mothers completed the 

Beck Depression Inventory – II (BDI-II) comprising 21 items reflecting severity of depressive 

symptoms during the past two weeks with a sum-score of ≥ 14 indicating at least mild depressive 

symptomatology (Beck, Steer, & Brown, 1996; Erford, Johnson, & Bardoshi, 2016). BDI-II is well-

validated and widely used by both clinicians and researchers (Beck et al., 1996; Erford et al., 2016). 

In addition, three multi-dimensional scaling (MDS) components derived from the genome-wide 

genotyping data were added to control population stratification. 
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2.3. Statistical analyses 

Multiple linear regression analyses were used to examine if maternal prenatal distress, the selected 

SNP (rs17592371) in FoxO1 and the interaction between them predicted the child’s Total problems, 

Externalizing and Internalizing CBCL-scores measured between 2-6 years of age.  

First, the direct effects of prenatal distress and rs17592371 were examined through linear regression 

with no covariates (direct unadjusted model), after which the model was adjusted for sex and age of 

the child, maternal age at delivery, maternal education level, maternal smoking and alcohol 

consumption during pregnancy, maternal depressive symptoms at follow-up and three multi-

dimensional scaling components (direct adjusted model).  

Two linear regression models were then built to examine the interactions between maternal 

depressive and anxiety symptoms during pregnancy and rs17592371. The first model included 

rs17592371, maternal depressive symptoms or state anxiety, and their cross-product term 

(unadjusted model). The second model included also the sex and age of the child, maternal age at 

delivery, maternal education level, maternal smoking and alcohol consumption during pregnancy, 

maternal depressive symptoms at follow-up and three multi-dimensional scaling components and 

interactions of all covariates with the child’s CBCL-scores and rs17592371 (adjusted model) as 

suggested by Keller (2014). All models were run with both CES-D and STAI means across 

trimesters and trimester-specific scores. Those models with significant interactions in the fully 

adjusted analyses were then analyzed further stratified by the rs17592371 genotype.  

Two-tailed p < .05 was considered statistically significant. Correlations between maternal CES-D 

and STAI scores were statistically significant, and the CBCL Total problems score consist of the 

Externalizing and Internalizing problems scores, which all were highly intercorrelated. Thus, the 

assumptions for Bonferroni-correction were not met, and multiple testing correction was not 

conducted. All the analyses were completed with IBM SPSS version 24. 

3. Results 

Characteristics of the sample by genome are displayed in Table 2. The two genome groups did not 

differ significantly from one another except for the CT/TT carrier group having a bigger percentage 

of mothers who smoked throughout pregnancy (χ2 (2) = 6.94, p < 0.05).  
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3.1. Associations of maternal depression or anxiety during pregnancy and child 

rs17592371 on psychiatric problems  

As expected based on the Lahti et al. (2017) results in a larger PREDO sample not restricted to 

those with genotype data, higher prenatal CES-D scores predicted higher offspring CBCL Total 

problems, Externalizing problems and Internalizing problems scores in all three trimesters 

Table 2 Characteristics of the study sample by genotype in the FoxO1 SNP rs17592371 

  CC carriers (n = 383)  CT/TT carriers (n = 77)  

Study variables M (SD) / n (%)   M (SD) / n (%) p 

Maternal age at delivery, years 33.3 (5.4)  33.1 (5.4) .84 

Maternal Education    .31 

Primary Education 14 (3.7%)  0 (0%)  

Secondary Education 142 (37.1%)  26 (33.8%)  

Lower Tertiary Education 99 (25.8%)  23 (29.9%)  

Upper Tertiary Education 128 (33.4%)  28 (36.4%)  

Smoking during pregnancy    .04 

Quit during first trimester 12 (3.1%)  3 (3.9%)  
Smoked throughout pregnancy 2 (0.5%)  3 (3.9%)  

Maternal alcohol drinking 
during pregnancy 

  57 (14.9%)*      14 (18.2%)** .41 

Child Sex, Boy 187 (48.8%)  46 (59.7%) .08 

Maternal BDI at follow-up       6.64 (6.63)***  7.20 (6.80) .50 
     

CES-D      

Trimester mean 11.36 (6.59)  11.67 (6.68) .71 

1st trimester 11.30 (7.55)  11.69 (9.47) .70 

2nd trimester 11.04 (6.87)  11.49 (6.57) .60 

3rd trimester 11.80 (7.60)  11.95 (7.22) .88 

STAI      

Trimester mean 33.50 (8.04)  33.46 (8.86) .97 

1st trimester 32.31 (10.12)  32.67 (12.74) .82 

2nd trimester 33.56 (8.27)  33.40 (8.82) .88 
3rd trimester 34.57 (8.99) 

 
34.47 (9.30) .93 

CBCL Total Problems t-score 45.74 (8.86)  45.86 (8.74) .91 

CBCL Externalizing t-score 47.15 (8.77)  47.43 (9.34) .80 

CBCL Internalizing t-score 45.11 (8.70)   44.81 (8.39) .77 

BDI, Beck Depression Inventory; CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies 
Depression Scale; STAI, Spielberger State Anxiety Scale  

Trimester mean refers to questionnaire scores averaged across all trimesters 

CES-D and STAI were completed up to 14 times during pregnancy. Early psychiatric problems were reported by the 
mothers with CBCL at the mean age of 3.5. 

Missing: * 5, ** 3  and *** 2 observations 
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individually as well as averaged across the trimesters in the models adjusted for sex and age of the 

child, maternal age at delivery, maternal education level, maternal smoking and alcohol 

consumption during pregnancy and maternal depressive symptoms at follow-up (all p-values < .05). 

Higher STAI scores averaged across the trimesters predicted higher offspring CBCL Total 

problems, Externalizing problems, and Internalizing problems scores in the fully adjusted models 

(p-values < .05). Higher trimester-specific STAI-scores predicted higher CBCL Total problems, 

Externalizing problems, and Internalizing problems scores in the unadjusted model (p-values < .05), 

but after covariate adjustments, the first trimester scores were no longer significant in predicting 

Total problems and Internalizing problems (p-values > .10). Rs17592371 showed no associations 

with any of the CBCL-scores (all p-values > .50). The trimester-specific β-coefficients did not 

differ statistically significantly from one-another in any of the models (all p-values > .05)  based on 

overlapping confidence intervals (Cumming, 2009). Direct effects are presented in Table 3. 

Table 3 Associations of maternal depressive symptoms or state anxiety during pregnancy and FoxO1 rs17592371 
on offspring psychiatric problems in childhood (CBCL Total problems and Externalizing problems)  

  
CBCL Total problems* 

  
CBCL Externalizing 

problems*   
CBCL Internalizing 

problems* 

Variable   β CI (95 %)  p   β CI (95 %)  p   β CI (95 %)  p 

CES-D  
           

Unadjusted 
Trimester 

mean 
.33 (.24,  .40) < 0.001  .26 (.17,  .34) < 0.001  .31 (.20,  .36) < 0.001 

 1st trimester .29 (.20,  .37) < 0.001  .24 (.15,  .33) < 0.001  .29 (.19,  .35) < 0.001 

 2nd trimester .31 (.21,  .37) < 0.001  .25 (.16,  .32) < 0.001  .28 (.17,  .32) < 0.001 

 3rd trimester .30 (.20,  .37) < 0.001  .22 (.12,  .29) < 0.001  .28 (.17,  .33) < 0.001 
  

           

Adjusted 
Trimester 

mean 
.21 (.11, .31) < 0.001  .14 (.05, .25) .007  .24 (.12, .31) < 0.001 

 1st trimester .17 (.06, .27) .001  .13 (.03, .24) .014  .20 (.09, .28) < 0.001 

 2nd trimester .19 (.09, .28) < 0.001  .14 (.04, .23) .007  .20 (.08, .26) < 0.001 

 3rd trimester .19 (.09, .27) < 0.001  .11 (.01, .20) .039  .21 (.10, .28) < 0.001 
STAI  

           

Unadjusted 
Trimester 

mean 
.29 (.19,  .36) < 0.001  .21 (.12,  .29) < 0.001  .29 (.18,  .34) < 0.001 

 1st trimester .19 (.09,  .26) < 0.001  .14 (.04,  .21) .005  .23 (.11,  .27) < 0.001 

 2nd trimester .32 (.21,  .38) < 0.001  .25 (.15,  .31) < 0.001  .30 (.18,  .33) < 0.001 

 3rd trimester .29 (.19,  .36) < 0.001  .21 (.11,  .29) < 0.001  .27 (.16,  .32) < 0.001 
  

           

Adjusted 
Trimester 

mean 
.18 (.08, .27) < 0.001  .11 (.02, .21) .032  .21 (.10, .28) < 0.001 

 1st trimester .08 (-.02, .16) .12  .04 (-.05, .13) .46  .13 (.03, .20) .009 

 2nd trimester .21 (.10, .28) < 0.001  .15 (.05, .23) .003  .21 (.10, .27) < 0.001 

 3rd trimester .19 (.09, .27) < 0.001  .11 (.02, .21) .022  .20 (.09, .26) < 0.001 
rs17592371 (CC & CT/TT)            

Unadjusted  .01 (-.09, .09) .91  .01 (-.10, .09) .86  -.01 (-.10, .07) .79 
Adjusted  -.02 (-.10, .08) .69  -.03 (-.11, .06) .57  -.02 (-.09, .08) .68 

Adjusted models include Sex and age of the child, Maternal age at delivery, Maternal education level, Maternal smoking and alcohol 
consumption during pregnancy and Maternal depressive symptoms at follow-up. 

CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies Depression Scale; STAI, Spielberger State Anxiety Scale  

CES-D and STAI were completed up to 14 times during pregnancy. Early psychiatric problems were reported by the mothers with 
CBCL at the mean age of 3.5. 

CI (95 %) = 95 % Confidence interval for standardized regression coefficient, β = Standardized regression coefficient  
*N = 432-460 depending on missing data 
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3.2. Interaction effects 

The interaction effects between maternal CES-D or STAI scores during pregnancy and 

rs17592371on the offspring CBCL Total problems and Externalizing  problems scores were 

significant in both interaction models (unadjusted and adjusted models; all p-values for interaction 

< .05), but non-significant (p-values for interaction  > .1) on the CBCL Internalizing problems score 

in all the models calculated with the mean score averaged across the trimesters (Table 4). 

When the trimester-specific effects were analyzed, the interactions between rs17592371 and 

maternal CES-D or STAI scores during pregnancy on offspring CBCL Total problems and CBCL 

Externalizing problems scores were significant in all three models in the first trimester (p-values for 

interaction < .05). Interactions between rs17592371 and second trimester CES-D or STAI scores 

were statistically significant in all adjusted models (p-values for interaction < .05) except one: 

rs17592371 by second trimester STAI interaction turned non-significant after adjustments (p-value 

0.06). Interactions calculated using third trimester CES-D or STAI scores were non-significant (p  

values for interaction > .05) as well as all interaction effects on offspring Internalizing problems (p-

values for interaction > .10). All interactions are shown in Table 4.  

Table 4 Interaction effects between maternal depressive symptoms or state anxiety during 
pregnancy and FoxO1 rs17592371 on offspring psychiatric problems in childhood (CBCL Total 
problems and Externalizing problems) 
 Total problems   Externalizing problems  Internalizing problems 

 Unadjusted Adjusted  Unadjusted Adjusted  Unadjusted Adjusted 

Prenatal distress p p   p p   p p 

CES-D         
Trimester mean .01 .006  .01 .01  .27 .18 

1st trimester .002 .002  < .001 < .001  .13 .12 
2nd trimester .09 .039  .14 .045  .58 .34 
3rd trimester .11 .22  .28 .20  .48 .70 

STAI         
Trimester mean .009 .009  .019 .010  .15 .21 

1st trimester .017 .011  .022 .010  .12 .15 
2nd trimester .027 .06  .05 .046  .30 .40 
3rd trimester .07 .22  .14 .11  .40 .71 

The adjusted model includes the Sex and age of the child, Maternal age at delivery, Maternal education level, 
Maternal smoking and alcohol consumption during pregnancy, Maternal depressive symptoms at follow-up, three 
Multi-dimensional scaling components and interactions of all covariates with the child’s CBCL-scores and 
rs17592371.  
CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies Depression Scale; STAI, Spielberger 
State Anxiety Scale  
CES-D and STAI were completed up to 14 times during pregnancy. Early psychiatric problems were reported by the 
mothers with CBCL at the mean age of 3.5. 

N = 432-460 depending on missing data 
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Direct associations between maternal depression or anxiety and child CBCL Total problems and 

Externalizing problems scores were then analyzed separately in the rs17592371 CC and the CT/TT 

carriers in those models showing significant interaction effects. Table 5 shows that higher maternal 

CES-D and STAI scores during pregnancy associated with higher scores in both CBCL Total 

problems and Externalizing problems in the rs17592371 CC carriers (all p-values < .005), but not in 

the CT/TT carriers (all p-values > .10) when using the CES-D and STAI mean scores averaged 

across trimesters. Trimester-specific CES-D and STAI scores from the first and second pregnancy 

trimester associated statistically significantly with offspring CBCL Total problems and 

Externalizing problems scores in the CC carriers in all models (p-values < .005) except one: the 

association between first trimester STAI and CBCL Externalizing problems turned non-significant 

after adjustments (p =. 057). In the CT/TT carriers maternal CES-D or STAI scores during 

pregnancy were not associated with any of the CBCL scores (all p-values > .05) (Table 5). None of 

the trimester-specific β-coefficients differed statistically significantly from one-another in any of 

the models (all p-values > .05) examined as suggested by Cumming (2009). 

Figure 2 illustrates the interactions between maternal prenatal depression and anxiety levels 

averaged across trimesters and rs17592371 genotype on the offspring CBCL Total problem and 

Externalizing scores. Figure 3 illustrates the interaction effects with trimester-specific levels of 

maternal prenatal depression and anxiety in the first and second trimester. 

  



   

 

16 

 

TABLE 5 Associations of maternal depressive symptoms or state anxiety during 

pregnancy on offspring psychiatric problems in childhood (CBCL Total problems and 

Externalizing problems) according to FoxO1 rs17592371 CC and CT/TT carriers. Only 

those models showing significant moderation of association between maternal 

depression or anxiety and child CBCL scores by rs17592371were analyzed.      

  CBCL Total Problems 

  CC carriers*   CT/TT carriers*  

       
Prenatal Distress   β CI (95 %) p  β CI (95 %) p 

CES-D              
Unadjusted Trimester mean .38 (.28, .46) < .001  .07 (-.16, .30) .53 

 1st trimester .36 (.26, .46) < .001  .01 (-.20, .22) .92 

 2nd trimester .34 (.23, .41) < .001  .12 (-.11, .35) .29 
Adjusted Trimester mean .28 (.16, .38) < .001  -.16 (-.47, .14) .29 

 1st trimester .25 (.14, .36) < .001  -.23 (-.47, .07) .14 

 2nd trimester .23 (.12, .32) < .001  -.08 (-.38, .22) .60 
STAI         

Unadjusted Trimester mean .34 (.24, .42) < .001  .04 (-.18, .26) .72 

 1st trimester .24 (.13, .32) < .001  -.02 (-.21, .17) .85 

 2nd trimester .36 (.25, .43) < .001  .11 (-.11, .31) .35 
Adjusted Trimester mean .24 (.13, .33) < .001  -.12 (-.40, .16) .40 

 1st trimester .14 (.03, .23) .01  -.23 (-.43, .06) .14 

 2nd trimester .25 (.14, .33) < .001  -.01 (-.27, .25) .95 

    CBCL Externalizing Problems 

  CC carriers*  CT/TT carriers* 

       
Prenatal Distress   β CI (95 %) p   β CI (95 %) p 

CES-D           
Unadjusted Trimester mean .31 (.21, .40) < .001  .01 (-.22, .24) .93 

 1st trimester .32 (.23, .42) < .001  -.08 (-.28, .14) .52 

 2nd trimester .29 (.18, 36) < .001  .08 (-.15, .31) .48 
Adjusted Trimester mean .21 (.10, .32) < .001  -.23 (-.54, .07) .13 

 1st trimester .23 (.12, .35) < .001  -.30 (-.54, .00) .053 

 2nd trimester .18 (.07, .28) .001  -.12 (-.42, .19) .44 
STAI         

Unadjusted Trimester mean .26 (.16, .35) < .001  -.01 (-.23, .21) .94 

 1st trimester .19 (.08, .28) < .001  -.07 (-.25, .13) .54 

 2nd trimester .29 (.18, .36) < .001  .05 (-.16, .26) .66 
Adjusted Trimester mean .17 (.06, .27) .002  -.19 (-.46, .10) .21 

 1st trimester .10 (.00, .20) .057  -.27 (-.46, .03) .08 

 2nd trimester .19 (.08, .28) < .001  -.06 (-.31, .21) .69 

The adjusted models include the Sex and age of the child, Maternal age at delivery, Maternal education level, Maternal 
smoking and alcohol consumption during pregnancy, Maternal depressive symptoms at follow-up and three Multi-
dimensional scaling components. 

CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies Depression Scale; STAI, Spielberger State 
Anxiety Scale  

Trimester mean refers to questionnaire scores averaged across all trimesters 

CI (95 %) = 95 % Confidence interval for standardized regression coefficient 

β = Standardized regression coefficient 

N(CC carriers) = 360-381  depending on missing data, N(CT/TT carriers) = 72-77  depending on missing data 
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Figure 1 Associations between maternal depressive symptoms and state anxiety during pregnancy 

averaged across trimesters and offspring CBCL Total problem and Externalizing scores at 3.5 

years according to rs17592371 genotype. The models were adjusted for Sex and age of the child, 

Maternal age at delivery, education level, smoking and alcohol consumption during pregnancy, 

Maternal depressive symptoms at follow-up and three Multi-dimensional scaling components.  

β, Standardized regression coefficient; CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies 

Depression Scale; SNP, Single nucleotide polymorphism; STAI, Spielberger State Anxiety Scale.  

N(CC carriers) = 376, N(CT/TT carriers) = 74 
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Figure 3 Associations between maternal depressive symptoms and state anxiety during pregnancy in the first and second trimester and offspring 

CBCL Total problem and Externalizing scores at 3.5 years according to rs17592371 genotype. The models were adjusted for Sex and age of the 

child, Maternal age at delivery, education level, smoking and alcohol consumption during pregnancy, Maternal depressive symptoms at follow-

up and three Multi-dimensional scaling components.  

β, Standardized regression coefficient; CBCL, Child Behavior Check List; CES-D, Center for Epidemiologic Studies Depression Scale; SNP, Single nucleotide 

polymorphism; STAI, Spielberger State Anxiety Scale.  

N(CC carriers) = 360-381, N(CT/TT carriers) = 72-77
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4. Discussion 

This study investigated associations between maternal depressive symptoms and state anxiety 

during pregnancy and FoxO1 SNP rs17592371 on offspring psychiatric problems in 

childhood. Moreover, this study examined if rs17592371 moderated the effects of maternal 

depressive symptoms and state anxiety during pregnancy.  

As hypothesized, higher levels of depressive symptoms and state anxiety during pregnancy 

were associated with greater psychiatric problems in offspring, when examining levels 

averaged across trimesters. These findings were fully in line with previous research (Lahti et 

al., 2017; Madigan et al., 2018). Also in line with the hypothesis and previous research 

conducted on the PREDO cohort (Lahti et al., 2017), the effects of depressive symptoms on 

offspring psychiatric problems seemed to be equally strong in each individual trimester. 

However, according to the analyses, anxiety was a statistically significant predictor for 

offspring Total problems and Externalizing problems only in the second and third trimester, 

but significant in all three trimesters for Internalizing problems.  

Findings in previous studies on the effects of the timing of maternal depression and anxiety 

are inconsistent and very few studies have actually examined these effects. Some studies have 

reported significant effects of maternal depression in only the first and second trimester 

(Huot, Brennan, Stowe, Plotsky, & Walker, 2004), whereas others have found all trimesters 

significant (Davis et al., 2007; Lahti et al., 2017). Similarly, no significant effects of the 

timing of prenatal anxiety have been reported (Davis et al., 2007). However, one study did 

report that higher levels of state anxiety in the second trimester, but not in the third trimester, 

associated with greater offspring Externalizing problems (Van den Bergh & Marcoen, 2004). 

When considering these results, it should be kept in mind that levels of state anxiety – as well 

as depressive symptoms - were measured at multiple time points during the second and third 

trimesters in this study, making the estimates more reliable as compared to the first trimester 

with only one measure point. The trimester-specific distress levels were also highly 

intercorrelated and the effects of the mean across trimesters were significant in all models, 

which might indicate the relevance of a longer-lasting exposure during the whole pregnancy. 

Both maternal state anxiety and depression levels have also been reported to stay relatively 

stable throughout pregnancy (Lahti et al., 2017; Mughal et al., 2018). While it is clear that 
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maternal depression and anxiety during pregnancy have adverse effects on the offspring 

mental health (Madigan et al., 2018; Van den Bergh et al., 2017), research examining the 

effects of the timing suffers from marked methodological variability and little data is 

presented on the first half of the first trimester (Bussières et al., 2015; Lahti et al., 2017; 

Madigan et al., 2018), which makes it difficult to draw simple conclusions.  

FoxO1 SNP rs17592371 did not have a significant effect as an independent predictor of 

offspring psychiatric problems. However, as hypothesized based on the associations reported 

by Cattaneo et al. (2018), associations between maternal depressive symptoms and state 

anxiety during pregnancy and offspring psychiatric problems in early childhood were 

moderated by rs17592371. Higher maternal depressive symptoms and state anxiety averaged 

across trimesters predicted greater offspring psychiatric problems in the CC carriers but not in 

the CT/TT carriers in the linear regression models. This result is in line with the study by 

Cattaneo et al. (2018) focusing on the modifying role of FoxO1 variation in the relationship 

between childhood stress and depression in adulthood. The interactions between FoxO1 

rs17592371 variation and levels of maternal depressive symptoms and state anxiety were 

significant in the first two trimesters but not in the third one. In the analyses, the effects of 

maternal prenatal distress were equally strong in the rs17592371 CC carrier group in the first 

two trimesters in all models for both Total problems and Externalizing problems. No 

statistically significant effects were observed in the rs17592371 CT/TT carrier group. These 

findings suggest that the child T-allele in FoxO1 polymorphism (rs17592371) might protect 

from adverse effects of maternal depressive symptoms and state anxiety during pregnancy in 

the first two pregnancy trimesters. 

The previous study associating FoxO1 with psychiatric problems focused on adult depression 

(Cattaneo et al., 2018). In the Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition (American Psychiatric Association, 2013) depression belongs to a cluster of 

internalizing disorders and in a similar manner, the anxious/depressed syndrome scale in the 

CBCL-questionnaire is a part of the Internalizing problems scale (Achenbach & Rescorla, 

2000). In contrast, the interactions between the genome and maternal distress on offspring 

psychiatric problems in this study were statistically significant on the CBCL Total problems 

and Externalizing problems scale but not the Internalizing problems scale. However, it should 

be taken into account that the offspring psychiatric problems were assessed at an early age in 

this study (mean age = 3.5). Diagnostic transitions from childhood through adolescence and 

adulthood are a common phenomenon (Copeland et al., 2013) and previous studies have 
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shown that Externalizing problems in early childhood can predict subsequent depression 

(Loth, Drabick, Leibenluft, & Hulvershorn, 2014).  

At this point, the exact mechanisms through which maternal distress effects the developing 

fetus or how FoxO1 modifies these effects are not known, but there might be a link between 

the gene and the programming of the HPA axis. The HPA axis controls the secretion of 

glucocorticoids during the circadian cycle and stress response, regulating or supporting a 

number of cardiovascular, metabolic, immunologic, and homeostatic functions (Smith & 

Vale, 2006). The HPA axis’ delayed glucocorticoid feedback system is regulated by GRs 

localized in a number of stress-responsive brain regions such as the hippocampus (Smith & 

Vale, 2006). Glucocorticoids influence the developing fetus by binding to GRs and MRs. 

These receptors act as transcription factors to alter genetic expression but can also mediate 

faster non-genomic effects via receptors located directly in membranes, at least in the 

hippocampus  (de Kloet, Karst, & Joëls, 2008; Karst et al., 2005).  

The development of the human HPA-axis is a complex process involving the maturation of 

fetal organs in interaction with placental and maternal endocrine systems. Research suggests 

that during early gestation the fetal pituitary is not yet fully developed making the maturing 

HPA axis more reliant on placental and maternal hormones (Bolt, van Weissenbruch, Lafeber, 

& Delemarre-van de Waal, 2002). By late gestation, the HPA axis is already well developed 

and begins to function adequately in response to stress (Bolt et al., 2002). A sufficient 

exposure to glucocorticoids plays an important role in normal fetal development but excess 

levels have been shown to be harmful (Korgun, Ozmen, Unek, & Mendilcioglu, 2012).  

Elevated cortisol levels have been associated with both depression (Juruena, Bocharova, 

Agustini, & Young, 2018) and anxiety (Kane, Dunkel Schetter, Glynn, Hobel, & Sandman, 

2014) as well as comorbid depression and anxiety (Gerritsen et al., 2019), although 

contradictory and inconclusive findings have also been reported (Knorr, Vinberg, Kessing, & 

Wetterslev, 2010; Staufenbiel, Penninx, Spijker, Elzinga, & van Rossum, 2013) – especially 

regarding depression during pregnancy (Orta, Gelaye, Bain, & Williams, 2018). Elevated 

levels of maternal glucocorticoids during pregnancy have been associated with several 

problems with the offspring mental health, such as behavioral and temperamental problems, 

depression, and hyperactivity (O'Donnell, O'Connor, & Glover, 2009; Weinstock, 2008).  

Fetal glucocorticoid exposure is mainly regulated by the placental enzyme 11β-HSD2 by 

converting active glucocorticoids (cortisol) to inactive glucocorticoids (cortisone) (Edwards et 
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al., 1993), protecting the fetus from the mother’s higher glucocorticoid levels throughout 

pregnancy (Edwards et al., 1993). Maternal state and trait anxiety levels during pregnancy 

have been associated with a reduction in the expression and activity of placental 11β-HSD2 

with a similar, although somewhat weaker results with depressive symptoms (O’Donnell et 

al., 2012). More research needs to be conducted on humans, but the results have gained 

support from animal-studies.  

11β-HSD2 activity in rats can be altered through maternal stress exposure, as acute stress 

exposure up-regulates the enzyme activity and chronic stress exposure reduces the enzyme’s 

capacity to transform cortisol to the inactive form (Mairesse et al., 2007; Welberg, 

Thrivikraman, & Plotsky, 2005) and more generally in rodents, prenatal stress has been 

shown to reduce the number of both GRs and MRs in the hippocampus, resulting in lasting 

effects on the HPA axis regulation (Henry, Kabbaj, Simon, Le Moal, & Maccari, 1994).  

Several studies in rodents have demonstrated that the effects of prenatal stress are at least 

partly mediated via the HPA axis through excess glucocorticoid exposure (Harris & Seckl, 

2011). Similar findings have been seen in human studies as well, but the results are not yet 

clear nor sufficient. Glover, O’Connor, and O’Donnell (2010) concluded in their review that 

many studies found an association between prenatal stress and some aspect of the offspring 

HPA axis functioning, but the nature of the association varied across the studies.  

The specific functions of FoxO1 are not clear, which makes it difficult to draw simple 

conclusions on the underlying mechanisms. The FoxO transcription factors are connected to a 

wide array of functions, ranging from cell proliferation to metabolism (Eijkelenboom & 

Burgering, 2013) but more specifically, FoxO1 has been identified as a key regulator of 

energy metabolism in several species (Kousteni, 2012). Energy mobilization and distribution 

is a second key function of the HPA axis, arguably even more essential in modern everyday 

life compared to the acute stress response (Herman et al., 2016). It is shown through in vitro 

experiments, that FoxO1 in human hippocampal progenitor cell line is upregulated by 

glucocorticoid exposure (Cattaneo et al., 2018) and that mouse FoxO1 promoters contain one 

or more functional GREs (Qin et al., 2014), indicating sensitivity to stress through 

glucocorticoids. Chronic maternal stress in the form of depression and anxiety might affect 

the placental 11β-HSD2 making active cortisol more available in the fetal environment and 

thus affecting the glucocorticoid-sensitive FoxO1. The gene’s sensitivity to stress and 

glucocorticoids, and the various roles of FoxO transcription factors, combined with the central 
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role of the effects prenatal distress has on the HPA axis, provides one possible explanation for 

FoxO1’s modifying effects on the relationship between maternal distress during pregnancy 

and offspring psychological well-being. The maturation of the HPA after mid pregnancy 

might also explain why the moderating effects were seen only in the first two trimesters. 

According to the DOHaD hypothesis, the developing fetus is affected by its prenatal 

environment during critical or sensitive periods (Gluckman et al., 2010). Following a 

disturbance in the prenatal environment the formation, development and function of cells, 

tissues and organs might be altered or disrupted (Gluckman et al., 2010) resulting in long-

lasting consequences on the offspring physical and mental health (Van den Bergh et al., 

2017). In the DOHaD framework, early alterations in the fetal environment may also have 

adaptive value in the evolutionary sense. Regarding maternal anxiety and depression, it has 

been speculated that increased glucocorticoids following prenatal distress might signal the 

fetus of a stressful and dangerous environment, thus helping to program their development to 

suit the demands of the outside world (Lewis, Galbally, Gannon, & Symeonides, 2014).   

Interestingly, the rs17592371 variant associating with increased vulnerability to maternal 

depressive symptoms or state anxiety during pregnancy (CC carriers) is also the common 

allele form. From an evolutionary standpoint, a purely risk-elevating variant is less likely to 

become the prevailing one. More often than not, research is and has been focusing on finding 

specific genes that put their carriers at a higher risk for adverse outcomes. Belsky et al. (2009) 

have argued that rather than so-called “vulnerability genes” researchers should focus more on 

“plasticity genes”. The term plasticity gene refers to a gene that makes an individual more 

susceptible for environmental influences – in both good and bad: sensitive individuals might 

benefit more from enriching and supporting surroundings but also face worse consequences in 

a more hostile environment (Belsky et al., 2009). This might also be the case for FoxO1. 

The findings in this study should be viewed in the context of some limitations. First, small 

sample sizes in gene by environment studies yield high risks for false positive results and 

because genotype data, prenatal data and follow-up data was required for the analyses, the 

study sample consisted of only 9.6 % of the original cohort and roughly half of all the 

genotyped participants. However, the risks for this study are reduced due the clear a priori 

hypotheses set on both the direct effects of maternal depressive symptoms and state anxiety as 

well as the moderating effects of rs17592371, with the results falling in line with these 

hypotheses. Even though the study sample was significantly smaller than the original cohort, 
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the nonparticipants and the study sample differed only slightly: on average, the 

nonparticipating mothers were 1.93 years older and smoked more often during pregnancy. 

Because none of the other studied variables differed between the study sample and 

nonparticipants, the sample can still be considered as a good representative of the whole 

cohort, even though the power of statistical analyses is weaker in a smaller sample.   

Second, due to the limited sample size, it was also not possible to study all three allele forms 

separately as there were only six individuals with the homozygous TT variant. However, the 

same strategy of pooling the CT/TT variants was applied in the study by Cattaneo et al. 

(2018). In future research, larger samples are needed to examine possible additive effects. 

Third, the PREDO cohort is a Finnish birth cohort mainly consisting of individuals of 

European descent. For this reason, the results might not be generalizable to other nationalities 

and minorities. Fourth, prenatal depression and anxiety are difficult variables to measure and 

subjective reports are not necessarily comparable with one another. A similar problem is seen 

in parent rated psychiatric problems in offspring, which is not always objective and may 

reflect the parents’ own mood or alertness, for example. However, all the questionnaires and 

materials used in this study have been validated in previous research and hold good to 

sufficient psychometric properties and maternal depressive symptoms at follow-up were 

controlled in the analyses. Fifth, this study did not account for the functions of the FoxO1 

SNP rs17592371. However, previous studies have shown that FoxO1 is sensitive to cortisol 

and rs17592371 moderates the association between early life stress and subsequent 

depression, making it a plausible candidate-gene (Cattaneo et al., 2018). 

The strengths of this study include the prospective study-design, important data on several 

relevant covariates and repeated measurements of prenatal anxiety and depression, giving a 

comprehensive outlook on prenatal distress levels and their relation to offspring psychological 

well-being. Although the findings are preliminary and much more research on both the effects 

of trimester-specific prenatal distress and the role of the FoxO1 is needed, preferably with 

larger sample sizes, this study has given new and intriguing insights on a novel gene 

associated in the development of psychiatric problems. Recognizing the ones at the highest 

risk for psychiatric problems as early as possible is crucial for timely and effective 

interventions. If the individuals at risk were identified as early as prenatally, some of the 

adverse outcomes could possibly be prevented altogether. 
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Because the PREDO-studies are an ongoing process and follow-ups are continued, it will also 

be extremely interesting to see what comes up as the participants mature and if the FoxO1 

SNP rs17592371 will moderate the associations between maternal depressive symptoms or 

state anxiety and offspring psychiatric problems also in later stages of life.  

Conclusion 

This study showed that higher levels of maternal depressive symptoms and state anxiety 

predicted greater offspring psychiatric problems. The results also indicate that variation in the 

FoxO1 SNP rs17592371 modifies the association between maternal distress during pregnancy 

and offspring psychiatric problems in early childhood. The moderating effect of the SNP was 

significant in the first and second trimester and when prenatal distress was averaged across 

trimesters. This result is in line with an earlier study focusing on the modifying role of FoxO1 

variation in the relationship between childhood stress and depression in adulthood and may 

thus indicate the role of FoxO1 in the sensitivity to psychosocial distress. 
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