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MID-PREGNANCY CORTICOTROPIN-RELEASING

HORMONE LEVELS IN ASSOCIATION WITH
POSTPARTUM DEPRESSIVE SYMPTOMS
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Background: Peripartum depression is a common cause of pregnancy- and
postpartum-related morbidity. The production of corticotropin-releasing hor-
mone (CRH) from the placenta alters the profile of hypothalamus–pituitary–
adrenal axis hormones and may be associated with postpartum depression. The
purpose of this study was to assess, in nondepressed pregnant women, the possible
association between CRH levels in pregnancy and depressive symptoms postpar-
tum. Methods: A questionnaire containing demographic data and the Edin-
burgh Postnatal Depression Scale (EPDS) was filled in gestational weeks 17
and 32, and 6 week postpartum. Blood samples were collected in week 17 for
assessment of CRH. A logistic regression model was constructed, using postpar-
tum EPDS score as the dependent variable and log-transformed CRH levels as
the independent variable. Confounding factors were included in the model. Sub-
analyses after exclusion of study subjects with preterm birth, newborns small for
gestational age (SGA), and women on corticosteroids were performed. Results:
Five hundred thirty-five women without depressive symptoms during pregnancy
were included. Logistic regression showed an association between high CRH lev-
els in gestational week 17 and postpartum depressive symptoms, before and after
controlling for several confounders (unadjusted OR = 1.11, 95% CI 1.01–1.22;
adjusted OR = 1.13, 95% CI 1.02–1.26; per 0.1 unit increase in log CRH).
Exclusion of women with preterm birth and newborns SGA as well as women
who used inhalation corticosteroids during pregnancy did not alter the results.
Conclusions: This study suggests an association between high CRH levels in
gestational week 17 and the development of postpartum depressive symptoms,
among women without depressive symptoms during pregnancy. Depression and
Anxiety 33:1023–1030, 2016. C© 2016 Wiley Periodicals, Inc.
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INTRODUCTION
Peripartum depression, defined as depressive episodes
initiating during pregnancy or the first 4 weeks
postpartum,[1] is a common cause of pregnancy- and
postpartum-related morbidity and may have severe con-
sequences for mothers and newborns. Depressive symp-
toms may have their onset in pregnancy or appear only
postpartum. In fact, up to 50% of depressive episodes
detected postpartum have their onset before partus.[1]

Physiological endocrine changes occurring during the
course of pregnancy alter the profile of several hormones
including those related to the hypothalamic–pituitary–
adrenal (HPA) axis, where a transient, yet physiologic,
state of hypercortisolism is noted.[2] In fact, cortisol
levels in saliva, plasma, and urine reach their peak
shortly before partus and decline through the postpar-
tum period.[3]

The alteration of the HPA axis during pregnancy is
mainly attributed to the production of corticotropin-
releasing hormone (CRH) from the placenta (pCRH).[4]

In contrast to the nonpregnant state, where CRH in
plasma is very low or undetectable, during pregnancy,
pCRH contributes to an increase in the circulating levels
of HPA axis–related hormones.[4] Although the CRH-
binding protein (CRHBP) may affect the concentration
of free plasma CRH, during the first, second, and early
third trimesters of pregnancy, it is interesting to note
that the CRHBP concentrations are similar to those
in nonpregnant individuals. This implies that CRHBP
is not influenced by the increasing estrogen levels that
physiologically occur in pregnancy.[5] In late pregnancy
though, CRHBP levels decrease by two thirds, whereas
total CRH levels rapidly increase.[6] This results in an
increase in the availability of free and potentially bioac-
tive CRH, which stimulates the release of ACTH from
the maternal pituitary.[5] Moreover, in nonpregnant and
pregnant individuals, glucocorticoids exert an inhibitory
effect on hypothalamic CRH synthesis. However, dur-
ing pregnancy, maternal cortisol enhances, within the
placenta, a positive feed-forward loop including gluco-
corticoids, adrenocorticotropic hormone (ACTH), and
placental CRH, which further stimulates placental CRH
gene expression.[7–9] This in turn leads to placental CRH
production and release in maternal circulation, making
pCRH detectable in maternal blood at 16–20 gestational
weeks.[10] Thereafter, circulating pCRH increases expo-
nentially during pregnancy, peaks during labor, and be-
comes gradually undetectable after parturition.[4]

It has been hypothesized that the abrupt decline that
occurs postpartum, in the considerably elevated CRH
pregnancy levels, may be a vulnerability factor contribut-
ing to the occurrence of postpartum depression.[6] More-
over, the postpartum is a refractory period associated
with central suppression of hypothalamic CRH secre-
tion as a result of the prolonged hypercortisolism of
pregnancy.[6, 11] Additionally, women experiencing post-
partum depression show more blunted ACTH responses
to ovine CRH stimulation testing than euthymic women

in postpartum.[11] These data point to the fact that dif-
ferential gradual recuperation of the HPA axis in the
postpartum may be implicated in the development of
mood disorders during that period.[11] In a recent study
from our group, focusing on prenatal depressive symp-
toms and CRH levels, it was shown that women on selec-
tive serotonin reuptake inhibitor (SSRI) treatment had
higher second trimester CRH levels than controls or un-
treated depressed women.[12] On the other hand, only a
few studies have examined possible associations between
CRH and the development of depressive symptoms with
postpartum onset.

Glynn and Sandman found higher CRH levels in
pregnancy (gestational week 25, 31, and �36) among
women with depressive symptoms 3 months postpar-
tum compared with healthy controls.[13] In another
study with similar findings, authors reported greater
increase in CRH from gestational week 29 to 37
and higher CRH in week 37 in women with depres-
sion 8 weeks postpartum.[14] Similarly, Yim et al. re-
ported significantly higher CRH in gestational week 25
among women with high Edinburgh Postnatal Depres-
sion Scale (EPDS) scores 8–9 weeks postpartum (cutoff
10 points).[15] In these studies, the association between
CRH levels in pregnancy and postpartum depressive
symptoms remained significant even after adjustment
for prenatal depressive symptoms. On the contrary, two
other studies[16, 17] found no association between CRH
and postpartum depression. Discrepancies between re-
sults of these studies and our work may rely on different
methodological approaches and study design. Specifi-
cally, the aforementioned studies examined peripartum
depression on another basis, without focusing on de novo
postpartum depressive symptoms. Rich-Edwards et al.
found that CRH levels at gestational week 28 were posi-
tively associated with depressive symptoms in midgesta-
tion, but not postpartum. However, the presence of pre-
natal depressive symptoms was not taken into account
when examining the association between prenatal CRH
and postpartum depressive symptoms, since the authors
did not adjust for or exclude women with high prenatal
EPDS scores. Moreover, the postpartum assessment of
depressive symptoms took place at a time point long af-
ter delivery, namely 6 months postpartum.[17] Similarly,
prenatal depressive symptoms were not taken into con-
sideration in the study of Meltzer-Brody et al.,[16] where
CRH was measured before pregnancy week 20 and be-
tween weeks 24 and 29. The analyses yielded no associ-
ation between maternal CRH and depressive symptoms
at 12 weeks and 1 year postpartum. Regarding prena-
tal depression, studies have reported a positive associa-
tion between CRH levels and depressive symptoms in
pregnancy.[17, 18]

Although the recently suggested term of peripartum
depression by the Diagnostic and Statistical Manual of
Mental Disorders (fifth edition) does not differentiate
prenatal from postpartum depression, the relatively large
present study focuses on exclusively postpartum depres-
sive symptoms, since it has been suggested that prenatal
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and postpartum depression may have different patho-
physiological underpinnings regarding the function of
the HPA axis.[19] This could also, at least partly, ex-
plain the inconsistent results presented in the literature
so far. Two subtypes of major depression have been
described, namely, melancholic and atypical depression.
Melancholic depression is a state of pathological hyper-
arousal where patients experience intense anxiety, in-
somnia, and loss of appetite. On the other hand, atyp-
ical depression can be described as nearly the opposite
of melancholia. Indeed, these individuals exhibit a re-
verse symptomatology where feelings of emptiness, fa-
tigue, sleepiness, and increase in food intake dominate
the clinical manifestations of the condition.[19, 20] The
same pattern has been demonstrated at the hormonal
level, where melancholic depression has been associated
with elevated CRH whereas atypical depression is char-
acterized by decreased CRH production.[6, 21] It has also
been suggested that peripartum depression is a heteroge-
neous disorder with substantial differences in the patho-
physiology and clinical expression of depressive symp-
toms occurring before and after delivery. The idea that
depression with antenatal onset may resemble melan-
cholic whereas depression with postpartum onset is more
like atypical depression has been introduced by previ-
ous studies.[19] The aim of this study was to assess, in
nondepressed pregnant women, the possible association
between pCRH in midgestation and the development
of depressive symptoms in the postpartum period, tak-
ing into account several possible confounders, which are
often overlooked.

MATERIALS AND METHODS
STUDY POPULATION

The current study was undertaken as a part of two population-based
projects conducted at the Department of Obstetrics and Gynecology at
Uppsala University Hospital in Sweden; the BASIC project (Biology,
Affect, Stress, Imaging, Cognition), a longitudinal study on psycho-
logical well-being during pregnancy and postpartum, and the Uppsala
Biobank of Pregnant Women, where blood samples are collected in
conjunction with the routine ultrasound screening (gestational week
17). These projects are described in detail elsewhere.[12,22] Briefly, a
self-administered structured questionnaire containing questions on so-
ciodemographic and personal history and pregnancy-related variables,
and a Swedish validated version of the EPDS[23] were filled in gesta-
tional weeks 17 and 32, as well as at 6 weeks postpartum. Moreover,
data were retrieved from medical records. CRH levels were analyzed
in maternal blood samples.

To account for the increased placental mass in multiple
pregnancies,[24] the 21 twin pregnancies in the study sample were ex-
cluded. Data on EPDS scores in pregnancy weeks 17 and 32 and 6
weeks postpartum, as well as a valid CRH measurement were avail-
able for 536 women scoring lower than 12 in the EPDS in pregnancy
week 17 and/or 32. One woman with an abnormally high level of CRH
= 226.8 pg/ml, scoring 27 at the EPDS at 6 weeks postpartum, was
considered as outlier (after calculation of standardized z-scores, cut-
off � ±3) and was therefore also excluded. Women with significant
depressive symptoms (EPDS � 12) in pregnancy weeks 17 and/or 32
were excluded from the study sample (n = 98, 15.4%). Of those, 25
women had EPDS �12 only in pregnancy week 17, 41 women only

in pregnancy week 32, and 32 women had EPDS �12 in pregnancy
weeks 17 and 32. Finally, 535 women were included in the analyses.

HORMONAL ASSAY
Total CRH levels were estimated with radioimmunoassay (RIA).

Details on the method are described elsewhere.[12]

PSYCHOMETRIC MEASURES
The Swedish version of the EPDS, a validated and internation-

ally used 10-item self-reported questionnaire, designed as a screening
tool to identify depressive symptoms in the peripartum period,[23] was
used to assess depressive symptoms during pregnancy and postpartum.
Different cut-off values have been suggested for perinatal depression
screening. According to the latest NICE guidelines (National Insti-
tute for Health and Care Excellence, antenatal and postnatal men-
tal health: clinical management and service guidance), the EPDS had
good pooled sensitivity (Se = 0.68, 95% CI 0.66–0.71) and excellent
pooled specificity (Sp = 0.92, 95% CI 0.92–0.93) for a cutoff of 13
points postpartum.[25] A cutoff of 12 points is often used to screen for
postpartum depression in clinical settings in Sweden.[26] The 12-point
cutoff provides sensitivity between 72%[27] and 77%[28] and speci-
ficity between 88%[27] and 92.5%.[28] In the present study, EPDS �12
was used as cutoff for defining significant depressive symptoms during
pregnancy and postpartum.

To assess the number of stressful life events (SLE) that occurred up
to 1 year prior to the postpartum evaluation, a 10-item scale developed
by Rosengren et al.[29] was administered to study participants via a web-
based questionnaire 6 weeks after the delivery. An index was created;
range 0–10 and the cutoff was set at three or more SLE. The following
were considered as significant SLE: serious illness in family member,
serious concern about family member, death of family member, divorce
or separation, involuntary change of residence, involuntary change of
work, feelings of redundancy, feelings of insecurity at work, serious
financial trouble, and legal prosecution.

STATISTICAL ANALYSES
The assumption of normality of the CRH levels was examined

via P–P plots, which yielded a nonnormal distribution. To account
for nonnormality, nonparametric univariate analyses were performed
to compare CRH levels in relation to various psychiatric, lifestyle,
obstetric, and anthropometric characteristics (Mann–Whitney U test).
Dichotomized EPDS scores were compared to population character-
istics by use of Pearson’s chi-square test or Fisher’s exact test. The
independent samples t-test was performed to assess log-transformed
CRH levels in association with dichotomized EPDS scores.

A logistic regression model was constructed, using the di-
chotomized postpartum EPDS score as the dependent variable and
log-transformed CRH levels as the independent variable. In a further
step, possible confounding factors were identified as those being as-
sociated with CRH levels and postpartum depressive symptoms at a
significance level of P–value <.25[30] and were included in the logistic
regression models. These factors included age, self-reported history of
depression (no vs. yes), coexisting medical conditions (migraine, hy-
pertension, diabetes, thyroid dysfunction, allergy, irritable bowel syn-
drome, significant alcohol consumption or chronic pain, present dur-
ing pregnancy), and pregnancy day of CRH sampling (dichotomized at
the median value). SSRI use was also introduced in the models[12] and
women treated with SSRI, being in remission at the time of the study,
were not excluded from the study sample. In a later step, other factors
known to be associated with postpartum depression such as SLE (0–2
vs. �3 events out of the Rosengren scale[29]), poor sleep (difficulties in
falling back to sleep after waking up in the night, no vs. yes), breast-
feeding (exclusive and nonexclusive vs. none), and body mass index
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(BMI; �24.9 vs. �25 kg/m2, measured in early pregnancy)[31] were
also introduced in the regression models.

Subanalyses. In further subanalyses, study subjects with preterm
birth (<37 gestational weeks, n = 15) and with newborns characterized
as small for gestational age (SGA; >2 standard deviations under the
mean birth weight for newborns of same sex, born during the same
gestational week, according to the national birth weight curves used
in clinical practice in Sweden[32]; n = 4) were excluded from the study
population, due to the possible correlation between CRH levels and
gestational length as well as suboptimal fetal growth.[33,34] Moreover,
women on corticosteroids (n = 12) were also excluded to account for
a potential medication effect on the HPA axis.

The IBM SPSS version 20 (SPSS, Chicago, IL) was used for data
analysis. Statistical significance was set at a P–value of <.05.

The Regional Ethical Review Board in Uppsala approved the study
protocol. Written informed consent was obtained from all women par-
ticipating in the study, after being informed about the course and aim
of the study. The study was performed in accordance with the latest
version of the Declaration of Helsinki.

RESULTS
The CRH median value was 60 pg/ml (sample mini-

mum 24.4 pg/ml, maximum 139 pg/ml). The proportion
of women scoring 12 or more points on the EPDS at
6 weeks postpartum was 44/535 (8.2%).

Table 1 presents various study population character-
istics in relation to plasma CRH levels and postpartum
EPDS scores. Log-transformed CRH levels were signif-
icantly higher among women with 12 or more points on
postpartum EPDS, compared with those with nonsignif-
icant depressive symptoms (mean log CRH 4.19 vs. 4.08,
respectively). Moreover, an association was observed be-
tween CRH levels and employment status as well as ges-
tational day of CRH sampling (median CRH 59.2 vs.
76.3 pg/ml, employed vs. unemployed [P = .007] and
median CRH 57.7 vs. 61.6 pg/ml, gestational day �127
vs. >127 [P = .05], respectively). Additionally, women
older than 34 years and those with coexisting medical
conditions during pregnancy (as defined in the Methods
section), hypertension and poor sleep, were more likely
to experience depressive symptoms postpartum.

A binary logistic regression model with dichotomized
postpartum EPDS score as the dependent variable and
log-transformed CRH concentration as the independent
variable showed a positive association between CRH lev-
els in gestational week 17 and self-reported postpartum
depressive symptoms (OR = 1.11, 95% CI 1.01–1.22, per
0.1 unit increase in log CRH). This association remained
significant even after adjusting for age, history of depres-
sion, coexisting medical conditions, CRH sampling day,
and use of SSRI (adjusted OR = 1.12, 95% CI 1.01–
1.25). Additionally, these findings persisted when sleep
problems, SLE, and breastfeeding at 6 weeks postpartum
were introduced in the model (adjusted OR = 1.13, 95%
CI 1.02–1.26; Table 2). In further subanalyses, the exclu-
sion of women with preterm birth and newborns SGA as
well as study subjects who used inhalation corticosteroids
during pregnancy did not change the significant associ-
ation between CRH levels and postpartum depressive

symptoms. The insertion of BMI in the models did not
change the results but was not included in the final mod-
els as it caused the estimation of unrobust coefficients.
Finally, adjusting for nicotine use during pregnancy
(n = 13) did not alter the results.

DISCUSSION
The main finding of the present study demonstrates

an association between high levels of pCRH among non-
depressed women in gestational week 17 and postpartum
depressive symptoms. In line with previous findings that
have suggested an alteration of the HPA axis prior to
development of postpartum depressive symptoms,[13–15]

our results, from the largest to date sample of nonde-
pressed pregnant women, point to an even earlier dys-
regulation of the HPA axis, already in pregnancy week
17. These results are consistent with the hypothesis that,
after delivery, the HPA axis may be differentially tem-
porarily suppressed due to an effect of high circulat-
ing levels of CRH during late pregnancy on adrenal
function.[6, 11]

The present study results indicate an association
between high pCRH levels in pregnancy and the de-
velopment of depressive symptoms first in the post-
partum period, after the exclusion of women with
depressive symptoms in pregnancy. As suggested by
Chrousos and Gold in earlier studies,[20, 21] atypical de-
pression is characterized by centrally mediated hypoac-
tivity of the HPA axis with reduced secretion of CRH
that may lead to pathological hypoarousal. Moreover,
more recent studies have introduced the hypothesis
of a pathophysiological resemblance between atypical
and postpartum depression.[19] It seems plausible that
an abnormal and prolonged elevation of CRH during
pregnancy may result in greater residual hypothalamic
suppression and HPA axis hypoactivity in the postpar-
tum period, which can predispose vulnerable individuals
for depression with postpartum onset. This hypothesis
is supported by Magiakou et al.,[11] who showed that
women with depressive symptoms postpartum exhibited
a more severe suppression of hypothalamic CRH secre-
tion that lasted longer. In fact, even though depressive
episodes before and after childbirth may have a number
of common psychosocial, biological, and possibly genetic
factors in common, they may also present with some dis-
tinctive features, such as changes in the HPA axis, that
might be specific for depression with postpartum onset.
It should also be taken into account that other circum-
stances, that is, breastfeeding, changes in sleep patterns,
and genetic factors are more specific to the postpartum
period.[35]

Two previous studies were not able to demonstrate a
clear association between CRH in pregnancy and post-
partum depressive symptoms.[16, 17] This could be at least
partly explained by the fact that these studies did not take
into consideration prenatal depressive symptoms in their
analyses. This is an interesting aspect, since depression
during pregnancy and postpartum might have different
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TABLE 1. Demographic data of the study population in association with CRH in gestational week 17 and depressive
symptoms 6 weeks postpartum

CRH (pg/ml) EPDS 6 weeks postpartum
Controls

(<12 points)
Cases

(�12 points)
(N = 535) (n = 491) (n = 44)

N Median Min–Max P∗ n (%) n (%) P∗∗

Age (years) �34 417 59.0 (24.4-139) .26 390 (80) 27 (61) .005
�35 117 62.8 (25.5–135.7) 100 (20) 17 (39)

BMI (kg/m2) �24.9 166 63.4 (24.7–135.7) .242 155 (58) 11 (58) .996
�25 121 59.2 (30.5–139) 113 (42) 8 (42)

Parity Primipara 277 59.2 (24.7–139) .787 254 (57) 23 (56) .903
Multipara 209 57.9 (24.4–131) 191 (43) 18 (44)

SSRI No 521 60.0 (24.4–139) .54 479 (98) 42 (95) .322
Yes 14 60.2 (24.7–94.9) 12 (2) 2 (5)

Education Higher 425 59.8 (24.4–139) .452 389 (80) 36 (82) .720
Lower 108 60.2 (31.6–131) 100 (20) 8 (18)

Employment Employed 491 59.2 (24.4–139) .007 450 (95) 41 (98) .999
Unemployed 23 76.3 (42.6–115.6) 22 (5) 1(2)

Depression No 417 57.1 (24.4–139) .118 384 (87) 33 (79) .115
history Yes 65 63.1 (24.7–131) 56 (13) 9 (21)

Nicotine use before No 477 60.3 (24.4–139) .534 434 (89) 43 (98) .071
pregnancy Yes 56 57.7 (26.3–114.1) 55 (11) 1 (2)

Nicotine use in No 461 57.3 (24.4–131) .997 423 (97) 38 (95) .301
Pregnancy Yes 13 59.2 (42.1–78.7) 11 (3) 2 (5)

Alcohol use No 311 59.8 (24.4–139) .495 286 (59) 25 (58) .903
before pregnancy Yes 216 60.5 (26.8–127.3) 198 (41) 18 (42)

Alcohol use in No 528 60.0 (24.4–139) .107 484 (99) 44 (100) .999
early pregnancy Yes 2 41.8 (34.8–48.8) 2 (1) 0 (0)

CRH sampling �127 290 57.7 (24.4–127.3) .055 271 (55) 19 (43) .126
(gestational day) >127 245 61.6 (25.5–139.0) 220 (45) 25 (57)

Coexisting No 267 61.9 (25.5–127.3) .095 252 (52) 15 (34) .023
medical conditionsa Yes 262 58.7 (24.4–139) 233 (48) 29 (66)

Pregnancy �259 519 60.0 (24.4–139) .978 477 (97) 42 (96) .355
length (days) <259 15 54.5 (37.4–127.3) 13 (3) 2 (4)

Ethnicity Caucasian 514 60.0 (24.4–139) .323 472 (98) 42 (98) .999
Other 13 57.8 (35.2–104.1) 12 (2) 1 (2)

Corticosteroids during
pregnancy

No 523 59.9 (24.4–139) .742 480 (98) 43 (98) .999
Yes 12 64.3 (37.4–88.1) 11 (2) 1 (2)

IVF No 495 60.0 (24.4–139) .753 457 (93) 38 (86) .121
Yes 39 58.7 (28–131) 33 (7) 6 (14)

Pregnancy week w32

Diabetes No 489 60.5 (24.4–139) .148 448 (99) 41 (98) .235
Yes 3 77.4 (61.3–100.9) 2 (1) 1 (2)

Hypothyroidism No 480 60.4 (24.4–139) .774 439 (98) 41 (98) .999
Yes 12 63.2 (32.1–86) 11 (2) 1 (2)

Hypertension No 478 60.7 (24.4–139) .454 440 (98) 38 (91) .025
Yes 14 63.1 (40–127.3) 10 (2) 4 (9)

Preeclampsia No 492 60.7 (24.4–139) – 450 (100) 42 (100) –
Yes 0 – – 0 (0) 0 (0)

6 weeks postpartum

Stressful life eventsb 0 – 2 485 60.0 (24.7–139) .291 449 (91) 36 (82) .053
�3 50 58.6 (24.4–115.3) 42 (9) 8 (18)

(Continued)
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TABLE 1. Continued

CRH (pg/ml) EPDS 6 weeks postpartum
Controls

(<12 points)
Cases

(�12 points)
(N = 535) (n = 491) (n = 44)

N Median Min–Max P* n (%) n (%) P**

Breastfeeding Yes 500 60.6 (24.4–139) .962 461 (94) 39 (91) .315
No 32 58.3 (33.7–100) 28 (6) 4 (9)

Partner support Yes 525 60.0 (24.4–139) .577 482 (99) 43 (100) .999
No 3 70.8 (53.3–72.6) 3 (1) 0 (0)

Nicotine use No 520 59.8 (24.4–139) .479 478 (98) 42 (96) .292
Yes 13 63.1 (42.1–105.8) 11 (2) 2 (4)

Poor sleepc No 515 60.0 (24.4–139) .28 475 (98) 40 (91) .036
Yes 16 72.4 (26.3–127.3) 12 (2) 4 (9)

CRH vs. EPDS Controls Cases P�

(<12 points) (�12 points)
Log-transformed CRH (mean) – – – – 4.08 4.19 .033

∗Mann–Whitney U test derived P–value; significance level <.05.
∗∗Pearson χ2 test or Fisher’s exact test (in cases that >20% cells have expected count less than 5) derived P–value.
�Independent samples t–test derived P–value.
aMigraine, hypertension, diabetes, thyroid dysfunction, allergy, irritable bowel syndrome, significant alcohol consumption, or chronic pain (during
pregnancy).
bRefer to past 12 months.
cDifficulties in falling back to sleep after waking up in the night.
BMI, body mass index; CRH, corticotropin-releasing hormone; SSRI, selective serotonin reuptake inhibitor (during pregbrnancy); IVF, in vitro
fertilization; EPDS, Edinburgh Postnatal Depression Scale.

pathophysiologic mechanisms involving dissimilar levels
of hypothalamic CRH, cortisol, and estrogen. Including
women with depressive symptoms in pregnancy could
neutralize the association between high CRH levels in
pregnancy and postpartum depression, a CRH, estrogen
and, possibly, cortisol deficiency state,[6] as was seen even
in our material.

One might also consider the possibility that women
who were in remission during pregnancy, due to SSRI
treatment, could have suffered from a relapse postpartum
and thus could also have driven the observed association
between CRH levels and postpartum depressive symp-
toms, due to the higher levels of CRH in women with
SSRI treatment that have been recently demonstrated
in another study.[12] However, no direct comparison to

TABLE 2. Logistic regression derived OR and 95% CI for self-reported exclusively postpartum depressive symptoms in
relation to log-transformedCRH levels

Model 1 (unadjusted) Model 2 Model 3
OR 95% CI OR 95% CI OR 95% CI

CRH (log)a 1.11 1.01–1.22 1.12 1.01–1.25 1.13 1.02–1.26
Age 1.07 0.99–1.14 1.07 0.99–1.15
History of depression 1.39 0.56–3.45 1.27 0.50–3.25
Coexisting medical conditionsb 2.29 1.15–4.56 2.10 1.03–4.28
CRH sampling day 1.54 0.80–2.96 1.73 0.87–3.43
SSRI 1.26 0.22–7.18 1.64 0.28–9.57
Sleep problemsc 5.18 1.35–19.95
Stressful life eventsd 2.39 0.93–6.14
Breastfeedinge 1.70 0.52–5.52

n = 535 n = 475 n = 468

aOR per 0.1 unit increase in log CRH.
bMigraine, hypertension, diabetes, thyroid dysfunction, allergy, irritable bowel syndrome, significant alcohol consumption, or chronic pain (during
pregnancy).
cDifficulties in falling back to sleep after waking up in the night.
dRefer to past 12 months.
eExclusive and nonexclusive vs. none.
CRH, corticotropin-releasing hormone; SSRI, selective serotonin reuptake inhibitors.
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that study’s results is feasible, as the SSRI-treated group
in the earlier study included women with and without
depression symptoms, as well as women receiving SSRI
for conditions other than depression. Nevertheless, the
observed association between CRH levels and depres-
sive symptoms in the present study was not altered after
adjusting for SSRI treatment.

Inconsistencies between the present results and non-
significant findings of other studies may also depend
on methodological issues, concerning the psychometric
and hormonal assessment tools. Specifically, Meltzer-
Brody et al.[16] assessed CRH by using competitive en-
zyme immunoassay, while radioimmunoassay is the most
common technique used for CRH measurement, among
studies focusing on CRH during pregnancy[13, 14, 17, 36]

and in general.[37] Contributing factors for the selection
of RIA by the majority of relevant studies are the use of
RIA in the initial studies measuring CRH and the greater
sensitivity characterizing this method.[37] Regarding the
time of mood assessment in the postpartum period, Rich-
Edwards et al.[17] assessed maternal mood at 6 months
postpartum, when the effect of HPA dysregulation may
already have declined, which may also account for this
study’s nonsignificant results regarding the postpartum
period.

More of this study’s results are also in line with the
literature. The expected progressive rise in CRH lev-
els during the course of pregnancy was confirmed by
the present results that showed a positive association
between CRH and gestational day of blood sampling.
Moreover, unemployed study subjects had higher CRH
levels in gestational week 17. In a similar study that ex-
plored associations between CRH and prenatal depres-
sive symptoms, women with lower perceived adequacy
of income exhibited higher CRH levels in pregnancy.[36]

A link may exist between HPA axis dysregulation and
employment that could be further explained by the as-
sociation between CRH and stress-related conditions,
which may be related to poor socioeconomic status and
unemployment.[38] The rather low proportion of post-
partum depressed women, at 8.2%, is most probably due
to the design-indicated absence of depressed pregnant
women in this sample. The CRH levels observed in the
present study are in line with findings from previous
studies, taking into account the pregnancy week of the
CRH measurement.

The relatively large number of study participants;
the longitudinal, population–based design of the present
study; and the availability of information on several pop-
ulation characteristics should be accounted as strengths
of this study. On the contrary, a study limitation is the
use of a self-reporting psychometric measure instead of
a psychiatric interview that may have been more accu-
rate but also more difficult to conduct in a research set-
ting. Since the EPDS is a self-reporting instrument, mis-
classification of study subjects may occur. However, this
scale is validated and widely used and has a quite high
sensitivity and specificity.[26–28] Moreover, one should
be cautious in the generalizability of the study findings

and should bear in mind the participation rate in the
BASIC study (22%), where healthier, highly educated
mothers are overrepresented. The measurement of free,
rather than total, plasma CRH can be regarded as a study
limitation. However, previous studies attempting to
evaluate CRH levels measure total CRH, since reports
on the measurement of free CRH are lacking. Finally,
the present results should be interpreted with caution,
since pCRH levels were operationalized as a continuous
variable, without a further distinction between high and
low pCRH levels. This strategy was adopted since the
primary purpose of this study, similar to previous studies
in this research field, was to elucidate certain pathophys-
iological aspects of postpartum depression, and not draw
any direct clinical conclusions.

CONCLUSIONS
The findings of this study suggest an association be-

tween high CRH levels in nondepressed women in ges-
tational week 17 and the development of postpartum de-
pressive symptoms, taking into account several possible
confounding factors.
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