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Background: Some new mothers have been shown to suffer from anxiety and 
depression associated with insomnia during the postpartum period. Our study 
assessed the impact of demographic, psychopathological, and biochemical 
factors on the incidence of depression in women during the early postpartum 
period.

Methods: A total of 119 women were evaluated at 24–48  h postpartum with 
the following psychometric scales: Hamilton Depression Rating Scale (HDRS), 
Edinburgh Postnatal Depression Scale (EPDS), Hamilton Anxiety Rating Scale 
(HARS) and Athens Insomnia Scale (AIS). In addition, blood was drawn to assay 
interleukin 6 (IL-6) and interleukin 10 (IL-10).

Results: The factors that had the greatest impact on the risk of postpartum 
depression detected with the HDRS were high HARS scores and evidence of 
insomnia in the AIS. There were no significant differences in IL-6 or IL-10 levels 
in women with and without depression (based on either HDRS or EPDS scores) 
and insomnia (based on AIS) after childbirth. Considering demographic factors, 
divorced and single women were shown to be  at higher risk of postpartum 
depression (based on EPDS scores).

Limitations: Small sample size and short observation span.

Conclusion: This study highlights the relationship between postpartum 
depression and both anxiety and insomnia and emphasises the importance to 
assess symptoms of anxiety and sleep quality as part of screening in women at 
risk of postpartum depression.
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1. Introduction

The birth of a baby is usually a joyous event both for the mother and her family. Nonetheless, 
childbirth itself is associated with a number of psychological and physical challenges. The most 
common mental disturbance is postpartum depression, affecting 7–19% women who give birth 
(1–3). The International Classification of Diseases (ICD-10) defines a birth-related depressive 
episode as one that occurs within 6 weeks after childbirth (4). According to The American 
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Psychiatric Association, a postpartum-onset major depressive disorder 
(MDD) is one whose symptoms manifest within 4 weeks after delivery 
(5). However, elevated risk of depression has been reported to persist 
for the whole year after childbirth (6).

Postpartum depression may adversely affect the course of 
puerperium and impair mother–infant bonding (7–9). There are 
ongoing research efforts to identify potential biomarkers of depression, 
i.e., compounds that could help diagnose depression in women after 
childbirth on the molecular level and help predict the risk of 
new-onset, recurrent, and potentially treatment-refractory depression 
(10). Candidates for such biomarkers include certain hormones 
(estradiol, progesterone, cortisol) and inflammatory proteins (11, 12).

Although the clinical presentation of postpartum depression does 
not differ considerably from depression at other periods of life, some 
studies indicate high rates of bipolar traits and a high prevalence of 
anxiety and insomnia in the former, which produce substantial clinical 
complications (13–15).

1.1. Sleep disturbances considered 
alongside postpartum depression and 
anxiety

Sleep disturbances that occur in women after childbirth adversely 
affect the well-being of both the mothers and their babies. Problems 
with sleep often accompany depression and anxiety (4, 5, 16, 17). 
Disturbed sleep may be a prodromal sign of new-onset or recurrent 
depressive episodes (18–20).

Poor sleep quality has been linked to postpartum symptoms of 
depression and anxiety and with postpartum depression without 
anxiety (21, 22). A study conducted by Okun found that women who 
had more severe symptoms of anxiety and depression scored higher 
on the PSQI (Pittsburgh Sleep Quality Index), taking into account the 
influence of variables such such as depression and anxiety disorders 
during pregnancy (23).

Sleep disturbances seem to be  a risk factor for mental health 
deterioration in women during the peripartum period. Therefore, 
sleep quality assessment should be a part of screening in women at a 
high risk of developing postpartum depression and anxiety disorders 
after childbirth.

1.2. Depression considered alongside 
postpartum anxiety disorders

Epidemiological data indicate the prevalence of anxiety disorders 
during the postpartum period to be approximately 28% (24, 25). The 
factors that have been linked to increased peripartum anxiety levels 
are higher levels of education, history of depression, pre-term delivery, 
negative experiences associated with delivery and the first week after 
delivery, an inconsolable baby, poor coping mechanisms, inadequate 
support from the partner, and poor health (26). An anxiety disorder 
in the mother has been reported to increase the risk of obstetric 
complications, the stress of being a parent, and behavioral problems 
in the child (27).

Since there are no separate diagnostic criteria for anxiety disorders 
during the postpartum period, the symptoms are similar to those 
associated with anxiety disorders at other periods of life and include 

concerns about being a mother, about the baby’s safety, excessive 
apprehension for the baby’s health, and fear of hurting the baby. In 
moderation, such concerns may be beneficial; however, when they are 
excessive, they lose their adaptive function and may hinder the baby’s 
care (28).

1.3. Interleukins and depression

Classic models of depression show the role of increased 
hypothalamic–pituitary–adrenal (HPA) axis activation; however, 
many authors additionally emphasize the importance of the immune 
system in the etiology of depression, particularly the inflammatory 
response system (IRS) (29, 30). IRS activation affects the HPA, which 
alters the metabolism of 5-hydroxytryptamine (5-HT) and 
catecholamines, and may increase the risk of depression in animals 
and humans (31).

Recent studies demonstrated increased levels of many 
pro-inflammatory cytokines, including interleukins (IL), such as IL-6, 
in individuals suffering from depression (32, 33). Moreover, 
individuals with depression were shown to have abnormal IL-10 
levels, resulting in an upset pro- and anti-inflammatory cytokine 
balance (32, 34).

One study conducted in 1,034 adults showed that individuals with 
MDD have significantly elevated IL-6 levels (p ≤ 0.001) and IL-10 
levels (p ≤ 0.001) in comparison with those in the control group (35). 
A meta-analysis of studies on the differences in cytokine and 
chemokine levels in individuals with depression demonstrated 
elevated levels of many inflammatory markers, including IL-6 and 
IL-10 (36). Patients with depression were also found to have lower 
IL-10 levels and an increased IL-6/IL-10 ratio in comparison with 
healthy individuals, which suggests disturbances in the regulation of 
cytokine secretion in depression (37). These studies indicate that IL-6 
and IL-10 might be potential markers of depression.

There are few studies evaluating the relationship between 
postpartum depression and cytokine levels. One of such studies 
demonstrated increased IL-6 levels in women with depression during 
late pregnancy and early postpartum period (30), whereas another 
study showed a decreased interferon-gamma/IL-10 ratio, which may 
indicate impaired cell-mediated immunity (38).

Pregnancy alters the level of immune system activation in order 
to ensure maternal tolerance of the fetus. Consequently, there may 
be a relationship between immune parameters and postpartum mood 
disorders. Boufidou et al. demonstrated a relationship between the 
levels of IL-6 in the cerebrospinal fluid and symptoms of depression 
within the first 4 days after childbirth (p = 0.035) (39). Other authors 
reported elevated serum IL-6 levels in patients with anhedonia and a 
major depressive episode (40).

There is evidence that serum tryptophan availability in women 
during late stages of pregnancy and first days after childbirth is 
significantly lower than that in non-pregnant women. The final stage 
of pregnancy and the early postpartum period are associated with 
immune system activation. Low levels of kynurenine towards the end 
of pregnancy result from low plasma tryptophan levels. Inflammation 
may increase tryptophan degradation along the kynurenine pathway, 
which results in an increased kynurenine/tryptophan ratio at the end 
of pregnancy and during the early postpartum period. Consequently, 
symptoms of depression and anxiety during the early postpartum 
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period may be due to increased tryptophan catabolism to kynurenine, 
which may result from immune system activation (41).

1.4. Interleukins and anxiety disorders

Research on anxiety disorders and pro-inflammatory cytokines is 
scarce, with conflicting results. The association between anxiety and 
inflammation has been demonstrated in a recent study that showed 
elevated C-reactive protein (CRP) levels in suicidal patients with 
anxiety disorders (42). An analysis of 36 biomarkers (including leptin, 
brain-derived neurotrophic factor [BDNF], and tryptophan) 
demonstrated higher rates of anxiety disorders in individuals with 
metabolic disturbances (43).

The relationship between anxiety and markers of micro-
inflammation may vary, depending on age and sex (44). One study 
revealed an inverse relationship between CRP and fibrinogen levels 
and symptoms of anxiety in healthy women. However, no such 
relationship was observed in men.

Animal studies showed an increase in IL-6 levels with the 
associated anxiety in response to stress (45) and a relationship between 
elevated IL-6 levels during pregnancy and increased risk of anxiety 
behaviors in the offspring (46).

1.5. Interleukins and sleep

Sleep and the circadian rhythm regulate the functioning of the 
immune system and general well-being. Prolonged periods of short 
sleep and the associated stress response induce constant production 
of non-specific pro-inflammatory cytokines and contribute to reduced 
immunity (47).

Many studies suggest that IL-6 is a “sleep factor,” with the circadian 
pattern of IL-6 release shown to correlate with periods of sleep and 
sleepiness. According to Vgontzas, IL-6 seems to be a mediator of 
sleepiness, and its circadian rhythm reflects the homeostatic drive for 
sleep (48).

In a study by Irwin et al. sleep disturbance and long sleep duration 
have been shown to be associated with increased CRP and IL-6 levels. 
There was no association between either sleep deprivation or short 
sleep duration and either CRP, IL-6, or TNFα levels (49). Another 
study showed that a 14-day period of fragmented sleep increased the 
risk of convulsions in rats and modulated the production of IL-1β and 
IL-6 in the brain (50). A stydy by Wright et al. showed that chronic 
circadian misalignment was associated with significant increases in 
TNF-α, IL-10, and CRP levels (p < 0.05) (51).

The potential effects of poor sleep quality during pregnancy on 
inflammation and the associated risk of obstetric complications are 
still poorly understood. The few studies on this subject assessed sleep 
disturbances and inflammatory markers in pregnant women. Okun 
reported poor sleep quality to be associated with elevated IL-6 levels 
(52–54) and symptoms of insomnia and poor sleep quality to 
be  associated with dysregulation of several cytokines (53). These 
findings were consistent with those reported by Blair et al. (55). Okun 
suggested that sleep disturbances during the early stages of pregnancy 
lead to obstetric complications by exacerbating inflammation – which 
may inhibit trophoblast invasion and impair the associated remodeling 
of placenta-supplying maternal blood vessels (56).

One of the few studies on sleep disturbances after childbirth 
demonstrated that sleep duration of ≤5 h per day after childbirth was 
associated with higher IL-6 levels than those in individuals sleeping 
>5 h per day. Short sleep duration during the first year postpartum was 
associated with elevated IL-6 levels at 3 years postpartum (57).

2. Materials and methods

The purpose of this study was to assess the effect of demographic, 
psychopathological, and biochemical factors on the prevalence of 
symptoms of depression and anxiety in postpartum women.

A total of 119 women who gave birth at the First Faculty and 
Department of Obstetrics and Gynecology of the Medical University 
of Warsaw in the period 2013–2016 were included in the study. The 
exclusion criteria were age under 18 years and unstable physical 
condition. All patients had given their consent to participate in this 
study. All patients were examined; this included structured history-
taking, demographic data, and psychometric scales. The data on 
previous depressive episodes and insomnia during pregnancy were 
obtained during a structured history-taking interview. All 
psychometric examinations were conducted by the same specialist in 
psychiatry, who is the first author of this article.

Symptoms of depression were assessed with the Hamilton Depression 
Rating Scale (HDRS24), with a score of ≥10 points adopted as the 
cut-off score for depression, and the Edinburgh Postnatal Depression 
Scale (EPDS), with the score of ≥12 points adopted as the cut-off.

Symptoms of anxiety were assessed with the Hamilton Anxiety 
Rating Scale (HARS), with each item scored from 0 (not present) to 4 
(severe) points and the total score ranging from 0 to 56 points, with 
the score of <18 points indicating mild, 18–24 mild-to-moderate, and 
25–30 points moderate-to-severe symptoms of anxiety.

Sleep disturbances were assessed with the Athens Insomnia Scale 
(AIS), with the score of ≥8 points adopted as the cut-off for insomnia, 
the value validated for the Polish population by Fornal-Pawłowska 
et  al. 2011 (Fornal-Pawłowska) and a general sleep disturbance 
questionnaire (Ogólny Kwestionariusz Zaburzeń Snu) – a standard 
questionnaire for assessing sleep disturbances developed at the Sleep 
Disturbance Outpatient Clinic of the Nowowiejski Hospital.

Interleukin levels were assessed in venous blood collected into 
S-Monovette tubes (SARSTEDT, REF 01.1604.001) with heparin as 
the coagulant. The centrifuged citrated plasma was stored at ≤ − 20°C 
until the time of testing.

Citrated plasma samples were analyzed quantitatively for 
cytokines IL-6 and IL-10 with an R&D SYSTEMS reagent kit (catalog 
number IL-6 HS600B; IL-10 HS100C; BDNF DBDOO) using an 
enzyme-linked immunosorbent assay (ELISA). The minimum 
detectable doses were 0.039 pg./mL for IL-6, 0.09 pg./mL for IL-10, 
and 20 pg./mL for human free BDNF. The blood tests were conducted 
according to the manufacturer’s protocol. Optical density was read 
with microplate readers Multiscan GO (Thermo Scientific).

All tests were conducted in patients 24–48 h after childbirth.

2.1. Statistical analysis

The statistical analysis of quantitative variables was conducted 
with the use of descriptive statistics, such as means, standard 
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deviations, percentiles, and correlations. The Shapiro–Wilk test was 
used to test whether the distribution of the analyzed quantitative 
variables deviated from a normal distribution. Since the distribution 
of the evaluated quantitative variables was shown not to be normal, 
groups of samples were compared with an unpaired two-sample 
Wilcoxon test (WilcoxonRank_Sum test). Relationships between 
categorical variables were evaluated with the use of contingency tables 
and the chi-square test or Fisher’s exact test for small sample sizes.

The logistic regression generalized linear model (GLM) was 
employed in multivariate analysis. Odds ratio was used as effect size. 
The optimal model was selected based on the Akaike information 
criterion (AIC) statistic.

Values of p of less than 0.05 were considered statistically significant.
Statistical analysis calculations were conducted with the use of 

SAS v.15.2.
This study was approved by the Ethics Committee at the Warsaw 

Medical Academy (a former name of the Medical University of 
Warsaw) (approval No. KB/12/2012).

3. Results

3.1. Univariate analysis

A total of 119 women, aged between 20 and 42 years (mean age 
31.01 ± 4.2), were included in the study.

HDRS scores assessed 24–48 h postpartum demonstrated:
Depression in 14.3% of women (n = 17, mean age 31 ± 3.95, 

median 31).
No symptoms of depression in 85.7% of women (n = 102, mean 

age 31 ± 4.2, median 31).
EPDS scores assessed 24–48 h postpartum demonstrated:
Depression in 11.8% of women (n = 14, mean age 32.36 ± 2.73, 

median 32).
No symptoms of depression in 88.2% of women (n = 105, mean 

age 30.84 ± 4.39, median31).
Seventy-one women (59.6%) had a vaginal delivery, and 48 

women (40.34%) had a Cesarean section. Breastfeeding was reported 
by 89.6% of women; 91.6% of the deliveries were full-term, and 8.4% 
of the deliveries were pre-term.

No relationship was observed between depression and the 
following variables: age, education, gravidity, parity, mode of delivery 
(Cesarean section vs. vaginal delivery), breastfeeding, 
pre-term delivery.

Unemployed women had higher rates of postpartum depression 
based on HDRS than employed women (36% vs. 12%); however, this 
difference did not reach statistical significance (p = 0.0536).

Among those women who met the EPDS depression criteria, 
divorced/separated women were more prone to depression 
(p = 0.0303). Detailed demographic characteristics of the study 
population have been presented in Table 1.

3.2. Psychometric scale results

The mean HARS score in the study group was 3.5 ± 3.69, (median 
3.00, minimum 0, maximum 18). Only one patient scored ≥18 points, 
which was the lower threshold of mild symptoms of anxiety.

Forty-one patients (34.5%) achieved AIS scores of ≥8. The 
AIS-based criteria for insomnia were met by a significantly greater 
proportion of women diagnosed with depression based on the HDRS 
(10 out of 17; 58% of women) than women without HDRS score-based 
postpartum depression (31 out of 102; 30.3% of women) (p = 0.0224). 
There were no differences in the rates of insomnia among women 
diagnosed with postpartum depression based on the EPDS.

Women diagnosed with depression based on their HDRS scores 
achieved significantly higher scores than women without depression 
both in the HARS (9.5 points vs. 2.5 points, p < 0.0001) and in the AIS 
(9.1 vs. 5.7 points, p = 0.0096). Women diagnosed with depression 
based on the EPDS scored significantly higher in the HARS (9.2 points 
vs. 2.8 points, p < 0.0001) than women without depression. Those 
patients also scored higher in the AIS; however, the difference was not 
statistically significant (8.8 vs. 5.9 points, p = 0.0572) (Table 2).

Data on the previous history of depression were obtained for 110 
patients. Ten percent had a history of a depressive episode. Out of the 
patients with a history of depression, 36% met the HDRS score-based 
criterion for postpartum depression. Out of the patients with a 
negative depression history, 13% developed HDRS score-based 
postpartum depression. Those patients who had a self-reported 
history of depression were also more likely to develop depression 
based on HDRS scores; however, the differences between these groups 
were not statistically significant (p = 0.0656).

Out of the patients with a positive history of depression, 27% met 
the EPDS score-based criterion of depression. Out of the patients with 
a negative history of depression, 11% met the EPDS score-based 
criterion for depression. The difference between these subgroups was 
not statistically significant.

Data on previous history of insomnia were obtained for 100 
patients. According to these data, 36% patients had a history of 
insomnia during pregnancy, with 56% of those also meeting the 
adopted criterion for postpartum insomnia. Out of 64% women who 
reported no insomnia during pregnancy, 27% met the criterion for 
insomnia after childbirth. The patients who reported insomnia during 
pregnancy were significantly more likely to meet the AIS score-based 
criterion for insomnia during the postpartum period (p = 0.0052).

Out of the patients who had a history of depression, 54% met the 
AIS score-based criterion of insomnia postpartum. Out of the patients 
who had no history of depression, 33% developed AIS score-based 
insomnia after childbirth. The differences between these subgroups 
were not statistically significant.

Women who developed AIS score-based postpartum insomnia 
were more likely to score higher in the HARS – this difference was 
statistically significant (4.39 ± 3.62 vs. 3.06 ± 3.66, p = 0.0118).

Blood tests for IL-6 and IL-10 were conducted in 104 and 86 
patients, respectively, within 24–48 h after delivery.

The median IL-6 level was 14.05 pg./mL (min. 4.8, max. 53.7) in 
women with HDRS score-based depression in comparison with 
12.75 pg./mL (min.1.67, max. 98.4) in women without depression. The 
median IL-10 level was 0.99 pg./mL in women with depression (min. 
0.79, max. 3.24) and 1.02 pg./mL (min. 0.78, max. 19.4) in women 
without depression. The difference between IL-6 and IL-10 levels in 
women with and without HDRS score-based depression was not 
statistically significant.

The median IL-6 level was 14.7 pg./mL (min. 4.8, max. 53.7) in 
women with EPDS score-based depression in comparison with 
11.8 pg./mL (min. 1.67, max. 98.4) in women without depression. The 
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median IL-10 levels were 1.07 pg./mL (min. 0.79, max. 3.24) and 
1.01 pg./mL (min. 0.78, max. 19.4) in women with and without 
depression, respectively. The difference between IL-6 and IL-10 levels 
in women with and without EPDS score-based depression was not 
statistically significant.

The median IL-6 levels in women with and without AIS score-
based insomnia were 10.65 pg./mL and 14.95 pg./mL, respectively, and 
the median IL-10 levels in those two groups were 0.99 pg./mL and 
1.04 pg./mL, respectively. The differences between IL-6 and IL-10 
levels in women with and without insomnia were not significant.

There was no correlation between IL-6 or IL-10 levels and 
HARS scores.

3.3. Multivariate analysis

Multivariate analysis helped identify the parameters that affected 
the rates of HDRS and EPDS score-based depression.

3.3.1. Hamilton Depression Rating Scale
In the presented model, the following variables affected the risk of 

developing HDRS score-based depression: anxiety measured with the 
HARS and insomnia measured with the AIS (Table 3).

An increase in the HARS score by 1 point increased the risk of 
developing HDRS score-based depression 1.65-fold. AIS score-based 
insomnia increased the risk of developing HDRS score-based 
depression 3.5-fold (Figure 1).

3.3.2. Edinburgh Postnatal Depression Scale
In the presented model, the following variables affected the risk of 

developing EPDS score-based depression: HARS score-based anxiety 
and the patients’ marital status (Table 4).

An increase in the HARS score by 1 point increased the risk of 
developing EPDS score-based depression 1.47-fold. Single women had a 
0.59-fold lower risk of developing EPDS score-based depression than 
married women. Divorced women had a 11.83-fold higher risk of 
developing EPDS score-based depression than married women (Figure 2).

TABLE 1 Demographic characteristics.

N Women with depression 
(HDRS ≥10)

Value of p Women with 
depression (EPDS ≥12)

Value of p

Marital status

single 23 5 (22%)

NS

2 (9%)

0.0303married 88 11 (13%) 9 (10%)

divorced 6 1 (17%) 3 (50%)

Household conditions

living with family/other members 116 17 (15%)
NS

14 (12%)
NS

alone 1 0 (0%) 0 (0%)

Education

primary/vocational 4 1 (25%)

NS

0 (05%)

NSsecondary 15 1 (7%) 1 (7%)

higher 98 15 (15%) 13 (13%)

Source of income

employed 106 13 (12%)
0.0536

13 (12%)
NS

unemployed 11 4 (36%) 1 (9%)

The bold values represent statistically significant.

TABLE 2 Anxiety and insomnia scores in women who developed (1) and who did not develop (0) postpartum depression (HDRS and EPDS).

Parameter Scale N Mean SD Median Minimum Maximum Value of p

HDRS≥10

HARS 0 102 2.5 2.4 2 0 11 <0.0001

1 17 9.5 4.4 10 1 18

AIS 0 102 5.8 3.9 5 0 19 0.0096

1 17 9.1 5.1 9 0 17

EPDS≥12

HARS 0 105 2.8 2.7 2 0 12 <0.0001

1 14 9.2 5.2 10.5 1 18

AIS 0 105 5.9 3.9 5 0 19 0.0572

1 14 8.8 5.7 7.5 0 17

The bold values represent statistically significant.

https://doi.org/10.3389/fpsyt.2023.1266390
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Drozdowicz-Jastrzębska et al. 10.3389/fpsyt.2023.1266390

Frontiers in Psychiatry 06 frontiersin.org

FIGURE 1

Odds ratios (OR) for variables affecting the rates of HDRS score-based depression. AIS, Athens Insomnia Scale; HARS, Hamilton Anxiety Rating Scale; 
LCL, lower confidence limit; UCL, upper confidence limit; v, value.

FIGURE 2

Odds ratios for the variables affecting the rates of EPDS score-based depression. HARS, Hamilton Anxiety Rating Scale; LCL, lower confidence limit; 
UCL, upper confidence limit; v, value.

4. Discussion

This study showed depression in 14.3% of women evaluated with 
the HDRS and in 11.8% of women evaluated with the EPDS. These 

proportions of depression are consistent with those reported by other 
authors, which range from 10 to 20% of women after childbirth, 
depending on the adopted criteria (1, 3). Studies in the Polish 
population showed postpartum depression in 15.2% of patients (15).

Our study showed that the patients diagnosed with insomnia after 
childbirth also achieved higher HARS scores.

HPA hyperactivity is a well-known neuroendocrine abnormality 
in depression (58), potentially playing a major role in the pathogenesis 
of anxiety disorders and sleep dysregulation (58, 59). Many studies 
indicate a common pathogenic pathway for depression and anxiety 
disorders. There have been also reports on the common etiology and 
pathogenesis of depression and sleep disturbances (60); however, there 
are few studies in women after childbirth.

Our study demonstrated a relationship between postpartum 
depression and symptoms of anxiety and insomnia. The factors that 
were found to have the greatest impact on the risk of developing 
postpartum depression in the HDRS, were higher HARS scores and 
AIS score-based insomnia. These conclusions are consistent with 
those reported by other authors, who emphasize the fact that 
symptoms of anxiety and insomnia are often part of the presentation 
of postpartum depression. Women with symptoms of anxiety alone or 
insomnia alone may be at a higher risk for postpartum depression and 
thus should be closely monitored for symptoms of depression in the 
weeks following delivery.

TABLE 4 Multivariate model; odds ratios for variables affecting the rates 
of EPDS score-based depression.

Effect Odds 
ratio

95% 
LCL

95% 
UCL

value 
of p

HARS [v + 1 vs. v] 1.47 1.23 1.75 <0.0001

Marital status [single vs. married] 0.59 0.09 3.79 0.0974

Marital status [divorced vs. married] 11.83 1.13 123.32 0.0270

HARS, Hamilton Anxiety Rating Scale; LCL, lower confidence limit; UCL, upper confidence 
limit; v, value.

TABLE 3 Multivariate model; odds ratios for variables affecting the rates 
of HDRS score-based depression.

Effect Odds 
ratio

95% LCL 95% 
UCL

value 
of p

HARS [v + 1 vs. v] 1.65 1.34 2.04 <0.0001

AIS [>7 vs. 1–7] 3.52 0.82 15.08 0.0898

AIS, Athens Insomnia Scale; HARS, Hamilton Anxiety Rating Scale; LCL, lower confidence 
limit; UCL, upper confidence limit; v, value.
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The strongest risk factor for postpartum depression is a 
positive history of depression before and during pregnancy (61). 
Our study showed that patients with a history of depression 
were more likely to develop HDRS and EPDS score-based 
depression, though the differences between the subgroups were 
not significant.

Other important risk factors for postpartum depression 
include prenatal anxiety disorders, stressful life events, low self-
esteem, poor social support, a low income, and inadequate support 
from the partner (62). The factor that increased the risk of 
depression in women who scored ≥12 points in the EPDS was 
marital status – with divorced and separated women at a 
considerably higher risk of developing postpartum depression. 
These findings are consistent with those by other authors, who 
report that inadequate support from the partner increases the risk 
of postpartum depression (61, 63).

Considering the reported relationship between inflammation and 
oxidative stress in affective disorders (64), we had expected higher 
levels of the pro-inflammatory cytokine IL-6 and lower levels of the 
anti-inflammatory cytokine IL-10 after childbirth in women who met 
the depression criteria; however, our study showed no significant 
differences in the levels of these interleukins between patients with 
and without depression.

Earlier studies demonstrated plasma IL-6 levels to be elevated in 
chronic stress, which may contribute to neurobehavioral 
complications, including anxiety disorders, and affect the brain 
phenotype in the offspring (45). Ramirez studied the relationship 
between inflammation in the mother and predisposition to anxiety 
disorders in the offspring. The study was conducted on Japanese 
macaques and showed that high levels of IL-6 in the third trimester 
of pregnancy were associated with lower amygdala volume in the 
offspring at the age of 4 months and a more rapid increase in 
amygdala volume between the age of 4 and 36 months. The offspring 
of those females whose IL-6 levels were elevated during pregnancy 
showed more anxiety-like behaviors at the age of 11 months (46). 
Consequently, IL-6 seems to affect brain development; however, the 
mechanism remains unknown.

Our study showed no relationship between IL-6 levels and an 
increased severity of anxiety symptoms. These results are consistent 
with those of another study, which demonstrated that individuals with 
generalized anxiety disorder (GAD) had lower IL-6 levels; moreover, 
no relationship was found between GAD and other markers of 
inflammation (65). One of the studies by Wisner demonstrated that 
two-thirds of patients who met the EPDS score-based criteria of a 
postpartum depressive episode also exhibited anxiety disorders, most 
commonly GAD (66). The discrepant results on the association of IL-6 
and symptoms of anxiety may be explained by the fact that individual 
types of anxiety disorders are associated with different bio-behavioral 
mechanisms and not all of them are associated with chronic low-grade 
inflammation. Nazzari has posited that inflammation plays a role in 
the pathogenesis of depression, but not in that of anxiety, in women 
after childbirth (67).

In our study, 36% of patients reported insomnia. This result is 
consistent with that of a study by Wołyńczyk-Gmaj conducted in the 
Polish population, where 39% of patients were diagnosed with 
insomnia (68).

The patients who had insomnia during pregnancy were more 
likely to report insomnia after childbirth. Recent years saw an 

increased number of studies on sleep disturbances during and 
after pregnancy. The results of our study are consistent with those 
of the few earlier studies, which showed that insomnia during 
pregnancy increases the risk of insomnia in the postpartum 
period and may also increase the risk of postpartum depression 
(11, 69, 70).

5. Conclusion

 1. The variables that had the greatest effect on the risk of 
developing HDRS score-based postpartum depression were 
higher HARS scores and AIS score-based insomnia.

 2. The variables that had the greatest effect on the risk of 
developing EPDS score-based postpartum depression were 
higher HARS scores and patients’ marital status.

 3. Women who met the HDRS score-based criterion for 
depression were also more likely to meet the insomnia criterion 
(p = 0.0224).

 4. Women who had a history of depression were more likely to 
meet the HDRS and EPDS score-based criteria of depression; 
however, the differences between these subgroups were 
not significant.

 5. There were no significant differences in IL-6 or IL-10 levels in 
women with and without depression after childbirth (based on 
either HDRS or EPDS scores).

 6. There were no significant differences in IL-6 or IL-10 levels in 
women with and without AIS score-based insomnia 
after childbirth.

 7. There was no relationship between IL-6 or IL-10 levels and 
HARS scores.

 8. The patients with insomnia during pregnancy were significantly 
more likely to meet the AIS score-based criterion of insomnia 
after childbirth (p = 0.0052).

 9. Women with AIS score-based insomnia after delivery scored 
higher in the HARS (p = 0.0118).

 10. There was no relationship between postpartum depression 
and such variables as age, education, source of income, 
gravidity, parity, mode of delivery, breastfeeding, 
pre-term delivery.

 11. A study with a larger sample size is needed to confirm 
these findings.

 12. An additional point of clinical assessment will be performed in 
the continuation of the study at 3–7 days postpartum.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics Statement

The studies involving humans were approved by the Ethics 
Committee at the Warsaw Medical Academy (a former name of the 
Medical University of Warsaw) (approval No. KB/12/2012). The 

https://doi.org/10.3389/fpsyt.2023.1266390
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Drozdowicz-Jastrzębska et al. 10.3389/fpsyt.2023.1266390

Frontiers in Psychiatry 08 frontiersin.org

studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

ED-J: Investigation, Resources, Methodology, Writing – original 
draft. AM: Investigation, Resources, Validation, Writing – review & 
editing. MiS: Conceptualization, Project administration, Writing – 
review & editing, Supervision, Validation. PJ: Data curation, Funding 
acquisition, Validation, Writing – review & editing. ZJ-Z: Validation, 
Writing – review & editing. MaS: Formal Analysis, Software, 
Visualization, Writing – review & editing. ZW: Formal Analysis, 
Software, Visualization, Writing – review & editing. MR-Z: 
Conceptualization, Project administration, Supervision, Writing – 
review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors thank Prof. Marcin Wojnar and Prof. Bronisława 
Pietrzak for their assistance in conducting the study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T. 

Perinatal depression: a systematic review of prevalence and incidence. Obstet Gynecol. 
(2005) 106:1071–83. doi: 10.1097/01.AOG.0000183597.31630.db

 2. Gaynes BN, Gavin N, Meltzer-Brody S, Lohr KN, Swinson T, Gartlehner G, et al. 
Perinatal depression: prevalence, screening accuracy, and screening outcomes. Evid Rep 
Technol Assess. (2005) 119:1–8. doi: 10.1037/e439372005-001

 3. O'Hara MW, McCabe JE. Postpartum depression: current status and future 
directions. Annu Rev Clin Psychol. (2013) 9:379–407. doi: 10.1146/annurev-
clinpsy-050212-185612

 4. World Health Organization (WHO). The ICD-10 classification of mental and 
Behavioural disorders. World Health Organization. (1993).

 5. American Psychiatric Association. Diagnostic and statistical manual of mental 
disorders. American Psychiatric Association Publishing. (2022).

 6. Jaeschke R, Siwek M, Dudek D. Review article postpartum mood disorders – update 
2012. Neuropsych Neuropsychol. (2012) 7:113–21.

 7. Grote NK, Bridge JA, Gavin AR, Melville JL, Iyengar S, Katon WJ. A meta-analysis 
of depression during pregnancy and the risk of preterm birth, low birth weight, and 
intrauterine growth restriction. Arch Gen Psychiatry. (2010) 67:1012–24. doi: 10.1001/
archgenpsychiatry.2010.111

 8. Muzik M, Bocknek EL, Broderick A, Richardson P, Rosenblum KL, Thelen K, et al. 
Mother-infant bonding impairment across the first 6 months postpartum: the primacy 
of psychopathology in women with childhood abuse and neglect histories. Arch Womens 
Ment Health. (2013) 16:29–38. doi: 10.1007/s00737-012-0312-0

 9. Stein A, Pearson RM, Goodman SH, Rapa E, Rahman A, McCallum M, et al. Effects 
of perinatal mental disorders on the fetus and child. Lancet. (2014) 384:1800–19. doi: 
10.1016/S0140-6736(14)61277-0

 10. Guintivano J, Manuck T, Meltzer-Brody S. Predictors of postpartum depression: a 
comprehensive review of the last decade of evidence. Clin Obstet Gynecol. (2018) 
61:591–603. doi: 10.1097/GRF.0000000000000368

 11. Drozdowicz-Jastrzębska E, Skalski M, Gdańska P, Mach A, Januszko P, Nowak RJ, 
et al. Insomnia, postpartum depression and estradiol in women after delivery. Metab 
Brain Dis. (2017) 32:1913–8. doi: 10.1007/s11011-017-0079-0

 12. Siwek M, Dudek D, Schlegel-Zawadzka M, Morawska A, Piekoszewski W, Opoka 
W, et al. Serum zinc level in depressed patients during zinc supplementation of 
imipramine treatment. J Affect Disord. (2010) 126:447–52. doi: 10.1016/j.jad.2010.04.024

 13. Bernstein IH, Rush AJ, Yonkers K, Carmody TJ, Woo A, McConnell K, et al. 
Symptom features of postpartum depression: are they distinct? Depress Anxiety. (2008) 
25:20–6. doi: 10.1002/da.20276

 14. Dudek D, Jaeschke R, Siwek M, Mączka G, Topór-Mądry R, Rybakowski J. 
Postpartum depression: identifying associations with bipolarity and personality traits. 

Preliminary results from a cross-sectional study in Poland. Psychiatry Res. (2014) 
215:69–74. doi: 10.1016/j.psychres.2013.10.013

 15. Jaeschke RR, Dudek D, Topór-Mądry R, Drozdowicz K, Datka W, Siwek M, et al. 
Postpartum depression: bipolar or unipolar? Analysis of 434 polish postpartum women. 
Braz jPsychiat. (2017) 39:154–9. doi: 10.1590/1516-4446-2016-1983

 16. Alvaro PK, Roberts RM, Harris JK. A systematic review assessing Bidirectionality 
between sleep disturbances, anxiety, and depression. Sleep. (2013) 36:1059–68. doi: 
10.5665/sleep.2810

 17. Tsuno N, Besset A, Ritchie K. Sleep and depression. J Clin Psychiatry. (2005) 
66:1254–69. doi: 10.4088/JCP.v66n1008

 18. Breslau N, Roth T, Rosenthal L, Andreski P. Sleep disturbance and psychiatric 
disorders: a longitudinal epidemiological study of young adults. Biol Psychiatry. (1996) 
39:411–8. doi: 10.1016/0006-3223(95)00188-3

 19. Ford DE, Cooper-Patrick L. Sleep disturbances and mood disorders: an 
epidemiologic perspective. Depress Anxiety. (2001) 14:3–6. doi: 10.1002/da.1041

 20. Perlis ML, Giles DE, Buysse DJ, Tu X, Kupfer DJ. Self-reported sleep disturbance 
as a prodromal symptom in recurrent depression. J Affect Disord. (1997) 42:209–12. doi: 
10.1016/S0165-0327(96)01411-5

 21. Creti L, Libman E, Rizzo D, Fichten CS, Bailes S, Tran D-L, et al. Sleep in the 
postpartum: characteristics of first-time healthy mothers. Sleep Disord. (2017) 
2017:1–10. doi: 10.1155/2017/8520358

 22. Tham EKH, Tan J, Chong YS, Kwek K, Saw SM, Teoh OH, et al. Associations 
between poor subjective prenatal sleep quality and postnatal depression and anxiety 
symptoms. J Affect Disord. (2016) 202:91–4. doi: 10.1016/j.jad.2016.05.028

 23. Okun ML, Mancuso RA, Hobel CJ, Schetter CD, Coussons-Read M. Poor sleep 
quality increases symptoms of depression and anxiety in postpartum women. J Behav 
Med. (2018) 41:703–10. doi: 10.1007/s10865-018-9950-7

 24. Pawluski JL, Lonstein JS, Fleming AS. The neurobiology of postpartum anxiety 
and depression. Trends Neurosci. (2017) 40:106–20. doi: 10.1016/j.tins.2016.11.009

 25. Toler S, Stapleton S, Kertsburg K, Callahan TJ, Hastings- TM. Screening for 
postpartum anxiety: a quality improvement project to promote the screening of women 
suffering in silence. Midwifery. (2018) 62:161–70. doi: 10.1016/j.midw.2018.03.016

 26. van der Zee-van den Berg AI, Boere-Boonekamp MM, Groothuis-Oudshoorn 
CGM, Reijneveld SA. Postpartum depression and anxiety: a community-based study on 
risk factors before, during and after pregnancy. J Affect Disord. (2021) 286:158–65. doi: 
10.1016/j.jad.2021.02.062

 27. Misri S, Kendrick K, Oberlander TF, Norris S, Tomfohr L, Zhang H, et al. 
Antenatal depression and anxiety affect postpartum parenting stress: a 
longitudinal, prospective study. Can J Psychiatry. (2010) 55:222–8. doi: 
10.1177/070674371005500405

https://doi.org/10.3389/fpsyt.2023.1266390
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1097/01.AOG.0000183597.31630.db
https://doi.org/10.1037/e439372005-001
https://doi.org/10.1146/annurev-clinpsy-050212-185612
https://doi.org/10.1146/annurev-clinpsy-050212-185612
https://doi.org/10.1001/archgenpsychiatry.2010.111
https://doi.org/10.1001/archgenpsychiatry.2010.111
https://doi.org/10.1007/s00737-012-0312-0
https://doi.org/10.1016/S0140-6736(14)61277-0
https://doi.org/10.1097/GRF.0000000000000368
https://doi.org/10.1007/s11011-017-0079-0
https://doi.org/10.1016/j.jad.2010.04.024
https://doi.org/10.1002/da.20276
https://doi.org/10.1016/j.psychres.2013.10.013
https://doi.org/10.1590/1516-4446-2016-1983
https://doi.org/10.5665/sleep.2810
https://doi.org/10.4088/JCP.v66n1008
https://doi.org/10.1016/0006-3223(95)00188-3
https://doi.org/10.1002/da.1041
https://doi.org/10.1016/S0165-0327(96)01411-5
https://doi.org/10.1155/2017/8520358
https://doi.org/10.1016/j.jad.2016.05.028
https://doi.org/10.1007/s10865-018-9950-7
https://doi.org/10.1016/j.tins.2016.11.009
https://doi.org/10.1016/j.midw.2018.03.016
https://doi.org/10.1016/j.jad.2021.02.062
https://doi.org/10.1177/070674371005500405


Drozdowicz-Jastrzębska et al. 10.3389/fpsyt.2023.1266390

Frontiers in Psychiatry 09 frontiersin.org

 28. Leckman JF, Mayes LC, Feldman R, Evans DW, King RA, Cohen DJ. Early parental 
preoccupations and behaviors and their possible relationship to the symptoms of 
obsessive-compulsive disorder. Acta Psychiatr Scand Suppl. (1999) 396:1–26. doi: 
10.1111/j.1600-0447.1999.tb10951.x

 29. Laumet G, Edralin JD, Chiang AC-A, Dantzer R, Heijnen CJ, Kavelaars A. 
Resolution of inflammation-induced depression requires T lymphocytes and 
endogenous brain interleukin-10 signaling. Neuropsychopharmacology. (2018) 
43:2597–605. doi: 10.1038/s41386-018-0154-1

 30. Maes M, Lin A-h, Ombelet W, Stevens K, Kenis G, De Jongh R, et al. Immune 
activation in the early puerperium is related to postpartum anxiety and depressive 
symptoms. Psychoneuroendocrinology. (2000) 25:121–37. doi: 10.1016/
S0306-4530(99)00043-8

 31. Maes M. Major depression and activation of the inflammatory response system In: 
R Dantzer, EE Wollman and R Yirmiya, editors. Cytokines, stress, and depression. New 
York, NY: Springer US (1999). 25–46.

 32. Al-Fadhel SZ, Al-Hakeim HK, Al-Dujaili AH, Maes M. IL-10 is associated with 
increased mu-opioid receptor levels in major depressive disorder. Eur Psychiatry. (2019) 
57:46–51. doi: 10.1016/j.eurpsy.2018.10.001

 33. Gałecki P, Talarowska M. Inflammatory theory of depression. Psychiatr Pol. (2018) 
52:437–47. doi: 10.12740/PP/76863

 34. Xia J, Wang H, Zhang C, Liu B, Li Y, Li K, et al. The comparison of sex differences 
in depression-like behaviors and neuroinflammatory changes in a rat model of 
depression induced by chronic stress. Front Behav Neurosci. (2023) 16:1059594. doi: 
10.3389/fnbeh.2022.1059594

 35. Wiener CD, Moreira FP, Portela LV, Strogulski NR, Lara DR, da Silva RA, et al. 
Interleukin-6 and Interleukin-10  in mood disorders: a population-based study. 
Psychiatry Res. (2019) 273:685–9. doi: 10.1016/j.psychres.2019.01.100

 36. Köhler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS, et al. 
Peripheral cytokine and chemokine alterations in depression: a meta-analysis of 82 
studies. Acta Psychiatr Scand. (2017) 135:373–87. doi: 10.1111/acps.12698

 37. Dhabhar FS, Burke HM, Epel ES, Mellon SH, Rosser R, Reus VI, et al. Low serum IL-10 
concentrations and loss of regulatory association between IL-6 and IL-10 in adults with major 
depression. J Psychiatr Res. (2009) 43:962–9. doi: 10.1016/j.jpsychires.2009.05.010

 38. Groer MW, Morgan K. Immune, health and endocrine characteristics of depressed 
postpartum mothers. Psychoneuroendocrinology. (2007) 32:133–9. doi: 10.1016/j.
psyneuen.2006.11.007

 39. Boufidou F, Lambrinoudaki I, Argeitis J, Zervas IM, Pliatsika P, Leonardou AA, 
et al. CSF and plasma cytokines at delivery and postpartum mood disturbances. J Affect 
Disord. (2009) 115:287–92. doi: 10.1016/j.jad.2008.07.008

 40. Lu S, Wu C, Jia L, Fang Z, Lu J, Mou T, et al. Increased plasma levels of IL-6 are 
associated with striatal structural atrophy in major depressive disorder patients with 
anhedonia. Frontiers. Psychiatry. (2022) 13:13. doi: 10.3389/fpsyt.2022.1016735

 41. Maes M, Verkerk R, Bonaccorso S, Ombelet W, Bosmans E, Scharpé S. Depressive 
and anxiety symptoms in the early puerperium are related to increased degradation of 
tryptophan into kynurenine, a phenomenon which is related to immune activation. Life 
Sci. (2002) 71:1837–48. doi: 10.1016/S0024-3205(02)01853-2

 42. Felger JC, Haroon E, Patel TA, Goldsmith DR, Wommack EC, Woolwine BJ, et al. 
What does plasma CRP tell us about peripheral and central inflammation in depression? 
Mol Psychiatry. (2020) 25:1301–11. doi: 10.1038/s41380-018-0096-3

 43. Humer E, Pieh C, Probst T. Metabolomic biomarkers in anxiety disorders. Int J 
Mol Sci. (2020) 21:4784. doi: 10.3390/ijms21134784

 44. Baune BT, Smith E, Reppermund S, Air T, Samaras K, Lux O, et al. Inflammatory 
biomarkers predict depressive, but not anxiety symptoms during aging: the prospective 
Sydney memory and aging study. Psychoneuroendocrinology. (2012) 37:1521–30. doi: 
10.1016/j.psyneuen.2012.02.006

 45. Niraula A, Witcher KG, Sheridan JF, Godbout JP. Interleukin-6 induced by social 
stress promotes a unique transcriptional signature in the monocytes that facilitate 
anxiety. Biol Psychiatry. (2019) 85:679–89. doi: 10.1016/j.biopsych.2018.09.030

 46. Ramirez JSB, Graham AM, Thompson JR, Zhu JY, Sturgeon D, Bagley JL, et al. 
Maternal Interleukin-6 is associated with macaque offspring amygdala development and 
behavior. Cereb Cortex. (2019) 30:1573–85. doi: 10.1093/cercor/bhz188

 47. Ganz FD. Sleep and immune function. Crit Care Nurse. (2012) 32:e19–25. doi: 
10.4037/ccn2012689

 48. Vgontzas AN, Bixler EO, Lin H-M, Prolo P, Trakada G, Chrousos GP. IL-6 and its 
circadian secretion in humans. Neuroimmunomodulation. (2005) 12:131–40. doi: 
10.1159/000084844

 49. Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and 
inflammation: a systematic review and Meta-analysis of cohort studies and experimental 
sleep deprivation. Biol Psychiatry. (2016) 80:40–52. doi: 10.1016/j.biopsych.2015.05.014

 50. Grubač Ž, Šutulović N, Jerotić D, Šuvakov S, Rašić-Marković A, Macut D, et al. 
Experimental chronic sleep fragmentation alters seizure susceptibility and brain levels 
of interleukins 1β and 6. Acta Neurobiol Exp. (2021) 81:96–109. doi: 10.21307/
ane-2021-010

 51. Wright KP, Drake AL, Frey DJ, Fleshner M, Desouza CA, Gronfier C, et al. 
Influence of sleep deprivation and circadian misalignment on cortisol, inflammatory 
markers, and cytokine balance. Brain Behav Immun. (2015) 47:24–34. doi: 10.1016/j.
bbi.2015.01.004

 52. Okun ML, Coussons-Read M, Hall M. Disturbed sleep is associated with increased 
C-reactive protein in young women. Brain Behav Immun. (2009) 23:351–4. doi: 
10.1016/j.bbi.2008.10.008

 53. Okun ML, Hall M, Coussons-Read ME. Sleep disturbances increase Interleukin-6 
production during pregnancy: implications for pregnancy complications. Reprod Sci. 
(2007) 14:560–7. doi: 10.1177/1933719107307647

 54. Okun ML, Coussons-Read ME. Sleep disruption during pregnancy: how does it 
influence serum cytokines? J Reprod Immunol. (2007) 73:158–65. doi: 10.1016/j.
jri.2006.06.006

 55. Blair LM, Porter K, Leblebicioglu B, Christian LM. Poor sleep quality and 
associated inflammation predict preterm birth: heightened risk among African 
Americans. Sleep. (2015) 38:1259–67. doi: 10.5665/sleep.4904

 56. Okun ML. Sleep disturbances and modulations in inflammation: implications for 
pregnancy health. Soc Personal Psychol Compass. (2019) 13:e12451. doi: 10.1111/
spc3.12451

 57. Taveras EM, Rifas-Shiman SL, Rich-Edwards JW, Mantzoros CS. Maternal short 
sleep duration is associated with increased levels of inflammatory markers at 3 years 
postpartum. Metab Clin Exp. (2011) 60:982–6. doi: 10.1016/j.metabol.2010.09.008

 58. Rubin RT, Phillips JJ, McCracken JT, Sadow TF. Adrenal gland volume in major 
depression: relationship to basal and stimulated pituitary-adrenal cortical axis function. 
Biol Psychiatry. (1996) 40:89–97. doi: 10.1016/0006-3223(95)00358-4

 59. Buckley TM, Schatzberg AF. On the interactions of the hypothalamic-pituitary-
adrenal (HPA) Axis and sleep: normal HPA Axis activity and circadian rhythm, 
exemplary sleep disorders. J Clin Endocrinol Metabol. (2005) 90:3106–14. doi: 10.1210/
jc.2004-1056

 60. Rao U, Hammen CL, Poland RE. Risk markers for depression in adolescents: sleep 
and HPA measures. Neuropsychopharmacology. (2009) 34:1936–45. doi: 10.1038/
npp.2009.27

 61. Milgrom J, Gemmill AW, Bilszta JL, Hayes B, Barnett B, Brooks J, et al. Antenatal 
risk factors for postnatal depression: a large prospective study. J Affect Disord. (2008) 
108:147–57. doi: 10.1016/j.jad.2007.10.014

 62. Drozdowicz E, Rodzoch R, Matsumoto H, Skalski M, Wielgoś M, Radziwoń-
Zaleska M. Postpartum depression – a review of current knowledg. Med Sci Technol. 
(2013) 54:125–9. doi: 10.12659/MST.889512

 63. Robertson E, Grace S, Wallington T, Stewart DE. Antenatal risk factors for 
postpartum depression: a synthesis of recent literature. Gen Hosp Psychiatry. (2004) 
26:289–95. doi: 10.1016/j.genhosppsych.2004.02.006

 64. Siwek M, Sowa-Kućma M, Styczeń K, Szewczyk B, Reczyński W, Misztak P, et al. 
Decreased serum zinc concentration during depressive episode in patients with bipolar 
disorder. J Affect Disord. (2016) 190:272–7. doi: 10.1016/j.jad.2015.10.026

 65. Wagner E-YN, Strippoli M-PF, Ajdacic-Gross V, Gholam-Rezaee M, Glaus J, 
Vandeleur C, et al. Generalized anxiety disorder is prospectively associated with 
decreased levels of Interleukin-6 and adiponectin among individuals from the 
community. J Affect Disord. (2020) 270:114–7. doi: 10.1016/j.jad.2020.03.123

 66. Wisner KL, Sit DKY, McShea MC, Rizzo DM, Zoretich RA, Hughes CL, et al. 
Onset timing, thoughts of self-harm, and diagnoses in postpartum women with screen-
positive depression findings. JAMA Psychiatry. (2013) 70:490–8. doi: 10.1001/
jamapsychiatry.2013.87

 67. Nazzari S, Molteni M, Valtorta F, Comai S, Frigerio A. Prenatal IL-6 levels and 
activation of the tryptophan to kynurenine pathway are associated with depressive but 
not anxiety symptoms across the perinatal and the post-partum period in a low-risk 
sample. Brain Behav Immun. (2020) 89:175–83. doi: 10.1016/j.bbi.2020.06.015

 68. Wołyńczyk-Gmaj D, Różańska-Walędziak A, Ziemka S, Ufnal M, Brzezicka A, 
Gmaj B, et al. Insomnia in pregnancy is associated with depressive symptoms and eating 
at night. J Clin Sleep Med. (2017) 13:1171–6. doi: 10.5664/jcsm.6764

 69. Dørheim SK, Bondevik GT, Eberhard-Gran M, Bjorvatn B. Sleep and depression 
in postpartum women: a population-based study. Sleep. (2009) 32:847–55. doi: 10.1093/
sleep/32.7.847

 70. Okun ML, Hanusa BH, Hall M, Wisner KL. Sleep complaints in late pregnancy 
and the recurrence of postpartum depression. Behav Sleep Med. (2009) 7:106–17. doi: 
10.1080/15402000902762394

https://doi.org/10.3389/fpsyt.2023.1266390
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1111/j.1600-0447.1999.tb10951.x
https://doi.org/10.1038/s41386-018-0154-1
https://doi.org/10.1016/S0306-4530(99)00043-8
https://doi.org/10.1016/S0306-4530(99)00043-8
https://doi.org/10.1016/j.eurpsy.2018.10.001
https://doi.org/10.12740/PP/76863
https://doi.org/10.3389/fnbeh.2022.1059594
https://doi.org/10.1016/j.psychres.2019.01.100
https://doi.org/10.1111/acps.12698
https://doi.org/10.1016/j.jpsychires.2009.05.010
https://doi.org/10.1016/j.psyneuen.2006.11.007
https://doi.org/10.1016/j.psyneuen.2006.11.007
https://doi.org/10.1016/j.jad.2008.07.008
https://doi.org/10.3389/fpsyt.2022.1016735
https://doi.org/10.1016/S0024-3205(02)01853-2
https://doi.org/10.1038/s41380-018-0096-3
https://doi.org/10.3390/ijms21134784
https://doi.org/10.1016/j.psyneuen.2012.02.006
https://doi.org/10.1016/j.biopsych.2018.09.030
https://doi.org/10.1093/cercor/bhz188
https://doi.org/10.4037/ccn2012689
https://doi.org/10.1159/000084844
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.21307/ane-2021-010
https://doi.org/10.21307/ane-2021-010
https://doi.org/10.1016/j.bbi.2015.01.004
https://doi.org/10.1016/j.bbi.2015.01.004
https://doi.org/10.1016/j.bbi.2008.10.008
https://doi.org/10.1177/1933719107307647
https://doi.org/10.1016/j.jri.2006.06.006
https://doi.org/10.1016/j.jri.2006.06.006
https://doi.org/10.5665/sleep.4904
https://doi.org/10.1111/spc3.12451
https://doi.org/10.1111/spc3.12451
https://doi.org/10.1016/j.metabol.2010.09.008
https://doi.org/10.1016/0006-3223(95)00358-4
https://doi.org/10.1210/jc.2004-1056
https://doi.org/10.1210/jc.2004-1056
https://doi.org/10.1038/npp.2009.27
https://doi.org/10.1038/npp.2009.27
https://doi.org/10.1016/j.jad.2007.10.014
https://doi.org/10.12659/MST.889512
https://doi.org/10.1016/j.genhosppsych.2004.02.006
https://doi.org/10.1016/j.jad.2015.10.026
https://doi.org/10.1016/j.jad.2020.03.123
https://doi.org/10.1001/jamapsychiatry.2013.87
https://doi.org/10.1001/jamapsychiatry.2013.87
https://doi.org/10.1016/j.bbi.2020.06.015
https://doi.org/10.5664/jcsm.6764
https://doi.org/10.1093/sleep/32.7.847
https://doi.org/10.1093/sleep/32.7.847
https://doi.org/10.1080/15402000902762394

	Depression, anxiety, insomnia and interleukins in the early postpartum period
	1. Introduction
	1.1. Sleep disturbances considered alongside postpartum depression and anxiety
	1.2. Depression considered alongside postpartum anxiety disorders
	1.3. Interleukins and depression
	1.4. Interleukins and anxiety disorders
	1.5. Interleukins and sleep

	2. Materials and methods
	2.1. Statistical analysis

	3. Results
	3.1. Univariate analysis
	3.2. Psychometric scale results
	3.3. Multivariate analysis
	3.3.1. Hamilton Depression Rating Scale
	3.3.2. Edinburgh Postnatal Depression Scale

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics Statement
	Author contributions

	References

