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Abstract

Background: Low and middle income countries report a higher prevalence of antenatal 

depression. The association between antenatal depressive symptoms and behavioral outcomes 

in children at 78 months in motherchild dyads who participated in a randomized control trial of 

maternal B12 supplementation during pregnancy was examined in this study.

Methods: Children of 140 women, out of 366 who had participated in the placebo-controlled, 

randomized trial of vitamin B12 supplementation during pregnancy and 6 weeks post-partum, on 

whom serial assessments of depressive symptoms in each of the trimesters were done using the 

Kessler’s 10 Psychological Distress Scale (K10), were assessed using the Strength and Difficulties 

Questionnaire (SDQ) at 78 months.

Results: Thirty seven women (26.4%) reported depressive symptoms at one trimester 

(intermittent group) and 28 women (20%) had depressive symptoms in at least 2 trimesters 

(persistent group). On adjusted bivariate regression analysis, children of women with intermittent 

antenatal depressive symptoms scored lower on the prosocial behavior subscale of SDQ compared 

to children of mothers with no depressive symptoms ( B=;−0.91, 95% CI: −1.65,−0.18; p=0.016).
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Limitations: The use of a screening measure to assess maternal depression, the assessment of 

the children’s behavior based only on the mothers’ reports and the small number of women with 

persistent depressive symptoms in our sample is important limitations.

Conclusions: The possible association between antenatal depressive symptoms and prosocial 

behavior in children point to the need for routine assessment and intervention for emotional 

disorders during pregnancy.
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1. Introduction

Antenatal depression is associated with several obstetric risk factors (Ajinkya et al., 2013), 

and has adverse effects on child development (Deave et al., 2008; Thomas et al., 2020) 

and emotional and behavioral problems in childhood (Leis et al., 2013), Studies have also 

reported more behavioral problems in children at 3 years born to mothers with antenatal 

depression when compared to children of mothers who were never depressed (Rotheram-

Fuller et al., 2018) and associations between greater severity of maternal antenatal 

depression and increased behavior problems in children at mid childhood (Faleschini et al., 

2019). However, the findings on the association between antenatal depression and childhood 

behavioral problems have been inconsistent. A longitudinal study on 7144 women from UK 

found that antenatal anxiety in late pregnancy and not antenatal depression was associated 

with behavioral/emotional problems among children at age 4 (O’Connor et al., 2002). A 

study that examined the association trajectories of maternal depression and child behavior 

at 5 years found that mothers who had persistently high or persistently intermediate levels 

of depressive symptoms during pregnancy, and at 4 months, 8 months, one year, 3 years 

and 5 years postpartum had children with increased levels of emotional and behavioral 

difficulties, but children of mothers with depressive symptoms only during pregnancy did 

not have increased levels of emotional or behavioral problems (van der Waerden et al., 

2015). The inconsistent findings on the association between antenatal depressive symptoms 

and childhood behavioral difficulties may be related to the severity of depressive symptoms, 

the timing and/or persistence of depressive symptoms during pregnancy (de Bruijn et al., 

2009; Tharner et al., 2012; Tuovinen et al., 2021).

We had performed a double-blind, placebo-controlled trial of oral vitamin B12 during 

pregnancy and early lactation in South Indian women (Duggan et al., 2014). As part of this 

trial, antenatal depressive symptoms were measured at three trimesters in pregnancy. The 

objective of the present study was to examine the association between antenatal depressive 

symptoms, assessed serially during pregnancy and behavioral outcomes in children at 78 

months.
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2. Materials and methods

Women and children who enrolled in the parent placebo-controlled, randomized trial of 

vitamin B12 supplementation during pregnancy and 6 weeks post-partum were eligible 

for inclusion in this study. The parent randomized controlled trial was registered at 

clinicaltrials.gov as NCT00641862. The present study was approved by the Institutional 

Ethics Committee, St. John’s National Academy of Health Sciences, Bangalore and the 

Institutional Review Board of the Harvard T. H. Chan School of Public Health. The 

recruitment site was Hosahalli Hospital, a government hospital serving an undeserved 

community from urban Bangalore. Eligibility for the parent trial included women aged ≥18 

years who had registered for antenatal care at/before 14 weeks gestational age. Excluded 

were women with multiple gestations, chronic medical conditions, those who anticipated 

moving out of the area before study completion, those who tested positive for hepatitis 

B (HepBsAg), HIV or syphilis (VDRL) infections, and those who were already taking 

daily vitamin supplements in addition to folate and iron. The women were scheduled to be 

screened by Kessler psychological distress scale (K- 10) during the three trimesters in the 

parent trial. Women with severe depressive symptoms (K10 scores ≥ 20) were referred to a 

government psychiatric facility for further evaluation and treatment. The present study used 

a convenient sample from the parent trial that consisted of women who were assessed for 

depressive symptoms at a minimum of 2 out of 3 time points during the antenatal period. 

The details of recruitment and methods are provided in a previous paper (Duggan et al., 

2014; Thomas et al., 2020).

The women were approached for behavioral assessment of their children when they were 6 

years old and consent was sought. 140 mother-child pairs participated in the study (Fig. 1). 

After written informed consent was obtained for the assessment, a study research assistant 

reviewed the baseline socioeconomic and demographic data that was collected upon initial 

entry into the study (Table 1).

2.1. Assessment of child behavior

Child behavior was assessed by the Strength and Difficulties Questionnaire (SDQ) 

(Goodman, 1997). The Strengths and Difficulties Questionnaire (SDQ) is a brief emotional 

and behavioral screening questionnaire for children and young people. The tool comprises of 

25 items and is administered to the parent, and yields 5 sub-scales of 5 items each. The sub-

scales include: (1) Emotional symptoms (2) Conduct problems (3) Hyperactivity/inattention 

(4) Peer relationships problem and (5) Pro-social behavior. The Hyperactivity/ inattention 

sub-scale and the Conduct problems sub-scale are combined to get a score of externalizing 

symptoms and the Emotional symptoms sub-scale and Peer relationships problems sub-scale 

are combined to get a score of Internalizing symptoms. The Externalizing and Internalizing 

symptom scores are combined to get a total difficulties score. The Pro-social behavior is 

associated with being considerate, sharing, helpful and kind. Higher scores indicate fewer 

difficulties with prosocial behavior. The questionnaire is found to have strong internal 

consistency and moderate test retest reliability (Yao et al., 2009). The SDQ is used widely 

in research in India and is found to be useful for assessing internalizing and externalizing 
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symptoms among children and adolescents in community based studies (Nair et al., 2017; 

Singh et al., 2015).

2.2. Assessment of maternal psychological factors

2.2.1. Depressive symptoms—Maternal depressive symptoms during pregnancy were 

assessed using Kessler Psychological Distress Scale (K-10). The K-10 consists of 10 items 

based on a 4-week recall period with each item having five response categories and is 

scored from 0 to 4 (Kessler et al., 2003). In the present study, we administered a translated 

version of K-10 in local language (Kannada). In a previous study among South Indian 

pregnant women, K-10 was found to be good screening instrument for identifying antenatal 

depression in South India at a cut off score ≥6 (sensitivity = 100 %, specificity = 81.3 %, and 

area under the curve = 0.95) (Fernandes et al., 2011). We have used K10 in earlier studies 

as a measure of antenatal depression (Lukose et al., 2014; Thomas et al., 2020). In the 

present study, women who had K-10 scores ≥ 6 in 2 or more trimesters of pregnancy were 

categorized as persistently depressed. Women with K10 scores < 6 at all three trimesters 

belonged to the non-depressed category, and women with K10 scores ≥ 6 in any one 

trimester were defined as intermittently depressed.

2.2.2. Social support scale—A questionnaire in local language was used to measure 

a broad range of social support available to the woman during pregnancy. It was developed 

as part of an earlier study that examined the relation between parental social support, child’s 

home environment and cognitive performance (Malda, 2009). The items in the SSQ were 

based on and adapted from existing questionnaires and example items given in articles 

and book chapters. The items were piloted, translated and adapted to Indian setting. The 

questionnaire had an alpha coefficient of 0.88 in the original study (Malda, 2009). The 

questionnaire consisted of 12 items; six reflecting instrumental and six reflecting emotional 

support with options ranging from definitely not enough (Score = 1) to definitely enough 

(Score = 4). This scale was administered in the second trimester of pregnancy.

2.2.3. Coping checklist—This 70 item scale scored dichotomously as ‘Yes’ or ‘No’ 

indicating the presence or absence of a particular coping behavior (Rao et al., 1989). The test 

retest reliability was 0.74. The scale gives information on whether the person uses problem 

solving coping or emotional coping strategies and has been used in the Indian setting in a 

variety of populations including women (Rao et al., 2003). This scale was administered in 

the second trimester of pregnancy.

2.2.4. Assessment of home environment—The home environment was assessed 

using Bradley’s home inventory for early childhood (Bradley and Caldwell, 1979), 

which has been used across cultures to study the effects of home environment on 

childhood cognitive abilities. It is an observational tool that allows trained observers to 

quantify observations related to mother-child interactions, family living patterns and habits, 

orderliness of the physical home environment, and the potential of the observed environment 

to positively influence development, and has been used in our previous studies of cognitive 

and neurophysiological outcomes in children of women who were supplemented with 
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Vitamin B12 during pregnancy (Srinivasan et al., 2017, 2020; Thomas et al., 2019, 2020). 

The test was administered at 66 months.

2.2.5. Assessment of biochemical parameters during pregnancy—Details of 

biochemical assays have been previously described (Duggan et al., 2014). 10 mL of blood 

was obtained from the women by venipuncture at 12 weeks (baseline). The plasma and 

RBCs were separated and stored at -80C until analysis. Plasma vitamin B12 was measured 

by electrochemiluminescence (Roche Diagnostics Mannheim, USA). The intraday and 

interday assay CVs for vitamin B12 were 0.54% and 2.44%, respectively.

2.3. Statistical analysis

We used SPSS Version 22 for all analyzes. Continuous data were described using mean 

± SD or median (Q1,Q3) and categorical data using n (%). The normality of the data 

was examined by graphically evaluating Q–Q plots. Kruskal Wallis test was used to 

compare the three groups of women (Persistently depressed vs. intermittently depressed vs. 

non-depressed) on biochemical parameters, psychological and behavioral measures as they 

were skewed. Post-hoc comparisons were done using Mann-Whitney U-test with Bonferroni 

adjusted p values. Bivariate linear regression analysis was performed if the initial non-

parametric comparisons were statistically significant, adjusting for all the parameters that 

had significant univariate association, along with intervention. Regression coefficients (β) 

and corresponding 95% confidence interval (95% CI) are reported. The level of significance 

used for statistical significance was P < 0.05.

3. Results

Of the 366 women who were recruited in the parent trial, 140 mother-child dyads who 

were assessed for depressive symptoms at a minimum of 2 out of 3 time points during the 

antenatal period and whose children were available for behavioral assessment at 78 months 

were eligible for the present study. There were no differences in the socio demographic 

characteristics or baseline biochemical characteristics of the women included in the study 

and those who were excluded (data not shown). Seventy five women (53.5%) did not 

report depressive symptoms in any of the trimesters (not depressed group,) while 37 

women (26.4%) reported depressive symptoms at one trimester (intermittent depressed 

group) and 28 women (20%) had depressive symptoms in at least 2 trimesters (persistent 

depressed group). Among the women with intermittent depressive symptoms, 30 (81.1%) 

had depressive symptoms in the first trimester. Women with persistent depressive symptoms 

had a lower educational attainment compared to the other two groups of women (Table 1).

Scores on prosocial behavior domain on SDQ were lower in children born to women 

with intermittent depressive symptoms [Median (Q1, Q3): 9 (6.5,10); p < 0.01] and 

higher maternal baseline hemoglobin was associated with lower scores on prosocial 

behavior (Spearman’s rank correlation coefficient: −0.17; p < 0.05). Higher scores on home 

environment were associated with lower scores on externalizing symptoms domain on SDQ 

(Spearman’s rank correlation coefficient: − 0.18; p < 0.05) and higher scores on problem 

solving based coping were associated with lower scores on internalizing symptoms domain 

on SDQ (Spearman’s rank correlation coefficient: − 0.20; p < 0.05) and total difficulties 
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score on SDQ (Spearman’s rank correlation coefficient: − 0.23; p < 0.01). Higher scores 

on emotional social support were associated with lower total difficulties score on SDQ 

(Spearman’s rank correlation coefficient: − 0.19; p < 0.05).

A bivariate regression analysis was conducted to examine the association between the 

depressive symptoms during pregnancy and child behavior outcomes adjusting for all the 

parameters that had significant univariate association, along with intervention. The pro-

social behavior sub-domain score on SDQ continued to be significantly lower in children 

of women with intermittent depressive symptoms compared to children of women with no 

depressive symptoms (Table 2) after adjusting for B12 intervention, maternal hemoglobin in 

the first trimester, maternal problem solving coping and emotional social support and home 

environment.

We did not find any association between persistent antenatal depressive symptoms and child 

behavior outcomes on both univariate and bivariate analyzes.

4. Discussion

A significant proportion of pregnant women in South India in this study had depressive 

symptoms across multiple time points of assessment during pregnancy. We found that 

antenatal maternal depressive symptoms were associated with poorer prosocial behavior on 

SDQ in children at 78 months, both on univariate and adjusted analysis.

Most studies on the association between antenatal depression and child behavior outcomes, 

noted that antenatal depressive symptoms was associated with more internalizing and 

externalizing symptoms among children (Faleschini et al., 2019; Rotheram-Fuller et al., 

2018). However, a recent meta-analysis that included 8 studies on the association between 

maternal perinatal depression and anxiety and child and adolescent development found 

that antenatal depression and/or anxiety were associated with poorer prosocial behavior in 

children, though the effect sizes were small (Rogers et al., 2020), which is in agreement 

with our study. Prosocial behavior or acts that benefit others are very important to children 

and adolescents, as it helps to increase their acceptance by peers and foster affiliation and 

contribute critically to positive development and well-being (Dirks et al., 2018). Prosocial 

behavior is critical to development of peer attachment among children and is mediated 

by empathy (Schoeps et al., 2020), and lack of prosocial behavior could result in lower 

self-esteem and impede development of healthy relationships in the future (Padilla-Walker 

and Carlo, 2014). Maternal emotional problems during pregnancy are associated with 

increased infant stress reactivity which in turn is related to poorer dyadic interaction 

quality between the mother and child at 5 years (Zietlow et al., 2019). Disorganized 

attachment (Hayes et al., 2013) and problems in the mother-child interactions (van Doorn 

et al., 2016) predict poor prosocial behavior during childhood. However, in our sample, 

intermittent depressive symptoms and not persistent depressive symptoms was associated 

with poor prosocial behavior in children. This could be due to the less number of women 

with persistent depressive symptoms in our sample. The association between intermittent 

depressive symptoms and poor prosocial behavior among children could also be due to 

trimester specific effects. Some studies have reported that maternal stress during early 
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pregnancy has a more detrimental effect on child neurodevelopmental outcomes than stress 

during later pregnancy (Davis and Sandman, 2010). The modest sample size of our study 

did not allow examination of trimester specific effects of maternal depression on child 

behavioral outcomes. Larger longitudinal studies with several time points of assessment of 

depression both during pregnancy and post-partum may help to understand the intrauterine 

effects of maternal depression on behavioral outcomes in children. Studies that assess the 

exclusive effects of depression as opposed to anxiety symptoms during pregnancy may also 

help to understand the association better.

4.1. Strengths

The major strength of our study is that we assessed depressive symptoms at each of the three 

trimesters of pregnancy. The assessments were carried out by trained child psychologists.

4.2. Limitations

The use of a screening measure to assess maternal depression as opposed to a clinical 

assessment of depression and the assessment of the children’s behavior based only on the 

mothers’ reports are important limitations. In addition, we do not have data on depressive 

symptoms in mothers during the follow-up period. The small sample size with limited 

number of women in the persistent depression category is another limitation.

5. Conclusion

With high prevalence of prenatal depression in low and middle income countries and the 

relatively large population of children in these countries, the effects of prenatal depressive 

symptoms on child behavioral outcomes could be high, thus contributing to a significant 

burden to the society. Future longitudinal studies with a larger sample size will be helpful 

to examine this association between antenatal depressive symptoms and child behavioral 

outcomes.
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Fig. 1. 
. Flow chart of sample inclusion from baseline to assessment of children at 78 months.
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Table 2

Multivariate analysis of SDQ scores at 78 months.

SDQ Parameters n = 140 Presence of depressive symptoms B 95% CI p value

Prosocial Not depressed Ref – –

Intermittently depressed −0.91 −1.65,
−0.18

0.016

Persistently depressed −0.25 −1.19,
0.70

0.606

Externalizing Not depressed Ref – –

Intermittently depressed 0.05 −1.01,
1.10

0.929

Persistently depressed −0.63 −1.98,
0.72

0.359

Internalizing Not depressed Ref – –

Intermittently depressed 1.17 −0.04,
2.38

0.059

Persistently depressed 1.01 −0.55,
2.57

0.202

Total Difficulties Not depressed Ref – –

Intermittently depressed 1.23 −0.39,
2.86

0.136

Persistently depressed 0.39 −1.70,
2.48

0.709

All analyzes are adjusted for intervention, baseline maternal hemoglobin, home environment, maternal problem solving coping and maternal 
emotional social support.
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