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Pro-inflammatory cytokines, such as interleukin-6 (IL-6), have been implicated in the underlying
processes contributing to sleep regulation and fatigue. Despite evidence for sleep difficulties, fatigue,
and elevations in IL-6 among women with ovarian cancer, the association between these symptoms
and IL-6 has not been investigated. To address this knowledge gap, we examined relationships between
sleep disturbance, fatigue, and plasma IL-6 in 136 women with ovarian cancer prior to surgery. These
relationships were also examined in 63 of these women who were disease-free and not receiving chemo-
therapy one year post-diagnosis. At both time-points, higher levels of IL-6 were significantly associated
with sleep disturbances (p < 0.05), controlling for potentially confounding biological and psychosocial
covariates. Higher IL-6 was significantly associated with fatigue prior to surgery (p < 0.05); however,
when sleep disturbance was included in the model, the relationship was no longer significant. IL-6
was not significantly associated with fatigue at one year. Changes in sleep over time were significantly
associated with percent change in IL-6 from pre-surgery to one year, adjusting for covariates (p < 0.05).
These findings support a direct association of IL-6 with sleep disturbances in this population, whereas
the relationship between IL-6 and fatigue prior to surgery may be mediated by poor sleep. As this study
is the first to examine cytokine contributions to sleep and fatigue in ovarian cancer, further research is
warranted to clarify the role of biological correlates of sleep and fatigue in this population.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction Although inflammatory cytokines have been associated with
High levels of both sleep disturbances and fatigue have been
documented in women with ovarian cancer (Clevenger et al., under
review; Anderson and Hacker, 2008; Sandadi et al., 2011). The co-
occurrence of these symptoms in oncology patients has been well
established (Roscoe et al., 2007) and both of these symptoms have
been associated with poor quality of life in ovarian (Sandadi et al.,
2011; Clevenger et al., under review; Holzner et al., 2003) and
other cancer populations (Fiorentino and Ancoli-Israel, 2007;
Ancoli-Israel et al., 2001).
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both fatigue and sleep disturbances, the role of inflammatory cyto-
kines with respect to these burdensome symptoms has not been
investigated in ovarian cancer, a disease characterized by high lev-
els of systemic pro-inflammatory cytokines that are thought to be
tumor-derived (Tempfer et al., 1997). Pro-inflammatory cytokines
such as interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necro-
sis factor-a (TNF-a) are implicated in the regulation of sleep (Opp
and Toth, 2003), modulation of sleep architecture (Kapás et al.,
1992; Opp et al., 1991), and appear to be involved in circadian reg-
ulation of sleep as well (Guess et al., 2009; Vgontzas et al., 2005).
Sleep deprivation increases monocyte production of IL-6 (Irwin
et al., 2006), and a daytime nap decreases IL-6 in individuals with
nighttime sleep loss (Vgontzas et al., 2007), leading to suggestions
of a bi-directional feedback loop between sleep and cytokine
expression (Irwin, 2002).

Presence of fatigue has been described as a ‘‘pre-diagnostic
symptom’’ for ovarian cancer, as it is one of the most commonly
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reported recurring symptoms prior to diagnosis of ovarian cancer
(Goff et al., 2004, 2000). Though fatigue may be a consequence of
poor sleep, cancer-related fatigue has been described as unique
as it is persistent, intense, longer in duration, and not alleviated
by rest as compared to more traditional fatigue (Bower, 2007). Tu-
mor- and/or treatment-associated cytokines have a proposed role
in cancer-related fatigue via effects on central nervous system
pathways that elicit vegetative behaviors (Collado-Hidalgo et al.,
2006; Bower et al., 2002; Scott et al., 2002; Dantzer, 2001). Sup-
porting such hypotheses are findings that fatigued breast cancer
survivors demonstrated significantly higher elevations of cytokines
including IL-1ra, TNF-a, sTNF-RII, IL-6 and neopterin than non-fa-
tigued survivors (Bower et al., 2002; Collado-Hidalgo et al., 2006;
Bower, 2007), and circulating levels of IL-6, IL-1ra, and neopterin
have been associated with fatigue in a quantitative review of can-
cer patients (Schubert et al., 2007).

Although the presence of sleep disturbances and fatigue has
been well documented in women with ovarian cancer, biological
and psychological mechanisms which may contribute to fatigue
and sleep problems in ovarian cancer are poorly understood. To
better understand these mechanisms, this study examined associ-
ations between circulating levels of IL-6, and self-reported symp-
toms of fatigue and disturbed sleep in ovarian cancer patients.
We hypothesized that higher levels of IL-6 would be associated
with greater fatigue and greater sleep disturbance, and that IL-6
would be associated with fatigue, independent of sleep distur-
bance. These hypotheses were examined prior to surgery, when ef-
fects of tumor-derived cytokines would not be confounded with
the effects of chemotherapy, and at one year following surgery
when participating patients had completed adjuvant treatment
and showed no evidence of disease. We also investigated whether
changes over time in IL-6 would be associated with changes over
time in sleep and fatigue.
Fig. 1. Patient inclusion chart for participants at pre-surgery and one year follow
up.
2. Methods

2.1. Participants

Women with a pelvic mass suspicious for ovarian cancer were
recruited at a pre-surgical clinic visit as part of a larger study
examining psychosocial factors, pro-angiogenic biomarkers and
cancer progression. Exclusion criteria included use of systemic cor-
ticosteroid medication in the previous month, history of previous
cancer, current pregnancy, inability to accurately answer questions
(dementia), presence of a comorbid condition with known effects
on the immune system, age less than 18 years, and non-ovarian
primary site or metastases to the ovary from another site. Women
completed psychosocial questionnaires between recruitment and
surgery. Participants had a blood draw the morning of surgery be-
tween approximately 5:30 am and 12:00 pm; blood draws were
typically completed 2 h prior to surgery. Approximately 25 mL of
blood was collected into heparin-containing vacutainer tubes (Bec-
ton Dickinson, Rutherford, NJ). Blood draws were obtained prior to
administration of anesthetics or pre-surgical medications. Clinical
information was extracted from medical records. Participants were
included if their date of surgery would have permitted them to
have a one year assessment by the time of data analysis, and if they
had a valid IL-6 value at one year.

The final baseline sample included 136 participants. (See Fig. 1
for patient flow). Three patients had fatigue data at one year but
not at baseline; thus one year analyses covarying for baseline data
included 63 patients for sleep analyses and 60 patients for fatigue
analyses. As some patients were missing IL-6 data at baseline, anal-
yses examining change scores included 50 for global sleep (13
missing IL-6 at baseline) analyses and 53 for fatigue (seven missing
IL-6 at baseline) analyses. This research was approved by the insti-
tutional review boards at The University of Iowa and The Univer-
sity of Miami.
2.2. Psychosocial measures

2.2.1. Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) is a 19-item self-re-

port measure assessing types and frequency of sleep disturbances
over a one-month interval (Buysse et al., 1989). A global score is
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obtained as the sum of the seven component scores: subjective
sleep quality, sleep latency, habitual sleep efficiency, nighttime
disturbances, sleep duration, use of sleep medications, and day-
time dysfunction. A global score greater than five is considered
to characterize poor sleep (Buysse et al., 1989). The scale has a
diagnostic sensitivity of 89.6% and specificity of 86.5% (Carpenter
and Andrykowski, 1998). The scale is psychometrically sound in
cancer patients (Beck et al., 2004) and correlates with sleep log
data in primary insomnia (Backhaus et al., 2002). As the global
score includes a ‘‘daytime dysfunction’’ component that has some
conceptual overlap with fatigue, we also calculated a modified
sleep index eliminating the ‘‘daytime dysfunction’’ component to
enable examination of effects of sleep on fatigue without this over-
lap. Use of sleep medications was also excluded from the modified
sleep index as this was included as a covariate in regressions.

2.2.2. Fatigue
The Profile of Mood States – Short Form (POMS-SF) is a 37 item

inventory of mood (Shacham, 1983) often used in research with
cancer patients (Mendoza et al., 1999; Bradley et al., 2006). Six
dimensions of mood are assessed: anxiety, depression, anger, vigor,
fatigue, and confusion as well as a total mood disturbance scale.
Participants rated statements describing fatigue (i.e., ‘‘Bushed,’’
‘‘Fatigued’’) cued to the previous week on a scale of 0 (‘‘not at
all’’) to 4 (‘‘extremely’’). The POMS-SF has been psychometrically
evaluated in cancer patients (Baker et al., 2002) and has demon-
strated convergent validity with a variety of measures of fatigue
in cancer patients, including the Multidimensional Fatigue Symp-
tom Inventory and the Fatigue Symptom Inventory (Schwartz,
2002). The POMS-SF fatigue subscale was used as the measure of
fatigue in this study.

2.2.3. Mood
The Center for Epidemiological Studies Depression Scale (CES-

D) (Radloff, 1977) is a 20-item self-report measure rating mood
during the previous week. Higher scores indicate greater depres-
sive symptomatology (Radloff, 1977). The CES-D has been shown
to be a valid and reliable measure for depressive symptoms in can-
cer populations (Hann et al., 1999; Schroevers et al., 2000). Four
subscales have been described and validated by factor analysis
(Sheehan et al., 1995). In this study, the CESD depressive mood
subscale was utilized to obtain a measure of depressive symptoms
independent of vegetative depression items.

Anxiety/Intrusive Thought. Thought intrusions were assessed with
the Impact of Event Scale (IES) intrusion subscale, which served
as an indicator of anxiety as intrusive thoughts are closely associ-
ated with anxiety in cancer patients (Baider and Kaplan De-Nour,
1997). Participants indicated the extent to which unwelcome
thoughts relevant to their ovarian cancer intruded into their
awareness over the past week on a scale of ‘‘not at all’’ to ‘‘often’’
(Horowitz et al., 1979). The IES has been frequently used to exam-
ine distress and PTSD in cancer patients (Golden-Kreutz et al.,
2005; Epping-Jordan et al., 1994).

As CESD depressive mood and thought intrusions were each sig-
nificantly associated with global sleep and fatigue (all p < 0.001)
and highly correlated with each other (pre-surgery: r = 0.53,
p < 0.001; one year: r = 0.63, p < 0.001), a mood composite was cre-
ated from the sum of the z-scores for the CES-D depressive mood
and IES intrusion subscales. This was used as a covariate for all
analyses.

2.2.4. Demographics and health behaviors
Self-reported demographic information on age, education, race,

ethnicity, and marital status was collected prior to surgery as was
information on caffeine and alcohol intake.
2.3. Cytokines

Detection of IL-6 in plasma was performed by enzyme-linked
immunosorbent assay (R&D Diagnostics, Minneapolis, MN), with
results interpolated from the standard curve provided with the
kit. The minimum detectable level is less than 0.7 pg/mL and inter-
assay variability ranges from 3.3% to 6.4%. IL-6 samples below the
sensitivity of the regular assay were quantitated with the R&D
High-Sensitivity ELISA. IL-6 levels in plasma are highly correlated
with tumor levels, and are thought to represent the amount pro-
duced by tumor (Burger et al., 1995; Stone et al., 2012). IL-6 levels
were not correlated with sampling time (r = 0.12, p = 0.33).

2.4. Clinical information

Information regarding tumor stage and grade, chronic medical
conditions, weight, height, hemoglobin, and current use of relevant
medications, such as antidepressants, anxiolytics, hypnotics and
pain medications was extracted from medical records. A categori-
cal variable was created describing patient medication use on a
scale of 0 (no use of any of the four medications listed) to 4 (use
of all 4 types of mediations listed). Body mass index (BMI) was cal-
culated from the standard formula of BMI = weight (kg)/(height
m)2

.

2.5. Statistical analysis

Analyses were conducted using the Statistical Package for the
Social Sciences v. 19.0 (SPSS, Chicago, IL). Distributions of variables
were examined for violations of normality and potential outliers.
Log transformations were applied to IL-6 data in all analyses ex-
cept percent change. Paired sample t-tests were calculated to
determine changes in psychosocial measures and IL-6 between
pre-surgery and one year.

2.5.1. Covariates
Stage, age, and body mass index (BMI) were included in all

regressions a priori due to known relationships with the variables
of interest. Tumor grade (high vs. low), education, racial and ethnic
background, income, caffeine use before blood draw and in the
week prior to surgery, history of conditions such as chronic
obstructive pulmonary disease, sleep apnea, or coronary heart dis-
ease, the mood composite, medications, hemoglobin (pre-surgery
only), and relationship status (married vs. not married) were tested
as possible covariates, first in zero order correlations, and then in
regressions. Hierarchical regressions were conducted with all vari-
ables that had significant associations with IL-6, sleep, fatigue, or
their delta scores in zero-order correlations. After examining beta
weights and significance values in regression models, reduced
regression models were conducted including only those variables
contributing significant variance to the models along with a priori
covariates. At one year, patients were included in analyses if they
were not currently on chemotherapy and did not have documented
evidence of disease progression. Reduced regression models at
both time-points thus included stage, BMI, age, mood, and medica-
tion use as covariates. Baseline models also included hemoglobin;
one year models did not include hemoglobin as patients did not
have routine hemoglobin assessment at follow up. As medication
use was not significantly related to delta scores, it was not included
in regressions involving delta scores to maximize subject/variable
ratios.

A general linear model was used to test whether there were dif-
ferences in means of pre-surgical IL-6, fatigue, and sleep between
participants who were disease-free and eligible for inclusion in
the one year sample as compared to those who were not included
at one year (those who were deceased, had documented disease



Table 1
Patient Characteristics.

Characteristic Ovarian cancer patients

Age, year
Mean (S.D) 60.40 (12.39)

Ethnicity
Non-Hispanic 94.80%
Hispanic 5.20%

Race
American Indian/Alaska native 1.50%
Asian 0.00%
Pacific Islander 0.00%
Black/African American 1.50%
White 97.00%

Education
Less than high school graduate 3.70%
High school graduate 32.50%
Trade school/some college 35.60%
College graduate 19.30%
Postgraduate 8.90%

Marital status
Single/Widowed/Divorced 36.00%
Married 64.00%

Stage
I 21.30%
II 8.10%
III 61.00%
IV 9.60%

Grade
Low 15.40%
High 84.60%

Tumor histology
Serous 72.80%
Endometroid 13.20%
Mucinous 3.70%
Clearcell 3.70%
Other/Unknown 6.60%

Surgical debulking
Optimal 74.30%
Suboptimal 25.70%
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progression, were still receiving chemotherapy, were lost to follow
up, or did not provide complete data). The model controlled for dis-
ease stage, age, and BMI.

2.5.2. Regression models at pre-surgery and one-year
To determine the associations of IL-6 with global sleep and fati-

gue, hierarchical regression models were constructed at the pre-
surgery and one year time-points, adjusting for covariates as
described above. One year analyses additionally included pre-sur-
gical fatigue or sleep as covariates. Secondary analyses were con-
ducted using the modified sleep index. Conditions for mediation
were examined using hierarchical regression models to determine
whether sleep disturbance mediated the relationship between IL-6
and fatigue (Baron and Kenny, 1986; Judd and Kenny, 1981). The
modified sleep index was used for these analyses.

2.5.3. Models examining change
To examine associations between changes in fatigue and sleep

over time, change scores were created for each of these variables.
For fatigue and sleep, delta scores were obtained by subtracting
baseline scores from one year scores. As higher scores on these
measures indicate greater disturbance, a negative delta score
would indicate a decrease in sleep score at one year (i.e., improve-
ment in sleep) over time. Change in IL-6 over time was assessed by
percent change ([one year IL-6 – baseline IL-6/baseline IL-6] � 100)
where a negative value indicates percent decrease (greater normal-
ization) in IL-6 over time. Non-transformed values were used in
these calculations. Distributions of these change variables were as-
sessed for normality and outliers. All delta scores were normally
distributed except for IL-6 which had two outliers (values > 3 stan-
dard deviations from mean percent change). Therefore analyses
were conducted with and without these outliers and both are
reported.
Medication use at pre-surgery
Hypnotics 14.70%
Antidepressants 23.50%
Anxiolytics 13.20%
Pain medications 27.20%

Medication use at one year
Hypnotics 9.10%
Antidepressants 31.80%
Anxiolytics 10.60%
Pain medications 24.20%

Table 2
Means and standard deviations of biological and psychosocial measures at pre-
surgery and one year.

Variable Baseline one year

N M SD N M SD t

Global sleep 133 7.72 3.55 63 7.23 4.06 0.83
POMS fatigue 133 9.07 5.72 60 7.06 5.77 2.26*

Mood composite 136 0.09 1.71 63 �0.06 1.92 0.58
IL-6 pg/mL 136 9.55 4.87 63 2.34 1.01 19.41***

Note: Significance levels for 2-sided tests.
IL-6 values are back-transformed values.
* p < 0.05.
⁄⁄p < 0.01.
*** p < 0.001.
3. Results

3.1. Participant characteristics

At baseline, the 136 participants were primarily married, non-
Hispanic Caucasians with a mean age of 60.4 years. The majority
of participants had advanced stage and high grade disease (Table 1).
As seen in Table 2, levels of IL-6 dropped substantially from pre-
surgery to one year (p < 0.001). Mean levels of fatigue also de-
creased from pre-surgery to one year (p = 0.03). However, global
sleep disturbance decreased only minimally over this time period
(p = 0.41), with means at one year remaining above the cutoff of
5, indicating sleep disturbance. Means for the mood composite also
were relatively stable over time (p = 0.56). There were no differ-
ences between levels of global sleep or fatigue at pre-surgery in
individuals with vs. without ascites (fatigue: F(1,130) = 0.52,
p = 0.47; sleep: F(1,130) = 1.98, p = 0.16). At pre-surgery, no signif-
icant differences were seen between women included in the one
year analyses and those not included with respect to IL-6
(p = 0.84), global sleep (p = 0.33), fatigue (p = 0.90), or the modified
sleep index (p = 0.20), controlling for stage, age, and BMI.

3.2. Pre-surgical sleep and fatigue

Prior to surgery, higher IL-6 levels were significantly correlated
with greater sleep disturbance, worse sleep index scores, and
greater fatigue (all p values < 0.01), though IL-6 was not signifi-
cantly associated with the mood composite (r = 0.04, p = 0.67).
Regression models indicated that peripheral IL-6 was associated
with significantly higher global sleep scores (b = 0.21, p = 0.015)
and greater fatigue (b = 0.18, p = 0.032), adjusting for covariates.
Secondary analyses indicated that IL-6 significantly predicted
modified sleep scores (b = 0.19, p = 0.03). (Table 3A).

Because of the significant positive associations between sleep,
fatigue, and IL-6 and a significant positive association between
the modified sleep index and fatigue (b = 0.29, p < 0.001) we as-
sessed whether the relationship between IL-6 and fatigue was
mediated by sleep, as lack of sleep might affect daytime fatigue.



Table 3B
Regression model predicting fatigue from IL-6 controlling for revised sleep – pre-
surgery.

Outcome variable R final DR2 Beta t

Fatigue
BMI 0.05 0.61
Stage 0.02 0.23
Medications 0.11 1.29
Mood 0.25 2.94**

Age 0.04 0.43
Hemoglobin �0.07 �0.83
Revised sleep 0.26 3.03**

IL-6 0.50 0.02 0.13 1.52

⁄p < 0.05.
** p < 0.01.
⁄⁄⁄p < 0.001.

Table 4
Regression models predicting fatigue and sleep from IL-6 – one year.

Outcome variable R final DR2 Beta t

Fatigue
BMI 0.07 0.65
Stage �0.10 �1.03
Medications �0.05 �0.48
Mood 0.25 2.46*

Age �0.12 �1.29
Pre-surgical fatigue 0.56 5.77***

IL-6 0.79 0.01 0.20 1.73
Sleep

BMI �0.01 �0.05
Stage �0.03 �0.31
Medications 0.20 1.95
Mood 0.46 4.38***

Age 0.06 0.61
Pre-surgical sleep 0.23 2.31*

IL-6 0.74 0.05 0.23 2.34*

* p < 0.05.
⁄⁄p < 0.01.
*** p < 0.001.
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When the modified sleep index was included in the regression
model for IL-6 and fatigue, the association between IL-6 and fati-
gue became non-significant (b = 0.13, p = 0.13), although the drop
in standardized beta weights was not particularly large, suggesting
that sleep partially mediated the association between IL-6 and fa-
tigue (Table 3B).

3.3. Sleep and fatigue at one-year follow-up

One year analyses were conducted on 63 participants who had
completed adjuvant treatment, did not have documented disease
progression, and were not on chemotherapy at the time of fol-
low-up. IL-6 levels, global sleep, the sleep index score, and fatigue
were all significantly associated at one year (all r ’s > 0.30, all p val-
ues < 0.05), whereas IL-6 was not significantly associated with the
mood composite (r = 0.06, p = 0.70). All analyses controlled for pre-
surgery values of the dependent variables (n = 63 for sleep; n = 60
for fatigue). At one year, regression models indicated that higher
levels of IL-6 were significantly associated with greater sleep dis-
turbance (b = 0.23, p = 0.02), adjusting for covariates (Table 4). Sec-
ondary analyses with the revised sleep index showed similar
results, though the relationship was non-significant (b = 0.18,
p = 0.09). IL-6 was positively related to fatigue (b = 0.12, p = 0.20)
adjusting for covariates including pre-surgical fatigue, but this
relationship was not significant.

3.4. Associations of changes in sleep, fatigue, and IL-6 over time

To examine the relationships between changes in IL-6, fatigue
and sleep over time, analyses were conducted on the subset of pa-
tients who had completed measures of fatigue, sleep, and had lev-
els of IL-6 at both time points. Controlling for stage, age, BMI,
baseline sleep and one year mood, percent change in IL-6 over
time was significantly associated with change in sleep over time
(b = 0.27, p = 0.01). This indicates that, for example, a 10% decrease
in IL-6 would correspond with a 0.13 point improvement in the
global sleep change score, suggesting a minimal effect, although
statistically significant (Fig. 2). Secondary analyses excluding two
outliers were consistent with these findings (b = 0.21, p = 0.049).
In parallel analyses, including similar covariates and pre-surgery
fatigue, percent change in IL-6 over time was associated with
change in fatigue over time but findings did not reach significance
(b = 0.22, p = 0.06). (Table 5). Secondary analyses excluding the two
IL-6 outliers were consistent with these findings (b = 0.22,
p = 0.053).
Table 3A
Regression models predicting global sleep and fatigue from IL-6 – pre-surgery.

Outcome variable R final DR2 Beta t

Fatigue
BMI 0.06 0.68
Stage 0.03 0.34
Medications 0.12 1.49
Mood 0.33 3.97***

Age �0.02 �0.23
Hemoglobin �0.09 �1.08
IL-6 0.46 0.03 0.18 2.17*

Sleep
BMI 0.01 0.08
Stage �0.02 �0.21
Medications 0.20 2.39*

Mood 0.24 2.94**

Age �0.13 �1.49
Hemoglobin �0.13 �1.54
IL-6 0.46 0.04 0.21 2.47**

* p < 0.05.
** p < 0.01.
*** p < 0.001.

Fig. 2. Graph of relationship between percent change in IL-6 and change in global
sleep from pre-surgery to one year. Y-axis values reflect unstandardized residuals
controlling for stage, age, BMI, pre-surgical sleep, and mood at one year.



Table 5
Regression models predicting change in sleep and fatigue from percentage change in
IL-6 over time.

Outcome variable R final DR2 Beta t

Fatigue change
BMI 0.12 1.03
Stage �0.11 �0.91
Mood 0.41 3.35**

Age �0.12 �1.02
Pre-surgical fatigue �0.60 �5.30***

IL-6% change 0.72 0.04 �0.23 �2.34
Sleep change

BMI 0.05 0.47
Stage 0.11 0.93
Mood 0.63 5.94***

Age 0.04 0.39
Pre-surgical sleep �0.64 �6.18***

IL-6% change 0.77 0.06 0.27 2.64*

* p < 0.05.
** p < 0.01.
*** p < 0.001.
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4. Discussion

Ovarian cancer patients report sleep disturbances which do not
significantly improve between pre-surgery and one year follow up,
and elevated levels of IL-6 in peripheral blood were associated with
poorer sleep at both time points. These relationships were inde-
pendent of potentially confounding clinical covariates as well as
depressive mood and thought intrusions. Fatigue symptoms signif-
icantly decreased from pre-surgery to one year. The relationship
between IL-6 and fatigue was significant at pre-surgery and ap-
proached significance at one year; however, the relationship at
pre-surgery was attenuated when sleep was included in the model,
suggesting that poor sleep at the time of surgery may account for a
substantial part of the fatigue experienced by these patients. De-
creases in IL-6 between pre-surgery and one year were associated
with significant, but small improvements in both fatigue and sleep
disturbance. The current data are novel as they are the first to
examine the contribution of cytokines to self-reported sleep dis-
turbance and fatigue in ovarian cancer patients.

4.1. Effects of inflammatory cytokines

There are several mechanisms by which cytokine-associated
changes may affect sleep, including modulation of sleep architec-
ture, changes in circadian patterns, and a general increase in vege-
tative symptoms.

4.1.1. Effects of inflammatory cytokine signaling on sleep architecture
The present findings are consistent with data indicating that

inflammatory cytokines such as IL-6 are associated with changes
from slow wave to increased REM sleep and with longer sleep la-
tency (Opp, 2005; Thomas et al., 2011; Redwine et al., 2003; Motiv-
ala et al., 2005; Vgontzas et al., 1999). Modulation of sleep
architecture by IL-6 has also been observed in experimental set-
tings (Späth-Schwalbe et al., 1998; Motivala and Irwin, 2007).
Although specific effects on sleep architecture may vary across dif-
ferent experiments and species, inflammatory processes appear to
be able to induce sleep disturbances via alterations in sleep archi-
tecture; conversely, sleep disturbances have been shown to induce
inflammatory cytokines (Irwin, 2002; Kapsimalis et al., 2008).

Although decreased IL-6 was related to changes towards nor-
malized sleep patterns over time, sustained sleep disturbances
were still observed at one year, even though IL-6 levels dropped
to a relatively normal level. Interestingly, the sleep literature de-
scribes changes in sleep architecture accompanying relatively
modest IL-6 inductions in healthy individuals with normal IL-6 lev-
els (Späth-Schwalbe et al., 1998). Moreover, mean IL-6 levels
approximating those in the range of our patients at one year were
associated with longer sleep latency and increased REM density in
patients with major depressive disorder (Motivala et al., 2005). Ta-
ken together, such findings are consistent with the interpretation
that IL-6 fluctuations could be associated with sleep disturbances
at one year despite marked decreases in IL-6 compared to pre-sur-
gical levels. It is also possible that IL-6 may have been implicated in
the initial sleep disruption, but that over time, sleep disturbances
may have become sustained due to maintenance of dysfunctional
sleep behaviors and beliefs (Fiorentino and Ancoli-Israel, 2007),
leading to a long-term change in sleep regulation.

4.1.2. Effects of inflammatory cytokine signaling on circadian patterns
IL-6 is thought to be a primary mediator of sleepiness and the

homeostatic sleep drive (Vgontzas et al., 2005, 1999; Shearer
et al., 2001). Elevations in serum IL-6 have been associated with
two specific variations in Per3, a clock gene associated with circa-
dian preference and sleep in a sample of male veterans (Guess
et al., 2009). Data supports both a direct relationship between IL-
6 and sleep as well as indirect influences on sleep via effects on
the circadian pacemaker (Guess et al., 2009; Redwine et al.,
2000). It is also possible that sleep-wake regulation may be influ-
enced by interactions between neuroendocrine hormones, cyto-
kines, and the circadian pacemaker (VanItallie, 2006; Born et al.,
1997).

4.1.3. Effects of inflammatory cytokines on vegetative symptoms
Proinflammatory cytokines, such as IL-6, are known to stimu-

late a cluster of central ‘‘sickness behaviors’’ such as anhedonia,
lethargy, anorexia, hypersomnia, withdrawal, and loss of interest
(Dantzer and Kelley, 2007). In the face of a challenge to the organ-
ism resulting in inflammation, sleep is an important part of the
constellation of behaviors to support an adequate host defense
(Opp, 2005; Guan et al., 2005). There may thus be direct central
cytokine effects on sleep and fatigue.

4.2. Mood, fatigue, and sleep disturbances

Fatigue and sleep were both significantly influenced by mood,
in the absence of a direct association between mood and IL-6, sug-
gesting that there may be direct influences of mood disturbance on
sleep and fatigue. Symptoms such as lack of interest and fatigue are
frequently displayed in depressed individuals (Dantzer, 2001) and
depression has been well-established as a correlate of fatigue in
cancer patients (Campos et al., 2011; Holzner et al., 2003; Andry-
kowski et al., 2005). Other results support the observed associa-
tion; fatigue has been associated with depressed mood as well as
sleep disturbance in women with breast cancer (Bower et al.,
2000; Koopman et al., 2002) and other populations of oncology pa-
tients (Fiorentino and Ancoli-Israel, 2007; Akechi et al., 2007). Fa-
tigue has also been associated with anxiety in patients receiving
chemotherapy (Redeker et al., 2000).

4.2.1. Fatigue and inflammation in ovarian and breast cancer patients
Despite the association between fatigue and IL-6 observed pre-

surgery in the present study, the finding that this relationship was
partially mediated by effects of IL-6 on sleep did not support our
initial hypotheses and is not consistent with the direct associations
between inflammatory cytokines and fatigue previously reported
among breast cancer patients (Bower et al., 2002; Bower, 2007).
Differences in findings in these two populations may be secondary
to differences in treatment regimens (Howard and Bland, 2012;
Hennessy et al., 2009), sample composition, cytokines studied,
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and length of follow-up. For example, Bower et al. (2002, 2005)
studied breast cancer survivors reporting sustained elevations in
fatigue whereas the ovarian cancer patients in the present study
represented a full spectrum of clinic patients without self-selection
for fatigue.

4.3. Clinical implications

Given the documented sleep impairments in ovarian cancer pa-
tients (Sandadi et al., 2011; Clevenger et al., under review), present
findings that inflammatory cytokines may be related to both sleep
and fatigue suggest the importance of screening for sleep distur-
bance in this population, and development of interventions target-
ing inflammatory cytokines. Substantial support has accumulated
for non-pharmacologic treatment of fatigue and sleep in cancer pa-
tients, including cognitive-behavioral therapy, mindfulness based
stress reduction, exercise, hypnosis, relaxation, sleep interventions,
and psycho-education (Mock et al., 1997; Sprod et al., 2010; Lofti-
Jam et al., 2008; Berger et al., 2002; Shapiro et al., 2003; Dirksen
and Epstein, 2008; Savard et al., 2005). It is possible that pharma-
cological treatments that interfere with inflammatory cytokine
activity may also be useful in this regard.

4.4. Limitations

The absence of premorbid data on sleep patterns and fatigue
limits our ability to determine how assessed patterns may have
been influenced by long-term disturbances. Additionally, self-re-
port measures are subject to reporting biases and retrospective re-
call. Polysomnography and actigraphy provide objective
assessments of sleep disturbances; however, these technologies
were deemed too intrusive for this patient population, particularly
when facing major surgery for a life-threatening disease. As the
study design was correlational, definitive causal relationships can-
not be determined. Given the attrition between pre-surgery and
one year, the women included in one year analyses reflect a group
of surviving women who were healthy and motivated to partici-
pate in contrast with a larger, more heterogeneous pre-surgical
group. Though we statistically tested for differences in women at
pre-surgery who went on to have known worse disease related
outcomes, the possible differences in samples should be consid-
ered when interpreting the results. Analyses involving change
scores required women to have complete information at both time
points, which restricted the sample size, potentially limiting the
power to detect significant associations between changes in IL-6
and fatigue. As the follow-up period was limited to one year
post-surgery, we were unable to see associations that might be ob-
served in a longer follow-up period. As IL-6 was the only inflamma-
tory cytokine assessed, our ability to make more general
conclusions regarding the role of pro-inflammatory cytokines is
limited. Additionally, other influences such as HPA patterns could
also be contributing to poor sleep, fatigue, and affective disorders.
Although there was no relationship observed between IL-6 levels
and time of blood sampling, there is a known diurnal cycle of IL-
6 (Vgontzas et al., 2005) and thus it is possible that blood sampling
time, necessitated by surgical scheduling, may have in some way
influenced results.

4.5. Conclusions

At both pre-surgery and one year after diagnosis, higher levels of
IL-6 were related to poorer sleep, adjusting for clinical covariates.
IL-6 was also associated with greater fatigue prior to surgery,
although this relationship appeared to be secondary to sleep distur-
bance at the time of surgery. Further research aimed at identifying
additional underlying candidate biological and psychological con-
tributors to sleep disturbance and fatigue is warranted and can as-
sist in identifying potential interventions to help remediate these
troublesome symptoms in ovarian cancer patients.
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