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A B S T R A C T

Background: Individuals undergo significant stress throughout pregnancy and are at high risk for depressive 
symptoms. Elevated stress and depressive symptoms are associated with inflammatory processes and adverse 
maternal-infant outcomes. However, the biological processes associated with psychosocial outcomes and the 
maternal immune system remain unclear. As such, we aimed to examine associations among perceived stress, 
depressive symptoms, salivary IL-1β, IL-6, and CRP levels, and hair and salivary cortisol levels during the second 
and third trimesters of pregnancy.
Methods: We conducted an ancillary study consisting of 37 pregnant individuals. Participants collected salivary 
samples and measures of perceived stress and depression at 17–19 weeks, 25–27 weeks, and 32–34 weeks 
gestation. We collected a one-time hair sample between 36 and 40 weeks. Provided salivary samples were used to 
detect changes in cortisol, IL-1β, IL-6, and CRP levels. Hair was used to detect changes in cortisol levels 
throughout pregnancy.
Results: Elevated levels of perceived stress and depressive symptoms are associated with increased salivary CRP 
levels, respectively (p = 0.0142, p = 0.0008). Salivary and hair cortisol increased significantly throughout the 
second and third trimesters of pregnancy (p = 0.0004 and p < 0.0001). We also observed variations in IL-6 
during pregnancy (p = 0.029) and significant increases between 25 and 27 weeks (p = 0.016).
Conclusion: Salivary samples may provide a non-invasive measurement of alterations in cytokine and cortisol 
levels in pregnant individuals reporting elevated stress and depressive symptoms. These may be candidate 
biomarkers for mechanistic study possibly aiding providers in early detection of deleterious immunological 
processes which could result in adverse maternal-infant outcomes.

1. Introduction

The maternal immune system undergoes pro-inflammatory and anti- 
inflammatory changes throughout pregnancy that coincide with fetal 
development. An inflammatory environment in the first and early sec
ond trimester promotes the implementation of the blastocyst to the 
uterine wall [1]. Throughout the second trimester, the fetus undergoes 
rapid growth, and the mother produces mainly anti-inflammatory cy
tokines to promote tolerance of the fetal semi-allograft; in the last 
trimester, local and systemic inflammatory cytokine activation is 
required for active labor and delivery [2]. Maternal immune dysregu
lation duringpregnancy can have significant consequences on fetal and 
maternal health, including-pre-eclampsia, miscarriage, preterm labor, 

depressive symptoms, and low birth weight infants [3–6].
The Interleukin 1 (IL-1) proinflammatory family of cytokines is pri

marily associated with innate immunity and thus, inflammation making 
them invaluable in host defense against foreign antigens and infectious 
organisms and key players in autoimmune syndromes [7]. IL-1 is typi
cally found dispersed in the cytoplasm but is released in response to 
microbial products or in sterile conditions in response to hypoxia or 
tissue injury [8]. IL1-β is produced by innate immune cells and functions 
as an inflammatory mediator by inducing the activation, differentiation, 
and proliferation of innate and adaptive immune cells and the expres
sion of other interleukins, including IL-6, cytokines, chemokines, and 
adhesion molecules [7]; [9]. The IL-1 family of cytokines also plays an 
important role in implantation, placental development, communication 
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between the maternal, placental, and fetal tissues, and labor induction 
during healthy pregnancy [10]. Imbalances between IL-1β and the IL-1 
receptor antagonist (IL-1Ra) in maternal serum or at the maternal-fetal 
interface are implicated in adverse pregnancy outcomes, including 
preeclampsia, preterm birth, intrauterine growth restriction (IUGR), 
premature rupture of membranes (PROM), and recurrent miscarriage 
[10].

The proinflammatory IL-1β induces the production of IL-6 in 
response to signals from activated immune cells, however IL-6 has both 
pro- and anti-inflammatory properties and is produced by many cell 
types during infection, inflammation, or stress [11,12]. Once released, 
IL-6 stimulates the liver to produce C-reactive protein and other acute 
phase proteins, which promote the inflammatory response [13], but it 
has immune-modulating effects in T-cells where it both inhibits and 
promotes the forkhead box p3 (FoxP3) regulatory T cells responsible for 
maternal immune tolerance of the fetus [14]. IL-6 is thought to partic
ipate in embryonic implantation, and studies in mice indicate it has a 
role in placenta formation, though IL-6 activity appears to be tightly 
controlled through early and midgestation [15]. IL-6 activity resumes as 
labor approaches and is abundant in maternal serum near parturition 
[13]. Adverse pregnancy outcomes such as miscarriage, premature de
livery, hypertension, and infertility are associated with both excess and 
insufficiency of IL-6 [16].

CRP is produced by the liver primarily in response to IL-6 and, to a 
lesser degree, IL-1β, but may also be produced in muscle, fat, and im
mune cells [17]; [18]. CRP is a component of the innate immune system 
that responds as a pattern recognition molecule that activates the 
complement system and participates in the activation of adaptive im
munity [19]. CRP, an acute reactant, is generated in the liver in response 
to IL-6. CRP levels increase dramatically in response to inflammation 
and infection and decrease as the inflammation resolves. CRP binds to 
damaged tissue and to pathogens, thereby acting as an opsonin, acti
vates complement, and triggers the release of inflammatory cytokines 
[19]. Elevations in CRP during pregnancy are associated with infection, 
autism, gestational diabetes, growth restriction, preterm delivery, and 
hypertension [20]; [21–23].

Elevated levels of IL-1β, IL-6, and CRP are associated with stress and 
depressive symptoms [24]; [25]. Approximately 11.6–34 % of pregnant 
individuals report stress, while depressive symptoms occur in 15–28 % 
of pregnant individuals [26]; [27]. Depression is a common mental 
health problem in pregnancy, with symptoms most prevalent in the first 
and third trimesters [28]. Perceived stress and depressive symptoms can 
increase pro-inflammatory cytokine levels, including CRP, IL-6, IL-1β, 
and cortisol levels [29,30]. In the setting of chronic stress or depression, 
imbalances between immune, endocrine, and central nervous systems 
result from disrupted cortisol feedback loops due to cortisol resistance 
[31]. Therefore, individuals with depressive symptoms and increased 
stress are at risk for excessive pro-inflammatory cytokines such as CRP, 
IL-6, and IL-1β and cortisol levels throughout pregnancy, possibly 
increasing their risk for adverse maternal and fetal outcomes.

Cortisol is released by the adrenal cortex in response to physiologic 
and psychological stressors and provides energy to the body by acting on 
the liver, muscle, adipose tissue, and pancreas to increase glucose 
availability [32]. It also supports cognitive function and suppresses 
inflammation [33]. Cortisol circulates both freely and is bound to pro
teins in the blood. Excess or insufficient cortisol is associated with many 
pathological conditions and psychological disturbances. During preg
nancy, there is a gradual increase in maternal plasma cortisol levels, 
though cortisol at the fetomaternal interface differs from maternal 
plasma as the placenta can enzymatically neutralize maternal cortisol by 
converting it to cortisone [34]; [35]. Evidence suggests 
pregnancy-induced hypertension and maternal anxiety and depression 
may alter the enzymatic neutralization of maternal cortisol in the 
placenta, allowing increased fetal cortisol exposure and associated 
detrimental effects [36]; [35]; [74]).

Monitoring biomarkers in saliva offers a non-invasive and 

convenient way to screen individuals for conditions that may lead to 
maternal and fetal complications. Salivary collection is simple, non- 
invasive, cost-effective, and available in resource-limited areas [37]; 
[38]. Cytokine and cortisol levels have successfully been measured in 
saliva for diagnostic purposes [39,40]. As free cortisol represents the 
majority of the bioactive components, sampling saliva, which contains 
only free cortisol, may be superior to blood sampling, which requires 
separation between free and bound components [41]. Hair cortisol 
measurements are stable representations of cortisol over a period (1 cm 
of hair = 1-month average cortisol level), whereas cortisol in the saliva 
varies throughout the day and represents the state of stress at the time of 
measurement [42]; [39]. Early detection of excess stress or depressive 
symptoms that contribute to acute or chronic overabundance of cortisol 
or cytokine levels may allow for mitigation strategies to be implemented 
early and reduce pregnancy-related complications.

There is a gap in the literature regarding the use of saliva and hair to 
assess the cytokines and cortisol levels of pregnant individuals with 
depressive symptoms and perceived stress. In this ancillary study, we 
aimed to assess salivary IL-1β, IL-6, and CRP levels, and hair and salivary 
cortisol levels in existing samples from a study conducted in 2018–2019 
to assess the association between perceived stress and depressive 
symptoms during the second and third trimesters of pregnancy. In the 
parent study, participants provided salivary samples and completed the 
Perceived Stress Scale (PSS) and Edinburgh Postnatal Depression Scale 
(EPDS) at 17–19 weeks, 25–27 weeks, and 32–34 weeks. The three time 
points were selected to capture the second and third trimesters and align 
with routine prenatal visits. We hypothesized that there would be an 
increase in CRP, IL-6, and IL-1β levels, and in hair and salivary cortisol 
levels in the second and third trimesters in women with elevated 
perceived stress and/or depressive symptoms.

2. Methods

2.1. Participants

Fifty-nine participants from a parent study that examined stress 
perception throughout pregnancy and collected salivary and hair sam
ples were screened for eligibility, and 37 participants permitted the use 
of their specimens. The University of South Florida Institutional Review 
Board approved the parent and ancillary study. The parent study 
recruited 59 pregnant individuals during their first trimester of preg
nancy at an obstetrics and gynecology clinic in Tampa, Florida [43]. 
Inclusion criteria for the parent study were: (1) adults over 18 years of 
age; (2) in their first trimester of pregnancy; (3) hair length of at least 10 
cm; (4) had access to a mobile phone. The exclusion criteria for the 
parent study were: (1) unable to read, write, or speak English. The in
clusion criteria for this ancillary study were participants who provided 
written consent for the future use of their specimens in the parent study.

2.2. Salivary cytokines and cortisol

Participants were instructed to passively drool in a conical tube four 
times throughout the day between 17 and 19 weeks, 25–27 weeks, and 
32–34 weeks and freeze the sample immediately after collecting. The 
four time points of salivary collection were upon awakening, 30 min 
after awakening, 3 h after awakening, and 12 h after awakening. These 
time points were selected to capture patterns of cortisol levels and the 
average total daily production of cortisol [44]. The weeks of gestation 
were chosen to coincide with routine prenatal visits and to capture the 
second and third trimesters. Participants were instructed to avoid saliva 
collection within 60 min of eating, drinking, brushing their teeth, and 
smoking. Participants were asked to bring frozen samples on ice to the 
three prenatal appointments. Upon receipt of the samples, they were 
aliquoted and then stored in a − 80 ◦C freezer. Before the assay, salivary 
samples were thawed entirely, vortexed, and centrifuged at 1500×g for 
15 min. Salivary cortisol levels were evaluated using Salimetrics cortisol 
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ELISA kits (#1–3002), and salivary levels of CRP, IL-6, and IL-1β were 
evaluated using Salimetrics ELISA kits (C-Reactive Protein ELISA Kit 
(Generation II) Item No. 1–2012; IL-6 ELISA KIT Item No. 1–3602; IL-1β 
ELISA Kit Item No. 1–3602). Standards and controls were completed 
with each assay. ELISAs were performed according to the manufac
turer’s instructions, and results were calculated using the standard 
curves for each assay. Values with a coefficient of variation >15 % were 
repeated, Undetectable results were reported as 0. Salimetrics reports 
the intra-assay precision as 0.06–2.07, coefficient of variation 3–7%; the 
inter-assay precision as 0.06–1.99, coefficient of variation 3–11 %; and 
the sensitivity as 0–0.007 μg/dL.

2.3. Hair cortisol

A 10 cm hair sample was collected in the parent study by cutting as 
close to the scalp as possible, either at the root from the nape of the neck 
or the posterior vortex between 36 and 40 weeks gestation. Hair grows 
approximately 1 cm a month, and the most proximal 1 cm segment to the 
scalp should approximate the last month’s cortisol production [45]; 
therefore, the hair sample was further cut into three 3 cm segments to 
represent all three trimesters. Approximately 10 mg of each hair 
segment was weighed, then cut into smaller pieces, and placed into a 
grinding tube. Then, the hair was ground to powder, and the weight was 
reassessed. Instructions were followed to complete the assay Salimetrics 
cortisol ELISA kit.

2.4. Edinburgh postnatal depression scale

The Edinburgh Postnatal Depression Scale (EPDS) is a 10-item in
strument used as a screening tool for perinatal depressive symptoms 
[46]. Scores can range from 0 to 30, with a clinical cut-off point indi
cating the mother may have depressive symptoms and need to be 
evaluated for clinical depression [46]. The parent study chose a clinical 
cut-off point of 10, which is recommended for the best sensitivity and 
specificity during pregnancy [47]. A score <10 was classified as low, 
and a score ≥10 was classified as high. This instrument has demon
strated evidence of reliability and validity for measuring depressive 
symptoms during pregnancy [47].

2.5. Perceived stress scale

The Perceived Stress Scale (PSS) is a psychological instrument that 
measures the degree to which situations in an individual’s life are 
perceived as stressful [48]. The instrument has 14 items, and each item 
is self-rated on a 5-point Likert scale where 0 (never), 1 (almost never), 2 
(sometimes), 3 (fairly often), and 4 (very often), and higher scores 
indicated higher levels of perceived stress [48]. A score <13 indicates 
low perceived stress, a score between 14 and 26 is medium, and a score 
>26 indicates a high amount of perceived stress. The PSS has demon
strated evidence of reliability and validity in pregnant women 
throughout pregnancy [49].

2.6. Statistical analyses

GraphPad Prism v. 10.2.3 for Mac OS 13.0 was used for analysis. 
Descriptive statistics are presented as percentages or means with stan
dard deviations or as frequency distributions for categorical data 
(Table 1). Salivary samples were collected during regularly scheduled 
prenatal visits and grouped into time points 17–19 weeks, 25–27 weeks, 
and 32–34 weeks for analysis. Participants were divided for comparison 
into groups: PSS low (scores <13, = 13), medium (scores between 14 
and 26, n = 13) and high (scores >26, n = 11), and EPDS low (scores 
<10, n = 28) and high (scores ≥10, n = 9). Robust nonlinear regression 
and false discovery rate (ROUT, Q = 1 %) was used to detect and remove 
significant outliers [50]. Data were then fitted to mixed effects models 
with Geisser-Greenhouse correction for non-sphericity and controlled 

for false discovery using the original Benjamini and Hochberg method 
(FDR<0.1) [51]. Fixed effects models were used because missing data 
ruled out a repeated measures ANOVA analysis approach, and the rea
sons for missing data were random. False discovery rates, expressed as q 
values, were used to quantify the rate of type 1 errors when conducting 
multiple comparisons.

3. Results

3.1. Participant characteristics

The individuals in this study were predominantly white and non- 
Hispanic, aged 21 to 41. Most of the participants did not have any 
comorbidities during this pregnancy and had a normal pregestational 
BMI. The infants of the women in this study delivered at a mean 
gestational age of 38.5 ± 2.20 weeks. The participant’s characteristics 
are shown in Table 1.

3.2. Stress, depressive symptoms, and associated biomarkers across 
pregnancy

Perceived Stress scores (PSS) and The Edinburgh Postnatal Depres
sion Scale (EPDS) were not significantly different throughout pregnancy 
(p = 0.08 and p = 0.77, respectively), though the PSS scores were higher 
at 25–27 weeks than at the 17–19 weeks or 32–34 weeks (p = 0.03, q =
0.08 and p = 0.06, q = 0.08, respectively). Stress and depression scores 
across pregnancy are presented in Fig. 1.

Salivary and hair cortisol increased significantly throughout preg
nancy (p = 0.0004 and p < 0.0001, respectively). However, salivary 
cortisol levels did not change by PSS (p = 0.47) or EPDS (p = 0.82). Hair 
cortisol did not vary by stress level over pregnancy (p = 0.42), but hair 
cortisol trends were higher in women with EPDS scores ≥10 throughout 
pregnancy (p = 0.11). See cytokine and cortisol levels across pregnancy 
in Fig. 2.

IL-1β did not vary significantly across pregnancy (p = 0.24) but 
trended lowest at 17–19 weeks (q = 0.14), and in women with high PSS 
scores when compared to women with low PSS scores (p = 0.17), and in 
women with high EPDS scores (p = 0.24). Fig. 3. IL-6 varied significantly 

Table 1 
Participant characteristics (n = 37).

Variable n (%) or Mean ± SD

Ethnicity
Hispanic 5 (13.5)

Non-Hispanic 32 (86.5)

Race
Asian 2 (5.4)
Black 2 (5.4)

Native Hawaiian/API 1 (2.7)
Other 3 (8.1)
White 29 (78.4)

Age
Age range (years) 21–41
Gestational age at delivery 38.5 ± 2.20
Maternal age 31.86 ± 4.50

Body Mass Index
Normal 18 (48.6)
Obese 10 (27)
Overweight 6 (16)
Underweight 2 (5.4)

Hypertensive during pregnancy
Yes 8 (21.6)
No 34 (78.4)

Gestational Diabetes Mellitus
Yes 3 (8.1)
No 34 (91.9)
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Fig. 1. Edinburgh Postnatal Depression Scale (EPDS) and Perceived Stress Scale (PSS) 
Edinburgh Postnatal Depression and Perceived Stress scores did not differ significantly across pregnancy. Scores at 3 timepoints across pregnancy were fitted to mixed 
effects models to accommodate missing data and were corrected for multiple comparisons using the original Benjamani and Hochber method. False Discovery Rates 
of q < 0.1 are considered significant.

Fig. 2. Salivary and Hair Cortisol Levels and EPDS and PSS scores 
Salivary and hair cortisol levels increase significantly across pregnancy, and hair cortisol trends higher in women with EPDS >10. Levels were fitted to mixed effects 
models to accommodate missing data and were corrected for multiple comparisons using the original Benjamani and Hochber method. False Discovery Rates of q <
0.1 are considered significant. Hair cortisol levels were normalized by the weight of the hair tested. Means with SEM.
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throughout pregnancy (p = 0.029) and is elevated at 25–27 weeks (p =
0.016, q = 0.049). Women who reported low or moderate perceived 
stress levels had higher IL-6 levels beginning at 25 weeks and at 34 
weeks, while women in the high EPDS group trend lower than those in 
the low EPDS group but are not significantly different (p = 0.37). Fig. 4.

Salivary CRP does not vary significantly across pregnancy (p = 0.09), 
although it trends higher at 32–34 weeks than at 17–19 weeks (p =
0.023, q = 0.068), or at 25–27 weeks (p = 0.09, q = 0.14). Salivary CRP 
levels are, however, significantly increased in women with elevated PSS 
scores (p = 0.0142) and in women with high EPDS scores (EPDS ≥10, p 
= 0.0008). Fig. 5.

4. Discussion

We investigated the association between perceived stress and 
depressive symptoms, salivary cortisol, and hair cortisol levels, and IL- 
1β, IL-6, and C-reactive protein (CRP) at three time points during the 
second and third trimesters of pregnancy. We expected that pregnant 
women with elevated perceived stress and/or depressive symptoms 
would have increased hair and salivary cortisol levels and hypothesized 
that the inflammatory pathway of IL-1β, IL6, and CRP would be elevated 
with higher perceived stress or depressive symptoms. Existing research 
in pregnant women has revealed a positive correlation between plasma 
cytokines, hair and plasma cortisol levels, and perceived stress or 
depressive symptoms, but research into these biomarkers in saliva is 

limited [52–57]. As elevated levels of these cytokines and inflammatory 
markers have been associated with adverse maternal and neonatal 
outcomes, we projected that the ease and accessibility of salivary testing 
may lead to early identification of women who might benefit from early 
intervention to reduce stress and depressive symptoms.

In our cohort, 11 of 37 women reported high stress (PSS score >26), 
and 9 of 37 women reported increased (EPDS ≥10) depressive symp
toms. The proportion of women experiencing these symptoms did not 
change throughout the three time points. These percentages in our 
population are consistent with previous studies documenting the prev
alence of increased stress and depression in pregnancy [58]; [59]. There 
were no significant differences in EPDS scores over the three time points 
and only a slight increase in reported stress scores at the 25–27-week 
time point, which returned to baseline by 32–34 weeks. Twenty-seven 
weeks marks the end of the second trimester, a time when pregnant 
women are beginning to feel symptoms of pregnancy, including aches 
and pains, mood swings, fatigue, bloating, and constipation, which may 
account for the slight increase in stress in the cohort at this time point 
(Fig. 1).

Salivary and hair cortisol increased significantly throughout the 
second and third trimesters (p = 0.0004 and p < 0.0001), which is 
consistent with prior studies [60]; [61,62]. The increase in cortisol over 
pregnancy is seen despite no increase in reported stress or depression in 
this cohort, which reinforces that cortisol increases are a physiologic 
change during pregnancy independent of disease or psychological 

Fig. 3. Salivary IL-1b levels and EPDS and PSS scores 
Salivary IL-1β levels did not vary significantly across pregnancy, but trends lower in women with EPDS >10 and in women with high PSS scores. Levels were fitted to 
mixed effects models to accommodate missing data and were corrected for multiple comparisons using the original Benjamani and Hochber method. False Discovery 
Rates of q < 0.1 are considered significant. Means with SEM.

Fig. 4. Salivary IL-6 levels and EPDS and PSS scores 
Salivary IL-6 levels varied significantly across pregnancy, but trends lower in women with EPDS >10 and in women with high PSS scores. Levels were fitted to mixed 
effects models to accommodate missing data and were corrected for multiple comparisons using the original Benjamani and Hochber method. False Discovery Rates 
of q < 0.1 are considered significant.

D. Abukhalaf et al.                                                                                                                                                                                                                             Comprehensive Psychoneuroendocrinology 21 (2025) 100280 

5 



burden. Bleker et al. [34] studied serum cortisol in 3039 women in 2017 
and found that changes in cortisol were explained by biological factors, 
including maternal age, infant sex, and CRP levels, and lifestyle vari
ables, such as smoking and sleep duration, rather than depression, 
anxiety, self-reported stress, or fatigue. There were, however, no sig
nificant differences in salivary or hair cortisol levels by either stress or 
depressive symptoms in this study (Fig. 2). There was a trend, though, 
toward higher hair cortisol levels throughout pregnancy (p = 0.12) in 
women with depressive symptoms and at 32–34 weeks in women 
perceiving high stress (p = 0.03, without FDR correction). Some previ
ous studies provide evidence of hair cortisol, a more stable measure of 
sustained cortisol elevation, increases in pregnant individuals with 
perceived stress and depressive symptoms [52]. Cortisol is important for 
fetal organ maturation, but excess levels can lead to neuro
developmental, autoimmune, metabolic, and cardiovascular diseases 
[63]. Placental enzymes inactivate much of the maternal cortisol to 
prevent fetal excess, but severe maternal depression and anxiety have 
been linked to reduced activity of these protective measures, potenti
ating increased fetal exposure to cortisol [34]; [35]. Future studies 
should be powered and designed to examine the mechanisms by which 
cytokines influence maternal mood and should include placental en
zymes to further examine the relationships between those enzymes and 
maternal depression and anxiety.

In our cohort, IL-1β did not vary significantly across pregnancy (p =
0.24) but trended lowest in women with high PSS scores (p = 0.21) 
(Fig. 3), and in women with high EPDS scores (p = 0.26). IL-1β is a 
cytokine that augments the body’s response to antigens and activates 
lymphocyte function, thus protecting against pathogens and sterile 
damaged tissue. It is critical to host defense, but also contributes to 
autoimmune diseases [7]. Previous research has revealed that in preg
nancy, inflammatory pathways driven by IL-1β were localized to 
reproductive tissues prior to labor but mainly in women entering labor 
[64]. IL-1 alpha, IL-1β, and IL-1 receptor antagonists have been used 
with 86 % sensitivity and 92 % specificity to predict term labor in cer
vicovaginal fluid [65]. In plasma, IL-1β normally increases shortly 
before delivery before returning to normal, but elevations have been 
associated with chorioamnionitis, preterm rupture of membranes, and 
adverse neonatal outcomes such as cardiovascular dysfunction and 
growth B IL-1β [10]. Perhaps the increased demand from both psycho
neurological symptoms and compensation during pregnancy causes a 
reduction in available IL-1β or the sequestering of IL-1β in distal tissues. 
A longitudinal study with larger sample size is required to replicate and 
understand these findings.

IL-6 has many functions during pregnancy. It not only directs T-cell 
differentiation to modulate the maternal immune response to the fetal 

semi-allograft, but also participates in the regulation of implantation 
and placenta formation [16]. IL-6 levels are significantly increased 
during healthy pregnancy [13], though there is conflicting evidence 
surrounding when IL-6 is highest during pregnancy; some prior studies 
have documented IL-6 peaking in the third trimester while others 
document the peak during the second trimester [13]. In this study, we 
observed peak IL-6 levels in all tested women at 25–27 weeks (p =
0.016), the time point just at the end of the second trimester. Interest
ingly, as with IL-1β, women in our cohort who reported high perceived 
stress or depressive symptoms trended lower compared to women with 
lower stress and depressive symptoms. This difference increased 
through pregnancy but never attained statistical significance. Although 
this is consistent with our previous results, as IL-1β is a potent inducer of 
IL-6, these results are contrary to prior studies in which salivary or 
plasma IL-6 levels increase in response to acute stress and severity of 
depressive symptoms throughout pregnancy [66]; [67]. The variation in 
results in many cytokine studies results from small sample sizes, 
different sampling methods, different sampling times, and comorbid 
conditions. Also, selective serotonin reuptake inhibitors (SSRIs) are 
commonly used antidepressants during pregnancy and can reduce sys
temic IL-6 levels [68].; though most of the women with high EPDS and 
PSS scores reported not taking them in this study. This may be important 
and merit further research as SSRI use, especially later in pregnancy. 
SSRI exposure has been linked to respiratory, motor, central nervous 
system, and gastrointestinal symptoms in 10–30 % of newborns [69]. In 
acute stress situations, cortisol can inhibit the inflammatory response, 
therefore decreasing cytokine levels, while abnormal elevation of IL-6 
during pregnancy has been linked to preeclampsia in the mother and 
cognitive impairment in the child [70]; [71,72]. Well designed and 
controlled studies are needed to elucidate IL-6 as a possible biomarker of 
acute stress and severe depressive symptoms in pregnancy.

Serum elevations of CRP in pregnancy are seen in the setting of 
maternal or intrauterine infection and have been documented in the first 
trimester of fetuses delivered small for gestational age or prematurely 
[23]. In our cohort, salivary CRP levels increased between the first and 
third time periods (q = 0.06 and q = 0.14) and were significantly 
elevated in women with high PSS scores (p = 0.0142), and in those with 
EPDS scores ≥10 (p = 0.0008). Differences were greatest at the earliest 
time point and resolved by the last time point. These findings are 
consistent with prior studies that observed an increase in plasma CRP 
levels in women with high PSS scores [54] and depressive symptoms 
[56], but this is somewhat inconsistent with our own findings of sup
pressed IL-1β and IL-6 in these groups. IL-1β is known to induce IL-6, 
which induces CRP, so elevations in CRP in these groups must be in 
response to other signaling molecules, which were not examined in this 

Fig. 5. Salivary C-Reactive Protein (CRP) Levels, EPDS and PSS scores 
Salivary CRP levels at three timepoints across pregnancy were fitted to mixed ef fects models to accomadate missing data and were corrected for multiple com
parisons using the original Benjamini and Hochber method. FDR <0.1 is considered significant. Means with SEM. Salivary CRP levels did not vary significantly across 
pregnancy but are significantly higher in women with EPDS >10 and in women with high PSS scores. Levels were fitted to mixed effects models to accommodate 
missing data and were corrected for multiple comparisons using the original Benjamani and Hochber method. False Discovery Rates of q < 0.1 are consid
ered significant.
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study. Both IL-6 and CRP have two mechanisms of release, and both 
molecules participate in tissue repair. Thus, it is possible that changes in 
response to pregnancy complicate the analysis of these biomarkers [73]. 
Notably, although CRP is elevated in both high stress and depressive 
symptom groups in our study, it does decrease throughout pregnancy in 
contrast to the low stress and depressive symptom groups, which in
crease throughout pregnancy. CRP may be a useful biomarker in preg
nant women with stress and depressive symptoms, but requires well 
designed longitudinal studies to understand the various mechanisms 
interacting to change the level of this biomarker throughout pregnancy.

5. Limitations

As an ancillary study using samples from a previous study, our study 
was not powered or designed to test the causal mechanisms of the as
sociations discovered. Lack of diversity within the sample also limited 
the ability to generalize our results as most of our participants were 
White and non-Hispanic. Importantly, there was no information on the 
participants’ oral health, which may have influenced our biomarkers, as 
poor oral health is associated with increased inflammation and salivary 
cytokines. If used for future biomarker discovery, oral health exam 
would be needed as part of prenatal care as this may be a notable 
confounder of salivary cytokine results. Poor oral health has been linked 
to adverse health outcomes. For this study, we eliminated extreme 
outliers in all data sets using statistical methods to understand the 
average response to stress throughout pregnancy, but the outliers may 
yield insights into individual sources of variation of clinical significance. 
Surely, if a patient presented with extremely high inflammatory markers 
or acute phase reactants, it would trigger further clinical investigation, 
but the inclusion of outliers impeded analysis of the group, and our 
sample had low incidence of adverse pregnancy outcomes.

6. Conclusion

In this study, we observed that elevated levels of perceived stress and 
depressive symptoms are associated with increased salivary cytokines 
and salivary and hair cortisol levels in pregnant individuals in the sec
ond and third trimesters. Further study of these biomarkers is warranted 
as saliva is readily available for collection at routine visits and requires 
no special training to collect. If these biomarkers are confirmed as 
important indicators of increased stress and depression, it would be 
feasible to collect longitudinally at routine pregnancy visits, thereby 
alerting providers early to possible problems that may be addressed 
before adverse outcomes develop. Oral health exams would need to be 
included to eliminate inflammatory confounders. Large studies powered 
to distinguish effects due to common conditions of pregnancy that 
include diverse populations and those with pregnancy complications 
would aid in understanding the natural variations that occur during 
pregnancy and differentiating the mechanisms and expected results of 
changes in cytokine levels in this pathway when problems develop.
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