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A B S T R A C T

Depression during pregnancy and postpartum has impacts on both the birthing parent and offspring. This period 
is characterized by changes in which stress (e.g., cortisol) and reproductive hormone (e.g., progesterone and 
estradiol) levels gradually increase across pregnancy and decrease rapidly postpartum, but there are mixed as-
sociations of cortisol, progesterone, and estradiol levels with depressive symptoms. Prior studies typically have 
focused on single hormones across time or multiple hormones at a single time point. The present study aimed to 
expand the literature by examining patterns of cortisol, progesterone, and estradiol assayed from saliva collected 
at waking in 77 women in mid-pregnancy, late pregnancy, and 8 weeks postpartum. We tested changes in overall 
hormone levels across time using linear mixed-effects models and cross-sectional and longitudinal associations 
with depressive symptoms using correlations and regressions. Levels of progesterone and estradiol increased 
from mid- to late pregnancy, then decreased from late pregnancy to 8 weeks postpartum. Cortisol did not change 
from mid- to late pregnancy but decreased postpartum. Lower mid-pregnancy cortisol was associated with higher 
mid- and late pregnancy depressive symptoms, with similar magnitudes accounting for covariates. Lower mid-
pregnancy estradiol was associated with higher late pregnancy depressive symptoms, although this association 
no longer reached statistical significance separately accounting for gestational age, parity, or body mass index in 
regression models. Pregnancy hormones were not associated with postpartum depressive symptoms. Although 
hormone levels were prospectively associated with depressive symptoms in pregnancy, associations between 
estradiol and depressive symptoms may partly reflect other health- or pregnancy-related factors.

1. Introduction

Perinatal depression during pregnancy or the postpartum period 
affects 10–20% of birthing parents in the US (Van Niel and Payne, 2020) 
and can negatively affect parental quality of life (Slomian et al., 2019). 
Depression in pregnancy is associated with increased risk of preterm 

births and lower birth weights (Wadhwa et al., 1993) and elevated 
neonatal cortisol (Gentile, 2017), which dysregulates 
hypothalamic-pituitary-adrenal (HPA) axis and brain function (Talge

et al., 2007). Perinatal depression may reduce the birthing parent’s 
ability to respond to infant distress cues, potentially compromising 
healthy attachment (Lovejoy et al., 2000) and increasing risk for 
emotional and behavioral problems through middle childhood (Gentile, 
2017). Understanding predictors of perinatal depression is critical to 
prevention and intervention development.

The perinatal period involves biological changes, including in hor-
mones associated with stress (e.g., cortisol) and reproduction (e.g., 
progesterone and estrogen), which increase across pregnancy and
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decrease following childbirth (Schiller et al., 2015; Yim et al., 2015). 
This increase supports a healthy pregnancy and immune function 
(Robinson and Klein, 2012). Given that reproductive hormones modu-
late emotion processing, arousal, cognition, and motivation, perinatal 
hormonal changes may affect mood and functioning (Stewart and Vigod, 
2019), including depression risk (Cárdenas et al., 2020; Yim et al., 
2015). Indeed, rapid changes in reproductive hormone levels may in-
crease the risk of perinatal depression, particularly among subgroups of 
women who are especially vulnerable to effects of hormone changes on 
mood (Bloch et al., 2000; Schiller et al., 2015). Women are also at 
increased risk for developing depression during puberty (Salk et al., 
2017) and during the perimenopausal period (Freeman et al., 2006), 
suggesting a link between depression and reproductive hormonal 
changes.

Within the perinatal period, stress hormones may be associated with 
depressive symptoms. Cortisol is involved in mediating stress responses, 
immune function, and metabolism (Oakley and Cidlowski, 2013). In 
pregnancy, cortisol is necessary for fetal organ growth and preparation 
for birth (Challis et al., 2001). However, despite its essential role in 
pregnancy, there are mixed findings on associations between cortisol 
and perinatal depression as highlighted in systematic reviews (e.g., Hill 
et al., 2025). Importantly, cortisol levels follow a strong diurnal rhythm, 
with levels typically peaking after waking and decreasing throughout 
the day (Adam and Kumari, 2009). Several studies using saliva samples 
have found that depressive symptoms were positively cross-sectionally 
related to mid-pregnancy morning and evening cortisol (e.g., Peer 
et al., 2013) and late pregnancy afternoon cortisol (Voegtline et al., 
2013). Others observed negative cross-sectional associations with 
depressive symptoms for daytime cortisol at mid- and late pregnancy 
(Tsubouchi et al., 2011) and waking cortisol at mid- and late pregnancy 
(O’Connor et al., 2014). Lower morning (Groer and Morgan, 2007) and 
waking (Taylor et al., 2009) cortisol were cross-sectionally associated 
with postpartum depressive symptoms. However, one study found 
higher evening cortisol in women with depressive symptoms six weeks 
postpartum compared to healthy controls and women who experienced 
depression during pregnancy (Iliadis et al., 2015). To date, very little 
research has examined salivary cortisol and depressive symptoms across 
multiple assessments in pregnancy and postpartum (e.g., Iliadis et al., 
2015).

Progesterone plays an important role in conception and maintenance 
of pregnancy through its involvement in ovulation, implantation, and 
sustaining pregnancy (Arck et al., 2007) and is thought to be somewhat 
protective against depression via its modulatory effects on serotonergic 
receptors (Biegon et al., 1983). Supporting this, administering a syn-
thetic version of a progesterone metabolite is associated with reduction 
in postpartum depressive symptoms (Zheng et al., 2019). Some research 
using blood samples has found a negative association between proges-
terone metabolites at mid-pregnancy and postpartum depression 
(Osborne et al., 2017) and cross-sectionally at late pregnancy (Hellgren 
et al., 2014). Other work with blood samples has not found associations 
between derivatives of progesterone from late pregnancy or early 
postpartum and postpartum depression (Deligiannidis et al., 2013). 
Findings are mixed on associations between salivary progesterone and 
perinatal depression (Hendrick et al., 1998), with some work finding a 
negative cross-sectional association between progesterone and post-
partum depression in breastfeeding mothers but a positive association in 
bottle-feeding mothers (Harris et al., 1989). Other research finds no 
prospective association between salivary progesterone and postpartum 

depressive symptoms (Harris et al., 1996). Recent work suggests that 
depressive symptoms predict trajectories of progesterone changes from 

34 to 36 weeks gestation to 8–12 months postpartum, though directions 
differ based on maternal age, with older women having higher proges-
terone levels than younger women (Dukic et al., 2024). Overall, the 
longitudinal relation of salivary progesterone to perinatal depressive 
symptoms remains largely underexplored.

Estradiol, the most potent and abundant estrogen during

reproductive years, is a key hormone in female reproductive changes 
and fetal development (Parisi et al., 2023). Some literature suggests a 
negative association with depression across the perinatal period. For 
example, lower serum estradiol in late pregnancy and two days post-
partum were associated with depressive symptoms at nine weeks post-
partum (O’Hara et al., 1991). Women who receive estradiol treatments 
during the perinatal period exhibit reduced depressive symptoms 
(Gregoire et al., 1996), suggesting estradiol may have inhibitory effects 
on perinatal depression. Conversely, another study found greater serum 

estrogen levels at three days postpartum for women with current major 
depressive disorder (MDD) compared to those with lifetime MDD or 
healthy controls (Klier et al., 2007). Additionally, simulating an estra-
diol increase and decrease as observed in the perinatal period was 
associated with depressive symptoms in women with a history of post-
partum depression but not in those without (Bloch et al., 2000). Similar 
to cortisol and progesterone, research on the longitudinal relation of 
salivary estradiol to perinatal depressive symptoms is quite sparse. 

Few studies have examined multiple hormones longitudinally using

Table 1
Participant Demographics (N = 77).

Variable N (%) or M (SD)

Age (years) 31.25 (4.22)
Gestational age at assessment (weeks)

Mid-pregnancy 21.31 (2.68)
Late pregnancy 34.45 (0.75)
Postpartum 8.45 (1.66)

Race
White 66 (85.7%)
Multi-racial or other race 7 (9.1%)
Black and/or African American 3 (3.9%)
Asian 1 (1.3%)

Ethnicity
Non-Hispanic 69 (89.6%)
Hispanic 8 (10.4%)

Sex of the fetus ​
Male 39 (50.6%)
Female 31 (40.3%)
Missing 7 (9.1%)

Education
High school graduate, diploma or the equivalent (i.e. GED) 1 (1.3%)
Some college credit, no degree 5 (6.5%)
Trade/technical/vocational training 1 (1.3%)
Associate degree 2 (2.6%)
Bachelor’s degree 35 (45.4%)
Graduate degree 33 (42.9%)

Employment status ​
Employed for wages 66 (85.7%)
Self-employed 2 (2.6%)
Out of work and looking for work 1 (1.3%)
Homemaker 4 (5.2%)
Student 3 (3.9%)
Other 1 (1.3%)

Income ​
$0–5,000 1 (1.3%)
$5,001–15,000 1 (1.3%)
$15,001–30,000 2 (2.6%)
$30,001–60,000 9 (11.7%)
$60,001–90,000 17 (22.1%)
$90,001–150,000 28 (36.4%)
Greater than $150,000 19 (24.7%)

Body mass index ​
Mid-pregnancy 27.88 (6.45)
Postpartum 27.77 (6.62)

Number of prior biological children ​
None 51 (66.2%)
One child 20 (26.0%)
Two children 4 (5.2%)
Three children 1 (1.3%)
Four children 1 (1.3%)

Depression history ​
Present 44 (62.4%)
Absent 29 (27.6%)
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the same biospecimen type and collection timing (waking) across 
pregnancy and postpartum as well as associations with depressive 
symptoms during this period. The current longitudinal study aimed to 
expand the literature by: (1) examining patterns of three hormones (i.e., 
cortisol, progesterone, and estradiol) using waking salivary samples at 
three time points across the perinatal period (mid- and late pregnancy, 
postpartum), and (2) investigating cross-sectional and longitudinal as-
sociations between hormone levels and depressive symptoms. We ex-
pected a rise in hormone levels across pregnancy and decrease into the 
postpartum period. We hypothesized that depressive symptoms would 
be statistically significantly associated with hormone levels cross-
sectionally, and that hormone levels would predict changes in depres-
sive symptoms longitudinally. Given limited and somewhat conflicting 
prior research, direction and timing of effects for specific hormones were 
exploratory.

2. Methods

2.1. Participants

All study procedures were approved by the Vanderbilt University 
Institutional Review Board and were carried out in accordance with the 
Declaration of Helsinki. Participants between the ages of 18–40 years 
old were recruited for the longitudinal study as close to 20 weeks 
gestation as possible. Eligible participants spoke and read English 
fluently; had single-gestation pregnancies; had no previous diagnosis of 
bipolar disorder or mania, borderline personality disorder, or psychosis; 
and were not carrying fetuses with known congenital, genetic, or 
neurological disorders. Participants completed study assessments at 
approximately 20 weeks gestation (i.e., mid-pregnancy; M = 21.31, SD
= 2.68), 34 weeks gestation (i.e., late pregnancy; M = 34.45, SD = 0.75), 
and 8 weeks postpartum (M = 8.45, SD = 1.66). At each time point, 
participants completed questionnaires and provided saliva samples 
upon waking to measure stress and reproductive hormones. There were 
77 participants who provided at least one saliva sample across the study. 
Participants were on average 31.25 years old (SD = 4.22), and all 
identified as women. In terms of race and ethnicity, 10.4% identified as 
Hispanic and/or Latine, 85.7% identified as White, 3.9% as Black and/or 
African American, 1.3% as Asian or Asian American, and 9.1% as other 
or multiple races. See Table 1 for additional participant demographics. 

We oversampled for depression risk in the study based on several 
factors (i.e., lifetime history of depressive episode based on the Diag-
nostic Interview for Anxiety, Mood, and Obsessive-Compulsive and 
Related Neuropsychiatric Disorders (DIAMOND) semi-structured inter-
view (Tolin et al., 2018), current subthreshold or clinical depressive 
symptoms based on the Edinburgh Postnatal Depression Scale (Cox 
et al., 1987), and history of childhood maltreatment based on the 
Childhood Trauma Questionnaire (Bernstein et al., 1994). Research staff 
administered the DIAMOND to assess for history of DSM− 5 disorders at 
each time point. At the mid-pregnancy assessment, 79.2% of the sample 
reported a lifetime history of depression (58.4% MDD, 14.3% persistent 
depressive disorder (PDD), and 6.5% unspecified depression). At the late 
pregnancy assessment, 6.6% reported depression since mid-pregnancy 
(5.3% MDD, 1.3% unspecified depression). At the postpartum assess-
ment, 8.2% reported depression since late pregnancy (5.4% MDD, 2.8% 

unspecified depression).

2.2. Self-reported depressive symptoms

Participants completed the Inventory of Depression and Anxiety 
Symptoms (IDAS) at each time point, a self-report measure of recent (i. 
e., during the past two weeks) depressive and anxiety symptoms 
(Watson et al., 2007). Depressive symptoms were measured using the 
20-item general depression scale, which assesses symptoms of depres-
sion, such as depressed mood and sleep disturbance. Each item is rated 
from 1 (not at all) to 5 (extremely), and scores can range from 20 to 100.

The IDAS has been used and validated in previous studies during the 
perinatal period (Ayaz et al., 2020; Watson et al., 2007) and shows a 
strong correlation with the widely used Edinburgh Postnatal Depression 
Scale, a measure developed for evaluating depression in the postpartum 

period (Cox et al., 1987). All participants completed the IDAS at 
mid-pregnancy, 75 at late pregnancy, and 74 at postpartum. Internal 
consistency was excellent at all three time points (Cronbach’s α = .90, 
.92, and .88, respectively).

2.3. Stress and reproductive hormones

Participants provided saliva samples at waking two days in a row 

following each lab assessment. Waking was selected for consistency 
across participants because of the higher day-to-day correlation for 
waking compared to bedtime salivary cortisol levels during pregnancy 
(Jones et al., 2006). Participants received written, face-to-face, visual (i. 
e., Salimetrics YouTube video), and text-reminder instructions to collect 
saliva (up to 2 mL volume per sample) and place the sample into a sealed 
bag in their freezer as soon as possible after sampling, following Sali-
metrics standard sample collection practices (Salimetrics, n.d). The 
passive drool method was used for collection of unstimulated, whole 
saliva to maintain consistency across collected samples. Samples were 
transferred from participants’ homes with a cooler and ice pack to a
− 80 ◦ C freezer. At mid-pregnancy, 56 participants provided saliva 
samples (108 total samples collected); at late pregnancy, 61 participants 
provided samples (119 total collected); and at 8 weeks postpartum, 53 
participants provided samples (104 total collected). Saliva sample 
collection began after the start of the larger study, which led to a lower 
number of samples provided at the initial mid-pregnancy assessment. 

Samples were assayed at the Salimetrics’ SalivaLab (Carlsbad, CA) 
using the Salimetrics Salivary Cortisol Assay Kit (Cat. No. 1–3002), 
Salimetrics Salivary Estradiol Assay Kit (Cat. No. 1–3702), Salimetrics 
Salivary Progesterone Assay Kit (Cat. No. 1–1502), without modifica-
tions to the manufacturers’ protocol. Salimetrics is an FDA registered 
company with ISO 13485:2016 certification and 21 CFR 820 (cGMP) 
compliance. They operate a CLIA certified lab. Samples were thawed to 
room temperature, vortexed, and centrifuged for 15 min at approxi-
mately 3000 RPM (1500xg) immediately before performing the assay. 
For cortisol, samples were tested using a high sensitivity enzyme 
immunoassay (Cat. No. 1–3002), and sample test volume was 25 µl of 
saliva per determination. The assay had a lower limit of sensitivity of 
0.007 µg/dL, a standard curve range from 0.01 to 3.00 µg/dL, an average 
intra-assay coefficient of variation of 4.6%, and an average inter-assay 
coefficient of variation 6.0%. For progesterone, samples were tested 
using a high sensitivity enzyme immunoassay (Cat. No. 1–1502), and the 
sample test volume was 50 µl of saliva per determination. The assay had 
a lower limit of sensitivity of 5 pg/mL, a standard curve range from 10 to 
2430 pg/mL, an average intra-assay coefficient of variation of 6.2%, and 
an average inter-assay coefficient of variation 7.6%. For estradiol, 
samples were tested using a high sensitivity enzyme immunoassay (Cat. 
No. 1–3702). Sample test volume was 100 µl of saliva per determination. 
The assay had a lower limit of sensitivity of 0.1 pg/mL, a standard curve 
range from 1 to 32 pg/mL, an average intra-assay coefficient of variation 
of 7.1%, and an average inter-assay coefficient of variation 7.5%. These 
values meet manufacturers’ criteria for accuracy and repeatability in 
Salivary Bioscience and exceed the applicable National Institutes of 
Health guidelines for Enhancing Reproducibility through Rigor and 
Transparency (National Institutes of Health, 2024).

2.4. Data analysis

2.4.1. Hormone data processing
Hormone values were screened for quality during the assay process 

by Salimetrics to remove data of poor quality. Salimetrics completed two 
repetitions per sample to test for hormone levels and provided an 
average value per sample. If data were available for both samples at a
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given time point (i.e., a sample was collected on both days), these values 
were averaged together to obtain a more representative measure. See 
Supplemental Material for additional details on values per hormone at 
each time point.

Hormone values were log transformed using base 2 for cortisol, given 
the small range of values, and base 10 for estradiol and progesterone, 
given the larger range of values for these hormones, to normalize the 
distribution of the data. Base was chosen for interpretability/scaling. 
Outliers were evaluated on the log transformed data using criteria 
of + /- 3 SDs relative to the mean. One extreme value each for estradiol 
and progesterone at the late pregnancy assessment and one for estradiol 
at the postpartum assessment were removed. We include a description of 
sensitivity analyses including the extreme values in the Supplemental 
Material. This resulted in a final sample of 56 data points at mid-
pregnancy, 61 at late pregnancy, and 53 at postpartum for cortisol; 56 
data points at mid-pregnancy, 60 at late pregnancy, and 53 at post-
partum for progesterone; and 54 data points at mid-pregnancy, 59 at late 
pregnancy, and 50 at postpartum for estradiol.

2.4.2. Missingness
The percentage of missing values across the 12 variables (i.e., 

cortisol, progesterone, estradiol, and depressive symptoms each assessed 
at 3 time points) ranged from 0% to 35.1% (median = 25.4%). In total, 
28 of the 77 records (36.4%) had no missing data. We examined whether 
missing all hormone data at each time point or depressive symptoms 
were associated with several variables using independent samples t-tests 
for continuous variables and chi-square or Fisher’s exact test, depending 
on cell counts, for categorical variables: demographics (maternal age, 
race, ethnicity, income, education, employment) and clinical variables 
relevant to perinatal research (sex of baby, number of prior biological 
children, gestational age at each assessment, maternal mid-pregnancy 
and postpartum body mass index [BMI], lifetime history of depressive 
disorder diagnoses assessed at the mid-pregnancy assessment). Based on 
the variable distributions (see Table 1), we collapsed participant edu-
cation into graduate level compared to all other education levels, 
employment into employed compared to all other employment options, 
and income into ≤$90,000 annual income compared to > $90,000. 

Participant age was associated with missing mid-pregnancy hormone 
values (t(75) = − 2.92, p = .005), such that those missing data were 
older (M = 33.43, SD = 3.08) compared to those with data (M = 30.43, 
SD = 4.31); missing postpartum hormone values (t(75) = 2.60, 
p = .011), such that those missing data were younger (M = 29.46, SD = 

4.06) compared to those with data (M = 32.06, SD = 4.06); and missing 
postpartum depressive symptoms (t(75) = 2.41, p = .018), such that 
those missing data were younger (M = 25.67, SD = 6.66) compared to 
those with data (M = 31.47, SD = 3.99). Postpartum BMI was associated 
with missing postpartum hormone data (t(25.09) = − 2.17, p = .040), 
such that BMI for those missing data was higher (M = 30.96, SD = 8.47) 
compared to those with data (M = 26.54, SD = 5.36). Gestational age at 
the mid-pregnancy assessment was associated with missing late preg-
nancy depressive symptoms (t(61) = − 2.24, p = .029), such that 
gestational age was longer for those missing data (M = 25.36, SD = 1.92) 
compared to those with data (M = 21.18, SD = 2.61); and missing 
postpartum depressive symptoms (t(14.97) = − 5.64, p < .001), such 
that gestational age was longer for those missing data (M = 23.62, SD = 

0.44) compared to those with data (M = 21.19, SD = 2.70). Participant 
education was associated with missing mid-pregnancy hormones (χ 2 (1)
= 4.28, p = .039).

Participant race, ethnicity, income, employment, sex of the baby, 
number of prior biological children, late pregnancy and postpartum 

gestational age, BMI at mid-pregnancy, and lifetime history of depres-
sive disorder diagnosis were not statistically significantly associated 
with missingness (ps >.076). We used multiple imputation (MI) to create 
and analyze 50 imputed datasets that included all 12 study variables, 
plus age, postpartum BMI, mid-pregnancy assessment gestational age, 
and education. Incomplete key study variables were imputed under fully

conditional specification using the default settings. MI and all analyses 
using imputed data were performed in SPSS version 29.0.2.0.

2.4.3. Study analyses
To examine patterns of hormone levels across time, we generated 

spaghetti plots using the ggplot2 package (Wickman, 2016) in R version 
4.4.2 (R Code Team, 2024) and conducted linear mixed-effects models 
in Stata version 17 estimated using restricted maximum likelihood, 
where the covariance matrix structure was specified as unstructured. 
Time was treated as a factor with three levels coded as time 1 = the 
mid-pregnancy assessment, time 2 = the late pregnancy assessment, and 
time 3 = the postpartum assessment. With the assessment at 
mid-pregnancy (time 1) used as the reference time point, the linear 
mixed-effects model produced two comparisons, mid-pregnancy to late 
pregnancy (differences between time 1 and time 2) and mid-pregnancy 
to postpartum (differences between time 1 and time 3), both modeled 
with random slopes. Each hormone was modeled separately. The orig-
inal, unimputed dataset was used for the linear mixed-effects models 
with variables associated with missingness included as covariates. Using 
cortisol as an example, the linear mixed-effects model equation was:

Level 1: Cortisol ij = β 0j
+ β 1j (Time_LatePregnancy ij ) + β 2j (Time_Postpartum ij ) + r ij

Level 2: β 0j = γ 00 + γ 01 (Maternal Age j ) + γ 02 (Gestational 
Age_MidPregnancy j ) + γ 03 (Education j )

+γ 04 (BMI_Postpartum j )+u 0j

β 1j = γ 10 + u 1j

β 2j = γ 20 + u 2j

Here, γ 00 is the fixed effect for the cortisol intercept for person i at 
time j, with the random effect for the intercept given by u 0j . The model 
indicates the expected levels of cortisol at late pregnancy relative to mid-
pregnancy (β 1j ) and at the postpartum assessment relative to mid-
pregnancy (β 2j ). The fixed and random effects for time at late preg-
nancy are denoted by γ 10 and u 1j , respectively. Similarly, the fixed and 
random effects for time at the postpartum assessment are denoted by γ 20 
and u 2j . Finally, r ij represents the individual-level residual error.

A second model was then estimated using late pregnancy (time 2) as 
the reference time point to examine change in hormones from late 
pregnancy to postpartum (differences between time 2 and time 3). This 
procedure was repeated for progesterone and estradiol. For cortisol and 
progesterone, all 77 participants were included in the models. For 
estradiol, 76 participants had at least one data point across time points 
and were included in the models.

Using the MI dataset, we examined correlations between hormones 
at each time point and depressive symptoms. Also using the MI dataset, 
two regressions were conducted in which (1) mid-pregnancy hormones 
and depressive symptoms predicted late pregnancy depressive symp-
toms and (2) late pregnancy hormones and depressive symptoms pre-
dicted postpartum depressive symptoms, covarying for depressive 
symptoms at the previous assessment, to examine predictors of depres-
sive symptoms across time. These regressions were:

(1) Depression_LatePregnancy i
= β 0 + β 1 (Cortisol_MidPregnancy i ) + β 2 (Progesterone_Mid 
Preg-
nancy i ) + β 3 (Estradiol_MidPregnancyi) + β 4 (Depression_MidPre-
gnancy i ) + r i

(2) Depression_Postpartum i = β 0 + β 1 (Cortisol_Late
Pregnancy i ) + β 2 (Progesterone_LatePregnancy i )
+β 3 (Estradiol_LatePregnancy i )+β 4 (Depression_LatePregnancy i )+ 

r i

Standardized coefficients are reported from a separate multiply
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imputed dataset using standardized variables to be able to compute 
pooled standardized statistics.

Additionally, previous work has identified several factors that may 
be associated with both hormone levels and depressive symptoms during 
the perinatal period. To examine the potential influence of these

variables on associations between hormone levels and depressive 
symptoms, we explored correlations of hormone levels and depressive 
symptoms at each time point with potential covariates as well as partial 
correlations with all covariates. Because of the relatively small sample 
size and risk of overfitting from including multiple covariates

Fig. 1. Spaghetti Plots of Hormone Data Across Time by Participant for (A) Cortisol, (B) Progesterone, and (C) Estradiol Levels. Note: Hormone data are log transformed. 
Each color and connected data points are associated with a single participant’s data across the three study time points.
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simultaneously, we retained the unadjusted regression model as the 
primary analysis. As a sensitivity analysis, we examined separate 
regression models that accounted for each covariate individually to 
evaluate whether the statistically significant findings remained robust 
after adjustment for theoretically and empirically relevant confounders. 
Covariates included exact gestational age, parity, maternal age, and 
body mass index (BMI). Gestational age at mid- and late pregnancy as-
sessments was included to account for typical changes in hormone levels 
across pregnancy (Schiller et al., 2015; Yim et al., 2015). Parity (i.e., 
number of prior births), particularly in early pregnancy, and maternal 
age have been associated with variation in perinatal hormone levels and 
depression, although findings regarding maternal age and perinatal 
depression appear to be more mixed (Barrett et al., 2019; Yang et al., 
2022; Guintivano et al., 2018). BMI is associated with differences in 
estrogen, progesterone, and cortisol concentrations during pregnancy, 
as well as an increased risk for perinatal depressive symptoms (Barrett 
et al., 2019; Bleker et al., 2017). Mid-pregnancy BMI was included in 
analyses given relevancy for hormone measurement (late pregnancy 
BMI was not assessed). Because these analyses included variables that 
were not in the main imputation model, we generated a new multiply 
imputed dataset containing all study variables and covariates for 
sensitivity analyses using the same procedure described above.

2.4.4. Power analyses
Sensitivity analyses were conducted to estimate what effect sizes 

could be detected with adequate power (0.80) with an alpha level of .05 
for linear mixed-effects and multiple regression models. To estimate 
power for the linear mixed-effects models, we used the simr (Green and 
MacLeod, 2016) and lme4 (Bates et al., 2015) packages in R version 4.4.2 
(R Code Team, 2024), using high and low plausible values for secondary 
parameters (PVSP; Cole et al., 2025) approach. Due to limited studies 
yielding residual variance estimates in this literature, we estimated 
power using plausible residual variance parameters representing small 
(.5) or large (1.0) values. With residual variance of .5, analyses were 
powered to detect a medium to large effect, and with residual variance 
of 1.0, analyses were powered to detect a large effect. These results 
suggested our study could detect a medium to large effect under plau-
sible conditions.

To estimate power for the multiple regression analyses (specifically, 
that each regression weight is not 0), we similarly used a PVSP approach 
using the simsem package in R. Models to estimate power varied two key 
parameters: the autoregressive effect of depression and the correlations 
between predictors. Prior work suggests relatively large autoregressive 
effects for depression (e.g., Maciejewski et al., 2021), so we expected a 
plausible optimal case would involve a relatively large autoregressive 
effect of depression (.7) and a suboptimal case with a smaller (.5) 
autoregressive effect. Due to limited past research reporting correlations 
between variables in this study, we selected plausible, moderate corre-
lations between predictors (.3) for our optimal condition and smaller 
correlations (.1) for the suboptimal condition. We observed adequate 
power to detect moderately small effect sizes under optimal and sub-
optimal conditions ( ̂ ds ranged from .20–.23). These results suggest 
adequate power to detect relatively small effects under plausible optimal 
and suboptimal conditions.

3. Results

As expected, spaghetti plots showed that progesterone and estradiol 
generally increased across pregnancy and decreased sharply between 
the late pregnancy and 8 weeks postpartum assessment (Fig. 1). Cortisol 
trajectories appeared more variable. Results of linear mixed models 
revealed a similar pattern. In models controlling for variables associated 
with missingness (i.e., maternal age, gestational age at mid-pregnancy, 
education, and maternal BMI at postpartum), cortisol levels did not 
statistically significantly increase from mid-pregnancy to late

pregnancy: β 1j = 0.04, z = 0.50, p = .614, 95% CI (− 0.11, 0.18). Cortisol 
levels decreased statistically significantly from late pregnancy to post-
partum: β 2j = − 0.65, z = − 5.39, p < .001, 95% CI (− 0.89, − 0.41). 
Progesterone levels increased statistically significantly from mid-
pregnancy to late pregnancy: β 1j = 0.27, z = 8.97, p < .001, 95% CI 
(0.21, 0.32). Progesterone levels decreased statistically significantly 
from late pregnancy to postpartum: β 2j = − 1.45, z = − 17.09, p < .001, 
95% CI (− 1.62, − 1.29). Like progesterone, estradiol levels statistically 
significantly increased from mid-pregnancy to late pregnancy:
β 1j = 0.29, z = 10.01, p < .001, 95% CI (0.24, 0.35). Estradiol levels 
decreased statistically significantly from late pregnancy to postpartum:
β 2j = − 1.41, z = − 24.43, p < .001, 95% CI (− 1.52, − 1.30). 1

Pearson correlations are presented in Table 2. Of note, there were 
statistically significant, positive correlations between mid-pregnancy 
and late pregnancy hormone levels for both cortisol and estradiol (ps 
<.001). The correlation between mid-pregnancy and late pregnancy for 
progesterone was positive but not statistically significant (p = .094). 
Correlations from late pregnancy to postpartum for each of the three 
hormones were not statistically significant (ps >.268). Scatterplots for 
associations of each hormone level across time are presented in 
Figure S1. Examining cross-sectional associations between hormone 
levels and depressive symptoms, there was a statistically significant, 
negative association between mid-pregnancy cortisol and depressive 
symptoms (p = .032). No other cross-sectional associations between 
hormone levels and depressive symptoms were statistically significant. 
Across time, there was a statistically significant, negative association 
between mid-pregnancy cortisol and late pregnancy depressive symp-
toms (p = .037), as well as a statistically significant, negative association 
between mid-pregnancy estradiol and late pregnancy depressive symp-
toms (p = .022).

Results of regression analyses testing unique effects of each hormone 
level in predicting depressive symptoms across time (accounting for 
prior symptoms) are in Table 3 2 . There was a statistically significant 
main effect of estradiol such that lower levels of mid-pregnancy estradiol 
were associated with greater late pregnancy depressive symptoms, when 
accounting for mid-pregnancy depressive symptoms. There were no 
statistically significant associations between late pregnancy hormone 
levels and postpartum depressive symptoms.

Scatterplots of associations between mid-pregnancy cortisol and 
mid- and late pregnancy depressive symptoms, as well as mid-pregnancy 
estradiol with late pregnancy depressive symptoms are presented in 
Fig. 2.

To examine the influence of potential confounds that could impact 
the associations between hormone levels and depressive symptoms 
based on the literature (i.e., gestational age, parity, maternal age, and 
BMI), we first examined bivariate correlations between these variables 
and hormone levels and symptoms. Mid-pregnancy gestational age was 
statistically significantly associated with mid-pregnancy estradiol 
(r = .53, p < .001) and mid-pregnancy progesterone (r = .36, p = .011). 
Mid-pregnancy BMI was statistically significantly associated with mid-
pregnancy estradiol (r = -.48, p < .001), late pregnancy estradiol 
(r = -.28, p = .028), and late pregnancy depressive symptoms (r = .24, 
p = .036). Late pregnancy gestational age, parity, and maternal age 
were not statistically significantly correlated with hormone levels or 
depressive symptoms across assessments (ps >.077).

We then examined partial correlations accounting for covariates, 
focusing on hormone-depressive symptom associations that were sta-
tistically significant in the unadjusted analyses. Given that the pooled

1 Linear mixed models were replicated controlling for number of samples that 
contributed to the value for a given time point for each participant and hor-
mone. There were no substantive differences in results.

2 Regression models were replicated controlling for number of samples that 
contributed to the value for a given time point for each participant and hor-
mone. There were no substantive differences in results.
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partial correlations do not provide p-values, we compared the magni-
tude of the associations before and after adjustment for covariates. 
When accounting for all covariates, the correlation between mid-
pregnancy cortisol and mid-pregnancy depressive symptoms was 
similar in magnitude and direction (unadjusted r = -.28, adjusted r = - 
.29). Similarly, the correlation between mid-pregnancy cortisol and late 
pregnancy depressive symptoms was similar in magnitude and direc-
tion, although slightly reduced in terms of strength (unadjusted r = -.27, 
adjusted r = -.24). However, the correlation between mid-pregnancy 
estradiol and late pregnancy depressive symptoms was reduced but in 
the same direction when accounting for all covariates (unadjusted r = - 
.29, adjusted r = -.09).

To examine whether the statistically significant mid-pregnancy 
estradiol predicting late pregnancy depressive symptoms main effect 
in our regression model held when accounting for covariates, we then 
tested this model with mid-pregnancy gestational age, parity, maternal 
age, and mid-pregnancy BMI as covariates. Each covariate was tested 
separately to evaluate their unique impacts on the association. The 
estradiol-depressive symptom association was statistically significant 
when accounting for maternal age (B = − 9.64, SE = 4.77, p = .044). 
However, this association did not reach statistical significance when 
accounting for mid-pregnancy gestational age (B = − 7.36, SE = 5.16, 
p = .154), parity (B = − 9.39, SE = 4.84, p = .053), or mid-pregnancy 
BMI (B = − 7.15, SE = 5.23, p = .171).

4. Discussion

The present study examined patterns of stress and reproductive 
hormones (i.e., cortisol, progesterone, and estradiol) in waking saliva 
samples in 77 women assessed three times from mid-pregnancy to 8-
weeks postpartum. In addition, we investigated associations between 
hormones and depressive symptoms cross-sectionally and across time. 
We found that hormones were positively associated with one another.

Progesterone and estradiol increased across pregnancy and then 
decreased postpartum, as expected (Yim et al., 2015). However, cortisol 
trajectories appeared more variable and did not show statistically sig-
nificant change from mid- to late pregnancy but did decrease post-
partum. Cortisol levels may be more variable due to fluctuations based 
on timing, stress, and other factors (e.g., Young et al., 2004). Cortisol 
was negatively correlated with depressive symptoms cross-sectionally at 
mid-pregnancy and across time at late pregnancy, as observed in cor-
relations. The magnitude of cortisol associations remained similar in size 
and direction when accounting for maternal age, mid- and late preg-
nancy gestational age, parity, and mid-pregnancy BMI. Mid-pregnancy 
estradiol was negatively associated with late pregnancy depressive 
symptoms in both bivariate correlations and the regression model con-
trolling for mid-pregnancy depressive symptoms and concurrent hor-
mone levels. However, the association was reduced after accounting for 
covariates in partial correlation analyses. Similarly, in regression 
models, the association remained statistically significant after adjust-
ment for maternal age but no longer reached statistical significance after 
adjustment for mid-pregnancy gestational age, parity, or mid-pregnancy 
BMI.

The negative associations between mid-pregnancy cortisol and mid-
and late pregnancy depressive symptoms are consistent with some prior 
literature. This includes studies using saliva samples finding cross-
sectional negative associations between waking cortisol and measures 
of depression at mid- and late pregnancy (O’Connor et al., 2014) and 
evening cortisol at late pregnancy (Harris et al., 1996). However, others 
have found positive cross-sectional associations between salivary 
cortisol and depression measured in the morning and evening at 
mid-pregnancy (Peer et al., 2013) and in the afternoon at late pregnancy 
(Voegtline et al., 2013). Results of the present study suggest that lower 
levels of waking salivary cortisol measured at mid-pregnancy may be 
associated with depressive symptoms both at mid- and late pregnancy. 
However, results should be interpreted cautiously given variability in

Table 2
Pearson Correlations Between Key Study Variables.

Variables M (SD) 1 2 3 4 5 6 7 8 9 10 11

1. T1 Cortisol − 1.12 (0.50) – ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
2. T2 Cortisol − 1.01 (0.57) .50*** – ​ ​ ​ ​ ​ ​ ​ ​ ​
3. T3 Cortisol − 1.65 (0.63) .20 .18 – ​ ​ ​ ​ ​ ​ ​ ​
4. T1 Progesterone 3.05 (0.20) .46*** .31 .08 – ​ ​ ​ ​ ​ ​ ​
5. T2 Progesterone 3.32 (0.18) .23 .21 .17 .29 – ​ ​ ​ ​ ​ ​
6. T3 Progesterone 1.93 (0.45) .20 .25 .53** -.06 .07 – ​ ​ ​ ​ ​
7. T1 Estradiol 1.07 (0.23) .51*** .26 .14 .52*** .09 -.01 – ​ ​ ​ ​
8. T2 Estradiol 1.40 (0.22) .30 .28 .14 .29 .35* .01 .57*** – ​ ​ ​
9. T3 Estradiol 0.01 (0.26) .20 .11 .34 .02 .05 .75*** -.03 .03 – ​ ​
10. T1 Depressive Symptoms 36.11 (9.27) -.28* -.13 -.19 .06 -.10 -.06 -.18 -.19 -.05 – ​
11. T2 Depressive Symptoms 38.02 (10.77) -.27* -.15 -.09 .07 -.14 -.12 -.29* -.22 -.05 .71*** –
12. T3 Depressive Symptoms 36.56 (8.65) -.20 -.04 -.04 .01 -.15 .13 -.21 -.03 .02 .60*** .49***

Note: Means and standard deviations are based on available data. Correlations were computed with the multiply imputed dataset. Numbers at the top of each column 
refer to the variables as labeled in the first column “Variables”. *p < .05, **p < .01, ***p < .001; T1 = mid-pregnancy; T2 = late pregnancy; T3 = 8 weeks postpartum.

Table 3
Regressions Predicting Depressive Symptoms Across Time.

Predictor Unstandardized B (SE) 95% CI for Unstandardized B p Standardized β (SE) #

Dependent Variable: T2 Depressive Symptoms 
T1 Cortisol (β 1 ) − 1.06 (2.25) − 5.48, 3.36 .637 -.04 (0.11)
T1 Progesterone (β 2 ) 9.42 (5.66) − 1.70, 20.53 .097 0.17 (0.10)
T1 Estradiol (β 3 ) − 11.39 (5.16) − 21.52, − 1.26 .028 − 0.25 (0.11)
T1 Depressive Symptoms (β 4 ) 0.75 (0.11) 0.54, 0.96 < .001 0.65 (0.09)
Dependent Variable: T3 Depressive Symptoms ​ ​
T2 Cortisol (β 1 ) 0.38 (1.73) − 3.01, 3.78 .825 0.03 (0.11)
T2 Progesterone (β 2 ) − 5.14 (5.47) − 15.88, 5.60 .348 − 0.11 (0.12)
T2 Estradiol (β 3 ) 4.46 (4.85) − 5.06, 13.99 .358 0.11 (0.12)
T2 Depressive Symptoms (β 4 ) 0.42 (0.09) 0.24, 0.59 < .001 0.52 (0.11)

Note: CI = confidence interval; T1 = mid-pregnancy; T2 = late pregnancy; T3 = 8 weeks postpartum. Analyses on multiply imputed dataset. # Standardized co-
efficients were computed with a separate multiply imputed dataset using standardized variables. Statistics reported are the pooled results.
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cortisol levels throughout the day. Additional research examining lon-
gitudinal associations with salivary cortisol with denser sampling across 
pregnancy is warranted to continue to understand timing implications of 
changes in cortisol levels and depressive symptoms across time.

We also found that lower salivary estradiol levels at mid-pregnancy

were associated with depressive symptoms at late pregnancy in unad-
justed models, which is consistent with some previous work. This in-
cludes research on estradiol treatments during the perinatal period 
(Gregoire et al., 1996), as well as longitudinal findings using serum 

estradiol at late pregnancy and 2 days postpartum with depressive

Fig. 2. Scatterplots for Correlations between Hormone Levels and Depressive Symptoms. Note: Figures use log transformed data prior to multiple imputation.
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symptoms measured at 9 weeks postpartum (O’Hara et al., 1991). 
However, other work has found positive associations, including one 
study that found greater serum estrogen levels 3 days postpartum for 
women with current MDD compared to those with lifetime MDD or 
healthy controls (Klier et al., 2007). Of note, the observed association in 
the present study was statistically significant in a model that covaried 
for cortisol, progesterone, and depressive symptoms at mid-pregnancy. 
Results could suggest that estradiol has inhibitory effects on perinatal 
depressive symptoms (Gregoire et al., 1996), potentially demonstrating 
a unique influence on depressive symptoms compared to cortisol and 
progesterone. Future work examining associations between salivary 
estradiol and depressive symptoms during pregnancy would be 
beneficial.

With regards to timing of associations, mid-pregnancy cortisol and 
estradiol were specifically associated with mid- and late pregnancy 
depressive symptoms, but late pregnancy hormones were not associated 
with symptoms. Mid-pregnancy may be a sensitive window in which 
relatively lower levels of hormones, particularly cortisol and estradiol, 
may be associated with vulnerability for later mood symptoms. For 
example, if estradiol has a protective or inhibitory effect on depressive 
symptoms during the perinatal period (Gregoire et al., 1996), lower 
levels at mid-pregnancy could contribute to difficulties in mood regu-
lation as pregnancy progresses. Similarly, lower cortisol at 
mid-pregnancy may reflect alterations in HPA axis functioning and 
stress regulation, which could influence depressive symptoms by late 
pregnancy (Oakley and Cidlowski, 2013). However, previous research 
also found associations between elevated cortisol and depressive 
symptoms (e.g., Iliadis et al., 2015; Peer et al., 2013), and dysregulation 
of the HPA axis may be more informative compared to absolute levels, 
further supporting the need for future studies examining cortisol dy-
namics across the day and at multiple time points throughout 
pregnancy.

Across hormones, we did not observe associations with depressive 
symptoms cross-sectionally in the postpartum period or longitudinally 
from late pregnancy to the postpartum period. Because samples were 
collected at 8 weeks postpartum, the lack of associations observed in the 
present study may be due to withdrawal effects (i.e., consequences 
following the rapid drop in hormone levels) that may be more evident 
closer to childbirth. The immediate drop in hormone levels post birth 
and individual differences in sensitivity to that drop may have the 
strongest effect on depression (Bloch et al., 2000; Schiller et al., 2015). 
Future research should collect data closer to birth to examine whether 
drops in hormone levels following childbirth may be associated with 
mood symptoms. Further, larger sample sizes would enable future re-
searchers to test potential moderators of associations between changes 
in hormones and depression, particularly for those with a history of 
depression outside of the perinatal period or postpartum depression 
(Bloch et al., 2000; Cárdenas et al., 2020; Schiller et al., 2015; Yim et al., 
2015).

In the present study, we did not find statistically significant associ-
ations between progesterone and depressive symptoms cross-sectionally 
or longitudinally. These results are consistent with some prior work that 
also reported no statistically significant association between derivatives 
of progesterone using blood samples and depression measured during 
the perinatal period (Deligiannidis et al., 2013) However, these findings 
are counter to other studies. For instance, using saliva, higher morning 
progesterone has been associated with depressive symptoms 
cross-sectionally 4–6 weeks postpartum (Harris et al., 1989). Other work 
with blood samples has found negative associations between metabo-
lites of progesterone measured at mid-pregnancy and postpartum 

depression (Osborne et al., 2017) as well as cross-sectionally at late 
pregnancy (Hellgren et al., 2014). It is possible that salivary levels of 
progesterone may not have direct implications on experience of 
depressive symptoms during the perinatal period, or that this study was 
not able to capture age effects as found by more recent work (Dukic 
et al., 2024). Additional research during the perinatal period is needed

to understand these relations more completely.
It is important to note that when accounting for covariates associated 

with hormone levels and depressive symptoms in the perinatal period, 
the association between mid-pregnancy estradiol and late pregnancy 
depressive symptoms was attenuated. In regression analyses, the asso-
ciation was no longer statistically significant after adjustment for 
gestational age, parity, or BMI, with each entered separately. These 
findings suggest that associations between hormone levels and depres-
sive symptoms may reflect, at least in part, broader health- and 
pregnancy-related factors. As a result, the longitudinal relation between 
hormone levels and depressive symptoms may be less robust than sug-
gested by unadjusted analyses. Future work should employ narrower 
gestational assessment windows to clarify these associations.

In addition to these covariates, prior work highlights race as a po-
tential factor that can influence hormone levels and depressive symp-
toms. Specifically, previous work has shown that Black women may 
have higher androgen concentrations in early pregnancy compared to 
women of other races (Barrett et al., 2019) and lower cortisol compared 
to non-Hispanic White women (Glynn et al., 2007). Most of our sample 
identified as White, with only 3.9% identifying as Black and/or African 
American, limiting our ability to explore the potential influence of race 
on associations between hormone levels and depressive symptoms. 
Future research would benefit from examining associations between 
hormone trajectories and depressive symptoms across the perinatal 
period in more diverse samples.

There are several limitations to the present study. First, the study 
included only three time points, which limited our ability to examine finer 
levels of changes across time in hormone levels. Future research with 
additional time points may give further insight into the implications of 
hormone changes on the experience of depressive symptoms across time. 
Second, the sample was relatively small but unique due to the longitu-
dinal design. Future work should include a larger sample to increase 
generalizability of findings. Third, given that the number of primary an-
alyses was limited to examining associations among the three hormones 
predicting depressive symptoms over time in our two main regression 
models, and that correlation analyses were included for descriptive pur-
poses, we did not apply a correction for multiple comparisons. As research 
examining multiple hormones across the perinatal period remains 
limited, these results should be considered exploratory, and replication in 
larger samples with correction for multiple comparisons is needed. 
Fourth, although much of the sample was high-risk for perinatal depres-
sion, few reported participants moderate or high levels of depressive 
symptoms. In future work, recruiting more participants with high levels of 
perinatal depression may help to clarify the associations of hormone 
levels to depressive symptoms. Fifth, although many relevant de-
mographics and clinical variables were assessed and examined in miss-
ingness analyses, and statistically significant variables were subsequently 
considered in analyses, we did not account for other factors, such as 
medication use, postpartum breastfeeding status, and the resumption of a 
menstrual cycle postpartum, which may limit the interpretability of 
findings. Finally, cortisol levels vary greatly throughout the day (Young 
et al., 2004), and while participants were instructed to collect saliva 
samples at waking, exact collection time was not recorded relative to 
waking time. This could contribute to interindividual variability and 
constitute a potential confound in results that we were unable to account 
for. While assessing collection time would aid in interpretation of findings 
for all hormones assessed in this study, it is particularly critical for 
cortisol, given the variability of overall levels throughout the day. Col-
lecting saliva samples at multiple times throughout the day could offer a 
more comprehensive and accurate representation of hormone levels 
across time and assessment of variability. Future work may consider 
assessing cortisol dynamics, such as the cortisol awakening response and 
diurnal patterns, to better understand the association between cortisol 
and depressive symptoms in the perinatal period, along with better 
methods to verify sample collection times.
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5. Conclusion

Given the widespread prevalence and profound impacts of perinatal 
depression on maternal mental health and child outcomes, it is critical to 
understand the biological underpinnings that may contribute to the 
experience of depressive symptoms. Understanding how hormonal 
changes may influence perinatal depression can lead to more effective 
prevention, early detection, and targeted treatments for pregnant people 
at risk. The present study suggests there may be associations between 
hormone levels, particularly cortisol and estradiol, and depressive 
symptoms in pregnancy, but estradiol effects on depressive symptoms 
may be driven more by other health- and pregnancy-related factors. 
Future research with alternative designs, including measuring hormone 
levels earlier in the postpartum period to capture potential withdrawal 
effects, assessing timing of sample collection, and using a larger sample 
to test moderating variables that make some particularly susceptible to 
the effects of hormones on mood, are needed to clarify associations 
especially with postpartum depression.
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