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A B S T R A C T   

Anxiety and depressive symptoms may influence cortisol trajectories in women and men during pregnancy and 
the postpartum period. Using a multilevel approach, anxiety and depressive symptoms effects on 24-hour urinary 
free cortisol trajectories from the 2nd trimester to 3-months postpartum were examined in a sample of 66 women 
and 65 men with no known psychosocial or medical risk (N = 131; 33 (50%) of them were couples that 
participated in the same assessment waves). Results showed that both anxiety and depressive symptoms influ
ence women’s and men’s cortisol trajectories from mid-pregnancy to 3-months postpartum. Women with high 
depressive symptoms and men with high anxiety or high depressive symptoms exhibited less accentuated var
iations in the 24-hour urinary free cortisol trajectories compared with women with low depressive symptoms and 
men with low anxiety or depressive symptoms, respectively. These effects were significant for women’s cortisol 
trajectories from the 2nd to the 3rd pregnancy trimester and for men’s cortisol trajectories throughout the entire 
period. The effect of anxiety and depressive symptoms on HPA axis functioning and cortisol production during 
pregnancy and postpartum, seems to be sex-specific. Reproductive-related alterations (associated with gestation, 
parturition and lactation) in women’s HPA axis functioning may explain these sex-specific effects.   

1. Introduction 

Pregnancy and the postpartum are challenging periods for both 
women and men, associated with both anxiety and depressive symptoms 
(e.g., Don et al., 2014; Figueiredo and Conde, 2011a; Underwood et al., 
2016) and hormonal changes (e.g., Conde and Figueiredo, 2014; Kane 
et al., 2014). Anxiety and depressive symptoms paths over pregnancy 
and the postpartum periods are generally similar in women and men: 
higher levels of anxiety at the 1st and 3rd pregnancy trimesters 
compared to the 2nd trimester (e.g., Figueiredo and Conde, 2011a; Lee 
et al., 2007), followed by a decline after childbirth (e.g., Andersson 
et al., 2006; Canário and Figueiredo, 2017; Don et al., 2014), and a 
decrease in depressive symptoms from the 1st to the 3rd pregnancy 
trimester (e.g., Figueiredo and Conde, 2011a; Tendais and Figueiredo, 

2016) and at 3 to 6 months postpartum compared to mid-pregnancy (e. 
g., Andersson et al., 2006; Figueiredo and Conde, 2011a; Heron et al., 
2009). Nevertheless, there are sex differences in the severity of psy
chopathological symptoms (e.g., Figueiredo and Conde, 2011a; Parfitt 
and Ayers, 2014; Rollè et al., 2017). Women have increased anxiety and 
depressive symptoms during pregnancy and childbirth (Figueiredo and 
Conde, 2011a; Teixeira et al., 2009) but not in the postpartum (Fig
ueiredo and Conde, 2011b) compared to men. 

Stage-specific differences in cortisol levels are also generally similar 
in women and men: increase during pregnancy with a peak in labor and 
decrease during the postpartum period (Cheng and Pickler, 2010; Conde 
and Figueiredo, 2014; Jung et al., 2011; Storey et al., 2000). Evidence 
suggests that in women the mechanisms underlying cortisol changes are 
influenced by the reproductive status (Handa and Weiser, 2014). 
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Alterations in the Hypothalamic-pituitary-adrenal (HPA) axis func
tioning can be triggered by gestation, fetal development, and parturition 
phenomena (Glynn et al., 2013; Kammerer et al., 2006; Murphy et al., 
2006). During the postpartum period, the decline in cortisol release is 
associated with the placenta expulsion and continuity of hypertrophy of 
the adrenal glands (Cheng and Pickler, 2010; Glynn et al., 2013; Jung 
et al., 2011). These changes may have adaptive functions including: 
regulation of parental behavior (Carter and Porges, 2012), facilitation of 
energy conservation required for lactation, buffer from stress-associated 
inhibition of lactation, and improvement of the immune function (e.g., 
Glynn et al., 2013; Hahn-Holbrook et al., 2011). Modifications in HPA 
axis function persist over the postpartum period and best estimates 
suggest that it takes at least two to three months for the HPA axis to 
return to pre-pregnancy functioning pattern (Glynn et al., 2013; Jung 
et al., 2011; Magiakou et al., 1996; Owens et al., 1987). 

Reports from neuroendocrine research conducted in adults, although 
not in the perinatal period, show an association between anxiety and 
depressive symptoms and a dysregulation of the HPA axis (Kofman et al., 
2019), determining alterations in cortisol release (Elnazer and Baldwin, 
2014; Oldehinkel and Bouma, 2011). In individuals with anxiety and 
depressive symptoms, the HPA axis seems to be hyperactive, with 
increased 24-hour urinary free cortisol levels (Hess et al., 2007; Kathol 
et al., 1989; Maes et al., 1998). These alterations seem to be sex-specific, 
since women with major depressive disorders or anxiety disorders 
exhibit a blunted cortisol response to psychosocial stress compared to 
controls, whereas men with major depressive disorders or anxiety dis
orders exhibit an elevated cortisol response (Zorn et al., 2017). Specif
ically, during pregnancy and postpartum periods, changes in gonadal 
steroid hormones can compromise the HPA axis ability to respond to 
environmental stimuli, since reproduction is regulated by a neuroen
docrine axis, the Hypothalamo–pituitary–gonadal (HPG) axis, involving 
the hypothalamus, anterior pituitary gland and gonads (Handa and 
Weiser, 2014). Blunted plasma cortisol to acute stressors driven by 
anxiety during pregnancy suggests that the rising circulating levels of 
HPA axis hormones and placental corticotropin-releasing hormone 
(CRH) influence the endocrine response to challenges (De Weerth and 
Buitelaar, 2005; Serati et al., 2016). This is also consistent with clinical 
study reports showing non-significant or low associations between stress 
and cortisol levels in women (e.g., Giesbrecht et al., 2012; O’Connor 
et al., 2014). Depressed women during pregnancy exhibit higher cortisol 
levels, lower wake-up, flattened, less sharply declining diurnal pattern 
(O’Connor et al., 2014), and elevated night-time (Peer et al., 2013) 
cortisol levels. In the postpartum period depression is associated with a 
dysregulated HPA axis activity (Glynn et al., 2013), reflected in a lack of 
a cortisol morning rise (Taylor et al., 2009), reduced cortisol diurnal 
variation (de Rezende et al., 2016) and elevated evening salivary 
cortisol levels when compared to healthy controls (Iliadis et al., 2015). 

The majority of the studies conducted so far are cross-sectional, 
focused on women and on the association between psychological 
symptoms and cortisol levels at specific time points, without controlling 
for individual differences in cortisol levels. Recent studies suggest that a 
longitudinal approach and multilevel analysis are necessary to clearly 
describe the potential effects of psychological symptoms on cortisol 
levels (Giesbrecht et al., 2012; Kane et al., 2014). Cortisol-related 
research also involves a variety of methods for biological samples 
collection, including blood, urine and saliva (Sarkar et al., 2013), 
depending on the aim of the study. The 24-hour urinary free cortisol is 
considered a moderately stable indicator of adrenocortical output, 
therefore the best way to assess the overall or long-term HPA axis ac
tivity during pregnancy and postpartum, namely in non-acute experi
mental situations (Yehuda et al., 2003). As far as we know, no studies 
have been published on the association between men’s anxiety or 
depressive symptoms and cortisol levels during the prenatal and post
partum period. 

Using a multilevel approach, the current study examines anxiety and 
depressive symptoms effects on women’s and men’s 24-hour urinary 

free cortisol trajectories from the 2nd pregnancy trimester (20 to 24 
weeks) to 3-months postpartum, adjusting for parity. Parity was 
adjusted in the analysis due to differences between first and second-time 
parents (2nd child or beyond) in anxiety and depressive symptoms 
(Chen et al., 2019; Figueiredo and Conde, 2011a; Skari et al., 2002) and 
in cortisol levels (Conde and Figueiredo, 2014) over pregnancy and 
postpartum period. We hypothesize that both anxiety and depressive 
symptoms effects on cortisol trajectories in women may be different 
from those observed in men, not only because the HPA axis functioning 
is different in women and men (Helpman et al., 2017), namely in the 
presence of a psychiatric disorder (Zorn et al., 2017), but also because 
the reproductive and lactation phenomena interferes with the HPA axis 
functioning (Altemus et al., 1995; Handa and Weiser, 2014). 

2. Methods 

2.1. Participants 

A sample of 66 women and 65 men (N = 131) with no known psy
chosocial or medical risk (N = 131) were included in this study. The 
majority of the participants were aged between 30 and 39 years old 
(women: M = 29.54, SD = 5.60, min = 16, max = 41; men: M = 30.84, 
SD = 6.80, min = 13, max = 48), married, lived with the partner (and 
children), completed the secondary level of education and were 
employed. More than a half were first-time parents (women: 55.6%; 
men: 55.7%), and most women (83.3%) were exclusively breastfeeding 
at 3 months postpartum (Table 1). 

2.2. Measures 

This study is part of a larger research project, therefore measures 
have already been described elsewhere (Conde and Figueiredo, 2014). 

2.2.1. Sociodemographic questionnaire 
Participants’ sociodemographic data were collected using a ques

tionnaire developed by the research team. Information included age, 
sex, marital status, household, occupational status, education and 

Table 1 
Sociodemographics.   

Women (n =
66) 

Men (n =
65) 

Total (N =
131) 

% % % 

Age (years) 
<18 3.2 1.6 2.4 
18–29 41.2 41.0 41.0 
30–39 52.4 47.8 50.2 
≥40 3.2 79.6 6.4  

Marital status 
Cohabiting 19.0 21.3 20.2 
Married 73.1 72.1 72.5 
Single 7.9 6.6 7.3  

Household 
With the partner (and 

children) 
82.5 82.0 82.3 

Alone 1.6 0 0.8 
With the larger family 6.4 6.6 6.4 
With the family and the 

partner 
9.5 11.5 10.5  

Occupational status 
Employed 82.5 90.2 86.3 
Unemployed 9.5 6.6 8.1 
Housekeeping/student 8.0 3.2 5.6  

Education (years) 
<9 27.0 34.4 30.6 
9–12 41.2 47.5 44.5 
>12 31.8 18.1 24.9  
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parity. 

2.2.2. Anxiety symptoms 
State-Trait Anxiety Inventory (STAI-S; Spielberger et al., 1983). The 

STAI is a self-report questionnaire that includes two subscales, the state 
anxiety subscale and the trait anxiety subscale, each one involving 20 
items and scores ranging from 20 to 80. In this study we only used the 
state anxiety subscale that related to anxiety symptoms felt at the 
moment and is conceptualized as a transient emotional condition of the 
individual, characterized by subjectively experienced feelings of ten
sion, together with a heightened activity of the autonomous nervous 
system. Higher scores on this subscale indicate higher anxiety symp
toms. The Portuguese version of the STAI-S showed an excellent internal 
consistency for pregnancy and postpartum (Cronbach’s α = 0.91 and 
0.92, respectively). The optimal cut-off to consider clinically significant 
symptoms is 40 for pregnancy and 34 during the postpartum period 
(Tendais et al., 2014). In this study, low anxiety was considered for 
scores one standard deviation below the grand mean and high anxiety 
was considered for scores one standard deviation above the grand mean. 

2.2.3. Depressive symptoms 
Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987). The 

EPDS is a self-report questionnaire used to assess depressive symptoms. 
It is composed of 10 items in a Likert scale of 4 points (0–3). This scale 
covers the severity of depressive symptoms in the last seven days. The 
Portuguese version of the EPDS showed good internal consistency for 
pregnancy and postpartum (Cronbach’s α = 0.82 and 0.88). The optimal 
cut-off to consider clinically significant symptoms is 9 for pregnancy and 
7 during the postpartum period (Tendais et al., 2014). In this study, low 
depression was considered for scores one standard deviation below the 
grand mean and high depression was considered for scores one standard 
deviation above the grand mean. 

2.2.4. 24-Hour urinary free cortisol 
The collection of the urine produced during a 24-hour period was 

requested to the participants following these instructions: 1) registering 
the day and time of the first urine collection, 2) collecting and storing 
the urine produced in a cool and dark place, and 3) collecting the last 
urine sample 24 h after the first urine collection. After collection, the 
participants informed the research team and a team member picked up 
the urine samples immediately. For each assay, the total volume of urine 
produced during a 24-hour period was registered. The urine samples 
were kept frozen at − 20 ◦C and analyzed in the laboratory. Cortisol 
assay was implemented by a certified clinical lab (APCER n◦ 2004/CEP, 
2395), following the clinical laboratory procedure manual (Bayer Di
agnostics ADVIA Centaur Assay Manual, Revision AT). According to the 
cortisol ADVIA Centaur Assay Manual, five samples were assayed 6 
times, in each of 24 runs, on 6 systems (n = 144 for each sample), over a 
period of 2 days in order to calculate the precision performance char
acteristics of the ADVIA Centaur cortisol assay. The within-run % CV 
ranged between 2.89 and 3.82 and the run-to-run % CV ranged between 
1.86 and 5.45. The total % CV ranged between 4.22 and 6.58. Assay 
procedure included: 1) taking a 20 nl sample; 2) adding 50 nl of Lite 
reagent and 250 nl of Solid Phase before incubating at 37 ◦C for 5 min; 3) 
separating, aspirating and washing the recipient with reagent water; 4) 
adding the same amount of acid and basic reagent to initiate the 
chemiluminescent reaction (Bayer Diagnostics ADVIA Centaur Assay 
Manual). Following the guidelines established in the manuals of the 
Bayer Diagnostics ADVIA Centaur, total volumes lower than 750 ml of 
urine were excluded from the analysis to guarantee valid determination 
of cortisol levels (2nd trimester - two samples from men; 3rd trimester - 
six women’s and five men’s samples; 3-months postpartum - thirteen 
women’s and twelve men’s samples). 

Among the general population, the reference range of 24-hour uri
nary free cortisol levels registers between 55.5 and 286.0 μg/24 h (Bayer 
Diagnostics ADVIA Centaur Reference Manual). 

2.3. Procedures 

This study is in accordance with the Declaration of Helsinki, and is 
part of a larger study in which preferentially couples were recruited. 
After institutional approval, couples were asked to take part in the study 
at their first medical appointment (prior to 14 weeks of gestation) in a 
public antenatal obstetric unit. Nonetheless, the participation of one 
member of the couple was allowed regardless of the participation of the 
other member. Inclusion criteria required participants to be able to read 
and write Portuguese, have a single gestation and no medical/obstetric 
risk. The aims and the procedures were fully explained and an informed 
consent form was signed by participants or their legal representatives. 
The socio-demographic questionnaire was separately filled by the 
women and men during the first half of pregnancy. Repeated measures 
of anxiety symptoms (STAI-S), depressive symptoms (EPDS) and 24- 
hour urinary free cortisol levels were obtained at the 2nd (20 to 24 
weeks) and 3rd (30 to 34 weeks) pregnancy trimesters and at 3-months 
postpartum (10 to 12 weeks). This information was provided by women 
and men separately, therefore, measures for woman and man within a 
couple may not have been collected on the exact same day on each time 
point. 

From the initially recruited participants (N = 246; 123 women and 
123 men), those with at least one cortisol urine sample and that filled in 
at least one STAI-S and/or one EPDS questionnaire were included in the 
analyses (N = 131; 66 women and 65 men; 33 (50%) of them were 
couples that participated in the same assessment waves). Some partici
pants’ 24 hour urine volume did not accomplished the minimum 
required volume and some have refused to provide urine samples, so 
ninety-six cortisol samples (50 women and 46 men) are available for the 
2nd trimester, 103 (53 women and 50 men) for the 3rd trimester and 81 
(41 women and 40 men) for 3-months postpartum. STAI-S is available 
for 63 women and 63 men at the 2nd trimester, 64 women and 62 men at 
the 3rd trimester, 57 women and 56 men at 3-months postpartum. EPDS 
is available for 64 women and 63 men at the 2nd trimester, 63 women 
and 63 men at the 3rd trimester, 56 women and 56 men at 3-months 
postpartum. The remaining participants did not complete the STAI-S 
or the EPDS. Non-participants were more likely to be younger (t(220) 
= − 5.280, p < 0.001), married (χ2 2(3) = 24.864, p < 0.001), and to live 
with the family and the partner (χ2 2(5) = 20.921, p < 0.01). There were 
no significant differences between participants and non-participants 
concerning occupational status. 

2.4. Statistical analysis 

Descriptive statistics (means and standard deviations) were con
ducted for anxiety and depressive symptoms and for 24-hour urinary 
free cortisol at the 2nd and 3rd pregnancy trimesters and at 3-months 
postpartum. A piecewise growth model (time 1, from the 2nd to the 
3rd pregnancy trimester and time 2, from the 2nd pregnancy trimester to 
3-months postpartum) was tested in order to analyze if changes in 
anxiety or in depressive symptoms over time were significant. Pearson 
correlations were used to test the association between anxiety and 
depressive symptoms at the 2nd and 3rd pregnancy trimesters and at 3- 
months postpartum. Characteristics of participants and non-participants 
were compared using chi-square tests for categorical variables and in
dependent samples t-test for continuous variables. The analysis of out
liers revealed one outlier for women (182.7 μg/24 h) and one for men 
(206.4 μg/24 h) at 3 months postpartum, however these values were 
within the reference levels for 24-hour urinary free cortisol, so these 
data was included in the analyses (Bayer Diagnostics ADVIA Centaur 
Reference Manual). 

Independent growth curve models (with maximum likelihood (ML) 
estimation) were performed in order to examine anxiety or depressive 
symptoms effects on women’s and men’s trajectories of 24-hour urinary 
free cortisol during pregnancy and the postpartum period. A person- 
period data set was used, resulting in 198 observations for women (66 
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participants by three time points) and 195 for men (65 participants by 
three time points) (total of 393 observations). This statistical approach 
enabled us to compensate for missing data at each time point. The effect 
size r2 (Rosenthal et al., 2000) was estimated for all significant effects 
and interpreted according to Cohen’s guidelines (Cohen, 1988). 

Several steps were implemented in order to analyze anxiety or 
depressive symptoms effects on women’s and men’s trajectories of 24- 
hour urinary free cortisol during pregnancy and the postpartum. 
Firstly, an unconditional mean model was tested, with no predictors 
included. This model served as a baseline to examine individual varia
tion in the outcome regardless to time. Through the calculation of the 
Intraclass Correlation Coefficient (ICC), the proportion of total outcome 
variation associated to interindividual differences was examined 
(amount of outcome variation explained by the predictors). In step 2, the 
unconditional growth curve model was tested in order to estimate the 
average within-person initial status and change rate over time. Pre
dictors weren’t included in this model (Shek and Ma, 2011). Taking into 
account the descriptive analysis of women’s and men’s 24-hour free 
cortisol levels, a piecewise growth model (time 1, from the 2nd to the 
3rd pregnancy trimester and time 2, from the 2nd pregnancy trimester to 
3-months postpartum) was tested. An important question to take into 
consideration in modeling growth curves is the scaling of time (Biesanz 
et al., 2004). Thus, for both models, Time 0 was defined as the date of 
the first assessment and the time variable was scored in weeks. In step 3, 
predictors were included in the growth curve model in order to analyze 
the fixed effects of anxiety or depressive symptoms (time-varying fac
tors), as well as their interactions with time. Anxiety and depressive 
symptoms are highly correlated in this sample as expected. For that 
reason, when the anxiety symptoms effects were tested, parity [coded as 
− 1 for first-time parenthood and 1 for second-time parenthood (that is 
to say, 2nd child or beyond)] and depressive symptoms were included in 
the model as covariates in order to adjust its effects. When the depressive 
symptoms effects were tested, parity and anxiety symptoms were 
included in the model as covariates in order to adjust its effects. Parity 
was adjusted in the analysis due to differences between first and second- 
time parents (2nd child or beyond) in anxiety and depressive symptoms 
(Chen et al., 2019; Figueiredo and Conde, 2011a; Skari et al., 2002) and 
in cortisol levels (Conde and Figueiredo, 2014) over pregnancy and 
postpartum period. The significant interactions of time with continuous 
predictors (anxiety/depressive symptoms) were interpreted and 
graphed using one standard deviation above (higher anxiety/depressive 
symptoms) and one standard deviation below (lower anxiety / depres
sive symptoms) the grand mean. In order to identify similarities and 
differences between women and men in the effects of anxiety or 
depressive symptoms on 24-hour urinary free cortisol trajectories from 
the 2nd pregnancy trimester to 3-months postpartum, sex (coded as − 1 
for men and 1 for women) and the interaction time * sex * anxiety 
symptoms or the interaction time * sex * depressive symptoms, respec
tively were included in the model and their effects tested. 

Results are reported at a p < 0.05 significance level. Analysis was 
conducted using the IBM SPSS Statistics for Windows, version 23.0. 

3. Results 

3.1. Anxiety and depressive symptoms trajectories in women and men 
from pregnancy to postpartum 

High correlations between anxiety and depressive symptoms were 
found at the 2nd (r = 0.699, p < 0.001) and 3rd (r = 0.694, p < 0.001) 
pregnancy trimesters and at 3-months postpartum (r = 0.733, p <
0.001). 

A piecewise growth model (time 1, from the 2nd to the 3rd preg
nancy trimester and time 2, from the 2nd pregnancy trimester to 3- 

months postpartum) was tested in order to analyze if changes in anxi
ety or in depressive symptoms over time were significant. In women, 
there was a non-significant increase in mean levels of anxiety and of 
depressive symptoms from the 2nd to the 3rd pregnancy trimesters 
(anxiety symptoms: β = 0.16, SE = 0.09, p = 0.06; depressive symptoms: 
β = 0.03, SE = 0.04, p = 0.36), as well as a non-significant decrease from 
the 3rd pregnancy trimester to the 3-months postpartum (anxiety 
symptoms: β = − 0.12, SE = 0.06, p = 0.07; depressive symptoms: β =
− 0.04, SE = 0.02, p = 0.12), suggesting a stability in women’s symp
tomatology over this period. In men, there was a non-significant in
crease in the mean levels of anxiety symptoms from the 2nd to the 3rd 
pregnancy trimesters (β = 0.08, SE = 0.08, p = 0.35) and a significant 
decrease from the 3rd pregnancy trimester to the 3-months postpartum 
(β = − 0.09, SE = 0.04, p = 0.040). Mean levels of men’s depressive 
symptoms decreased significantly from the 2nd to the 3rd pregnancy 
trimesters (β = − 0.08, SE = 0.04, p = 0.026) and remained stable from 
this time point until 3-months postpartum (β = − 0.03, SE = 0.02, p =
0.13) (see Table 2). 

3.2. 24-Hour urinary free cortisol trajectories in women and men from 
pregnancy to postpartum 

In order to examine the amount of variance in the outcome that is 
attributed to differences between individuals, an unconditional mean 
model was tested. The ICC was calculated 204.27 / (204.27 + 1579.49) 
= 0.114, suggesting that about 11.4% of the total variation in 24-hour 
urinary free cortisol was due to interindividual differences (covariance 
parameters p = 0.16). 

A piecewise growth curve model analysis was performed in order to 
predict 24-hour urinary free cortisol trajectories from the 2nd pregnancy 
trimester (baseline) until 3-months postpartum. The empty piecewise 
model corresponding to the estimative of these trajectories was signifi
cant for Time 1 (from the 2nd to the 3rd pregnancy trimester) (β = 1.65, 
SE = 0.45, p < 0.001, r = 0.38), but not for Time 2 (from the 3rd 
pregnancy trimester to 3-months postpartum) (β = − 0.44, SE = 0.38, p 
= 0.25). The mean estimated initial status and growth rate for time 1 
were 76.23 and 1.65, respectively. This suggests that the mean 24-hour 
urinary free cortisol was 76.23 and increased significantly from the 2nd 
to the 3rd pregnancy trimester. 

As significant effects of time were found on 24-hour urinary free 
cortisol trajectories from the 2nd pregnancy trimester (baseline) to the 
3rd pregnancy trimester, two growth curve models were implemented in 
order to test the independent prediction effect of anxiety and of 

Table 2 
Means and Standard Deviations of women’s and men’s 24-hour urinary free 
cortisol and anxiety and depressive symptoms during pregnancy and postpartum 
periods (N = 131).  

Variables Pregnancy Postpartum 

2nd trimester 3rd trimester 3-Months 

M SD M SD M SD 

Women (n = 66) 
24-Hour urinary free 

cortisol 
79.88 29.52 104.62 41.66 78.44 52.22 

Anxiety symptoms 36.38 10.91 37.52 10.37 35.61 10.39 
Depressive symptoms 6.59 4.33 6.97 4.48 6.07 4.49  

Men (n = 65) 
24-Hour urinary free 

cortisol 
70.17 26.43 78.94 33.46 90.98 56.30 

Anxiety symptoms 32.80 8.50 33.93 8.04 32.31 8.87 
Depressive symptoms 5.06 3.66 4.17 3.35 3.67 4.00  

Total sample (N = 131) 
24-Hour urinary free 

cortisol 
76.23 30.71 92.47 41.21 83.76 53.75 

Anxiety symptoms 34.33 9.95 35.35 9.47 33.76 9.86 
Depressive symptoms 5.71 4.02 5.48 4.16 4.85 4.39  2 Effect size r = √[t2 / t2 + df]. 
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depressive symptoms on the shape of individual 24-hour urinary free 
cortisol growth trajectories. Both models were adjusted for parity as well 
as for depressive or anxiety symptoms, respectively. 

3.3. Anxiety symptoms effect on 24-hour urinary free cortisol trajectories 
in women and men from pregnancy to postpartum 

Table 3 presents the piecewise growth curve model predicting 24- 
hour urinary free cortisol trajectories from the 2nd pregnancy 
trimester until 3-months postpartum, taking into account the effects of 
anxiety, as well as the interaction effects with time and time * sex, 
adjusting for parity and depressive symptoms. The estimates in the top 
half of the table represent the degree to which each predictor showed 
effects on the intercepts. The estimates in the bottom half of the table 
represent the interaction effect between each predictor and time on 24- 
hour free cortisol. 

When the previous predictors were added to the piecewise model, a 
significant increase in 24-hour urinary free cortisol levels was found 
between the 2nd and 3rd pregnancy trimesters (r = 0.20) and a signif
icant decrease was observed between the 3rd pregnancy trimester and 3- 
months postpartum (r = 0.22). Although not associated with the 24-hour 
urinary free cortisol levels at baseline, a significant effect of anxiety 
symptoms on 24-hour urinary free cortisol trajectories over these pe
riods was found to be moderated by sex (between the 2nd and 3rd 
trimester: r = 0.20; between the 3rd trimester and 3-months postpartum: 
r = 0.36) (see Fig. 1). In men, both the cortisol increase from the 2nd to 
the 3rd pregnancy trimesters and the decrease from the 3rd pregnancy 
trimester to 3-months postpartum were significantly less accentuated for 
those with high anxiety compared to those with low anxiety, whereas for 
women, the cortisol variations were similar for women with high and 
low anxiety symptoms. 

3.4. Depressive symptoms effect on 24-hour urinary free cortisol 
trajectories in women and men from pregnancy to postpartum 

Table 4 presents the piecewise growth curve model predicting 24- 
hour urinary free cortisol trajectories from the 2nd pregnancy 
trimester until 3-months postpartum, taking into account the effects of 
depressive symptoms, as well as the interaction effects with time and 
time * sex, adjusting for parity and for anxiety symptoms. The estimates 
in the top half of the table represent the degree to which each predictor 
showed effects when predicting the intercepts. The estimates in the 
bottom half of the table represent the interaction effect between each 
predictor and time on 24-hour free cortisol. 

When the model was tested, baseline levels of cortisol were higher 
for women compared to men (r = 0.37) and a significant increase in 24- 
hour urinary free cortisol levels was found between the 2nd and 3rd 
pregnancy trimesters (r = 0.39), both in women and men. Although not 
associated with the 24-hour urinary free cortisol levels at baseline, 
depressive symptoms were a significant predictor of changes in 24-hour 
urinary free cortisol levels from the 2nd to the 3rd pregnancy trimester 
(r = 0.28). Women and men with high depressive symptoms had 
significantly lower increases in 24-hour urinary free cortisol levels from 
the 2nd to the 3rd pregnancy trimester compared to women and men 
with low depressive symptoms, respectively (see Fig. 2). An interaction 
effect of time * sex * depressive symptoms was also found between the 
3rd pregnancy trimester and 3-months postpartum (r = 0.25). The 
cortisol decrease was significantly less accentuated for men with high 
depressive symptoms compared with men with low depressive symp
toms, whereas for women the cortisol decrease was quite similar for 
those with high or low depressive symptoms. 

4. Discussion 

The current study examined the effects of both anxiety and depres
sive symptoms on women’s and men’s 24-hour urinary free cortisol 
trajectories from the 2nd pregnancy trimester to 3-months postpartum, 
adjusting for parity and depressive/anxiety symptoms. As hypothesized, 
both anxiety and depressive symptoms have sex-specific effects on 
cortisol trajectories. Men with high anxiety or depressive symptoms 
have significantly lower cortisol increases from the 2nd to the 3rd 
pregnancy trimesters and decreases from the 3rd pregnancy trimester to 
3-months postpartum compared to men with low anxiety or depressive 
symptoms. For women, high depressive symptoms are associated with 
lower cortisol increases from the 2nd to the 3rd pregnancy trimester, 
whereas cortisol decreases from 3rd pregnancy trimester to 3-months 
postpartum are quite similar for women with high or low depressive 
symptoms. 

No significant associations between anxiety or depressive symptoms 
and cortisol levels were found at the 2nd pregnancy trimester, sustaining 
findings of previous studies pointing out no associations between 
women’s psychopathological symptoms and cortisol levels at specific 
time points in the perinatal period (Figueiredo and Costa, 2009; Harville 
et al., 2009; Shea et al., 2007; Voegtline et al., 2013) and extending these 
findings to men. Some reasons have been pointed out for this absent 
association, namely in women, including the fact that cortisol secretion 
seems to be primarily determined by reproductive phenomena (e.g., 
Glynn et al., 2013; Murphy et al., 2006). Therefore, these results seem to 
support the idea that cortisol production dissociates to a certain extent 
from environmental stressors in pregnancy, especially in women that are 
not under severe risk circumstances (Salacz et al., 2012), such as the 
ones in this sample. Moreover, high individual variability in cortisol 
levels (Kudielka et al., 2009; Radenbach et al., 2015) may also 
contribute to explain the absence of associations between anxiety or 
depression symptoms and cortisol levels at specific time points. 

From mid-pregnancy to 3-months postpartum, women with high 
depressive symptoms and men with high depressive or anxiety symp
toms have less accentuated cortisol trajectories. The reasons underneath 
cortisol variations associated with psychopathological symptoms are 
largely unknown so far, especially considering men. Would these be a 
reflex of the HPA axis that becomes gradually less responsive to stress as 
a result of the exposure to chronic stress imposed by the challenges of 
pregnancy? And if so, why would this happen to a larger extent in in
dividuals with more severe psychopathology symptoms? Studies on 
psychopathology and cortisol levels point in the exact opposite direc
tion: women with major depressive disorders or anxiety disorders 
exhibit a blunted cortisol response to psychosocial stress compared to 
controls, whereas men with major depressive disorders or an anxiety 
disorder exhibit an elevated cortisol response (Zorn et al., 2017). Still 
those studies rely on cortisol reactivity whereas in the present study we 

Table 3 
Women’s and men’s anxiety symptoms effects on 24-hour urinary free cortisol 
trajectories from the 2nd pregnancy trimester to 3-months postpartum (Piece
wise growth curve model).  

Fixed effects 24-Hour urinary free cortisol 

B SE 95% CI 

Intercept  68.57  12.12 [44.52, 92.61]*** 
Time 1  4.23  1.88 [0.52, 7.95]* 
Time 2  − 3.00  1.36 [− 5.69, − 0.30]* 
Sex  3.38  3.25 [− 3.06, 9.83] 
Parity  − 5.33  2.61 [− 10.51, − 0.15]* 
Anxiety symptoms  0.36  0.40 [− 0.44, 1.15] 
Depressive symptoms  − 0.55  0.81 [− 2.15, 1.06] 
Time 1 * Anxiety symptoms  − 0.08  0.05 [− 0.19, 0.02] 
Time 2 * Anxiety symptoms  0.08  0.04 [− 0.001, 0.15] 
Time 1 * Sex * Anxiety symptoms  0.03  0.01 [0.003, 0.06]* 
Time 2 * Sex * Anxiety symptoms  − 0.04  0.01 [− 0.06, − 0.02]** 

Legend. Parity: − 1 first-time parents, 1 second-time parents (2nd child or 
beyond). Sex: − 1 men, 1 women. 

* p < 0.05. 
** p < 0.01. 
*** p < 0.001. 
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analyzed the 24-hour urine circulating cortisol across the perinatal 
period. In women, increases in cortisol levels in the late gestation pro
mote organ maturation and assist in time of labor (Rainey et al., 2004), 
therefore our findings of an effect of high depressive symptoms on lower 
cortisol increases in late pregnancy among women raises concerns 
regarding not only fetal maturation but also childbirth outcomes. 
Cortisol may be the link that explains evidence on the negative impact of 
prenatal depression on perinatal health and neonatal outcomes (Alder 
et al., 2007; Silva et al., 2018). Further studies focusing on the under
lying mechanisms, as well as on the long-term effects of both women’s 
and men’s anxiety and depressive symptoms and hormonal changes on 
the behavior of the child would provide valuable insights both for 
research and clinical practice. 

Some limitations need to be acknowledged and results should be 
interpreted with caution. The small sample size is one of the major 
constraints that can hamper the final conclusions. Additionally, 

although sex, parity and depressive/anxiety symptoms were controlled 
in the analyses, many other factors with an important role in the HPA 
axis functioning (e.g., lactation, perceived stress, inhaled glucocorti
coids, etc.) were not controlled for. Future studies with larger samples 
should be implemented in order to analyze the main and the interaction 
effect of these factors. The substantial attrition in our study is also a 
limitation that should be noted. Participants and non-participants 
differed in some socio-demographic characteristics (age, marital status 
and household arrangements), and may differ in terms of psychophysi
ological processes, which constrains the generalization of the findings. 
The replication of this study in a larger heterogeneous sample that allow 
taking into account exclusively participants with all measures in the 
several assessment time points would help to clarify and validate these 
findings. The validity of the cortisol measurement highly depended on 
the participants’ compliance with the urine collection instructions and 
the environmental exposure to stressors or other elicitors of the HPA 
axis, such as contraceptives, corticosteroids or other drugs, that were not 
controlled for during the data collection period. Despite the above- 
mentioned limitations, this study is, as far as we are aware, the first 
analyzing the effect of both anxiety and depression on women’s and 
men’s cortisol trajectories during the perinatal period. It also has several 
other strengths, including a longitudinal design, repeated measures of 
cortisol, anxiety and depressive symptoms, growth curve analyses using 
multilevel modeling and consideration of intraindividual differences in 
cortisol levels. The inclusion of these aspects strengthens the under
standing of the complex interplay between psychological and physio
logical factors that determine women’s and men’s adjustment during the 
transition to parenthood. 

5. Conclusions 

Both anxiety and depressive symptoms have sex-specific effects on 
cortisol trajectories from mid-pregnancy to 3-months postpartum. In 
men high anxiety or depressive symptoms are associated with less 
accentuated cortisol variations from the 2nd pregnancy trimester to 3- 
months postpartum, compared to those of men with low anxiety or 
depressive symptoms. For women, high depressive symptoms are asso
ciated with lower cortisol increases from the 2nd to the 3rd pregnancy 

Fig. 1. Anxiety symptoms effects on women’s and men’s 24-hour urinary free cortisol trajectories from the 2nd pregnancy trimester until 3-months postpartum. 
Legend. High anxiety symptoms - One standard deviation above the grand mean/Low anxiety symptoms - One standard deviation below the grand mean. 

Table 4 
Women’s and men’s depressive symptoms effects on 24-hour urinary free 
cortisol trajectories from the 2nd pregnancy trimester to 3-months postpartum 
(Piecewise growth curve model).  

Fixed effects 24-Hour urinary free cortisol 

b SE 95% CI 

Intercept  68.95  8.63 [51.45, 86.44]*** 
Time 1  2.86  0.80 [1.27, 4.46]** 
Time 2  − 0.37  0.57 [− 1.51, 0.76] 
Sex  5.35  2.43 [0.38, 10.32]* 
Parity  − 3.50  2.08 [− 8.67, 1.68] 
Anxiety symptoms  0.03  0.29 [− 0.59, 0.66] 
Depressive symptoms  1.06  0.87 [− 0.72, 2.84] 
Time 1 * Depressive symptoms  − 0.25  0.12 [− 0.49, − 0.006]* 
Time 2 * Depressive symptoms  0.02  0.09 [− 0.16, 0.20] 
Time 1 * Sex * Depressive symptoms  0.08  0.07 [− 0.06, 0.23] 
Time 2 * Sex * Depressive symptoms  − 0.14  0.06 [− 0.27, − 0.02]* 

Legend. Parity: − 1 first-time parents, 1 second-time parents (2nd child and 
beyond). 

* p < 0.05. 
** p < 0.01. 
*** p < 0.001. 
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trimester whereas from the 3rd pregnancy trimester to 3-months post
partum the cortisol decrease is quite similar for women with high or low 
depressive symptoms. Alterations in the HPA axis functioning during the 
reproductive period may explain this sex-specific effect. Although the 
need for further studies focusing on the underlying mechanisms of the 
effects of anxiety and of depressive symptoms on women’s and men’s 
cortisol trajectories over pregnancy and postpartum, is undeniable, 
findings of this study seem to support the role of cortisol as a stress 
biomarker during this period, contributing to the identification of pe
riods of increased psychological vulnerability for both women and men. 
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Rollè, L., Prino, L.E., Sechi, C., Vismara, L., Neri, E., Polizzi, C., Brustia, P., 2017. 
Parenting stress, mental health, dyadic adjustment: a structural equation model. 
Front. Psychol. 8, 839. https://doi.org/10.3389/fpsyg.2017.00839. 

Rosenthal, R., Rosnow, R.L., Rubin, D.B., 2000. Contrasts and Effect Sizes in Behavioral 
Research: A Correlational Approach. Cambridge University Press, Cambridge.  

Salacz, P., Csukly, G., Haller, J., Valent, S., 2012. Association between subjective feelings 
of distress, plasma cortisol, anxiety, and depression in pregnant women. Eur. J. 
Obstet. Gynecol. Reprod. Biol. 165 (2), 225–230. https://doi.org/10.1016/j. 
ejogrb.2012.08.017. 

Sarkar, P.L., Zeng, L., Chen, Y., Salvante, K.G., Nepomnaschy, P.A., 2013. A longitudinal 
evaluation of the relationship between first morning urinary and salivary cortisol. 
Am. J. Hum. Biol. 25 (3), 351–358. https://doi.org/10.1002/ajhb.22376. 

Serati, M., Redaelli, M., Buoli, M., Altamura, A.C., 2016. Perinatal major depression 
biomarkers: a systematic review. J. Affect. Disord. 193, 391–404. https://doi.org/ 
10.1016/j.jad.2016.01.027. 

Shea, A.K., Streiner, D.L., Fleming, A., Kamath, M.V., Broad, K., Steiner, M., 2007. The 
effect of depression, anxiety and early life trauma on the cortisol awakening 
response during pregnancy: preliminary results. Psychoneuroendocrinology 32 
(8–10), 1013–1020. https://doi.org/10.1016/j.psyneuen.2007.07.006. 

Shek, D.T., Ma, C.M., 2011. Longitudinal data analyses using linear mixed models in 
SPSS: concepts, procedures and illustrations. Sci. World J. 11, 42–76. https://doi. 
org/10.1100/tsw.2011.2. 

Silva, F., Conde, A., Costa, R., 2018. Impact of prenatal depressive symptoms on 
postpartum depressive symptoms: mediation effect of perinatal health. Span. J. 
Psychol. 21, E28 https://doi.org/10.1017/sjp.2018.29. 

Skari, H., Skreden, M., Malt, U.F., Dalholt, M., Ostensen, A.B., Egeland, T., Emblem, R., 
2002. Comparative levels of psychological distress, stress symptoms, depression and 
anxiety after childbirth—–a prospective population-based study of mothers and 
fathers. BJOG 109 (10), 1154–1163. https://doi.org/10.1111/j.1471- 
0528.2002.00468.x. 

Spielberger, C.D., Gorsuch, R.L., Lushene, R., Vagg, P.R., Jacobs, G.A., 1983. Manual for 
the State-Trait Anxiety Inventory. Consulting Psychologists Press, Palo Alto, CA.  

Storey, A.E., Walsh, C.J., Quiton, R.L., Wynne-Edwards, K.E., 2000. Hormonal correlates 
of paternal responsiveness in new and expectant fathers. Evol. Hum. Behav. 21 (2), 
79–95. https://doi.org/10.1016/S1090-5138(99)00042-2. 

Taylor, A., Glover, V., Marks, M., Kammerer, M., 2009. Diurnal pattern of cortisol output 
in postnatal depression. Psychoneuroendocrinology 34 (8), 1184–1188. https://doi. 
org/10.1016/j.psyneuen.2009.03.004. 

Teixeira, C., Figueiredo, B., Conde, A., Pacheco, A., Costa, R., 2009. Anxiety and 
depression during pregnancy in women and men. J. Affect. Disord. 119 (1–3), 
142–148. https://doi.org/10.1016/j.jad.2009.03.005. 

Tendais, I., Figueiredo, B., 2016. Parents’ anxiety and depression symptoms after 
successful infertility treatment and spontaneous conception: does singleton/twin 
pregnancy matter? Hum. Reprod. 31 (10), 2303–2312. https://doi.org/10.1093/ 
humrep/dew212. 

Tendais, I., Costa, R., Conde, A., Figueiredo, B., 2014. Screening for depression and 
anxiety disorders from pregnancy to postpartum with the EPDS and STAI. Span. J. 
Psychol. 17, 1–9. https://doi.org/10.1017/sjp.2014.7. 

Underwood, L., Waldie, K., D’Souza, S., Peterson, E.R., Morton, S., 2016. A review of 
longitudinal studies on antenatal and postnatal depression. Arch. Womens Ment. 
Health. 19 (5), 711–720. https://doi.org/10.1007/s00737-016-0629-1. 

Voegtline, K.M., Costigan, K.A., Kivlighan, K.T., Laudenslager, M.L., Henderson, J.L., 
Dipietro, J.A., 2013. Concurrent levels of maternal salivary cortisol are unrelated to 

A. Conde et al.                                                                                                                                                                                                                                  

https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1016/j.jad.2015.12.065
https://doi.org/10.1016/j.jad.2015.12.065
https://doi.org/10.1016/j.psyneuen.2005.05.003
https://doi.org/10.1016/j.psyneuen.2005.05.003
https://doi.org/10.1080/10615806.2014.903473
https://doi.org/10.1016/j.jad.2011.02.007
https://doi.org/10.1007/s00737-011-0217-3
https://doi.org/10.1007/s00737-009-0059-4
https://doi.org/10.1016/j.psyneuen.2011.06.011
https://doi.org/10.1016/j.psyneuen.2011.06.011
https://doi.org/10.1016/j.npep.2013.10.007
https://doi.org/10.1177/0956797611420729
https://doi.org/10.1016/j.yfrne.2013.11.001
https://doi.org/10.1016/j.yfrne.2013.11.001
https://doi.org/10.1089/jwh.2008.1102
https://doi.org/10.1080/10615806.2016.1269323
https://doi.org/10.1080/10615806.2016.1269323
https://doi.org/10.1111/j.1399-5618.2009.00685.x
https://doi.org/10.1111/j.1399-5618.2009.00685.x
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0130
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0130
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0130
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0130
https://doi.org/10.1371/journal.pone.0135471
https://doi.org/10.1371/journal.pone.0135471
https://doi.org/10.1210/jc.2010-2395
https://doi.org/10.1210/jc.2010-2395
https://doi.org/10.1007/s00737-006-0131-2
https://doi.org/10.1007/s00737-006-0131-2
https://doi.org/10.1016/j.biopsycho.2014.04.003
https://doi.org/10.1016/0006-3223(89)90267-9
https://doi.org/10.1016/j.biopsycho.2019.01.016
https://doi.org/10.1016/j.biopsycho.2019.01.016
https://doi.org/10.1016/j.psyneuen.2008.10.004
https://doi.org/10.1016/j.psyneuen.2008.10.004
https://doi.org/10.1097/01.AOG.0000287065.59491.70
https://doi.org/10.1097/01.AOG.0000287065.59491.70
https://doi.org/10.1111/j.1600-0447.1998.tb10092.x
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0180
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0180
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0180
https://doi.org/10.1210/er.2005-0011
https://doi.org/10.1016/j.biopsycho.2013.11.002
https://doi.org/10.1016/j.biopsycho.2013.11.002
https://doi.org/10.1016/j.neubiorev.2010.10.013
https://doi.org/10.1016/j.neubiorev.2010.10.013
https://doi.org/10.1016/0024-3205(87)90603-5
https://doi.org/10.1016/0024-3205(87)90603-5
https://doi.org/10.1002/imhj.21443
https://doi.org/10.1002/imhj.21443
https://doi.org/10.1177/070674371305801007
https://doi.org/10.1016/j.psyneuen.2014.12.017
https://doi.org/10.1016/j.psyneuen.2014.12.017
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0220
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0220
https://doi.org/10.3389/fpsyg.2017.00839
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0230
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0230
https://doi.org/10.1016/j.ejogrb.2012.08.017
https://doi.org/10.1016/j.ejogrb.2012.08.017
https://doi.org/10.1002/ajhb.22376
https://doi.org/10.1016/j.jad.2016.01.027
https://doi.org/10.1016/j.jad.2016.01.027
https://doi.org/10.1016/j.psyneuen.2007.07.006
https://doi.org/10.1100/tsw.2011.2
https://doi.org/10.1100/tsw.2011.2
https://doi.org/10.1017/sjp.2018.29
https://doi.org/10.1111/j.1471-0528.2002.00468.x
https://doi.org/10.1111/j.1471-0528.2002.00468.x
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0270
http://refhub.elsevier.com/S0018-506X(20)30243-9/rf0270
https://doi.org/10.1016/S1090-5138(99)00042-2
https://doi.org/10.1016/j.psyneuen.2009.03.004
https://doi.org/10.1016/j.psyneuen.2009.03.004
https://doi.org/10.1016/j.jad.2009.03.005
https://doi.org/10.1093/humrep/dew212
https://doi.org/10.1093/humrep/dew212
https://doi.org/10.1017/sjp.2014.7
https://doi.org/10.1007/s00737-016-0629-1


Hormones and Behavior 128 (2021) 104917

9

self-reported psychological measures in low-risk pregnant women. Arch. Womens 
Ment. Health. 16 (2), 101–108. https://doi.org/10.1007/s00737-012-0321-z. 

Yehuda, R., Halligan, S.L., Yang, R.K., Guo, L.S., Makotkine, I., Singh, B., Pickholtz, D., 
2003. Relationship between 24-hour urinary-free cortisol excretion and salivary 
cortisol levels sampled from awakening to bedtime in healthy subjects. Life Sci 73 
(3), 349–358. https://doi.org/10.1016/S0024-3205(03)00286-8. 

Zorn, J.V., Schür, R.R., Boks, M.P., Kahn, R.S., Joëls, M., Vinkers, C.H., 2017. Cortisol 
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