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Abstract

The COVID-19 pandemic may configure an adverse prenatal context for early development. The aim of this study was to
analyze the effects of pandemic-related negative experiences, prenatal anxiety and depression on the temperament of six-
month-old babies. The sample consisted of 105 mother—child dyads. A longitudinal evaluation was carried out using pre-
and postnatal online surveys. Mothers completed the State-Trait Anxiety Inventory, the Beck Depression Inventory — II, the
Pandemic Impact Questionnaire and the Infant Behavior Questionnaire Revised. Serial mediation models were tested, in
which the pandemic-related negative experiences constituted the independent variable, the prenatal anxiety and depression
were the mediators, and the children’s temperament dimensions were the dependent variables. Pandemic-related negative
experiences were indirectly associated with the offspring’s negative affect and surgency through anxious symptomatology,
which acted as a mediating variable. This was the first study to identify the effects of the COVID-19 pandemic on tempera-
ment. Such an adverse context implies risks for child development. Public health policies aiming to evaluate socioemotional

variables during early childhood become necessary to allow on-time interventions for lessening these risks.

Keywords Temperament - Early development - Prenatal maternal stress - COVID-19

Introduction

Evidence suggests that current pandemic context could
exacerbate the pre-existing vulnerability of certain popu-
lation groups, such as pregnant women or young children,
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to suffer psychological distress (Holmes et al., 2020). This
vulnerability could be further aggravated in low-and-mid-
dle-income countries (LMICs), since in environments char-
acterized by inequity and disparity the pandemic is usually
experienced as a chronic and extreme stressor (Gassman-
Pines & Gennetian, 2020; Smith & Pollak, 2022).

The estimated prevalence of perinatal mental disorders in
women in LMICs is 15.6% antenatally and 19.8% postnatally
(Fisher et al., 2021), and it has been shown that these indica-
tors increased during the COVID-19 pandemic, especially in
LMICs (Lépez-Morales et al., 2021). The pandemic context
has introduced changes in medical routines and health assis-
tance during pregnancy.

The vulnerability of pregnant women is given by the dou-
ble impact of adversity. This means that negative impacts
affect both them and their offspring (Madigan et al., 2018;
Monk et al., 2021). Numerous studies have indicated that
mental disorders during pregnancy increase preterm birth
risk (Gemmill et al., 2019), generate a decrease in the birth
weight of children and can cause intrauterine growth restric-
tion (Grigoriadis et al., 2013), all of which increase the risks
of infant mortality (D’Onofrio et al., 2013). On the other
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hand, depression and prenatal anxiety may also have nega-
tive effects on fetal and newborn development at physiologi-
cal, cognitive, motor and emotional levels (Madigan et al.,
2018); this generates greater predisposition to present future
mental disorders, which could extend into childhood, adoles-
cence and adulthood (Huizink et al., 2003; O’Donnell et al.,
2014). Along these lines, the National Comorbidity Survey
Replication Study estimated that exposure to adversity in
early life could be associated with more than 30% of psychi-
atric disorders (Green et al., 2010), including depression and
anxiety (Kingsbury et al., 2016; Wang et al., 2018). Other
studies also suggest that early exposure to stress could be
causally associated with underlying neural mechanisms that
predispose to future psychopathologies (Lebel et al., 2016).

According to the fetal programming hypothesis, the pre-
natal period is a sensitive period for development, because
the fetus has a physiological adaptation to the characteristics
of the intrauterine environment in which it is developing
(Barker & Osmond, 1986). The fetus responds to its uterine
environment and to changes and disturbances in it, for exam-
ple, those caused by prenatal maternal stress. Exposure to
stressful physical and / or biological stimuli can have long-
lasting effects on cognitive, emotional, neuroendocrine, and
behavioral outcomes in humans (Lebel et al., 2016; Madigan
et al., 2018; Monk et al., 2021). Since the central nervous
system is developing during the gestational period, induced
alterations in fetal physiology can modulate the program-
ming of the developmental pattern of key tissues and organ
systems (Gluckman et al., 2010). However, not all babies
show developmental problems due to such exposure (Korja
et al., 2017 Dec).

There are no studies to date that explore the effects of
the pandemic context on offspring’s early development, yet
some previous experiences associated with health emergen-
cies, catastrophes or natural disasters have shown that pre-
natal stress could have detrimental effects on mental health
of pregnant women and on the well-being of their children
(Cao-Lei et al., 2020). Historical events such as the Spanish
flu during the 1918 pandemic (Almond, 2006), the Dutch
Hunger Winter in 1944 or the Ice Storm in Quebec in 1998
(Yoshikawa et al., 2020), have shown that prenatal and early
childhood stress associates with long-term consequences in
cognitive and emotional development, such as lower cogni-
tive, emotional and linguistic performance, decreased play
abilities, and increased risk of developing psychopatho-
logical conditions—such as post-traumatic stress disorder,
depression, anxiety and schizophrenia — (Monk et al., 2021;
Yoshikawa et al., 2020).

Therefore, changes due to the current pandemic context
could act as chronic stressors that increase the predisposi-
tion to suffer psychopathological symptoms, such as anxiety
and depression during pregnancy. These symptoms could
introduce changes in the trajectories of fetal development
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that, ultimately, could alter the adaptive behaviors of the
offspring, among them, the processes related to the reactivity
and stress regulation patterns of newborns.

In this sense, the study of early temperament is of special
interest. Early temperament is defined as the particular dif-
ferences in constitutional reaction and self-regulation that
can be observed in children’s emotionality, activity and
attention (Rothbart, 2007). Reactivity refers to the tendency
of an individual to exhibit arousal to stimuli, and self-reg-
ulation is the process by which this reactivity is modulated
(Kohnstamm et al., 1989). Rothbart (Rothbart, 2007) pro-
poses three dimensions of temperament: (1) surgency, which
combines the disposition towards positive emotions, quick
approach towards reinforcements and a high level of activity,
referring to indicators such as activity, laughter and smiles,
high intensity pleasure, impulsiveness, lack of shyness and
positive anticipation; (2) negative affect, which includes
indicators related to fear, anger, sadness, displeasure, and
lack of ability to calm down; (3) effortful control, which
refers to the ability to focus attention, inhibitory control, low
intensity pleasure, and perceptual sensitivity.

Temperament reflects individual differences based on
biology that arise in the first years of life and remain rel-
atively stable thereafter (Gaias et al., 2012). However, its
development also occurs in interaction with the environment
(Putnam et al., 2002), and can be modulated by variables
such as a child’s social background, family characteristics,
and caregivers’ psychological functioning (Montirosso et al.,
2011). In this sense, temperament is a valuable object of
study due to characteristics related to neural plasticity, and
has been strongly indicated as influenced by maternal factors
(Braithwaite et al., 2013; Davis et al., 2004). Several stud-
ies have already highlighted the effects of maternal stress,
mainly during the second and third trimesters on infant
temperament (Zijlmans et al., 2015). For example, prenatal
anxiety and depression have been associated with negative
maternal report of child effortful control (Miller et al., 2021),
greater infant negative affect (Pluess et al., 2011), difficult
temperament (Della Vedova, 2014), lower consolation and
higher excessive crying (Takegata et al., 2021) and greater
irritability, reactivity and stress propensity (Gentile, 2017).
Overall, maternal anxiety and depression during pregnancy
serve to increase the risk of having an infant who is less
likely to express joy (e.g., smiling and positive affect); is
experienced as "difficult" (e.g., crying / fussing excessively);
and is more dysregulated or fearful (Erickson et al., 2017,
Takegata et al., 2021; Zijlmans et al., 2015).

In conclusion, this context of prenatal adversity could
configure a negative stimulus that affects the trajectory of
early development of children born during the pandemic
in different conditions of isolation and social distancing
(Pandemial Babies, for having been gestated and born in
pandemic). Therefore, the aim of this study is to analyze
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the effects of negative pandemic experiences and prenatal
anxiety and depression on the temperament of six-month-
old babies.

Methods
Participants

The sample consisted of 105 mother—child dyads (mother’s
mean age =32.49; SD=4.71) with single, on term preg-
nancies who were recruited serially between March 2020
and May 2021. The dyads were evaluated longitudinally at
different prenatal times (n=105) -second trimester (mean
gestational age =21.68; SD=2.58) and third trimester
(mean gestational age =30.8; SD=1.37)- and one postnatal
evaluation at 6 months (n=103), both of the mother and
her babies. All of them were part of the cohort of preg-
nant women of the Argentine project "Emotional impact
of isolation by COVID-19", who were contacted through
social networks and evaluated remotely. Sociodemographic
characteristics (age, gestational age, educational level, par-
ity, economic affectation due to the pandemic and presence
of diseases or medical complications) are summarized in
Table 1. The inclusion criteria were the following: age:
18-45 years old, residence: Argentina, absence of serious
physical / psychological illnesses, absence of risk factors
for COVID-19, single pregnancies between the second and
third trimesters. Pregnant women who reported psychotropic
drugs or steroids, and alcohol and / or illicit drugs consump-
tion were excluded. With respect to the offspring, only new-
borns of single pregnancies and term (>37 and <42 weeks
of gestational age) were included and those newborns with
a higher risk of neurodevelopmental disorders (eg, birth
weight < 2.5 kg; congenital abnormalities; neurological
injury; diagnosis of intrauterine growth restriction) were
excluded (Enlow et al., 2017).

Instruments
Pandemic-related negative experiences

The C-PIQ is a questionnaire that assesses the personal
response to the COVID-19 pandemic in terms of its impact
on mental health, growth and exposure to stressors (Lang,
2020). For the purposes of the current study, only the expo-
sure subscale was used, which consists of eight dichotomous
response items (yes—no) that assess whether or not certain
pandemic-related negative experiences have happened to the
respondent or to someone close. The Cronbach’s a of the
subscale in this study was 0.88.

Depression symptoms

The Spanish adaptation (Sanz & Vazquez, 2011) of the Beck
Depression Inventory-11 (BDI-II) (Beck et al., 1996) was
administered. The BDI-II is a self-report questionnaire con-
sisting of 21 items, each of which represents a symptom
of depression (e.g. crying, appetite changes, sadness, pes-
simism, etc.). It is widely used for evaluating depression
during pregnancy (Nast et al., 2013), since it has reported
good internal consistency in studies with pregnant women
(x=0.87) (Nast et al., 2013). It has showed evidence of good
reliability (a=0.89) (Sanz et al., 2003) and validity in preg-
nant (Holcomb et al., 1996). In the present study, Cronbach’s
a for the BDI-II was 0.93. This scale is widely used for
evaluating depression during pregnancy (Nast et al., 2013),
since it has reported good internal consistency in studies
with pregnant women (a=0.87) (Carvalho Bos et al., 2009).

State anxiety

The Spanish adaptation (Spielberger et al., 1999) of the
State-Trait Anxiety Inventory (STAI) was used (Spielberger
et al., 1970). The STAI is a 40-item, self-report scale, which
evaluates anxiety as a trait and as a state. Respondents
answer about frequency of anxiety symptoms in a 4-point
Likert scale, ranging from O to 3. Given the aim of the pre-
sent study, only the 20 items of the state-anxiety subscale
were applied. Previous studies have found evidence of ade-
quate psychometric properties for the STAI, showing good
reliability (a=0.84 to 0.93) (Riquelme & Casal, 2011) and
validity, in pregnant women (Gunning et al., 2010). It is
widely used for research on pregnant women since it pre-
sents the best reliability (a=0.83 to 0.72) (Delgado et al.,
2016) and validity indicators for the assessment of anxiety
in this population group (Nast et al., 2013). In the present
study, Cronbach’s o for the STAI was 0.86.

Temperament

The Spanish version of the Infant Behavior Questionnaire
Revised — Very Short Form (IBQ-RVSF) (Farkas & Vallot-
ton, 2016) for children 3 to 12 months of age was used (Put-
nam et al., 2013). The IBQ-RVSF measures a wide variety
of children’s behavior through parental report. By means of
a seven-point Likert scale, each item (ranging from never to
always). It includes 37 items, each of which assesses the fre-
quency of different behaviors related to temperament during
the seven days prior to the application. Items are responded
according to a 7-point Likert Scale (ranging from “never” to
“always”). The scale includes three factors: surgency, nega-
tive affect and effortful control. Factorial scores are obtained
through the mean of its items, so each factor yields a score
ranging from 1 to 7 points. The scale has shown adequate
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Table 1 Sociodemographic
variables and covariables

Variable Pregnant
women
(n=105)
Mother’s age Mean 32.49
SD 4.71
Gestational age (weeks) Second trimester Mean 21.68
SD 2.58
Third trimester Mean 32.8
SD 2.37
Geographic region Pampeana region 79.0%
Cuyo region 8.6%
Patagonia region 5.7%
Northwest region 5.7%
Northeast region 1.0%
Level of economic affectation due to  High 17.1%
the pandemic Medium 23.8%
Low 22.9%
Null 36.2%
Educational level Postgraduate (complete & incomplete) 34.3%
First University Degree (complete) 34.3%
First University Degree (incomplete) 31.4%
Parity Primiparous 59.6%
Multiparous 40.4%
Diseases or medical complications Heavy bleeding 2.9%
Fluid retention 9.8%
Nausea or vomiting in excess 19.6%
Drop of 5 kg or more 2.9%
Increase of 12 kg or more 11.8%
Infections 2.9%
Hypertension 1.0%
Thyroid problems 8.8%
Gestational diabetes 2.0%
Blood incompatibility 1.0%
Other diseases 3.9%
Infant’s sex Woman 54.3%
Male 45.7%
Birth weight (grams) Mean 3307.53
SD 218.40
Infant age (months) Mean 6.12
SD 0.42

reliability (Cronbach’s o of 0.71 to 0.90), and convergent and
predictive validity (Farkas & Vallotton, 2016). In the present
study, Cronbach’s « for the IBQ-RVSF was 0.91.

Covariables
Regarding mothers, closed-ended questions were applied

to explore age, gestational age, educational level, parity,
economic affectation due to the pandemic and presence of
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diseases or medical complications. As for babies, closed-
ended questions were applied to explore sex, birthweight
and age.

Procedure

The different surveys were administered through Google
Forms. The sample was initially recluted on social networks
through a snowball sampling procedure, and the links for
follow-up were sent by email. Participants were asked to
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complete 4 surveys at different times during the pandemic:
two prenatal evaluations, in the second and third trimesters
respectively, and two evaluations at 6 months after birth, one
of the mother and the other of her child.

Data analysis

Analyses were carried out using IBM SPSS 26 for Win-
dows, with p <0.05. Descriptive statistics were computed
for socio-demographic characteristics and for all the vari-
ables reported in the measures section. Parametric indexes
were obtained for continuous variables, whereas percent-
ages were obtained for categorical variables. After that, the
normality of the dependent variables was checked through
skewness and kurtosis (values between +2 points are con-
sidered acceptable limits for normality) (George & Mallery,
2016). All variables presented acceptable values: maternal
anxiety (2° trimester: Sk=0.56; Ku=-0.22; 3° trimester:
Sk=-0.01; Ku=-0.17; postnatal: Sk=-0.61; Ku=-0.24),
maternal depression (2° trimester: Sk=0.80; Ku=0.90;
3¢ trimester: Sk=0.77; Ku=0.29; postnatal: Sk=0.87,;
Ku=0.97), negative affect (Sk=0.24; Ku=-0.54), effort-
ful control (Sk=-0.77; Ku=1.80) and surgency (Sk=-0.89;
Ku=1.75). The repeated measures ANOVA statistic was used
to test the effect of time (second/third trimester and postna-
tal measures) on depression and anxiety. The associations
between the study variables were investigated with zero-
order Pearson correlations.

Serial mediation models were estimated (Model 6) using
PROCESS (Hayes, 2013). In these models, pandemic-related
negative experiences constituted the independent variable,
maternal anxiety and depression levels were tested as media-
tors, and child’s temperament dimensions (negative affect,

effortful control and surgency) were the dependent variables.
To evaluate the indirect effect, a bootstraping procedure with
10,000 resamplings was conducted. This procedure creates
accelerated and corrected 95% confidence intervals of indi-
rect effects, which are considered significant when zero is
not included in the high and low intervals. To limit the num-
ber of covariates included in these models given the rela-
tively small sample size, potential covariates were evaluated
in a preliminary correlational analysis. Variables that were
correlated with any of the three IBQ- R-VSF subscales at
p <0.05 were included as a covariate in the mediation model
that examined the temperament measure (surgency, negative
affect and effortful control). The following variables Parity,
infant sex and birth weight exhibited an association p < 0.05
with the predictor or the outcomes and so were included as
covariates in all analyses.

Results

Characteristics of the sample and descriptive
and inferential statistics of the psychopathological
measures.

The demographic variables for the sample are shown in
Table 1. The descriptive statistics of the administered
tests are shown in Table 2. Regarding psychopathologi-
cal measures, results of repeated measures ANOVA dem-
onstrated a significant effect of time, both in depression
[F1.01. 10485 =10.91, p<0.001, 7,°=0.10] and anxiety
[F(z’ 208) = 15.63, p<0.001, np2=0.13]. Regarding anxi-
ety measures, the post-hoc tests for paired comparisons
with Bonferroni correction showed statistically significant

Table 2 Descriptive statistics of the administered tests and repeated measures ANOVA

Variable Second trimester  Third trimester  Postnatal Repeated
(6 months) measures
ANOVA
Maternal anxiety Mean 23.56 23.86 19.25 F=15.63"
SD 9.39 7.96 7.05
Maternal depression Mean 10.21 11.31 8.88 F=1091""
SD 5.97 6.93 4.39
Negative experiences due to the pandemic ~ Mean - 7.57 - -
SD - 2.71 -
Infant temperament scales (IBQ-R-VSF) Infant surgency Mean - - 5.04 -
SD - - 52
Infant negative affect ~ Mean - - 3.96 -
SD - - 1.18
Infant effortful control Mean - 5.49 -
SD - - 47

*p<.05/%% p<.01
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differences between the second (F(, 598, =4.31; p<0.01)
and third trimesters (F, ,05y=4.61; p<0.01) with respect
to the postnatal measure (Fig. 1A). Respecting depression
measures, the post-hoc tests for paired comparisons with
Bonferroni correction showed similar results: postnatal
scores were significantly lower in comparison to the ones
registered at the second (F g 19485)=1.33; p=0.03) and
third (F(; 9; 194.85)=2.43; p<0.01) trimesters.

Associations between pandemic-related negative
experiences, maternal anxiety symptoms and infant
temperament

Three mediation models were tested. In these models, the
pandemic-related negative experiences constituted the inde-
pendent variable, the levels of maternal anxiety (during

second and third trimester of pregnancy) acted as media-
tors, and the three dimensions of children’s temperament
(negative affect, effortful control and surgency) were the
dependent variables. (Table 3) (Fig. 2A-C).

Overall, pandemic-related negative experiences were
significantly associated with the anxiety levels observed
at the second ($=0.23, p<0.05) and at the third trimester
(B=0.55,p<0.001).

Regarding model A (COVID-19 experiences < maternal
anxiety at second trimester < maternal anxiety at third tri-
mester < negative affect) (Fig. 2A), maternal anxiety levels
at the second (f=0.17, p<0.05) and at the third trimes-
ter (#=0.43, p<0.001) were significantly and positively
associated with children’s negative affect. No significant
direct effect was observed between pandemic-related nega-
tive experiences and affectivity (4=0.05, p>0.05). At the

Fig.1 Comparison of the ANXIETY
adjusted mean of the psycho-
pathological variables, during A
the three phases of the study. *%
Figure 1 shows the adjusted 30
means for (A) anxiety and (B) * %
depression, during the three 2
phases of the study (second 8
trimester, third trimester and = 1
postnatal). **p <0.01; *p <0.05 T 20 1
/ Error bars +2SD £
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Table 3 Total, direct and indirect effects of mediation models

Model  Effect B DE P value 95% IC
Model A Total 0.35 0.04 0.0010.078/0.234
Direct 0.05 0.04 0.629-0.068 /0.110
Indirect (a;b;) 0.05 0.03 >0.05 -0.055/0.109
Indirect (a,b,) 023 0.07 <0.05 0.097/0.372
3k
Indirect 0.03 0.02 <0.05 0.001/0.066
(a;dy;by)
Model B Total 0.20 0.03 0.0430.002/0.112
Direct -0.06  0.03 0.626-0.082 / 0.050
Indirect (a;b;) -0.03  0.03 >0.05 -0.119/0.010
Indirect (a;b,) 026  0.09 <0.05 0.086/0.449
ES
Indirect 0.03 0.01 <0.05 0.001/0.078
(a;dy;by)
Model C  Total 0.07  0.0035 0.465-0.004 / 0.009
Direct 0.01  0.0044 0.968 -0.009 / 0.009
Indirect (a;b;) -0.03  0.03 >0.05 -0.100/0.026
Indirect (a,b,) 0.08 0.08 >0.05 -0.057/0.247
Indirect 0.01 0.01 >0.05 -0.007/0.038
(a1dy;by)
Model D Total 0.35  0.0390 0.0010.077/0.232
Direct 0.29  0.0405 0.0020.047 /0.208
Indirect (a,b,) 0.02 0.0351 >0.05 -0.057/0.086
Indirect (a,b,) 0.02 0.0255 >0.05 -0.013/0.085
Indirect 0.02 0.0291 >0.05 -0.018/0.096
(a1dy;by)
Model E  Total 0.19  0.0277 0.052-0.001 /0.109
Direct 020 0.0294 0.054-0.001/0.116
Indirect (a,b;) 0.0087 0.0393 >0.05 -0.084/0.080
Indirect (a;b,)  -0.0084 0.0290 >0.05 -0.057/0.065
Indirect -0.0105 0.0359 >0.05 -0.070/0.074
(aydy;by)
Model F  Total 0.0229 0.0037 0.817-0.006 / 0.008
Direct 0.0760 0.0039 0.465-0.005/0.011
Indirect (a;b;)  -0.0025 0.0401 >0.05 -0.091/0.074
Indirect (a;b,)  -0.0225 0.0279 >0.05 -0.079/0.035
Indirect -0.0281 0.0345 >0.05 -0.100/0.041
(aydy;by)
* Top effect

same time, there were significant indirect, mediation effects
between pandemic-related negative experiences, maternal
anxiety at the third trimester, and children’s negative affect
($=0.23,1C=0.097/0.372), as well as between pandemic-
related negative experiences, maternal anxiety during the
second and third trimester, and negative affect (=0.03,
IC=0.001 / 0.066). The comparison between both indirect
effects showed that the first one (a,b,) is greater than the
second one (a;d,;b,) (Effect: 0.21; IC=0.080/0.341).
Regarding model B (COVID-19 experiences < mater-
nal anxiety at second trimester < maternal anxiety at third

trimester < surgency) (Fig. 2B), it was also observed that
maternal anxiety levels during the third trimester (f=0.48,
p <0.001) were significantly and positively associated with
children’s surgency. There was no significant direct effect
between these variables (f=-0.05, p > 0.05). However, sig-
nificant indirect effects of mediation were observed between
pandemic-related negative experiences, maternal anxiety
at the third trimester and children’s surgency (f=0.26,
IC=0.086 / 0.449), as well as between pandemic-related
negative experiences, maternal anxiety at the second and
third trimester and children’s negative affect (f#=0.03,
IC=0.001 / 0.078). The comparison between both indirect
effects showed that the first one mentioned (a2b2) is greater
than the second (al1d21b2) (Effect: 0.23; IC=0.072/0.411).
Model C (COVID-19 experiences < maternal anxiety at
second trimester < maternal anxiety at third trimester < effort-
ful control) (Fig. 2C) did not show any total, direct or indirect
significant effects (p > 0.05). However, the covariate post-
partum anxiety showed significant effects (p <0.05).

Associations between pandemic-related negative
experiences, maternal depression symptoms
and infant temperament

Three mediation models were tested, in which pandemic-
related negative experiences were the independent variable,
levels of maternal depression at second and third trimester
acted as mediators and the three dimensions of children’s
temperament (negative affect, effortful control and surgency)
were the dependent variables (Table 3) (Fig. 2D-F).

Overall, pandemic-related negative experiences were sig-
nificantly associated with maternal anxiety levels at the second
(p=0.24, p<0.05) and at the third trimester (3=0.14, p<0.05).
None of the covariates showed significant effects (p>0.05).

Only Model D (COVID-19 experiences < maternal
depression at second trimester < maternal depression at third
trimester < negative affect) (Fig. 2D) showed significant
effects, both total (§=0.35, p<0.001) and direct ($ =0.29,
p<0.01). The rest of the models did not show significant
total, direct or indirect effects (p>0.05).

Discussion

The present study aimed to analyze the effects of prenatal
and postnatal anxiety and depression on the temperament of
6-month-old babies born in the pandemic. The study is based
on the hypothesis that the context of adversity due to the
COVID-19 pandemic and its multiple associated variables
could constitute an additional negative stimulus that affects
future mothers and, consequently, the trajectory of early
development of children gestated during confinement -The
Pandemials-. Pregnancy is a transition period that includes
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Fig.2 Statistical diagram of serial mediation models used to test the
influence of maternal anxiety (models A, B, C) and maternal depres-
sion (models D, E, F) on the association between negative pandemic
experiences and the three dimensions of temperament. Note: The path
values represent standardized regression coefficients (a;, a,, b;, b,, d,
and d,). The value c represents the total effect of the model. The ¢’
value represents the direct effect of the initial analysis of pandemic
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sex, and birth weight were introduced as covariates in the regression
model. For simplicity, these covariates are not shown in the figure. *
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changes on physiological, psychological and social dimen-
sions. Exposure to situations of adversity that impact on any
of these dimensions will increase the possibility that these
women experience depression, anxiety or stress, and also
that their children suffer negative consequences of a physi-
ological, emotional or cognitive nature (King et al., 2021).

With regard to maternal mental health, the results
indicated that levels of anxiety and depressive symptoms
increased during the second and third trimesters of preg-
nancy, and decreased significantly during the postpartum
period. On the other hand, a larger amount of pandemic-
related negative experiences predicted higher levels of pre-
natal anxiety and depression, which highlights the adverse
effect of the pandemic context over pregnant women’s
mental health. As mentioned above, the pandemic context
introduced unpredictable changes in daily life, such as physi-
cal distancing, total or partial restriction to the freedom of
movement, and significant difficulties in access to medical
and social attention and care. Given that pregnant women
have a special requirement for these practices and routines,
the pandemic context accentuates the special vulnerability
of this group (Matvienko-Sikar et al., 2020). In addition,
studies have highlighted some of the special worries that
pregnant women manifested in this context, such as fear of
contagion and vertical transmission of the virus, concerns
about the progress of the pregnancy or about the time of
delivery, and difficulties in the distribution of time between
work, childcare and housework (Khan et al., 2020; Saccone
et al., 2020). All of these have predisposed women to the
development of perinatal psychopathological indicators, as
our study has also shown.

Regarding the relationship between maternal anxiety and
children’s temperament, our study demonstrated that pan-
demic-related negative experiences are indirectly associated
with offspring’s negative affect and surgency, mainly during
the third trimester, through the mediation of prenatal anx-
ious symptoms. In conclusion, a larger amount of pandemic-
related negative experiences was related to higher levels of
prenatal anxiety, which in turn predicted higher indicators of
surgency and negative affect in 6-month-old babies.

In relation to prenatal anxiety, several studies have
reported similar findings, in which maternal anxiety symp-
toms, after controlling for postnatal mood or stress, pre-
dicted higher levels of surgency (Lin et al., 2014) and nega-
tive affectivity (Braithwaite et al., 2013; Davis et al., 2004;
McMahon et al., 2013; Miller et al., 2021; Werner et al.,
2007). Regarding the pandemic context, only one study
has published results on the relationships of pandemic-
related negative experiences with socioemotional develop-
ment. Provenzi et al. (Provenzi et al., 2021) reported that
postnatal maternal anxiety was indirectly associated with
babies’ regulation capacities at 3 months old, through the
mediation of parental stress and mother—child bonding. The

aforementioned study gave the first evidence of the possi-
ble effects of the COVID-19 pandemic on maternal mental
health and on the early development of socioemotional and
behavioral variables. The present study shows additional evi-
dence in the same line and contributes to deepen the knowl-
edge on the subject.

Although the association between prenatal anxiety and
negative affect has been widely reported, that is not the case
with respect to the previous literature on surgency, since
some studies have found that it shows a negative associa-
tion with both prenatal anxiety and negative affect (Enlow
et al., 2017; Takegata et al., 2021). Conversely, our study
supports the explanatory models that positively associate
negative affect and surgency (Lin et al., 2014) as dimen-
sions of infant regulatory capacity: high levels of both vari-
ables could imply a risk for regulatory capacity (Gartstein &
Rothbart, 2003). For example, negative affectivity—encom-
passing general negative mood, fear, and anger responses—
predisposes these children to respond negatively to others
and make them prone to a lasting distress response (Belsky,
1997). Along the same lines, children with high levels of
arousal are more likely to be unable to regulate their behav-
ior, and therefore use less effective regulatory strategies (e.g.
kicking or hitting) and focus on distressing objects (Calkins
et al., 2002). On the other hand, surgency includes compo-
nents of both positive and negative affectivity, due to the fact
that it consists of a disposition towards positive emotions,
rapid approach towards reinforcements and high intensity
pleasure, as well as high intensity activities, impulsiveness
and lack of shyness. These last three components would be
a risk factor for regulatory deficits (Gartstein et al., 2009).
Additionally, the high levels of intensity associated with
surgency could exaggerate expressions of negativity and
promote negative interactions between the child and his /
her caregiver (Rothbart et al., 2000).

Therefore, the reported association between prenatal
anxiety on the development of self-regulation functions in
children may have its origin in deficiencies associated with
dimensions such as negative affect and surgency. Early iden-
tification of these indicators should be a priority, since dif-
ficulties in self-regulation have been associated with clinical
forms of dysregulation in late childhood and adolescence,
including depression, anxiety, and attention deficit / hyper-
activity disorder (Erickson et al., 2017; Rosario et al., 2014;
Sayal et al., 2014).

Regarding the relationship between maternal depres-
sion and temperament of the offspring, our model did not
identify significant associations. Although most studies on
the effects of prenatal psychopathology on temperament
development have focused on anxiety indicators as predic-
tors, there is currently a significant number of reports on
childhood depression and temperament (Erickson et al.,
2017; Takegata et al., 2021). While many investigations
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have pointed out significant associations between prenatal
depression and some dimensions of temperament -mainly
negative affect- (Babineau et al., 2015; Della Vedova, 2014),
a considerable number of research papers have reported null
effects (Nolvi et al., 2016; Rothenberger et al., 2010). This
shows that, unlike prenatal anxiety, the association between
prenatal depression and temperament development is still
under discussion.

The mechanisms that mediate the influence of prenatal
health on fetal development and early childhood have not
yet been sufficiently clarified, although it is presumed that
both genetic and environmental factors participate (Erickson
et al., 2017). As previously mentioned, the fetal program-
ming hypothesis (Gluckman et al., 2010) would suggest that
the physical, behavioral and emotional characteristics in the
offspring of mothers with prenatal stress are the result of
sufficiently stable alterations in the structure and function
of the offspring’s brain and other organs (Demers et al.,
2021). Currently, there is some consensus indicating that
maternal influence on the fetus is mediated by the impact
of maternal cortisol on the development of the hypotha-
lamic—pituitary—adrenal (HPA) axis of the fetus. There is
evidence (Cao-Lei et al., 2020) that adverse situations such
as prenatal depression (Murgatroyd et al., 2015) or post-
traumatic stress disorder (Perroud et al., 2014) can cause
epigenetic modifications of the genes related to the func-
tional adjustment of the HPA axis (such as FBPKS, NR3C1
and HSD11B2) (O’Donnell & Meaney, 2017). As a result,
the regulatory mechanisms of the HPA axis are attenuated
and, therefore, the neurotoxic effects of high cortisol con-
centrations are increased. This dysregulation has a very high
cost on the neuroendocrine systems of the pregnant woman,
which could directly influence the neuronal structures of the
developing fetus and, if the stressful situation does not remit,
of the child during the postnatal period (Rakers et al., 2017),
altering cognitive, emotional and behavioral functions
(Bergh et al., 2015). More precisely, the dysregulation of
maternal cortisol levels could affect limbic brain structures
(e.g., hippocampus and amygdala), generate an overproduc-
tion of neuronal connections, and alter the functioning of the
prefrontal cortex, with fewer neuronal connections (Teicher
& Samson, 2016). Limbic structures and the prefrontal cor-
tex are involved in reactivity and stress regulation patterns,
in emotional (e.g., anxiety and anger) and cognitive (e.g.
learning and memory) processing and in temperamental
variation of behavior (e.g. search for novelty, harm avoid-
ance and reactive temperament). These structural changes
can influence how an individual perceives, interprets and
reacts to stressful situations (Hair et al., 2015).

Regarding the timing of exposure to stress, most studies
have reported that prenatal anxiety and depression during
the third trimester of pregnancy often show significant asso-
ciations with the development of temperament. However,
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although with less evidence, it has also been indicated that
exposure during the second and, to a lesser extent, the first
trimester, can also generate effects on socio-emotional vari-
ables in children (Korja et al., 2017). This is probably due
to the characteristics of fetal neurodevelopment during preg-
nancy: when exposure to the stressful stimulus occurs dur-
ing the first trimester, it is expected to predict more severe
effects on neurodevelopment, while exposure during the
second and third trimesters has traditionally been identified
as a window period for the later development of psychopa-
thology or socio-emotional deficiencies.

Although the scope of our study is limited and results
may not allow quick generalizations, the data suggest that
factors predisposing to a phenotype with greater reactivity to
stress (greater negative affect and surgency and less effortful
control) are already present in very young children, which
could be related to neuronal programming impairments
mediated by maternal stress. In turn, the programming of the
adversity response system could predispose these children
to be hyper-reactive towards adverse events, activating the
stress response system more frequently and for longer peri-
ods than necessary (Shonkoff, 2017). All these indicators of
self-regulatory deficits lead to an increased risk of develop-
ing a wide range of psychopathological and neurodevelop-
mental disorders during childhood and adolescence (Erick-
son et al., 2017; Sayal et al., 2014). This special vulnerability
of pregnant women and young children is aggravated by the
current pandemic context in general terms, but, as exposed
earlier, this susceptibility increases in LMICs., because the
inequity and disparity in these countries could predispose
population to experience the effects of the pandemic such
as a chronic and extreme stressor (Smith & Pollak, 2022).
Therefore, it is important to point out the need to imple-
ment public health policies that allow a timely evaluation
of socio-emotional variables during early childhood, which
will allow the creation of early interventions to reduce the
risks associated with these deficits.

Several limitations of this study should be noted. First,
the sample was relatively small and, given that an inten-
tional sampling method was used, it cannot be considered
representative of the population. Therefore, generalizability
of the results is limited. Second, results are based exclu-
sively on mothers’ reports of their infants’ temperament and
of their own symptoms, so risk of response bias must be
taken into consideration. For example, mothers with higher
anxiety or depression levels may overestimate the negative
characteristics of their children’s temperament (Henrichs
et al., 2009; Takegata et al., 2021). However, the longitu-
dinal approach of the study may mitigate this risk (Nolvi
et al., 2016). Moreover, parental reports have been found to
be adequate indicators of infant emotional reactivity, across
different contexts and situations (Nolvi et al., 2016). Future
studies should complement this information with biological
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measures of maternal distress and infant temperament.
Third, no specific method was implemented to avoid pos-
sible bias coming from remote completion of the surveys
(e.g., trap question), which may have affected the quality of
the results. Finally, there may be other confounding variables
influencing temperament that have not been controlled for
in this study. Since social maturation in infancy can mod-
ify temperamental expression, certain postnatal variables
(such as the mother-baby bond) may be affecting the results
(Takegata et al., 2021).

Summary

Our study is one of the few to identify the early effects of
the psychosocial adversity context imposed by the COVID-
19 pandemic on infant temperament. As reported, having
been through a larger amount of pandemic-related negative
experiences was related to higher levels of prenatal maternal
anxiety, which in turn predicted higher surgency and nega-
tive affect in babies at 6 months of age. Overall, this creates
a context of gestational and early childhood adversity, high-
lighting the possible developmental risks that the Pandemial
babies may be under.
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