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A B S T R A C T   

Background: Maternal antenatal stress, including symptoms of depression, anxiety and perceived stress, is as-
sociated with mental and behavioral problems in children. Whether it is associated with child mental and be-
havioral disorders remains uncertain. We examined if maternal antenatal symptoms of depression, anxiety and 
perceived stress were associated with mental and behavioral disorders in their children, if the associations varied 
according to gestational week, stress type, fluctuating or consistently high symptoms, and if they were driven by 
maternal or paternal lifetime mood or anxiety disorders. 
Methods: 3365 mothers participating in the Prediction and Prevention of Preeclampsia and Intrauterine Growth 
Restriction (PREDO) study completed the Center for Epidemiologic Studies Depression Scale, the State Anxiety 
Inventory and the Perceived Stress Scale up to 14 times throughout pregnancy. The Care Register for Health Care 
provided data on mental and behavioral (including neurodevelopmental) disorders for their children from birth 
(11/07/2006–07/24/2010) until 12/31/2016 and for parental lifetime mood and anxiety disorders until 12/31/ 
2016. 
Results: The hazard of any childhood mental and behavioral disorder (HR=1.91, 95% CI: 1.39–2.51) was sig-
nificantly higher for children whose mothers reported consistently high in comparison to consistently low levels 
of all types of stress throughout pregnancy. The associations remained significant when adjusted for maternal 
and paternal lifetime mood and anxiety disorders (and their comorbidity and timing and mood disorder type). 
Conclusion: Maternal antenatal stress is associated with higher risk of childhood mental and behavioral dis-
orders. Efforts to reduce maternal antenatal stress should be given a high priority to improve child mental health.   

1. Introduction 

Maternal antenatal stress, including symptoms of depression, an-
xiety and perceived stress, is common, complicating 10% to 20% of all 

pregnancies (Bennett et al., 2004; Gavin et al., 2005; Goodman et al., 
2014; Lahti et al., 2017; Molyneaux et al., 2014; Tuovinen et al., 2018;  
Wallwiener et al., 2019). It hinders maternal well-being and quality of 
life during pregnancy and has been associated with maternal 
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overweight and obesity (Kumpulainen et al., 2018) and increased risk 
for obstetric complications (Kurki et al., 2000; Qiu et al., 2009). Ma-
ternal antenatal stress has also been associated with child's increased 
risk of low birth weight (Bussières et al., 2015; Grote et al., 2010) and 
preterm birth (Bussières et al., 2015; Grigoriadis et al., 2013;  
Grote et al., 2010; Pesonen et al., 2016). 

The risks of children exposed to maternal stress in utero are not 
restricted to the perinatal period. They appear to extend to later life 
stages and to a number of adverse developmental outcomes, especially 
to those related to mental, emotional and behavioral problems. Indeed, 
a number of studies have demonstrated that maternal antenatal stress is 
associated with increased risk of developmental delay, poorer cogni-
tion, difficult temperament, behavioral dysregulation, and internalizing 
and externalizing behavior problems (Lahti et al., 2017; Madigan et al., 
2018; Manzari et al., 2019; O'Donnell et al., 2014; Räikkönen et al., 
2011; Toffol et al., 2019; Tuovinen et al., 2018; Van den Bergh et al., 
2017; Wolford et al., 2017) in children. These findings support the 
Developmental Origins of Health and Disease (DOHaD)-framework 
according to which prenatal exposure to environmental adversity may 
carry long-lasting effects on brain development and brain develop-
mental sequelae (Barker, 2007). 

However, while maternal antenatal stress has been associated with 
child mental, emotional and behavioral problems, it remains uncertain 
whether this translates to a risk of more severe problems that meet the 
criteria of childhood mental and behavioral disorders. We are aware of 
only one study which has tested if maternal antenatal stress is asso-
ciated with child mental and behavioral disorders. In the Avon 
Longitudinal Study of Parents and Children (ALSPAC), maternal de-
pressive symptoms measured at gestational weeks 18 and 32 and ma-
ternal anxiety symptoms measured at week 18, but not at week 32, 
predicted probable borderline personality disorder in the children at 
age 11–12 years (Winsper et al., 2015). Further, maternal depressive 
symptoms measured at week 18 predicted depression (Pearson et al., 
2013) and anxiety disorders (Capron et al., 2015) and maternal anxiety 
symptoms measured at week 18 predicted comorbid depression and 
anxiety disorders in the children at age 18 years (Capron et al., 2015). 

As the ALSPAC study focused only on adolescent borderline per-
sonality and depression and anxiety disorders, it remains unknown if 
any potential associations extend to any childhood mental and beha-
vioral disorder. The ALSPAC study also measured maternal depressive 
and anxiety symptoms only twice during pregnancy. Hence it still re-
mains unknown if there exists a critical window of vulnerability for 
maternal stress that varies according to the gestational week, and if any 
fluctuations in maternal antenatal stress or consistently high levels are 
more critical for brain developmental sequelae than the level of ma-
ternal antenatal stress at any one or two time points during pregnancy. 
It also remains unclear if maternal symptoms of depression, anxiety and 
stress carry equal harms on child mental and behavioral disorders 
(Madigan et al., 2018), and whether any associations of maternal an-
tenatal stress with child's disorders are driven by maternal or paternal 
lifetime mood or anxiety disorder diagnoses. 

To address these knowledge gaps, we tested in a large sample of 
pregnant Finnish women whether maternal antenatal symptoms of 
depression, anxiety and perceived stress, measured biweekly up to 14 
times during pregnancy, are associated with an increased risk of any 
mental and behavioral disorder in their children followed-up from birth 
to 6.4–10.8 years of age. The repeated measurements allowed us to 
study if the predictive significance of maternal antenatal stress varied 
according to the stage of pregnancy, if any fluctuations or consistently 
high levels of antenatal stress predicted the risk of any childhood 
mental and behavioral disorder, if the associations varied according to 
the type of stress, and if the associations were driven by maternal or 
paternal lifetime mood or anxiety disorder diagnoses. 

2. Methods 

2.1. Participants 

The Prediction and Prevention of Preeclampsia and Intrauterine 
Growth Restriction (PREDO) study comprises 4777 mothers who gave 
birth to a singleton liveborn child in Finland between 2006 and 2010 
(Girchenko et al., 2017). Recruitment took place at ten study hospitals 
in Southern/Eastern Finland at the first fetal ultrasound screening in 
early pregnancy. Three women have since withdrawn from the study. 
Of the 4774 women, 3365 (70.5%) completed biweekly questionnaires 
on stress during pregnancy. 

Diagnoses on mental and behavioral disorders from childbirth up to 
31 December 2016 were available for all 3365 of their children (follow- 
up data attrition 0%). At the end of the register follow-up the children 
were 6.4–10.8 years-of-age [median = 8.2, interquartile range: 
7.7–8.8]. 

Compared to the women who did not fill in the antenatal stress 
questionnaires (n = 1409), those who did (n = 3365) were older 
(31.9 vs. 30.9 years), more often primiparous (40.9% vs. 33.9%), 
smoked less often throughout pregnancy (6.7% vs. 13.2%), and had a 
higher education level (upper tertiary: 34.2% vs. 29.4%) (p<0.01), but 
did not differ in other study variables (all p>0.11). 

All participating women signed an informed consent. The consent 
enabled linkage of nationwide health register data for the women, their 
spouses and children using unique personal identification numbers as-
signed to all Finnish citizens and permanent residents since 1971. The 
PREDO study protocol was approved by the Ethics Committees of the 
Helsinki and Uusimaa Hospital District and recruitment was conducted 
with permission from the participating study hospitals. 

2.2. Maternal antenatal stress 

The women completed the questionnaire on antenatal stress bi-
weekly up to 14 times throughout pregnancy between 12 and 13 and 
38–39 gestational weeks/delivery. Depressive symptoms were mea-
sured using the Center for Epidemiologic Studies Depression Scale 
(CES-D) (Radloff, 1977). The 20 CES-D items are rated from none (0) to 
all (3) of the time during the past week, and a sumscore ranges from 0 
to 60. 

Anxiety symptoms were measured using the State Anxiety Inventory 
(STAI) (Spielberg et al., 1970). The 20 STAI items are rated from not at 
all (1) to very much (4) reflecting the present state, and a sumscore 
ranges from 20 to 80. 

Perceived stress was measured using the Perceived Stress Scale 
(PSS) (Cohen et al., 1983). The five PSS items are rated from never (0) 
to very often (4), and indicate perceived stress during the past two 
weeks (Cohen, 1988; Cohen et al., 1983), and a sumscore ranges from 0 
to 20. 

All three scales have good psychometric properties (Beck et al., 
1996; Cohen, 1988; Cohen et al., 1983; Karam et al., 2012;  
Radloff, 1977). They have also been validated in pregnant populations 
(Gunning et al., 2010; Karam et al., 2012; Maloni et al., 2005;  
Tendais et al., 2014). In the present study sample, the Cronbach's alphas 
for the CES-D varied from 0.89 to 0.92, for the PSS they varied from 
0.74 to 0.78, and for the STAI it was 0.95 across all the different 
measurement points. 

2.3. Childhood mental and behavioral disorders 

We identified diagnoses of childhood mental and behavioral dis-
orders from the Finnish Care Register for Health Care (HILMO) from the 
birth of the child between 11/07/2006 and 07/24/2010 to 12/31/ 
2016. The HILMO includes primary and subsidiary diagnoses of all 
inpatient and outpatient hospital visits and all treatments in specialized 
medical care coded using the International Statistical Classification of 
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Diseases and Related Health Problems-10 (ICD-10) (Table S1, available 
online) during the study period, and is a valid tool for research 
(Sund, 2012). We studied any mental and behavioral disorder (ICD-10: 
F00-F99) as the primary outcome. As secondary outcomes we studied 
disorders of psychological development (F8) and emotional and beha-
vioral disorders of childhood origin (F9) as they were the most fre-
quent. 

2.4. Covariates 

Covariates included maternal age at childbirth (years), parity (pri-
miparous/multiparous), smoking during pregnancy (no/quit/smoked 
throughout), early pregnancy body mass index (BMI) (normal weight 
[BMI < 25 kg/m2]/overweight [BMI = 25–29 kg/m2]/obesity [BMI ≥ 
30 kg/m2]), hypertensive disorders (normotension/ chronic hyperten-
sion, preeclampsia, gestational hypertension or unspecified hyperten-
sion in current pregnancy/ hypertension before current pregnancy; ICD- 
10: I1, 010-011, O13-O16), diabetes disorders (no/type 1, type 2 or 
gestational diabetes/ diabetes only in previous pregnancy; ICD-10: E08- 
E14, O24), and maternal and paternal lifetime mood or anxiety disorder 
diagnoses (no/ICD-8: 296, 298.00, 300, 301.10, 305, 306.80, 307.99; 
ICD-9: 296, 300, 301.1, 307.8, 309; ICD-10: F30-F39, F40-F48; Table 
S1), child's sex, gestational length (weeks), and weight (grams) at birth, 
with data extracted from hospital records, Medical Birth Register and/ 
or HILMO; maternal alcohol use during pregnancy (no/yes), and edu-
cation level (secondary or less/lower tertiary/upper tertiary) were self- 
reported in early pregnancy. We also conducted additional adjustments 
for co-morbidity and timing (before / during or after pregnancy) of 
maternal and paternal mood and anxiety disorders and for type (re-
current / episodic) of maternal and paternal mood disorders (see  
Table 1 for specific definitions). 

2.5. Statistical analyses 

Statistical analyses were conducted by using IBM SPSS Statistics 
software version 24, R version 3.5.2. and Stata MP version 15. 
Associations between maternal antenatal stress and any mental and 
behavioral, psychological development and emotional and behavioral 
disorders in children were tested using Cox proportional hazard models. 
We first studied the associations of each type of stress separately by 
averaging depressive, anxiety and stress symptoms across the biweekly 
measurement points during pregnancy. We then used Student's t-test for 
dependent samples to study if the hazard ratios differed significantly 
between the different types of stress. Before applying the Cox regression 
analyses, we tested if the hazard ratios changed across time, by ap-
plying time-dependent Cox regression analysis. No time-dependent ef-
fects were found (all p >0.05). The proportionality assumptions were 
met, there were no outliers, and there was no nonlinearity. 

With Cox proportional hazard models, we also tested if maternal 
depressive, anxiety and perceived stress symptoms showed gestational 
week -specific effects on child mental and behavioral disorders. To 
further address gestational-week-specificity of these associations, we 
conducted reverse temporal mixed random effects regression analyses. 
In these models, biweekly depressive, anxiety and stress symptoms 
served as outcomes, each tested in a separate model. Child mental and 
behavioral disorder diagnoses served as the between-person predictor, 
gestational week at the time of the biweekly measurement of depres-
sive, anxiety and stress symptoms served as a within-person predictor, 
and their interaction effect tested if the associations varied by gesta-
tional week. 

To study if fluctuating or consistently high levels of antenatal stress 
were more critical in predicting child hazard of mental and behavioral 
disorders, we applied latent class analysis (LCA) to identify subgroups 
of women based on their antenatal stress profiles defined by their bi-
weekly depressive, anxiety and perceived stress symptoms simulta-
neously. At each LCA step, we compared solutions with two to six 

subgroups. Based on criteria for the optimal number of classes de-
scribed by Kongsted and Nielsen (Kongsted and Nielsen, 2017), the 
optimal solution was based on (1) goodness-of-fit criteria: Akaike In-
formation Criterion (AIC), Bayesian Information Criterion (BIC), (2) 
reasonable distribution of participants across subgroups (at least 10% of 
the sample), (3) high certainty of classification identified by posterior 
probabilities, and (4) clear clinical characteristics of the participants 
within each of the subgroups. By using the most optimal LCA solution, 
we tested with Cox regressions whether the hazard ratios of child 
mental and behavioral disorders differed between the LCA subgroups. 

To study whether any associations between maternal antenatal 
stress and child mental and behavioral disorders were driven by ma-
ternal or paternal lifetime mood or anxiety disorders, we included these 
variables into the models as covariates, following the other covariates 
related to the mother and child. Further models adjusted for the co-
morbidity of maternal and paternal mood and anxiety disorders, type of 
mood disorders, and timing of mood and anxiety disorders. In the Cox 
models, child sex was treated as a stratifying variable. 

As effects sizes, we present hazard ratios (HR) and their 95% con-
fidence interval (95% CI) and present p-values as two-tailed. 

3. Results 

Table 1 shows the characteristics of the sample. Table S2 shows the 
associations of the covariates with maternal depressive, anxiety and 
perceived stress symptoms, and Table S3 with childhood mental and 
behavioral disorders in the offspring. Maternal biweekly depressive 
(r = 0.46–0.80; all p<0.001), anxiety (r = 0.41–0.68; all p<0.001) 
and perceived stress symptoms (r = 0.43–0.72; all p<0.001) were 
significantly correlated across time, and they were also significantly 
intercorrelated (r = 0.71–0.79 for depression and anxiety; 
r = 0.72–0.78 for depression and perceived stress; r = 0.66–0.73 for 
anxiety and perceived stress; all p<0.001). 

3.1. Maternal antenatal stress, type of stress and gestational-week- 
specificity 

Table 2 shows that higher average levels of maternal antenatal de-
pressive, anxiety and perceived stress symptoms were associated with 
higher offspring hazards of any childhood mental and behavioral dis-
order (F00-F99), and psychological development (F8) and emotional 
and behavioral (F9) disorders. These associations remained significant 
when adjusted for the covariates and maternal and paternal lifetime 
mood and anxiety disorders. Further adjustments for comorbidity and 
timing of maternal and paternal mood and anxiety disorders, and type 
of mood disorders had little (if any) effects on these associations (Table 
S4). 

Student's t-test indicated that the hazard ratios were not sig-
nificantly different for maternal depressive, anxiety and perceived 
stress symptoms (p>0.15 for comparing the hazard ratios). 

Fig. 1 shows the associations between maternal biweekly depres-
sive, anxiety and perceived stress symptoms during gestation and any 
mental and behavioral disorder in children. The hazards were sig-
nificant across all biweekly measurement points, except for one: ma-
ternal anxiety symptoms at 22 gestational weeks were not significantly 
associated with child hazard of any mental and behavioral disorder. 
Reverse temporal mixed model regressions verified that the associations 
were not gestation-week specific. Figure S1 shows the associations of 
biweekly antenatal depressive, anxiety and stress symptoms and child 
psychological development and emotional and behavioral disorders. 

3.2. Fluctuating or persistently high levels of maternal antenatal stress 

When we applied the LCA to identify subgroups of women based on 
their biweekly depressive, anxiety and perceived stress symptoms 
analyzed simultaneously, the most optimal solution was one which 

S. Tuovinen, et al.   Journal of Affective Disorders 278 (2021) 57–65

59



identified three groups of women (in comparison to solutions with 
fewer and larger number of groups; Table S5) who differed from each 
other in their levels of antenatal symptomatology. In all the groups, 

stress symptoms showed high stability and lack of fluctuation across 
pregnancy. The groups showed consistently low (n = 1359, 40.4%), 
moderate (n = 1475, 43.8%) and high (n = 531, 15.8%) levels of 

Table 1 
Characteristics of the sample.        

Data available (N) Mean/ N SD/% Range  

Maternal characteristics 
Age at delivery (y) 3365 31.8 4.7 17.0–47.4 
Education 3360     

Secondary or less  1342 39.9%   
Lower tertiary  869 25.9%   
Upper tertiary  1149 34.2%  

Parity, primiparous 3365 1375 40.9%  
Alcohol consumption during pregnancy, yes 3327 502 15.1%  
Smoking during pregnancy 3364     

No smoking  3139 93.3%   
Quit smoking during 1st trimester  113 3.4%   
Smoked throughout pregnancy  112 3.3%  

Early pregnancy body mass index, kg/m2 3357     
<24.99  2275 67.8%   
25–29.99  646 19.2%   
>30  436 13.0%  

Diabetes (E08-E14, O24)a,b 3365     
No diabetes  2885 85.8%   
Type 1 or type 2 diabetes or gestational diabetes in current pregnancy  425 12.6%   
Diabetes only in previous pregnancy  55 1.6%  

Hypertensive disorders (I1, O10-O11, O13-O16)a,c 3365     
Normotension  2680 79.6%   
Chronic hypertension or preeclampsia, gestational or unspecified hypertension in current pregnancy  469 13.9%   
Hypertension before current pregnancy  216 6.4%  

Lifetime mood (F3)a,d or anxiety disorder (F4)a,e diagnosis, yes 3365 438 13.0%   
Comorbidity of mood and anxiety disorders   

Both mood and anxiety disorder diagnoses, yes  131 3.9%    
Either mood or anxiety disorder diagnosis, yes  307 9.1%   

Type of mood disorder   
Recurrent mood disorder (F33 or F31)a, yes  152 4.5%    
Mood disorder episode (F32 or F30)a, yes  140 4.2%   

Timing of mood or anxiety disorder   
Before pregnancy, yes  140 4.2%    
During or after pregnancy, yes  298 8.9%  

Antenatal depressive symptoms (range 0–60) 3365     
Mean of biweekly CES-D scores  11.4 6.4 0–48.3 

Antenatal anxiety symptoms (range 20–80) 3365     
Mean of STAI scores  33.4 7.6 20.0–78.3 

Antenatal perceived stress symptoms (range 0–20) 3365     
Mean of PSS scores  5.1 2.5 0.1–18.2 

Paternal lifetime mood (F3)a,d or anxiety disorder (F4)a,e diagnosis, yes 1800 106 5.9%  
Comorbidity of mood and anxiety disorders 

Both mood and anxiety disorder diagnoses, yes  15 0.8%  
Either mood or anxiety disorder diagnosis, yes  91 5.1%  

Type of mood disorder 
Recurrent mood disorder (F33 or F31)a, yes  18 1.0%  
Mood disorder episode (F32 or F30)a, yes  34 1.9%  

Timing of mood or anxiety disorder 
Before pregnancy, yes  64 3.6%  
During or after pregnancy, yes  42 2.3%  

Maternal and paternal mood (F3)a,d or anxiety disorder (F4)a,e diagnosis 
Both yes 1800 20 1.1%  
Maternal only, yes  150 8.3%  
Paternal only, yes  86 4.8%  

Child characteristics 
Child's sex, male 3365 1736 51.6%  
Birth weight (g) 3353 3525.7 517.3 580.0–5490.0 
Gestational age (weeks) 3365 39.9 1.6 27.7–42.7 
Birth year 3365   2006–2010 
Any childhood mental and behavioral disorder (F00-F99)a 3365 274 8.2%  
Disorders of psychological development (F8)a  173 5.1%  
Emotional and behavioral disorders (F9)a  139 4.1%  

a Diagnostic codes refer to International Statistical Classification of Diseases and Related Health Problems (ICD) 10th revision codes. 
b Corresponding ICD 9th revision codes are 250, 648.0, 648.8. 
c Corresponding ICD 9th revision codes are 642, 401–405. 
d Corresponding ICD 9th revision codes are 296, 3004A, 3011D and corresponding ICD 8th revision codes are 296, 298.00, 300.4, 301.10. 
e Corresponding ICD 9th revision codes are 3000–3003, 3006–3009, 3078A, 309 and corresponding ICD 8th revision codes are 300.00–300.30, 300.50–300.99, 

305, 306.80, 307.99 SD, standard deviation; CES-D, Center for Epidemiological Studies Depression Scale; STAI, State Anxiety Inventory; PPS, Perceived Stress Scale.  
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depressive, anxiety and perceived stress symptoms throughout preg-
nancy (Fig. 2). 

Compared to the children of mothers with consistently low levels of 
depressive, anxiety and perceived stress symptoms, the children of 
mothers with consistently high levels of depressive, anxiety and per-
ceived stress symptoms throughout pregnancy had higher hazard of any 
childhood mental and behavioral disorder, and psychological devel-
opment and emotional and behavioral disorders (Fig. 3). These asso-
ciations remained significant when adjusted for the covariates and 
maternal and paternal lifetime mood and anxiety disorders. 

4. Discussion 

Findings from this study showed that higher maternal antenatal 
depressive, anxiety and stress symptoms were associated with 
1.25–1.36 higher hazards of any childhood mental and behavioral 
disorder in the offspring. This was driven by associations with disorders 
of psychological development and emotional and behavioral disorders 
severe enough to require inpatient treatment or outpatient treatment in 
public specialized medical care in a follow-up from birth to 6.4–10.8 
years. We found that maternal stress symptoms were highly stable 
throughout pregnancy, and that their associations with child mental 

Table 2 
Maternal antenatal depressive, anxiety and stress symptoms and child mental and behavioral disorders.          

Child  
Any mental or behavioral disorder (F00-F99) Disorders of psychological development (F8) Emotional and behavioral disorders (F9)   

vs. no disorder  
HR (95% CI) p HR (95% CI) p HR (95% CI) p 

Maternal 
Depressive symptoms pregnancy mean score (standardized) 
Model 1 1.28 (1.14,1.44) <0.001 1.34 (1.16,1.55) <0.001 1.29 (1.10,1.52) 0.002 
Model 2 1.26 (1.12,1.43) <0.001 1.33 (1.14,1.55) <0.001 1.30 (1.10,1.54) 0.002 
Model 3 1.19 (1.05,1.35) 0.006 1.26 (1.08,1.47) 0.004 1.18 (0.99,1.41) 0.057 
Anxiety symptoms pregnancy mean score (standardized) 
Model 1 1.25 (1.13,1.40) <0.001 1.33 (1.17,1.52) <0.001 1.30 (1.12,1.50) 0.001 
Model 2 1.25 (1.12,1.39) <0.001 1.34 (1.17,1.53) <0.001 1.30 (1.12,1.52) 0.001 
Model 3 1.18 (1.05,1.32) 0.004 1.27 (1.10,1.46) 0.001 1.20 (1.02,1.40) 0.02 
Perceived stress symptoms pregnancy mean score (standardized) 
Model 1 1.29 (1.15,1.43) <0.001 1.36 (1.19,1.55) <0.001 1.33 (1.15,1.55) <0.001 
Model 2 1.27 (1.14,1.42) <0.001 1.35 (1.18,1.55) <0.001 1.33 (1.14,1.55) <0.001 
Model 3 1.20 (1.07,1.35) 0.002 1.29 (1.12,1.49) 0.001 1.23 (1.05,1.44) 0.01 

Model 1. Stratified for sex and adjusted for child birth year. 
Model 2. Stratified for sex and adjusted for child birth year and further adjusted for maternal age, parity, education, alcohol use and smoking during pregnancy, early 
pregnancy body mass index, type 1 diabetes or gestational diabetes in current pregnancy, type 2 or other diabetes, chronic hypertension or preeclampsia or 
gestational or unspecified hypertension in current pregnancy, hypertension before current pregnancy, gestational length, and child's birthweight for gestation. 
Model 3. Stratified for sex and adjusted as in Model 2 and further for maternal and paternal lifetime mood or anxiety disorder diagnoses. 
HR, hazard ratio; 95% CI, 95% confidence interval 
F codes in parenthesis refer to International Statistical Classification of Diseases and Related Health Problems 10th revision codes for mental and behavioral 
disorders.  

Fig. 1. Associations between maternal biweekly stress symptoms and any childhood mental and behavioral disorder (International Statistical Classification of 
Diseases and Related Health Problems 10th revision codes F00-F99) 
*Interactions between any childhood mental and behavioral disorder and gestational week at the time of antenatal stress measurement in models predicting maternal 
biweekly symptoms of depressive, anxiety and perceived stress during pregnancy. 
HR, Hazard ratio, stratified for sex and adjusted for child birth year (Model 1). 
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and behavioral disorders were nonspecific to gestation stage. 
In addition, the associations were similar regardless of maternal 

antenatal stress type. This was not surprising as depressive, anxiety and 
perceived stress symptoms, though being distinct constructs, were 
highly correlated. However, child hazards of any mental and beha-
vioral, psychological development and emotional and behavioral dis-
orders were the highest, almost 2-fold, for children of mothers who 
reported consistently high in comparison with low levels of depressive, 
anxiety as well as perceived stress symptoms throughout pregnancy. 
Hence, while correlated, depressive, anxiety and perceived stress 
symptoms may have allowed us to capture a wide range of highly 
consistent maternal antenatal stress symptomatology. 

Our findings correspond well with the findings from ALSPAC 
showing that maternal depressive and/or anxiety symptoms measured 
once or twice during pregnancy were associated with child mental 
disorders (Capron et al., 2015; Pearson et al., 2013; Winsper et al., 
2015). However, these ALSPAC studies were restricted to borderline 
personality disorder, depression and anxiety disorders. Thus, our study 
extends the previous literature by showing that the effects of maternal 
antenatal stress symptoms generalize to increased child risk of any 

childhood mental and behavioral, psychological development and 
emotional and behavioral disorders. Further, the previous studies have 
been inconsistent regarding the gestational week at which the effects of 
antenatal maternal stress on child mental, emotional and behavioral 
problems and mental disorders are most pronounced (Van den Bergh 
et al., 2017; Winsper et al., 2015). With repeated measurements of 
maternal antenatal stress, we were able to show that the associations 
were non-specific to gestation stage. 

These associations were not explained by maternal or paternal 
lifetime mood and anxiety disorders. They were not either explained by 
co-morbidity of maternal or paternal mood and anxiety disorders, 
timing of maternal and paternal mood and anxiety disorders before, 
during or after pregnancy, or whether maternal or paternal mood dis-
order was chronic or episodic. Thus, the association between maternal 
antenatal psychological stress and child mental and behavioral dis-
orders seems not to be explained by maternal or paternal mood or 
anxiety disorders. These findings thus suggest that even at subclinical 
levels, maternal antenatal stress is associated with increased child ha-
zard of mental and behavioral disorders. Further, these findings suggest 
that these effects cannot be attributed to hereditary factors nor 

Fig. 2. Latent class analysis (LCA) on the depressive, anxiety and stress symptoms clusters. The figure shows the mean standardized symptom scores across pregnancy 
in three groups of mothers with low, moderate and high symptoms. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 
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postnatal environmental factors, and they lend credence to the prenatal 
programming effect (Barker, 2007). 

Thus, underlying our findings may be biological mechanisms that 

include enhanced fetal exposure to glucocorticoids (Räikkönen et al., 
2017; Van den Bergh et al., 2017; Wolford et al., 2019), functional and 
structural changes of related brain areas (Buss et al., 2012; Huizink and 

Fig. 3. Cumulative incidences of any childhood 
mental and behavioral disorder (F00-F99) (Panel 
A), psychological development (F8) (Panel B) and 
emotional and behavioral disorders (F9) (Panel C) 
in children according to their mothers with con-
sistently low, moderate and high levels of antenatal 
stress symptoms. F codes refer to International 
Statistical Classification of Diseases and Health 
Related Problems 10th revision codes. 
HR, Hazard ratio compared to the children of mo-
thers with consistently low levels of antenatal stress 
symptoms, stratified for sex and adjusted for child 
birth year (Model 1). (For interpretation of the re-
ferences to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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De Rooij, 2018) and inflammatory pathways (Girchenko et al., 2019;  
Lahti-Pulkkinen et al., 2019). They may also include changes in pla-
cental morphology (Lahti-Pulkkinen et al., 2018), and epigenetic 
modifications in placental glucocorticoid signaling (Raikkonen et al., 
2015; Reynolds et al., 2015) and epigenetic immaturity of the child at 
birth (Suarez et al., 2018). Changes in maternal health behaviors, such 
as diet and physical activity, cannot either be ruled out 
(Westerneng et al., 2017), even though the associations were not driven 
by maternal overweight/obesity, hypertension or diabetes in preg-
nancy, or smoking or alcohol use during pregnancy. Overall, the un-
derlying mechanisms are likely complex, and may include a possible 
generic vulnerability (Huizink and De Rooij, 2018). In addition, while 
maternal antenatal depressive, anxiety and perceived stress symptoms 
were highly correlated and their associations with child mental and 
behavioral disorders were not significantly different, it remains possible 
that the effects of different types of maternal stress during pregnancy 
are explained by different biological pathways and mechanisms. 

Strengths of our study include the prospective design, large and 
well-characterized sample, which corresponds well to the general po-
pulation of women who gave birth to a child in Finland in 2006–2017 
(Räikkönen et al., 2020), and maternal depressive, anxiety and per-
ceived stress symptoms measured with standardized psychological 
questionnaires throughout pregnancy. In addition, we focused on 
mental and behavioral disorder diagnosis derived from a nationwide 
register which decreases the common-method bias present in studies 
where both predictor and outcome are reported by the same person 
(Podsakoff et al., 2003). 

The nationwide HILMO register has almost 100% coverage, which 
resulted in a 0% attrition rate after childbirth in our sample. We were 
also able to control for several important covariates related to the 
mother and child as well as maternal and paternal lifetime mood and 
anxiety disorder diagnoses. However, our study has also limitations. We 
had no data on paternal stress during pregnancy. Women who did not 
fill in, in comparison to women who did fill in the antenatal stress 
questionnaires smoked more frequently throughout pregnancy, were 
younger and had a lower education level. Thus, the potential effects of 
selective dropout cannot be ruled out. However, the decrease in sample 
size reduced statistical power and thus should work against our hy-
pothesis rather than amplify the associations (Nilsen et al., 2009). 

To conclude, maternal antenatal depressive, anxiety and perceived 
stress symptoms are associated with increased hazards of mental and 
behavioral disorders in their children. These associations pertain in 
particular to disorders of psychological development and emotional and 
behavioral disorders. They are not gestational-week-specific, do not 
differ by the type of maternal antenatal stress and are not driven by 
maternal or paternal lifetime mood or anxiety disorders. The hazards 
are the highest for children of women with consistently high depressive, 
anxiety and perceived stress symptoms throughout pregnancy. Our 
findings thus suggest that efforts to reduce maternal antenatal stress 
symptoms should be given a high priority to improve the child mental 
health outcome. 

Author statement 

Author contributions: 1. Conception and design, or acquisition of 
data, or analysis and interpretation of data (Drs. Tuovinen, Lahti- 
Pulkkinen, Girchenko, Heinonen, Lahti, Reynolds, Hämäläinen, Villa, 
Kajantie, Laivuori, Räikkönen); 2. Drafting the article or revising it 
critically for important intellectual content (Drs. Tuovinen, Lahti- 
Pulkkinen, Girchenko, Heinonen, Lahti, Reynolds, Hämäläinen, Villa, 
Kajantie, Laivuori, Räikkönen); 3. Final approval of the version to be 
published (Drs. Tuovinen, Lahti-Pulkkinen, Girchenko, Heinonen, 
Lahti, Reynolds, Hämäläinen, Villa, Kajantie, Laivuori, Räikkönen). 

Declaration of Competing Interest 

The authors declare no conflict of interest. 

Acknowledgements 

The PREDO study is funded by the Academy of Finland, European 
Union's Horizon 2020 Award SC1–2016-RTD-733280 for Research on 
European Children and Adults Born Preterm (RECAP), European 
Commission Dynamics of Inequality Across the Life- course: structures 
and processes (DIAL) No 724363 for PremLife, EVO (a special state 
subsidy for health science research), University of Helsinki Research 
Funds, Signe and Ane Gyllenberg Foundation, Diabetes Research 
Foundation, Emil Aaltonen Foundation, Finnish Medical Foundation, 
Foundation for Pediatric Research, Foundation for Cardiovascular 
Research, Jane and Aatos Erkko Foundation, Novo Nordisk Foundation, 
Päivikki and Sakari Sohlberg Foundation, Sigrid Juselius Foundation, 
Sir Jules Thorn Charitable Trust and British Heart Foundation (RE/18/ 
5/34216). 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.jad.2020.09.063. 

References 

Barker, D.J.P., 2007. The origins of the developmental origins theory. In: Journal of 
Internal Medicine, pp. 412–417. https://doi.org/10.1111/j.1365-2796.2007. 
01809.x. 

Beck, A., Steer, R., Brown, G., 1996. BDI-II, Beck depression inventory: manual, for Beck 
Depression Inventory-II. 

Bennett, H.A., Einarson, A., Taddio, A., Koren, G., Einarson, T.R., 2004. Prevalence of 
depression during pregnancy: systematic review. Obs. Gynecol 103, 698–709. 
https://doi.org/10.1097/01.AOG.0000116689.75396.5f. 

Buss, C., Davis, E.P., Shahbaba, B., Pruessner, J.C., Head, K., Sandman, C.A., 2012. 
Maternal cortisol over the course of pregnancy and subsequent child amygdala and 
hippocampus volumes and affective problems. Proc. Natl. Acad. Sci. U. S. A 109. 
https://doi.org/10.1073/pnas.1201295109. 

Bussières, E.L., Tarabulsy, G.M., Pearson, J., Tessier, R., Forest, J.C., Giguère, Y., 2015. 
Maternal prenatal stress and infant birth weight and gestational age: a meta-analysis 
of prospective studies. Dev. Rev. 36, 179–199. https://doi.org/10.1016/j.dr.2015.04. 
001. 

Capron, L.E., Glover, V., Pearson, R.M., Evans, J., O'Connor, T.G., Stein, A., Murphy, S.E., 
Ramchandani, P.G., 2015. Associations of maternal and paternal antenatal mood 
with offspring anxiety disorder at age 18 years. J. Affect. Disord. 187, 20–26. https:// 
doi.org/10.1016/j.jad.2015.08.012. 

Cohen, S., 1988. Perceived Stress in a Probability Sample of the United States., in: The 
Social Psychology of Health., The Claremont Symposium on Applied Social 
Psychology. Sage Publications, Inc, Thousand Oaks, CA, US, pp. 31–67. 

Cohen, S., Kamarck, T., Mermelstein, R., 1983. A Global Measure of Perceived Stress. J. 
Health Soc. Behav. 24, 385–396. 

Gavin, N.I., Gaynes, B.N., Lorh, K.N., Meltzer-Brody, S., Gartlehner, G., Swinson, T., 2005. 
Perinatal depression: a systematic review of prevalence and incidence. Obstet. 
Gynecol. 106, 1071–1083. https://doi.org/10.1097/01.AOG.0000183597.31630.db. 

Girchenko, P., Lahti-Pulkkinen, M., Heinonen, K., Reynolds, R.M., Laivuori, H., Lipsanen, 
J., Villa, P.M., Hämäläinen, E., Kajantie, E., Lahti, J., Räikkönen, K., 2019. 
Persistently high levels of maternal antenatal inflammation are associated with and 
mediate the effect of prenatal environmental adversities on neurodevelopmental 
delay in the offspring. Biol. Psychiatry. https://doi.org/10.1016/j.biopsych.2019.12. 
004. 

Girchenko, P., Lahti, M., Tuovinen, S., Savolainen, K., Lahti, J., Binder, E.B., Reynolds, 
R.M., Entringer, S., Buss, C., Wadhwa, P.D., Hämäläinen, E., Kajantie, E., Pesonen, 
A.-.K., Villa, P.M., Laivuori, H., Räikkönen, K., 2017. Cohort Profile: prediction and 
Prevention of Preeclampsia and Intrauterine Growth Restriction (PREDO) study. Int. 
J. Epidemiol. 45, 1380–1381. https://doi.org/10.1093/ije/dyw154. 

Goodman, J.H., Chenausky, K.L., Freeman, M.P., 2014. Anxiety disorders during preg-
nancy: a systematic review. J. Clin. Psychiatry 75, e1153–e1184. https://doi.org/10. 
4088/JCP.14r09035. 

Grigoriadis, S., VonderPorten, E.H., Mamisashvili, L., Tomlinson, G., Dennis, C.-.L., 
Koren, G., Steiner, M., Mousmanis, P., Cheung, A., Radford, K., Martinovic, J., Ross, 
L.E., 2013. The impact of maternal depression during pregnancy on perinatal out-
comes: a systematic review and meta-analysis. J. Clin. Psychiatry 74, e321–e341. 
https://doi.org/10.4088/JCP.12r07968. 

Grote, N.K., Bridge, J.A., Gavin, A.R., Melville, J.L., Iyengar, S., Katon, W.J., 2010. A 
meta-analysis of depression during pregnancy and the risk of preterm birth, low birth 
weight, and intrauterine growth restriction. Arch. Gen. Psychiatry 67, 1012–1024. 

S. Tuovinen, et al.   Journal of Affective Disorders 278 (2021) 57–65

64

https://doi.org/10.1016/j.jad.2020.09.063
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://doi.org/10.1097/01.AOG.0000116689.75396.5f
https://doi.org/10.1073/pnas.1201295109
https://doi.org/10.1016/j.dr.2015.04.001
https://doi.org/10.1016/j.dr.2015.04.001
https://doi.org/10.1016/j.jad.2015.08.012
https://doi.org/10.1016/j.jad.2015.08.012
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0007
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0007
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0007
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0008
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0008
https://doi.org/10.1097/01.AOG.0000183597.31630.db
https://doi.org/10.1016/j.biopsych.2019.12.004
https://doi.org/10.1016/j.biopsych.2019.12.004
https://doi.org/10.1093/ije/dyw154
https://doi.org/10.4088/JCP.14r09035
https://doi.org/10.4088/JCP.14r09035
https://doi.org/10.4088/JCP.12r07968


https://doi.org/10.1001/archgenpsychiatry.2010.111. 
Gunning, M.D., Denison, F.C., Stockley, C.J., Ho, S.P., Sandhu, H.K., Reynolds, R.M., 

2010. Assessing maternal anxiety in pregnancy with the State-Trait Anxiety Inventory 
(STAI): issues of validity, location and participation. J. Reprod. Infant Psychol. 28, 
266–273. https://doi.org/10.1080/02646830903487300. 

Huizink, A.C., De Rooij, S.R., 2018. Prenatal stress and models explaining risk for psy-
chopathology revisited: generic vulnerability and divergent pathways. Dev. 
Psychopathol. 30, 1041–1062. https://doi.org/10.1017/S0954579418000354. 

Karam, F., Bérard, A., Sheehy, O., Huneau, M.-.C., Briggs, G., Chambers, C., Einarson, A., 
Johnson, D., Kao, K., Koren, G., Martin, B., Polifka, J.E., Riordan, S.H., Roth, M., 
Lavigne, S.V., Wolfe, L., OTIS Research Committee, 2012. Reliability and validity of 
the 4-item perceived stress scale among pregnant women: results from the OTIS 
antidepressants study. Res. Nurs. Health 35, 363–375. https://doi.org/10.1002/nur. 
21482. 

Kongsted, A., Nielsen, A.M., 2017. Latent Class Analysis in health research. J. Physiother. 
63, 55–58. https://doi.org/10.1016/j.jphys.2016.05.018. 

Kumpulainen, S.M., Girchenko, P., Lahti-Pulkkinen, M., Reynolds, R.M., Tuovinen, S., 
Pesonen, A.-.K., Heinonen, K., Kajantie, E., Villa, P.M., Hämäläinen, E., Laivuori, H., 
Räikkönen, K., 2018. Maternal early pregnancy obesity and depressive symptoms 
during and after pregnancy. Psychol. Med. 48, 2353–2363. https://doi.org/10.1017/ 
s0033291717003889. 

Kurki, T., Hiilesmaa, V., Raitasalo, R., Mattila, H., Ylikorkala, O., 2000. Depression and 
anxiety in early pregnancy and risk for preeclampsia. Obstet. Gynecol. 95, 487–490. 

Lahti-Pulkkinen, M., Cudmore, M.J., Haeussner, E., Schmitz, C., Pesonen, A.K., 
Hämäläinen, E., Villa, P.M., Mehtälä, S., Kajantie, E., Laivuori, H., Reynolds, R.M., 
Frank, H.G., Räikkönen, K., 2018. Placental Morphology Is Associated with Maternal 
Depressive Symptoms during Pregnancy and Toddler Psychiatric Problems. Sci. Rep. 
8, 1–12. https://doi.org/10.1038/s41598-017-19133-9. 

Lahti-Pulkkinen, M., Girchenko, P., Robinson, R., Lehto, S.M., Toffol, E., Heinonen, K., 
Reynolds, R.M., Kajantie, E., Laivuori, H., Villa, P.M., Hämäläinen, E., Lahti, J., 
Räikkönen, K., 2019. Maternal depression and inflammation during pregnancy. 
Psychol. Med. https://doi.org/10.1017/S0033291719001909. 

Lahti, M., Savolainen, K., Tuovinen, S., Pesonen, A.-.K., Lahti, J., Heinonen, K., 
Hämäläinen, E., Laivuori, H., Villa, P.M., Reynolds, R.M., Kajantie, E., Räikkönen, K., 
2017. Maternal Depressive Symptoms During and After Pregnancy and Psychiatric 
Problems in Children. J Am Acad Child Adolesc Psychiatry 56, 30–39. https://doi. 
org/10.1016/j.jaac.2016.10.007. 

Madigan, S., Oatley, H., Racine, N., Fearon, R.M.P., Schumacher, L., Akbari, E., Cooke, 
J.E., Tarabulsy, G.M., 2018. A Meta-Analysis of Maternal Prenatal Depression and 
Anxiety on Child Socioemotional Development. J. Am. Acad. Child Adolesc. 
Psychiatry 57, 645–657. https://doi.org/10.1016/j.jaac.2018.06.012. 

Maloni, J.A., Park, S., Anthony, M.K., Musil, C.M., 2005. Measurement of antepartum 
depressive symptoms during high-risk pregnancy. Res. Nurs. Heal. 28, 16–26. 
https://doi.org/10.1002/nur.20051. 

Manzari, N., Matvienko-Sikar, K., Baldoni, F., O'Keeffe, G.W., Khashan, A.S., 2019. 
Prenatal maternal stress and risk of neurodevelopmental disorders in the offspring: a 
systematic review and meta-analysis. Soc. Psychiatry Psychiatr. Epidemiol. 54, 
1299–1309. https://doi.org/10.1007/s00127-019-01745-3. 

Molyneaux, E., Poston, L., Ashurst-Williams, S., Howard, L.M., 2014. Obesity and mental 
disorders during pregnancy and postpartum: a systematic review and meta-analysis. 
Obstet. Gynecol. 123, 857–867. https://doi.org/10.1097/AOG.0000000000000170. 

Nilsen, R.M., Vollset, S.E., Gjessing, H.K., Skjærven, R., Melve, K.K., Schreuder, P., 
Alsaker, E.R., Haug, K., Daltveit, A.K., Magnus, P., 2009. Self-selection and bias in a 
large prospective pregnancy cohort in Norway. Paediatr. Perinat. Epidemiol. 23, 
597–608. https://doi.org/10.1111/j.1365-3016.2009.01062.x. 

O'Donnell, K.J., Glover, V., Barker, E.D., O'Connor, T.G., 2014. The persisting effect of 
maternal mood in pregnancy on childhood psychopathology. Dev. Psychopathol. 26, 
393–403. https://doi.org/10.1017/S0954579414000029. 

Pearson, R.M., Evans, J., Kounali, D., Lewis, G., Heron, J., Ramchandani, P.G., O’Connor, 
T.G., Stein, A., 2013. Maternal Depression During Pregnancy and the Postnatal 
Period. JAMA Psychiatry 70, 1312. https://doi.org/10.1001/jamapsychiatry.2013. 
2163. 

Pesonen, A.K., Lahti, M., Kuusinen, T., Tuovinen, S., Villa, P., Hämäläinen, E., Laivuori, 
H., Kajantie, E., Räikkönen, K., 2016. Maternal prenatal positive affect, depressive 
and anxiety symptoms and birth outcomes: the PREDO study. PLoS ONE 11, 1–13. 
https://doi.org/10.1371/journal.pone.0150058. 

Podsakoff, P.M., MacKenzie, S.B., Lee, J.Y., Podsakoff, N.P., 2003. Common Method 
Biases in Behavioral Research: a Critical Review of the Literature and Recommended 
Remedies. J. Appl. Psychol. 88, 879–903. https://doi.org/10.1037/0021-9010.88.5. 
879. 

Qiu, C., Williams, M.A., Calderon-Margalit, R., Cripe, S.M., Sorensen, T.K., 2009. 
Preeclampsia risk in relation to maternal mood and anxiety disorders diagnosed 
before or during early pregnancy. Am. J. Hypertens. 22, 397–402. https://doi.org/ 
10.1038/ajh.2008.366. 

Radloff, L.S., 1977. The CES-D Scale: a Self Report Depression Scale for Research in the 

General. Appl. Psychol. Meas. 1, 385–401. https://doi.org/10.1177/ 
014662167700100306. 

Raikkonen, K., Pesonen, A.-.K., O'Reilly, J.R., Tuovinen, S., Lahti, M., Kajantie, E., Villa, 
P., Laivuori, H., Hamalainen, E., Seckl, J.R., Reynolds, R.M., 2015. Maternal de-
pressive symptoms during pregnancy, placental expression of genes regulating glu-
cocorticoid and serotonin function and infant regulatory behaviors. Psychol. Med. 45, 
3217–3226. https://doi.org/10.1017/S003329171500121X. 

Reynolds, R.M., Pesonen, A.-.K., O'Reilly, J.R., Tuovinen, S., Lahti, M., Kajantie, E., Villa, 
P.M., Laivuori, H., Hämäläinen, E., Seckl, J.R., Räikkönen, K., 2015. Maternal de-
pressive symptoms throughout pregnancy are associated with increased placental 
glucocorticoid sensitivity. Psychol. Med. 45, 2023–2030. https://doi.org/10.1017/ 
S003329171400316X. 

Räikkönen, K., Gissler, M., Kajantie, E., 2020. Associations Between Maternal Antenatal 
Corticosteroid Treatment and Mental and Behavioral Disorders in Children. JAMA 
323, 1924–1933. https://doi.org/10.1001/jama.2020.3937. 

Räikkönen, K., Martikainen, S., Pesonen, A.K., Lahti, J., Heinonen, K., Pyhälä, R., Lahti, 
M., Tuovinen, S., Wehkalampi, K., Sammallahti, S., Kuula, L., Andersson, S., Eriksson, 
J.G., Ortega-Alonso, A., Reynolds, R.M., Strandberg, T.E., Seckl, J.R., Kajantie, E., 
2017. Maternal licorice consumption during pregnancy and pubertal, cognitive, and 
psychiatric outcomes in children. Am. J. Epidemiol. 185, 317–328. https://doi.org/ 
10.1093/aje/kww172. 

Räikkönen, K., Seckl, J.R., Pesonen, A.-.K., Simons, A., Van den Bergh, B.R.H., 2011. 
Stress, glucocorticoids and liquorice in human pregnancy: programmers of the off-
spring brain. Stress 14, 590–603. https://doi.org/10.3109/10253890.2011.602147. 

Spielberg, C.D., Gorsuch, R.L., Lushene, R.E., 1970. Manual For the State-Trait Anxiety 
Inventory. Consulting Psychologists Press, Palo Alto, California. 

Suarez, A., Lahti, J., Czamara, D., Lahti-pulkkinen, M., Knight, A.K., Girchenko, P., 
Hämäläinen, E., Kajantie, E., Lipsanen, J., Laivuori, H., Villa, P.M., Reynolds, R.M., 
Smith, A.K., Binder, E.B., Räikkönen, K., 2018. The Epigenetic Clock at Birth: asso-
ciations With Maternal Antenatal Depression and Child Psychiatric Problems. J Am 
Acad Child Adolesc Psychiatry 57, 321–328. https://doi.org/10.1016/j.jaac.2018.02. 
011. 

Sund, R., 2012. Quality of the Finnish Hospital Discharge Register : a systematic review 
505–515. doi:10.1177/1403494812456637. 

Tendais, I., Costa, R., Conde, A., Figueiredo, B., 2014. Screening for Depression and 
Anxiety Disorders from Pregnancy to Postpartum with the EPDS and STAI. Span. J. 
Psychol. 17, E7. https://doi.org/10.1017/sjp.2014.7. 

Toffol, E., Lahti-Pulkkinen, M., Lahti, J., Lipsanen, J., Heinonen, K., Pesonen, A.K., 
Hämäläinen, E., Kajantie, E., Laivuori, H., Villa, P.M., Räikkönen, K., 2019. Maternal 
depressive symptoms during and after pregnancy are associated with poorer sleep 
quantity and quality and sleep disorders in 3.5-year-old offspring. Sleep Med 56, 
201–210. https://doi.org/10.1016/j.sleep.2018.10.042. 

Tuovinen, S., Lahti-Pulkkinen, M., Girchenko, P., Lipsanen, J., Lahti, J., Heinonen, K., 
Reynolds, R.M., Hämäläinen, E., Kajantie, E., Laivuori, H., Pesonen, A.K., Villa, P.M., 
Räikkönen, K., 2018. Maternal depressive symptoms during and after pregnancy and 
child developmental milestones. Depress. Anxiety 35, 732–741. https://doi.org/10. 
1002/da.22756. 

Van den Bergh, B.R.H., van den Heuvel, M.I., Lahti, M., Braeken, M., de Rooij, S.R., 
Entringer, S., Hoyeri, D., Roseboom, T., Räikkönen, K., Suzanne Kingk, M.S., 2017. 
Prenatal Developmental Origins of Behavior and Mental health: The influence of 
Maternal Stress in Pregnancy. Neurosci. Biobehav. Rev. 

Wallwiener, S., Goetz, M., Lanfer, A., Gillessen, A., Suling, M., Feisst, M., Sohn, C., 
Wallwiener, M., 2019. Epidemiology of mental disorders during pregnancy and link 
to birth outcome: a large-scale retrospective observational database study including 
38,000 pregnancies. Arch. Gynecol. Obstet. 299, 755–763. https://doi.org/10.1007/ 
s00404-019-05075-2. 

Westerneng, M., Witteveen, A.B., Warmelink, J.C., Spelten, E., Honig, A., de Cock, P., 
2017. Pregnancy-specific anxiety and its association with background characteristics 
and health-related behaviors in a low-risk population. Compr. Psychiatry 75, 6–13. 
https://doi.org/10.1016/j.comppsych.2017.02.002. 

Winsper, C., Wolke, D., Lereya, T., 2015. Prospective associations between prenatal ad-
versities and borderline personality disorder at 11-12 years. Psychol. Med. 45, 
1025–1037. https://doi.org/10.1017/S0033291714002128. 

Wolford, E., Lahti-Pulkkinen, M., Girchenko, P., Lipsanen, J., Tuovinen, S., Lahti, J., 
Heinonen, K., Hämäläinen, E., Kajantie, E., Pesonen, A.-.K., Villa, P.M., Laivuori, H., 
Reynolds, R.M., Räikkönen, K., 2019. Associations of antenatal glucocorticoid ex-
posure with mental health in children. Psychol. Med. 50, 247–257. https://doi.org/ 
10.1017/S0033291718004129. 

Wolford, E., Lahti, M., Tuovinen, S., Lahti, J., Lipsanen, J., Savolainen, K., Heinonen, K., 
Hämäläinen, E., Kajantie, E., Pesonen, A.-.K., Villa, P.M., Laivuori, H., Reynolds, 
R.M., Räikkönen, K., 2017. Maternal depressive symptoms during and after preg-
nancy are associated with attention-deficit/hyperactivity disorder symptoms in their 
3- to 6-year-old children. PLoS ONE 12, e0190248. https://doi.org/10.1371/journal. 
pone.0190248.  

S. Tuovinen, et al.   Journal of Affective Disorders 278 (2021) 57–65

65

https://doi.org/10.1001/archgenpsychiatry.2010.111
https://doi.org/10.1080/02646830903487300
https://doi.org/10.1017/S0954579418000354
https://doi.org/10.1002/nur.21482
https://doi.org/10.1002/nur.21482
https://doi.org/10.1016/j.jphys.2016.05.018
https://doi.org/10.1017/s0033291717003889
https://doi.org/10.1017/s0033291717003889
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0020
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0020
https://doi.org/10.1038/s41598-017-19133-9
https://doi.org/10.1017/S0033291719001909
https://doi.org/10.1016/j.jaac.2016.10.007
https://doi.org/10.1016/j.jaac.2016.10.007
https://doi.org/10.1016/j.jaac.2018.06.012
https://doi.org/10.1002/nur.20051
https://doi.org/10.1007/s00127-019-01745-3
https://doi.org/10.1097/AOG.0000000000000170
https://doi.org/10.1111/j.1365-3016.2009.01062.x
https://doi.org/10.1017/S0954579414000029
https://doi.org/10.1001/jamapsychiatry.2013.2163
https://doi.org/10.1001/jamapsychiatry.2013.2163
https://doi.org/10.1371/journal.pone.0150058
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.1038/ajh.2008.366
https://doi.org/10.1038/ajh.2008.366
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1017/S003329171500121X
https://doi.org/10.1017/S003329171400316X
https://doi.org/10.1017/S003329171400316X
https://doi.org/10.1001/jama.2020.3937
https://doi.org/10.1093/aje/kww172
https://doi.org/10.1093/aje/kww172
https://doi.org/10.3109/10253890.2011.602147
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0040
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0040
https://doi.org/10.1016/j.jaac.2018.02.011
https://doi.org/10.1016/j.jaac.2018.02.011
https://doi.org/10.1177/1403494812456637
https://doi.org/10.1017/sjp.2014.7
https://doi.org/10.1016/j.sleep.2018.10.042
https://doi.org/10.1002/da.22756
https://doi.org/10.1002/da.22756
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0046
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0046
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0046
http://refhub.elsevier.com/S0165-0327(20)32758-0/sbref0046
https://doi.org/10.1007/s00404-019-05075-2
https://doi.org/10.1007/s00404-019-05075-2
https://doi.org/10.1016/j.comppsych.2017.02.002
https://doi.org/10.1017/S0033291714002128
https://doi.org/10.1017/S0033291718004129
https://doi.org/10.1017/S0033291718004129
https://doi.org/10.1371/journal.pone.0190248
https://doi.org/10.1371/journal.pone.0190248

	Maternal antenatal stress and mental and behavioral disorders in their children
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Maternal antenatal stress
	2.3 Childhood mental and behavioral disorders
	2.4 Covariates
	2.5 Statistical analyses

	3 Results
	3.1 Maternal antenatal stress, type of stress and gestational-week-specificity
	3.2 Fluctuating or persistently high levels of maternal antenatal stress

	4 Discussion
	Author statement
	Declaration of Competing Interest
	Acknowledgements
	Supplementary materials
	References




