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Abstract
Cortisol plays an important role in human body functioning,
stress response, and reactivity, and altered cortisol levels
have been related to psychopathology throughout life. This
study investigates several types of clinical and psychosocial
prenatal, perinatal, and postnatal factors related to morning
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cortisol

levels

in

71

12-month-old

infants.

Several

sociodemographic, obstetrical, environmental, and psychological predictors were taken into account. Regression
models show that prenatal anxiety, type of birth, depressive
symptoms at 6 months, and the mothers' feelings about the
relationship with their child explain 32.9% of the variance in
morning cortisol levels in 12-month old infants. When
sociodemographic, obstetrical, environmental, and psychological variables are taken into account, maternal emotional
status and feelings about the mother–infant bonding are
the most important factors that explain infant cortisol
levels, which suggests that they should be included in
obstetric and paediatric care routines to improve infant
health.
Highlights
• Cortisol has an important effect on human homeostasis, growth,
neurodevelopment, stress response and reactivity; however,
altered cortisol levels have been related to psychopathology
throughout life. This study aims to investigate, prospectively
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from pregnancy, several types of clinical and psychosocial prenatal, perinatal and postnatal factors related to infant morning cortisol levels at 12 months.
• When several kind of factors are taken into account (prenatal
life events, prenatal and postnatal nicotine exposure, gender,
gestational age at birth, infant birth weight, parity, socioeconomic status, maternal psychopathology, breastfeeding status
and anthropometry), prenatal anxiety, type of birth, postnatal
depression and mothers' feelings about the relationship with
their infant are the are the variables that better predict infant
morning cortisol levels.
• Maternal emotional characteristics are the central axis for
influencing the development of HPA axis.
• Healthcare professionals may pay more attention to the mother
feelings and emotions along prenatal and postnatal infant development to promote infant mental health.
KEYWORDS

infant morning cortisol, mothers' depression, mothers' emotional
states, mother–infant relationship, pregnancy anxiety

1 | I N T RO D UC T I O N
The development of the Hypothalamic-Pituitary-Adrenal (HPA) axis begins early in life and affects most physical and
psychological processes throughout life. Altered function of the HPA axis may result in altered cortisol levels that are
related to emotional and behavioural psychopathology across the lifespan (Davis & Sandman, 2010; Gunnar &
Vazquez, 2015; Isaksson, Högberg, Valladares, & Lindblad, 2016; Kamin & Kertes, 2017). Therefore, studying the
early factors related to HPA axis programming and functioning is important. Several studies have examined the
potential prenatal, perinatal, and postnatal factors related to cortisol levels. These studies have shown important
inconsistencies in their results. These inconsistencies may be due to differences in methodology (prospective, retrospective, and transversal), the potential predictors (individual, environmental, sociodemographic), the population
studied (high or low psychosocial risk), or type of cortisol response assessed (basal, reactivity, recovery, and/or circadian rhythm; Elhassan, Miller, Vazquez, & Lumeng, 2015; Martinez-Torteya et al., 2015). Pearson, Tarabulsy, and
Bussières (2015) performed a meta-analysis on predictors of cortisol secretion in early childhood and found that
baseline measures of cortisol and the use of prospective data showed greater effect sizes. In fact, variations in reactive and recovery cortisol are always defined as a function of baseline levels. However, they did not find that effect
sizes depended on infant age and the trimester of pregnancy in which the predictors were assessed, which indicates
that cortisol levels remain stable during early infancy (Pearson et al., 2015).
Studies that have accounted for potential predictors from the prenatal period have assessed such factors as
maternal substance use during pregnancy (tobacco smoke, alcohol, and other drugs). Some of them have found a significant relationship between prenatal alcohol and tobacco use and infant cortisol levels (Azar, Paquette, & Stewart,
2010; Ouellet-Morin et al., 2011), whereas others have found no associations between these variables (O'Connor,
Bergman, Sarkar, & Glover, 2013). Anthropometric variables such us maternal weight gain during pregnancy or infant
birth weight have also been studied. Relationships between infant birth weight and altered cortisol levels were found
in some cases but not in others (Elhassan et al., 2015; Martinez-Aguayo et al., 2012; Osterholm, Hostinar, & Gunnar,
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2012). However, the studies with the most consistent results are those that have focused on prenatal emotional
states (anxiety, stress, and depression) and which show that infants prenatally exposed to anxiety, depression, and
stress levels had blunted or decreased cortisol levels (both of which are related to psychopathological processes; De
Bruijn, Van Bakel, Wijnen, Pop, & Van Baar, 2009; Gunnar & Donzella, 2002; Jessica Pearson et al., 2015).
Investigations taking into account postnatal variables have mainly studied life events, abuse, maltreatment,
parental neglect, parental psychopathology, poverty, and attachment difficulties (Ahnert, Gunnar, Lamb, & Barthel,
2004; Brennan et al., 2008; Gunnar & Donzella, 2002; J. Ludmer, Jamieson, Gonzalez, & Atkinson, 2018; MartinezTorteya et al., 2015; Tarullo & Gunnar, 2006). The results of these investigations show that these conditions are
related to cortisol basal levels and reactivity. However, some cases are related to increased or decreased cortisol
levels. Recent studies have even shown that the offspring of women who was abused or neglected during infancy
had a higher incidence of HPA functioning alterations, caused mainly by epigenetic transmission (Brand et al., 2010;
Fuchs, Möhler, Resch, & Kaess, 2016; Martinez-Torteya et al., 2015; Unternaehrer et al., 2017). These results all
point to the fact that from the prenatal period, various interactions (individual and environmental) play an important
role in the development and functioning of the HPA axis, and, therefore, may affect infant social and emotional
development (Marceau et al., 2013). As can be seen, important research has been carried out on factors affecting
infant cortisol levels, largely in high-risk samples and focusing on important confounders from different periods, but
as far as we know, there have been no studies in community samples at low risk on the association of environmental
variables from the prenatal, perinatal, and postnatal periods with early cortisol levels in the same sample group.
Therefore, our main aim was to study the effect of factors from different periods on cortisol morning levels in
12-month-old infants in a low-risk social sample taking into account if there are mediation effects. Among these factors were socio-economic status, maternal anxiety symptoms, emotional stability, life events, and consumption of
toxics (prenatal); sex, mode of delivery, gestational age at birth, infant birth weight, and parity (perinatal); maternal
psychopathology, mothers' feelings about the relationship with their infant, infant exposure to tobacco smoke,
breastfeeding status, and anthropometry (postnatal).

2 | METHODS
2.1 | Sample
The sample size required for the present study was determined to be 60 mother–infant dyads. This sample size was
estimated on the basis of an expected model of four significant covariates, an explanation of a variance in morning
cortisol levels of 30%, an alpha one-sided error of 5%, and a statistical power of 90%.
The participants were 12-month old infants and their mothers, who were recruited by obstetricians and paediatricians at the Sant Joan of Reus University Hospital during their first trimester of pregnancy. To be eligible, the pregnant women had to be at least 18 years of age, not have passed the 1-week stage of gestation in a singleton
pregnancy, and not have any chronic illness such as type 1 diabetes, Crohn's disease, or celiac disease, which would
otherwise affect nutritional status. The children had to have been born in Sant Joan of Reus University Hospital, at
term (37 weeks of gestation), to be of normal weight for their gestational age and free of medical issues during the
first days of life.
A total of 225 pregnant women were assessed for inclusion in the study. Of these, 10 were excluded for not
meeting the initial inclusion criteria and 15 declined to participate. A total of 200 women were enrolled in the study,
six of whom miscarried, eight gave birth in another hospital, seven gave birth prematurely, and 21 had children with
low birth weight for their gestational age. A total of 158 mother–infant dyads were included in the follow-up. At
6 months, 57 mother–infant dyads dropped out and at 12 months, 30 more. There were no significant differences in
perinatal, psychological, or sociodemographic variables between the subjects who completed the study and those
who were excluded or who dropped out during the follow-up phase. The number of participants included in and
excluded from the follow-up and the study design are shown in Figure 1.
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Participants and study design

2.2 | Measurements
2.2.1 | Infant cortisol
Infant morning cortisol levels were determined in blood samples extracted between 7:30 and 8:00 a.m. and measured using a chemiluminescent immunoassay method. We considered cortisol levels to be normal when the values
were between 2.4 and 22.9 mcg/dl.

2.3 | Adjustment measures
2.3.1 | Prenatal
Data on socioeconomic status (SES) were obtained using the Hollingshead Four Factor Index of Socioeconomic Status (Hollingshead, 2011). For this study, we determined family SES by combining the data obtained from both the
father and the mother.
Data on prenatal smoke exposure were collected using a survey specifically designed for the study. The survey
was administered by a member of the research team in a separate room during each trimester of gestation.
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Maternal anxiety and emotional stability were assessed using the Spanish version of the State-Trait Anxiety
Inventory (Spielberger, Gorsuch, & Lushene, 1997). This self-report questionnaire assesses state anxiety (the level of
transient and situational anxiety) and trait anxiety (the level of dispositional and stable trait anxiety). It can compute
four factors: Factor 1 (state of nervousness, tension, anxiety, and restlessness), Factor 2 (positive state of activation,
animation, welfare, satisfaction, and self-confidence), Factor 3 (stable trait of anxiety, melancholy, despair, and feelings of inability), and Factor 4 (emotional stability and absence of mood changes). Due to high collinearity between
these scores, for the purposes of this study, we have used Factors 3 (to represent stable trait anxiety) and
4 (to represent emotional stability). The scale was administered 48 hr after delivery by asking the mothers about their
feelings during pregnancy.
Life stress events were measured retrospectively using the Life Events subscale of the Parenting Stress Index
(PSI; Abidin, 1995). This subscale asks parents about life events such as divorce, other relatives who have joined the
household, substantial increases or decreases in income, death of a close friend or relative, and legal problems. The
scale was administered 6 months postpartum by asking parents if the events reported had taken place during
pregnancy.

2.3.2 | Perinatal
Data for obstetric and neonatal variables were collected from the medical records of each woman in the immediate
postpartum period. These variables are infant sex, neonatal birth weight (gr; measured with a SECA electronic
weighing scale accurate to 10 g), gestational age at birth (weeks; verified by ultrasound in obstetric examinations),
parity, and mode of delivery (noninstrumental vs instrumental).

2.3.3 | Postnatal
In personal interviews during the infant assessments, parents were asked about infant smoke exposure. We considered that the infant was exposed to tobacco smoke when someone smoked anywhere in the infant's home (even if
the child was not present).
Data on breastfeeding were collected during the infant assessments.
Anthropometric data of the infant (weight, height, and cranial perimeter) were collected at both 6 and
12 months.
The mother's general health status was determined using the Spanish version of the General Health Questionnaire (Lobo, Pérez-Echeverría, & Artal, 1986), which is a measure of emotional distress in medical settings that
assesses symptoms of anxiety, depression, social dysfunction, and somatic symptoms, giving a total score for general
distress. The mothers completed this questionnaire when their infant was 6 months old.
Mothers' feelings about their relationship with their infants and the individual mother-infant characteristics that
may affect the attachment process were assessed using the PSI (Abidin, 1995)—a report on the effect that parenting
has on the individual's stress level. The PSI provides scores for the child domain (reinforces parent, mood, acceptability, adaptability, demandingness, and distractibility/hyperactivity) and the parent domain (depression, attachment,
isolation, competence, spouse/parenting partner relationship, role restriction, and health). Mothers were administered the PSI assessment when their infant was 6 months old.

2.4 | Procedure
The Research and Ethics Committee of Sant Joan of Reus University Hospital approved this study and obtained
informed consent from the participants.
The pregnant women who met the study criteria and who were willing to participate in the study were recruited
by the hospital gynaecologist during their first gynaecological consultation. Clinical and sociodemographic data were
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collected at 11–12 weeks of gestation, and then, in each of the three trimesters of pregnancy, members of the
research team gathered data on maternal smoking behaviour. Newborns who met the study criteria were then
included in the follow-up stage. Parents were interviewed and administered questionnaires when infants reached
6 and 12 months of age. At 12 months, blood samples were collected to obtain serum. The samples were collected
into tubes via venepuncture with no anticoagulants. Samples were taken between 7:30 and 8:00 a.m. in Sant Joan of
Reus University Hospital. The blood samples were drawn by hospital staff nurses from the paediatrics department
and scheduled a few days before the interview with parents or, in some cases, on the same day. As far as possible,
the analyses were performed immediately, but if this was not possible, aliquots of serum were stored at −80 for
subsequent measurement in the biobank of the Pere Virgili Institute. The study design is shown in Figure 1.

2.5 | Statistical analysis
To determine which variables are predictors of morning cortisol levels, we first made a Pearson correlation analysis
between variables to assess collinearity. We found that the most correlated variables were prenatal and postnatal
nicotine exposure (r: 0.91), whereas the other correlations ranged from 0 to 0.604 in absolute terms. We then went
on to conduct multiple linear regression analysis using the stepwise method to determine which variables are predictors of morning cortisol levels at 12 months. The candidate variables entered into the model were maternal prenatal
anxiety, maternal prenatal emotional stability, prenatal life stress events, prenatal nicotine exposure, sex of the child,
infant birth weight, gestational age at birth, parity, SES, infant postnatal smoke exposure, months of breastfeeding,
infant weight and height at 12 months, mother's psychopathological status and general health, and mother's stress
related to parenting according to PSI scales. Taking into account that several of these factors could be a direct effect
on cortisol levels or an indirect effect mediated by a third factor, a mediation analysis between significant variables
of the regression was carried out. The mediation effects between significant variables were tested using ordinary
least squares path analysis.
The descriptive, Pearson correlation, and multiple linear regression model analysis were made using SPSS Statistics Desktop 25.0. Moderation analyses were made by using the Process macro for SPSS (Hayes, 2018).

3 | RESULTS
3.1 | Descriptive characteristics of the sample
The descriptive data for the prenatal, perinatal, and postnatal variables are shown in Table 1. The sample consisted
of 71 infants (33 girls and 38 boys) born at term (mean weeks of gestation: 39.51; SD: 1.34) with normal weight
(mean: 3,218.87 g.; SD: 465.02). A total of 63.4% (n: 45) of the births were normal and 54.9% (n: 39) of the mothers
were primiparous. A total of 11.2% (n: 8) of the sample were of low economic status, 49.4% (n: 35) medium, and
39.4% high (n: 28).
As for morning cortisol levels, the levels for all the infants were normal, ranging between 4 and 21.51 mcg/dl.

3.2 | Prediction of morning cortisol levels at 12 months
A multiple linear regression model was performed using the stepwise method to predict infant morning cortisol levels
at 12 months. This is shown in Table 2. Significant variables were prenatal anxiety (B = 0.294; t = 2.087; p = .043),
mode of delivery (B = 0.304; t = 2.492; p = .016), maternal depressive symptoms at 6 months after delivery (B =
−0.489; t = −3.977; p = .001) and the Reinforces Parent PSI subscale (B = 0.546; t = 3.188; p = .003). Together, these
variables explain a total variance of 32.9%.
A mediation analysis was conducted to test the direct and indirect effects of prenatal anxiety on infant morning
cortisol levels through mode of delivery, maternal depressive symptoms at 6 months, and the Reinforces Parent PSI
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TABLE 1

Descriptive characteristics of the sample
Mean

Prenatal
variables

Anxiety (total score)

10.79

5.75

Emotional stability (total score)

15.01

3.34

2.69

4.34

Life stress events (total score)

Perinatal
variables

N

%

28

39.4

Nicotine exposure

Yes
No

43

60.6

Mode of delivery

No instrumental

45

63.4

26

36.6

33

46.5

Instrumental
Gestational age at birth (weeks)
Birth weight (grams)
Infant gender

Postnatal
variables

SD

39.51

1.34

3,218.87

465.02

Girl
Boy

38

53.5

Parity

Primiparous

39

54.9

Multiparous

32

45.1

Socioeconomic status

Low

8

11.2

Medium

35

49.4

High

28

39.4

Low (<2.40 mcg/dl)

0

0

Medium (2.41–22.90 mcg/dl)

71

100

High (>22.91 mcg/dl)

0

0

Breastfeeding (months)

5.82

2.01

12.32

8.04

Distractibility/hyperactivity

21.49

5.37

Adaptability

23.80

4.67

Life stress events (total score)
Infant–mother attachment
and
individual characteristics
(Parenting Stress Index total
scores)

Mother general
psychopathology
(General Health
Questionnaire scores)

Reinforces parent
Infant demandingness

2.08
4.15

Infant mood

8.12

2.79

Infant acceptability

9.58

2.65

Parent competence
perception

27.20

6.07

Parent isolation

12.54

3.51

Attachment

11.59

2.99

Parent health

13.03

3.20

Parent role restriction

13.03

3.20

Parent depression

17.36

5.76

Spouse

16.27

5.27

Somatic symptoms

5.19

3.49

Anxiety symptoms

5.50

4.75

Social dysfunction

7.29

2.64

Depression symptoms

1.41

2.78

11.34

3.86

Infant cortisol basal levels
(mcg/dl)
Infant cortisol basal levels

8.41
17.83
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Prediction of infant basal cortisol levels at 12 months by prenatal, perinatal, and postnatal factors
B

t

p

Model parameters
F4,48 = 11.298
Rcorrected*100 = 32.9
p = .01

Prenatal anxiety

0.294

2.087

.043

Mode of delivery

0.304

2.492

.016

−0.489

−3.977

.001

0.546

3.188

.003

Maternal depression symptoms at 6 months after delivery
Reinforces parent PSI domain

Note. Candidate variables to enter in the model: prenatal anxiety (total score), prenatal emotional stability (total score),
prenatal life stress events (total score), prenatal nicotine exposure (exposed–nonexposed), child gender (female–male), mode
of delivery (not instrumental–instrumental), infant birth weight (grams), gestational age at birth (weeks), parity (primiparous–
multiparous), socio-economic status (total score), infant postnatal smoke exposure (exposed–non-exposed), months of
breastfeeding (months), mother psychopathological and health general status (total score), mother stress related to
parenting scales (total scores in the following domains: reinforces parent, mood, acceptability, adaptability, demandingness
and distractibility/hyperactivity, depression, attachment, isolation, competence, spouse, role restriction, and health).
Abbreviation: PSI, Parenting Stress Index.

subscale. The results show that maternal prenatal anxiety has a direct effect on infant morning cortisol levels at
12 months and an indirect effect through mother's depression symptoms at 6 months after delivery. A bootstrap
sample confidence interval for this indirect effect using 10,000 bootstrap samples was −0.295 to 0.05.
Therefore, higher levels of prenatal anxiety symptoms, an instrumental delivery, and high scores on the Reinforces Parent PSI domain predicted higher morning cortisol levels in infants. Likewise, higher levels of prenatal anxiety also affect infant morning cortisol levels through levels of maternal depressive symptoms at 6 months after
delivery.

4 | DISCUSSION
This is a follow-up study covering the beginning of gestation up to 12 months of age. The aim was to investigate the
effect of prenatal, perinatal, and postnatal clinical and psychosocial factors on infant morning cortisol levels at
12 months of age in the same cohort. Thus, from the prenatal period, we have taken into account variables related
to the mother's cortisol levels that may alter infant behaviour (maternal tobacco use, life events, anxiety, and emotional stability; Hernández-Martínez et al., 2016; Hernández-Martínez, Arija, Balaguer, Cavallé, & Canals, 2008). We
have also adjusted the analyses by using factors from the perinatal period (mode of delivery, gestational age, infant
birth weight, and parity) that can affect the functioning of the HPA from an early stage (Marceau et al., 2013). In
addition to this, we have accounted for variables from the postnatal period (the infant's first year of life) that may
create a stressful environment for the infant. These factors include the family's SES, maternal psychopathology
symptoms, maternal feelings about the relationship with their infant, infant exposure to tobacco smoke, and
breastfeeding status (Ahnert et al., 2004; Bosquet Enlow et al., 2019; Brennan et al., 2002; Gunnar & Donzella,
2002; J. A. Ludmer et al., 2015; Martinez-Torteya et al., 2015; Tarullo & Gunnar, 2006). Moreover, literature shows
that more of these factors are related between them and with cortisol levels. For example, prenatal mother emotional states are related to postnatal depression and mother–infant attachment, and these relations would affect
infant cortisol levels (Dau, Callinan, & Smith, 2019). It is for this reason that we also carried out a mediation analysis
between the regression significant variables. Our results show that prenatal trait anxiety symptoms, instrumental
delivery, mother's postnatal depressive symptoms, and feelings about the relationship with their infant (obtained by
the Reinforces Parent PSI subscale) are significant predictors of infant morning cortisol levels at 12 months. And that
trait anxiety also affects infant morning cortisol through mother depression symptoms at 6 months. Trait anxiety is a
relatively stable personality feature, and subjects with high scores on this scale are emotionally unstable, submissive,
frustrated, and show a tendency to perceive situations as threatening (Spielberger et al., 1997). Additionally, previous
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studies have shown that symptoms of prenatal anxiety are related to higher cortisol levels during infancy (Beijers,
Buitelaar, & de Weerth, 2014; De Bruijn et al., 2009; Glover, Ahmed-Salim, & Capron, 2016; Romero-Gonzalez,
Caparros-Gonzalez, Gonzalez-Perez, Delgado-Puertas, & Peralta-Ramirez, 2018) and even in adolescence (Vänskä
et al., 2016). As for perinatal variables, the data show that difficult deliveries (e.g., deliveries involving forceps,
vacuum, or caesarean section) are related to higher infant cortisol levels. This can be explained by the relationship between higher maternal anxiety levels and the increased possibility of an instrumental delivery
(Hernández-Martínez, Val, Murphy, Busquets, & Sans, 2011). However, it could also be hypothesized that higher
infant cortisol levels are the direct effect of stress on the infant due to instrumental delivery. In this regard,
some authors studied the levels of foetal cortisol in cord blood in relation to mode of delivery. They found an
increase in foetal cortisol levels in normal vaginal spontaneous onset deliveries that were defined as adaptive
and which allow the foetus to face the delivery. The highest levels of cord blood cortisol were found in instrumental deliveries, and it was assumed that forceps, vacuums, and emergency caesareans may be stressful events
for the baby that can have long-term sequelae and sensitize the child to pain and stress later in life (Gitau
et al., 2001; Mears, Mcauliffe, Grimes, & Morrison, 2004).
As for significant postnatal variables, the Reinforces Parent PSI subscale is related to increased cortisol levels,
whereas maternal depressive symptoms are related to blunted cortisol levels. The Reinforces Parent PSI subscale
score is an indirect measure of mother–infant attachment. A mother who scores high on this scale does not experience her child as a source of positive reinforcement (Abidin, 1995). There has been previous evidence of the relationship between attachment and increased infant cortisol levels (Ahnert et al., 2004; Beijers, Riksen-Walraven,
Sebesta, & de Weerth, 2016; Brennan et al., 2002; Gunnar & Vazquez, 2015; J. Ludmer et al., 2018). Moreover, at
the same time, maternal depressive symptoms are inversely related to infant cortisol levels (i.e., the more depressive
symptoms and the lower the cortisol levels). Depression-associated symptoms interfere with a mother's ability to
provide an environment that promotes adaptive stress regulation. This is because depressed mothers tend to be less
sensitive to infants' signs of distress, provide less warmth, display fewer positive emotions, and engage in less
physical contact and fewer interactions with their children (Khoury et al., 2016). This situation may be stressful
for an infant whose primary need for contact bonding has not been addressed. As a result, this situation causes
the infant stress and leads to the future development of psychological problems. Our results show that high
maternal depressive symptoms are related to lower infant morning cortisol levels at 12 months, and whereas
some studies have found results along similar lines (Fernald, Burke, & Gunnar, 2008; Gump et al., 2009), others
have found that maternal depressive symptoms are related to higher cortisol levels later in life (during infancy
and adolescence; Diego et al., 2004; Essex, Klein, Cho, & Kalin, 2002; Halligan, Herbert, Goodyer, & Murray,
2004). These results may be explained in two ways. Some authors have found synchrony between maternal and
infant cortisol levels (Khoury et al., 2016), whereas others found that blunted cortisol levels are related to chronic
postpartum depression. So, we hypothesized that mothers with depression symptoms may have blunted cortisol
levels that have been synchronized with their infant cortisol levels. Nonetheless, despite directional differences
between studies, maternal depressive symptoms are closely associated with offspring cortisol output (Khoury
et al., 2016).
Considering all these results globally, we can hypothesize that maternal emotional characteristics have a fundamental influence over all other variables. This is because maternal prenatal anxiety symptoms are related to difficulties in establishing a mother–infant bond (Akbarzadeh, Rafiee, Asadi, & Zare, 2016) and to a higher incidence of
difficult deliveries (Hernández-Martínez et al., 2011) in addition to being a risk factor for postnatal depression (Cirik
et al., 2016). At the same time, mothers with subclinical levels of depression have less confidence in their maternal
role (Lovejoy, Graczyk, O'Hare, & Neuman, 2000; Weinberg et al., 2001), leading to less effective bonding with their
infant (Rubertsson, Pallant, Sydsjö, Haines, & Hildingsson, 2015). This whole network of relationships can exert a
cumulative effect on the development of the child's HPA axis and, consequently, on their psychopathological
development.
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It should be stressed that all these results need to be contextualized within a healthy, low risk, socio-economic
sample, and it needs to be borne in mind that 88.8% of the participants had medium-high SES, all infants were born
at term and with normal birth weight, and that the mothers in the sample had moderate-to-low anxiety levels
(Hernández-Martínez et al., 2008).
These results should not be interpreted without taking into account the limitations of the study. The main limitation is that we have used data for infant morning cortisol levels without implementing a control for infant wake-up
time. Other studies have also assessed reactivity, recovery, and cortisol circadian rhythm and have arrived at similar
conclusions. In this regard, Pearson et al., (2015) explained that all these responses depend on basal levels. However,
it is recommended that multiple measures be conducted on consecutive days. Neither do we have a direct measure
of mother–infant bonding. We have assessed this feature using the Parent Stress Index questionnaire that assesses
the mother's and father's feelings about the relationship with his or her baby and which is considered to be an indirect measure of bonding or attachment (Abidin, 1995) although other behavioural measures would have been more
appropriate. As far as the confounders in the regression models, it would be useful to have information about current
stress or life events and prenatal psychopathological symptoms other than anxiety.
Taking all this information into account, our results lead us to conclude that maternal emotional states during
pregnancy and the postnatal period are important predictors of infant cortisol morning levels. These results, therefore, support the idea that to promote infant mental health and proper functioning of the infant HPA axis, maternal
emotional states should be accounted for in both prenatal and paediatric medical monitoring routines because of
their considerable influence on the psychosocial development of infants.
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