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Abstract
Background—Poor sleep quality, dysregulation of hormones and increased inflammatory
cytokines are all associated with risk for postpartum major depression (PPMD). We evaluated
change over time in sleep quality and hormones during the first 17-weeks postpartum, as well as a
single cytokine measure, and their association with PPMD recurrence.

Methods—Participants were pregnant women (N = 56), with past histories of MDD/PPMD but
not depressed in their current pregnancy. The Pittsburgh Sleep Quality Index (PSQI) and blood
samples were collected 8 times during the first 17 weeks postpartum. Estradiol, prolactin and
cortisol, and a single measure of IL-6 were assayed. Recurrence was determined by two
consecutive 21-item Hamilton Rating Scale for Depression (HRSD) scores ≥ 15 and clinician
interview.

Results—In analyses of time to PPMD recurrence, poor sleep quality, but none of the hormones,
was associated with PPMD recurrence (p < .05) after controlling for medication assignment. With
every one point increase in PSQI scores across time, a woman's risk for recurrence increased by
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approximately 25% There was no significant association between PSQI scores and IL-6
concentrations in early postpartum (χ2= 0.98, p = .32).

Conclusions—Poor sleep quality across the first 17 weeks post delivery increases the risk for
recurrent PPMD among women with a history of MDD. Changes in the hormonal milieu were not
associated with recurrence. Further exploration of the degree to which poor sleep contributes to
hormonal and cytokine dysregulation and how they are involved in the pathophysiology of PPMD
is warranted.

1. Introduction
Postpartum onset major depression (PPMD) is a serious public health concern (Wisner et al.,
2006). Approximately 14.5% of women will experience an incident episode, and 25% will
experience a recurrent episode (Wisner et al., 2004). Women who experience PPMD are
more likely to have impaired maternal-infant relationships (Gavin et al., 2005;Moehler et al.,
2006), difficulties adhering to recommended preventative health services for the infant
(Logsdon et al., 2006), and diminished maternal role gratification (Logsdon, Wisner, and
Pinto-Foltz, 2006). Depression and its consequences can persist from months to years after
childbirth, with lingering limitations in physical and psychological functioning after
recovery from depressive episodes (Kendler et al., 1993).

Self-reported sleep disturbances are not only a common feature of depression but they are a
diagnostic criterion (American Psychiatric Association, 2000). Complaints of poor sleep are
reported in up to 90% of people with diagnosed depression (Tsuno et al., 2005). Both
epidemiologic and clinical studies have shown that disturbed sleep is a prodromal symptom
of both new and recurrent depressive episodes (Breslau et al., 1996;Ford et al., 1989;Perlis
et al., 1997;Perlman et al., 2006). The extension of this relationship to depression occurring
in the postpartum period has been evaluated with self-reported depressive symptoms (Goyal
et al., 2007;Wolfson et al., 2003) rather than clinical diagnosis. Recently, we have shown a
striking relationship between poor sleep quality in late pregnancy and clinically diagnosed
recurrence of PPMD after 4 weeks postpartum (Okun et al., 2009).

Alterations in the hormonal and cytokine milieu may contribute to risk of postpartum
depression (Bloch et al., 2003;Maes et al., 2000). Hormones such as estradiol, prolactin and
cortisol peak during the last few weeks of pregnancy, followed by a drastic drop in levels
following delivery and into the early postpartum period (Abou-Saleh et al., 1998;Ancelin et
al., 2007). The rate of change in the hormone levels that occurs from pre-pregnancy to post-
delivery is considered a key determinant in the increase in depressive symptoms and risk of
PPMD (Ancelin, Scali, and Ritchie, 2007;Bloch, Daly, and Rubinow, 2003;Soares et al.,
2008). Similarly, the `cytokine hypothesis of depression' states that both the etiology and
pathophysiology of depression are linked to dysregulation of inflammatory cytokines (Maes,
1994). Puerperal women may be particularly vulnerable because inflammatory cytokines
increase significantly during the last trimester of pregnancy in preparation for delivery
(Romero et al., 2006). Women who report increased depressive symptoms in the postpartum
have corresponding higher levels of proinflammatory cytokines (Maes, Lin, Ombelet,
Stevens, Kenis, De Jongh, Cox, and Bosmans, 2000).

Disturbed sleep may be an antecedent to hormonal or cytokine changes. However, the
mechanisms underlying these relationships have not been systematically evaluated (Cover et
al., 1994;Irwin et al., 1992;Motivala et al., 2005). In the current study, we assessed whether
poor sleep during the postpartum contributes to PPMD recurrence and if this relationship is
affected by changes in pregnancy-related hormones. We hypothesized that women with poor
sleep quality while controlling for decreased estradiol, prolactin, or cortisol levels across the
postpartum would be more likely to recur within 17 weeks postpartum than women with
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better sleep quality. We were also interested in whether sleep quality and IL-6
concentrations during early postpartum would be associated with recurrence. Thus, we
assessed if poor sleep quality and higher IL-6 concentrations in early postpartum would be
observed among women who recurred within 17 weeks postpartum.

Methods and Materials
Sample

Pregnant women (N = 56) with past histories of an episode of PPMD/MDD, enrolled in a
randomized clinical trial (RCT) designed to test the efficacy of prophylactic antidepressant
medication use, were included in the analyses. A detailed description of the participants and
the procedures have been published elsewhere (Wisner et al., 2001;Wisner, Perel, Peindl,
Hanusa, Piontek, and Findling, 2004). Briefly, all participants reported at least one episode
of major depression either in or outside the postpartum period within 5 years of enrollment
but none were depressed at gestational week 36 of the current pregnancy. Women were
randomly assigned to either an active medication or placebo immediately following
delivery. Upon delivery participants were randomly assigned to either nortriptyline (N = 20),
sertraline (N =10) or placebo (N = 26).

Procedures
Approval was obtained from the Case Western Reserve University institutional review
board, which was the setting in which the original research was conducted. Written informed
consent was obtained from all subjects. Details of the procedures are published elsewhere
(Okun, Hanusa, Hall, and Wisner, 2009;Wisner, Perel, Peindl, Hanusa, Findling, and
Rapport, 2001;Wisner, Perel, Peindl, Hanusa, Piontek, and Findling, 2004). Briefly,
participants were seen at 2, 3, 4, 6, 8, 11, 14, and 17 weeks postpartum for assessment of
depressive symptoms and sleep quality. Blood samples were obtained during these visits.

Measures and Instruments
The Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989), a 19-item questionnaire,
was used to measure habitual sleep quality over the previous month. It is composed of seven
subscales assessing habitual duration of sleep, nocturnal sleep disturbances, sleep latency,
sleep quality, daytime dysfunction, sleep medication usage and sleep efficiency. Each
subscale has a possible score 0-3, with an overall global score 0–21. The PSQI and its
psychometric properties have been validated in various psychiatric populations (Buysse,
Reynolds, Monk, Berman, and Kupfer, 1989), but not in pregnant women, particularly with
children at home. In reports of various non-pregnant cohorts, the sensitivity and specificity
are favorable when using a cutoff of ≤ 5 (Buysse, Reynolds, Monk, Berman, and Kupfer,
1989).

The 21-item Hamilton Rating Scale for Depression (HRSD) (Hamilton, 1960) is a
commonly used measure of depressive symptomatology in clinical psychiatric research in
both pregnant and postpartum populations (Wisner, Perel, Peindl, Hanusa, Findling, and
Rapport, 2001). Scores are continuous, with a range from 0–52.

Definition of Recurrence
Women were administered the HRSD at each visit during the first 17 weeks of the
postpartum period to assist in identifying a recurrent episode (Wisner, Perel, Peindl, Hanusa,
Findling, and Rapport, 2001). If a woman endorsed symptoms of depression (HRSD ≥ 15),
the participant was evaluated again within the following 7-day period. A second HRSD ≥ 15
prompted a clinical evaluation by two board certified psychiatrists that the clinical
presentation met DSM-IV (American Psychiatric Association, 2000) criteria for major
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depressive disorder. Clinical interviews included the Structured Clinical Interview for
Depression to diagnosis depression (First MB et al., 1996). If both evaluators concurred, the
participant was identified as having a depression recurrence.

Hormone Assays
Blood samples were collected with chilled Vacutainer EDTA tubes and centrifuged
immediately. Plasma was separated and stored at −80°C until assayed. Duplicates that
deviated more than 5% were rejected and analyses were repeated.

Estradiol—Plasma estradiol levels were determined using a double antibody assay
(Diagnostic Products Corporation (DPC), Los Angeles). Samples of 200μl were measured in
duplicate. The limit of quantitative detectability was 2.0 pg/ml. Interassay %Coefficient of
Variability (C.V.) was 2.8% – 5.8%.

Prolactin—Plasma prolactin levels were determined by a 100T commercial assay kit
(Nichols Institute Diagnostics, San Juan Capistrano, CA). Samples of 50μl were assayed in
duplicate. The limit of quantitative detectability was 0.25 ng/ml. Interassay %Coefficient of
Variability (C.V.) ranged between 5.3% – 8.8%.

Cortisol—Cortisol was measured using the Coat-A-Count assay (Diagnostic Products
Corporation (DPC), Los Angeles). Samples of 25μl were assayed in duplicate, Limit of
Quantitative Detectability 0.2 μg/dl, Interassay %Coefficient of variability (C.V.) 4.7 – 7.4.

Cytokine Assays
IL-6 was assayed in one batch using a high sensitivity quantitative sandwich enzyme
immunoassay kit (R & D Systems, Minneapolis, MN). The assay standard range is 0.156 –
10pg/ml. IL-6 levels were extrapolated from the standard curve with linear regression from a
log-linear curve. All samples were run in duplicate and coefficient variation between
samples was < 10%. Since the assay of IL-6 was conducted post hoc and not part of the
initial study design, availability of viable samples was greatly reduced. Thus, only a single
sample of IL-6 was available and reported here.

Statistical Considerations
Descriptive statistics were used to characterize the sample. Analyses were conducted using
SAS 9.2. Repeated measures mixed linear models were estimated to test (1) the association
between time and change in both hormone levels and sleep quality; and (2) the association
between change in hormone levels and change in sleep quality adjusted for time, age,
medication, and HRSD scores. All models included a random intercept and assumed an
unstructured covariance matrix. In order to meet the normality assumptions of these models,
each hormone was transformed by taking the natural log. Cox proportional hazards models
were estimated to test the association between recurrence and both sleep quality and
hormone level adjusting for medication. When the models included cortisol, estradiol, or
prolactin, the covariates were time-dependent. In the model including IL-6, the covariates
were not time-dependent. Each model was estimated with and without an interaction term
between PSQI and hormone level. Models were considered significant at a p-value < .05.

Results
Table 1 shows the demographic characteristics of the sample. Women were approximately
31 years of age and mostly Caucasian (93%). Participants reflected a wide distribution of
socioeconomic status (SES) and the majority (95%) were married or living with a partner.
Among this sample, 12 (21.4%) had a recurrent PPMD episode within 17 weeks postpartum.
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PSQI scores changed significantly over time controlling for each hormone, age, medication
assignment and HRSD scores (p-value < .001). Likewise, each hormone changed
significantly over time controlling for PSQI scores, age, medication assignment, and HRSD
scores (p-values < .001). Tukey-adjusted pairwise comparisons revealed that PSQI scores
significantly declined from week 2 to week 11 postpartum (p-values < .05) (Figure 1). In
summary, sleep quality slowly improves, but remains poor (using a cut-off score of >5 to
indicate poor sleep) for the first 8–10 weeks postpartum after which scores begin to
stabilize. Estradiol concentrations show a steady and significant decline each week (2–17)
across postpartum. Cortisol concentrations, on the other hand, show an immediate drop
week 2 post-delivery with means gravitating towards levels observed at delivery by week
17. Lastly, prolactin concentrations decline from week to post-delivery to about week 4 then
level off (Figure 2).

Regressing time to recurrence on both PSQI scores and hormone levels using Cox
proportional hazard models revealed that only PSQI scores were significantly related to
recurrence. None of the covariates were significantly associated with recurrence. We found
that for every one point increase in the PSQI score across time, a woman's risk for
recurrence was increased by 23.9% when controlling for medication and change in estradiol
levels (χ2 = 3.96, p = .05). A nearly identical relationship was observed for prolactin. With
every one point increase in PSQI scores across time, a woman's risk for recurrence was
increased by 24.2% when controlling for medication and change in prolactin levels (χ2 =
4.35, p = .04). Lastly, with every one point increase in PSQI scores across time, a woman's
risk for recurrence increased by 26.8% when controlling for medication and change in
cortisol levels (χ2 = 5.66, p = .02). There were no significant interactions between change in
PSQI scores and change in estradiol (χ2 = .47, p = .49), cortisol (χ2 = 1.13, p = .29), or
prolactin (χ2 = 2.58, p = .11).

Based on current literature we were interested in whether poor sleep quality and higher IL-6
concentrations in early postpartum would be observed among women who recurred within
17 weeks postpartum. Cross-sectional IL-6 data were available from 33 women. We
assessed the relationship between week-matched (weeks 2, 3, or 4) PSQI scores and IL-6
concentrations and their relationship to risk of recurrence. Neither PSQI score (χ2 = 1.54, p
= .21) nor IL-6 concentration (χ2 = 0.07, p = .79) were associated with recurrence
controlling for medication assignment; however, the PSQI by IL-6 interaction approached
significance (χ2 = 3.44, p = .06).

Discussion
We found that poor sleep quality during the first 17 weeks postpartum, but not levels of
estradiol, prolactin or cortisol, was significantly associated with increased risk for a
recurrent PPMD episode. Although neither sleep quality nor IL-6 concentrations in early
postpartum contributed to increased risk, an interaction between the two may contribute to
risk. Both sleep quality and changes in biomarkers have been independently implicated in
recurrent depression (Bloch, Daly, and Rubinow, 2003; Breslau, Roth, Rosenthal, and
Andreski, 1996; Jolley et al., 2007; Maes, Lin, Ombelet, Stevens, Kenis, De Jongh, Cox, and
Bosmans, 2000; Perlis, Giles, Buysse, Tu, and Kupfer, 1997). However, the existing
evidence of an interaction between the two and risk of recurrent depression is minimal. The
current findings provide additional support for the hypothesis proposed by other
investigators of heterogeneity and differential vulnerabilities with regards to risk for
recurrence. For example, women who recur shortly after delivery are considered biologically
vulnerable to the dramatic drop in reproductive hormones (Bloch et al., 2006). On the other
hand, women who develop PPMD several weeks post delivery are considered
psychosocially vulnerable (Okun, Hanusa, Hall, and Wisner, 2009). Moreover, the
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interpretations of these data suggest that an individual's trajectory on any of these measures
may substantially deviate from the group pattern.

The finding that poor sleep quality is a significant risk factor for recurrent PPMD is
consistent with several reports (Breslau, Roth, Rosenthal, and Andreski, 1996; Ford and
Kamerow, 1989; Okun, Hanusa, Hall, and Wisner, 2009; Perlis, Giles, Buysse, Tu, and
Kupfer, 1997). More importantly, these findings extend the existing literature such that they
provide evidence that enduring sleep disturbances are likely crucial elements in determining
risk for recurrent depression.

We could not test the hypothesis that rate of change in the hormonal milieu occurring from
pre- to post-delivery is a key determinant in the increase in depressive symptoms and risk of
PPMD (Ancelin, Scali, and Ritchie, 2007; Bloch, Daly, and Rubinow, 2003; Soares and
Zitek, 2008). This was due to the design of the parent study and when the hormone assays
were conducted. It is possible that the dramatic drop observed in pregnancy-related
hormones by other investigators hit a plateau by our first assessment. There is support for
this hypothesis as shown by the therapeutic effects observed following administration of
these hormones to women with PPMD (Epperson et al., 1999). However, the empirical
support for an effect of rate of change post-delivery, particularly in estradiol or cortisol,
contributing significantly to clinical disease is scant Prolactin, on the other hand, has been
associated with symptomatology but this relationship is moderated by breastfeeding status
(Abou-Saleh, Ghubash, Karim, Krymski, and Bhai, 1998; Bloch, Daly, and Rubinow, 2003;
Harris et al., 1989; Nott et al., 1976). Future evaluations of this relationship are merited in
order to prospectively assess hormones during the prenatal as well as the postnatal period.

We did not find support for a relationship between poor sleep quality and concentrations of
IL-6 and recurrent PPMD. The week at which the assessment was made could partially
explain the results. Previous reports have evaluated cytokines within a few days post-
delivery when they are noted to be higher in women with a history of PPMD (Maes, Lin,
Ombelet, Stevens, Kenis, De Jongh, Cox, and Bosmans, 2000; Maes et al., 2001). Although
there is no clinically established cutoff for IL-6 and increased risk of PPMD, we found
clinically relevant differences when two clinically suggestive cutoffs were applied. When
IL-6 > 1.5 pg/ml was used we found that 29% above this cutoff recurred versus 0% with
concentrations below; and if > 2 pg/ml was used then 29% recurred vs 12.5%.

Our null finding may be a result of the parent study's design rather than the absence of a
relationship. The parent studies were prophylactic drug trials in which women were
randomized to an antidepressant medication or placebo following delivery in an effort to
prevent a recurrent episode during a highly vulnerable period (Wisner, Perel, Peindl,
Hanusa, Findling, and Rapport, 2001; Wisner, Perel, Peindl, Hanusa, Piontek, and Findling,
2004). Circulating levels of estradiol (Taylor et al., 2004), cortisol (Horstmann et al., 2009)
and proinflammatory cytokines (Basterzi, 2005 14482 /id} are noted to decrease following
SSRI treatment, whereas prolactin has been noted to increase following SSRI treatment
(Torre et al., 2007). Thus, use of medication may mask a more complicated relationship
between sleep, biomarkers and recurrence; one that we were unable to discern with current
statistical control measures.

Although our findings are significant, we recognize several limitations. First, this sample of
women is not generalizable to all pregnant/postpartum women. These women were
considered vulnerable and high risk. Another limitation is that sleep quality was assessed via
self-report. Future findings may be bolstered with objective sleep data. In spite of this, the
PSQI has been shown to have good validity in depression and pregnancy (Buysse, Reynolds,
Monk, Berman, and Kupfer, 1989;Carpenter et al., 1998;Smyth, 2000). Moreover, the
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availability of longitudinal sleep quality data (8 scores in total across 17 weeks) and the
small variance speaks to the reliability of the PSQI. The evaluation of estradiol, prolactin
and cortisol in this study was dependent on available data, and the lack of data between
delivery and two weeks postpartum likley prevented our ability to detect a relationship
between the hormonal decrease and depression risk (Abou-Saleh, Ghubash, Karim,
Krymski, and Bhai, 1998;Bloch, Daly, and Rubinow, 2003;Harris, Johns, Fung, Thomas,
Walker, Read, and Riad-Fahmy, 1989;Nott, Franklin, Armitage, and Gelder, 1976;O'Hara et
al., 1991).. Future studies will examine additional pregnancy-related hormones including
progesterone and CRH. With regards to the IL-6 data, we acknowledge the limitation of
having a small sample size and a single measure of inflammation. However, it provided an
opportunity to explore the sleep and cytokine relationship as a risk factor for PPMD.

In summary, diminished sleep quality during the first several weeks postpartum is associated
with an increased risk recurrent PPMD. Clinically this information is useful since sleep is a
modifiable behavior. With the recognition and appreciation that sleep is a significant
correlate of PPMD recurrence, clinicians and patients alike can incorporate behavioral
interventions to improve sleep quality during the perinatal period and subsequently yield
positive benefits with regards to both the increased inflammatory response noted to occur
following delivery (Maes, Ombelet, De Jongh, Kenis, and Bosmans, 2001) and depression
risk. .
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Figure 1.
Mean Pittsburgh Sleep Quality Index (PSQI) score across weeks 2 – 17 postpartum. Scores
are significantly higher in the first 8 weeks compared to weeks 11–17 postpartum.
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Figure 2.
Mean hormone concentrations of cortisol (μg/ml), estradiol (pg/ml) and prolactin (ng/ml) are
plotted for weeks 2 –17 postpartum. All hormones significantly decreased over time, with
the exception of cortisol which subsequently increased to near post-delivery values between
weeks 11 and 17 postpartum.
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Table 1

Sample characteristics*.

Characteristics N=56

Age (years) 31.1 ± 4.1

White race 52 (92.9)

Socio-economic class

 Lower 13 (23.2)

 Lower middle 11 (19.6)

 Middle 9 (16.1)

 Upper middle 14 (25.0)

 Upper 9 (16.1)

Married/cohabiting 53 (94.6)

Parity 2.0 ± 0.8

Study medication

 Placebo 26 (46.4)

 Nortriptyline 20 (35.7)

 Sertraline 10 (17.9)

*
Data presented as mean ± SD or n (%N)
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