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Background: Chronobiological changes have been detected in various physiological func-
tions of patients with breast cancer, suggesting dysregulation in the pineal gland and
melatonin secretion. This study aimed to assess and measure serum melatonin levels pre-
and postoperatively in patients who had been diagnosed for the first time with breast cancer.
Methods: A sample of first-time breast cancer patients, consisting of 45 women aged 25-65
years, was evaluated and psychometric assessment was completed using the Beck Depression
Inventory (BDI), Insomnia Severity Index (White, Weinberg et al) and the Epworth Sleepiness
Scale (Cardoso, Spence et al). The Morningness-Eveningness questionnaire (MEQ) was used to
assess the chronotype. Serum melatonin levels were measured by radioimmunoassay.

Results: Morning and moderately morning chronotypes were prevalent among the sample
(25%, 45.8%, respectively). The finding of a mean BDI score of 13.5+11.2 indicated that
depressive symptoms were prevalent among the sample. Despite the finding that a mean of
the participants apparently had no symptoms of daytime sleepiness (the mean and standard
deviations of the ESS were 7.5+4.4), scores on the ISI (a mean of 16.7£SD 7.3) indicated
that insomnia symptoms were prevalent in the sample. Melatonin levels showed an inverse
relationship with insomnia severity as measured by the ISI and depression severity, as
assessed by the BDI. The postoperative melatonin levels were higher than the preoperative
levels. Additionally, the psychometric profile differed among various pathological types of
breast cancer according to their hormone receptor profile.

Conclusion: Serum melatonin levels correlated significantly with self-reported sleep quality
and psychometric profiles of depression in the present sample of breast cancer patients. The
melatonin assay, which is relatively easy to carry out, provided a convenient, objective
measure of an important biological correlate of sleep quality and depression. This assay
thus represented a confirmatory alternative to the self-report instruments, which may some-
times be unreliable. Future studies should further evaluate the utility of melatonin measures
in psychiatric and sleep complaints of breast cancer patients.
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Introduction

Cancer is one of the world’s leading fatal diseases. Of the different types of cancer,
breast cancer is one of the most common and has a high incidence rate in all
countries.'® Global cancer surveys indicate that breast cancer is the second most
common type of cancer, with 1.7 million new cases, or 25% of all types of cancer,
being reported to occur each year.>* Epidemiological studies have also revealed
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that, on a worldwide basis, half a million deaths each year
are due to metastatic breast cancer.'* A disproportionately
greater number of these deaths occur in developing coun-
tries, partly because of the higher percentage of affected
patients whose cancers were not screened or detected until
having reached an advanced stage of pathology.’®

Disruption of circadian rhythms has been proven to
predispose to medical morbidities, including cardiac dis-
eases, cancer, addiction, diabetes, and obesity.38 Melatonin
is the pineal neuro-hormone responsible for controlling the
central and peripheral circadian rhythms.>* Among mela-
tonin’s numerous activities is the regulation of the immune
system and antitumor defense mechanisms, functions
which are inferred to occur most intensely in the nighttime
hours, in tandem with the parallel nocturnal surge in serum
melatonin levels.®! Recent data have implicated disruption
of circadian rhythms and as a causal factor in serious
pathologic conditions, including tumorigeneses and pro-
gression of cancer.>*>? The first study evaluating the asso-
ciation between melatonin levels and breast cancer risk
was investigated by Bartsch and co-workers.® It was found
that the women with advanced breast cancer, when com-
pared with healthy controls, had lower levels of urinary
melatonin. Additionally, it was reported that biological
assays of women with Estrogen Receptor (ER)-positive
breast cancer showed an inverse relationship between ER
levels and peak melatonin values.** Estrogens are involved
in several aspects of breast cancer development, including
proliferation, metastasis, immune evasion, and mortality.67
Peak melatonin levels have been associated with attenua-
tion of all of the carcinogenic processes in the presence of
estrogen.*” Melatonin activity also affects the hypothala-
mic-pituitary-ovarian (HPO) axis, resulting in lower circu-
lating levels of estrogen and progesterone.’’ Experimental
interference with circadian clock functioning is associated
with higher levels of cancer incidence, faster progression,
and shorter survival.’

Current evidence indicates that the nighttime physiological
surge of melatonin may serve as a “natural restraint” for tumor
initiation, promotion, and progression. The multiple modes of
melatonin’s tumor-suppressive effects against breast cancer
cells include antiestrogenic (a), antiproliferative (b), anti-
metastatic (c), pro-apoptotic (d), antioxidant (e), anti-
angiogenic effects (f), and immuno-enhancing (g) effects.*
In a study by*® melatonin was found to decrease the volume of
mammary tumors, but did not influence any other tumor char-
acteristics. It was found that melatonin inhibited the growth of
breast cancer by interacting with estrogen-responsive

pathways, thus behaving as an anti-estrogenic hormone. In
a recent study by,%’ melatonin was found to reduce sulfatase
expression and activity in human breast cancer cells, thus
modulating local estrogen biosynthesis. Furthermore, melato-
nin has been found to play an inhibitory role in the viability and
invasiveness of breast cancer mammospheres. Additionally, its
potential anti-metastatic role has been shown by its ability to
modulate protein expression in the epithelial-mesenchymal
transition of breast cancer stem cells.”® Melatonin has also
been found to stimulate expression of the pro-apoptotic BAD
and BAX genes, and to enhance inhibition of the anti-apoptotic
gene BCL-2, thus acting as an adjuvant to chemotherapy.’
Melatonin has been found to regulate angiogenic factors in
breast tumor cells, and possesses anti-angiogenic activity, par-
ticularly under hypoxic conditions.>*“* Taken together, these
findings support the conclusion that melatonin has important
anti-tumorigenic functions, and thus may have important ther-
apeutic potential. It has been suggested that an experimental
examination of different strategies for manipulating melatonin
activity, in particular, of disrupting circadian rhythms, in parti-
cular by exposing human subjects to light at night or other
forms of sleep disruption could be informative for the devel-
opment of novel strategies for cancer prevention.>’

We hypothesized that the circadian rhythm of melatonin
secretion would be disturbed in patients with breast cancer and
that such disruption would correlate with the severity of the
cancer pathology and the psychometric profile. Previous
research has linked a single psychological variable (like
Depression & Anxiety) e.g., in the studies by or sleep
complaint with melatonin secretion in breast cancer patients,
e.g.>%*"% To our knowledge, no previous study has examined
the association among multiple psychological variables, sleep
profiles, serum melatonin levels, and hormonal status of breast
cancer patients (including estrogen, progesterone, and Her/neu
receptors). Therefore, this cross-sectional observational study
was conducted to assess these multiple effects. The investiga-
tions thus examined the psychological and sleep quality pro-
files of patients with breast cancer and then carried out
a correlational analysis of these variables before and after
breast cancer surgery with any parallel changes which
occurred in serum melatonin levels.

Subject and Methods
Study Design and Sample

Study Population
Forty-five patients with breast cancer and who met inclu-
sion criteria were consecutively recruited from the
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inpatient ward of Mansoura University Oncology Center.
The study included patients aged 20-65 years who had
received a first-time diagnosis of breast cancer (non-
recurrent patients), and who were candidates for surgical
mastectomy. Patients were excluded if prior to admission
they had metastasis apart from lymph nodes, or a diagnosis
of a primary psychiatric disorder, or if they were taking
a psychotropic medication.

All recruited patients were interviewed by research
team members on the day of their admission to the oncol-
ogy center. Patients were evaluated based on their general
health and suitability for participation, and then were
asked to sign an informed consent form. The recruitment
interview was conducted in a private room, participants
were told of the study’s aims and procedure. Pathological
and other oncological data were extracted from the
patient’s surgical file, especially regarding the patients’
progesterone receptors, estrogen receptors, and HER2/
neu receptors. Participants filled in the questionnaires and
provided three blood samples for assays of their serum
melatonin levels. Three blood samples were collected; the
first preoperatively, typically immediately before the sur-
gery (several collections were carried out earlier in
the day), and then on two successive occasions, i.e., fol-
lowing the surgery. The blood sample that was collected
on the night of the operation (between 9:30 and 10:30 pm)
was done under conditions of dim light. An exception was
that if patients complained about being in the dimly lit
room, they were allowed to change the light intensity
according to their preference. The first blood sample was
drawn immediately before the scheduled operation time or,
in some instances, at around 3 pm the day before the
surgery. Two follow up collections were carried out to
obtain a rhythm of melatonin secretion over the day and
the night before the patient was discharged. Thus, on
the day following the operation, a daytime postoperative
sample and a nighttime postoperative sample were also
withdrawn from most participants. Figure 1 summarizes
the steps of the study.

According to a series of studies conducted by Chu etal,'® it
was found that daytime samples are reliable for assessing
melatonin levels and that a single measurement is sufficient
to examine associations between melatonin and risk of cancer
in epidemiologic studies.®” In the present study, however, it
was decided to take three subsequent samples to cover the
daytime, nighttime, preoperative and postoperative levels of

Admission at 3:00pm
one day before appointment for surgery
+
checking suitability for inclusion and
e

thical consideration with consent 4:40pm

On the same day of admission clinical
interview and filling-in the questionnaires

asesssesment on the night prior to the
operation

recovery

[ Preoperative blood sample for melatonin

On the day following the surgery

a morning and a night time blood sample
were colleted for postoperative melatonin
assesement

Surgical operation for breast cancer and
the patients were left for postoperative

[ Discharge of the patient

Figure | Stepwise study methodology.
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the hormone. A graphic display of the serum melatonin levels
obtained in the current study is shown in Figure 2.

Prior to the commencement of the study procedures, the
study was approved by the Institutional Review Board (IRB)
of Mansoura University (Human IRB Approval.18.06.220).
Informed written consent was obtained from all participants
prior to the commencement of the study. This study was
conducted in accordance with experimental study guidelines
recommended in the Declaration of Helsinki.

Data Collection

All questionnaire instruments used in this study were
administered in a manner designed to protect the anonym-
ity of respondents and to keep their responses confidential.
Data such as anthropometric and sociodemographics (e.g.,
age, gender, and employment status), and clinical data
were also collected. The following instruments were
used: The Beck Depression Inventory, Insomnia Severity
Index, Epworth Sleepiness Scale, and the Morningness-
Eveningness Questionnaire. All instruments were trans-
lated and validated in Arabic.

Beck Depression Inventory (BDI)

The presence of depressive symptoms in breast cancer in
this study was assessed using the Beck Depression
Inventory (BDI) (Beck et al, 1996).”° The BDI is a 21-
item self-report multiple-choice inventory that takes about
10 mins to complete. It is a widely used indicator of the
severity of depression and has been found to have
a sensitivity of 81% and a specificity of 92%. BDI-II

A Serum Melatonin levels
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items are rated on a 4-point scale ranging from 0 to 3
based on the severity of each item. This self-report scale
permits a maximum total score of 63. Scores from 0 to 13
indicate minimal depression; a score in the range of 1419
indicates mild depression; a score of 20-28 indicates mod-
erate depression; and a score of 29-63 indicates severe
depression. In this study, we have used the Arabic vali-
dated version.”

Insomnia Severity Index (White, Weinberg et al)

The Insomnia Severity Index (Lissoni, Paolorossi et al) is
a brief screening assessment tool designed to evaluate
insomnia severity based on DSM V diagnostic criteria
for insomnia.” This self-report instrument measures the
patient’s perception of both nocturnal and diurnal symp-
toms of insomnia over the past 2 weeks. The ISI comprises
seven items which assesses the perceived severity of diffi-
culties initiating sleep, staying asleep, early morning awa-
kenings, satisfaction with one’s current sleep pattern,
whether there is interference with daily functioning, noti-
ceability of any impairments attributed to the sleep pro-
blem, and the degree of personal distress or concern
caused by the sleep problem. The seven answers are
added up to produce a total score. The score categories
and associated insomnia symptoms are: from 0 to 7, no
clinically significant insomnia; from 8 to 14, subthreshold
insomnia; from 15 to 21, clinical insomnia (moderate
severity); scores from 22 to 28 indicate clinical insomnia
(severe). In this study, the validated Arabic version of the

4,62
Index was used.*®

B Melatonin

200
150
100

50

;L WJW_-WIWJHJWMm

B Preoperative M Day PostOperative M Night PostOperative

Figure 2 (A) Graphic dispersion of serum melatonin levels. (B) 3D histogram representing serum melatonin levels.
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Epworth Sleepiness Scale (Cardoso, Spence et al)
The Epworth Sleepiness is a brief, self-evaluation instru-
ment intended to measure daytime somnolence.>® The ESS
consists of eight questions. Respondents are asked to rate,
on a 4-point scale (0-3), their likelihood of dozing off or
falling asleep while engaged in eight different activities.
Most people engage in the suggested activities at least
occasionally, although not necessarily every day. The
ESS score (the sum of 8 item scores, 0—3) can range
from O to 24. The higher the ESS score, the higher that
person’s “daytime sleepiness”. A validated Arabic version
of the scale was used in this study.'**

Morningness-Eveningness Questionnaire (MEQ)

The Morningness-Eveningness Questionnaire (MEQ) is
a self-rated questionnaire.’' The scale consists of 19-items,
the purpose of which is to measure individual differences in
morningness and eveningness, defined as the degree to which
respondents are active and alert at certain times of day (i.e.,
morning, in the evening, or in between these times). The
abridged version (MEQr) of this scale was later developed
and validated by Adan and Almirall (1991).”' The MEQr has
been shown to successfully identify human circadian typol-
ogy in both applied and experimental research.*’ The
Abridged version contains five items. Three questions estab-
lish the preferred morning wake-up time, the evening bed-
time, and the hour of the day when personal efficiency is
maximal. The two other questions evaluate the extent of
tiredness within the first half-hour after morning awakening
and determine which circadian type or group the respondent
considers himself/herself to be. The MEQr establishes five
behavioral chronotypes: definitively morning-type (score,
22-25), moderately morning-type (score, 18-21), neither-
type (score, 12—17), moderately evening-type (score, 8—11)
and definitively evening-type (score, 4-7). The Arabic ver-
sion has now been validated in an Arabic-speaking sample.’

Serum Melatonin Measurement

Blood samples were collected at 3 time points and ana-
lyzed according to the method described by.*> The sample
collection points were as follows: 10 pm (one sample
collected preoperatively), on the day immediately preced-
ing the operation; (two samples collected postoperatively)
collected on the same night of the operation and 10 am on
the morning of the day immediately after the operation).
The samples withdrawn thus represented key time points
in the 24 hr rhythm of melatonin secretion. The two post-
operative samples were taken in order to check the

difference between the melatonin levels at both time points
as an indicator of circadian variability in the secretion. The
10 pm nighttime postoperative (1.5-2 hrs after sleep onset)
sample was withdrawn to assess the level of melatonin
secretion after the operation and removal of the cancerous
breast tissue. Each participant gave only a single sample at
each time point of blood withdrawal. No duplicate samples
were collected (only one blood sample was taken at each
time point) producing a total of 135 (45x3) collected
samples. A histogram summarizing the serum melatonin
levels is provided below in Figure 2B.

To minimize painful sensations associated with fre-
quent blood samplings, nocturnal blood was drawn
through a peripheral intravenous cannula placed in the
cubital vein. It was ensured that the nursing staff who
collected the blood samples were well trained to minimize
technical errors as much as possible. Since melatonin
secretion is affected by light intensity,*' a dim light torch
(emitting less than 0.25 lux) was used at night during
blood sample collections. The nurses used a handheld
nocturnal illuminator and avoided exposure of the patients
to direct light for the shortest possible duration. The torch
illuminator was turned off directly after the sample was
successfully withdrawn. The refined melatonin radioim-
munoassay (RIA) for serum-based studies, originally
described by Manz et al (1989)"* and Hsing, Meyer et al
(2010),”* and later modified by Chu, John et al,*® was
used.®® The samples were immediately frozen and stored
at —70°C until analysis.

Serum melatonin levels were determined using
a radioimmunoassay (Melatonin RIA-0355 kit, DRG,
Marburg, Germany). The principle of the radioimmunoas-
say (RIA) method for melatonin measurement is that
a known amount of radioactive melatonin (2-1'*-
iodomelatonin or *H-melatonin) is mixed with a fixed
amount of antibody raised against melatonin. Increasing
concentrations of unlabeled melatonin are added to the
mixture, which will compete with labeled melatonin caus-
ing its displacement from the antibody. Free-labeled mela-
tonin is then separated from the remaining antibody-bound
radioactive melatonin and radioactivity is measured. As the
concentration of unlabeled melatonin increases in the mix-
ture, competition for the antibodies also increases and
bound labeled melatonin decreases. A calibration curve
was constructed from the known amounts of labeled and
unlabeled melatonin to allow the determination of the
in the

unknown melatonin concentrations biological

samples.'® Thus, in the current study, the amount of 125I-
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labelled antigen bound to the antibody is inversely propor-
tional to the analyte concentration of the sample. When the
system is in equilibrium, the antibody-bound radioactivity is
precipitated with a second antibody in the presence of
polyethylene glycol. The precipitate was counted in

a gamma counter.

Breast Cancer Hormone Receptors

Analysis of breast cancer hormones (estrogen, progester-
one, Her/neu) was carried out according to the guidelines
recommended by*® Nofech-Mozes, Vella et al*® The
tumor was tested based on tissue taken from the surgical
excision specimen. Surgeons usually provide the cancer-
ous tissue and part from the surrounding normal breast
tissue in the tested specimen. Parrafin sections were used
and fixated as soon as possible following removal.
Freezing and cryosectioning before fixing the sample
were avoided. The fixation period was for 24 hrs. The
sections used in this study were freshly cut and none of
them were stored for long periods. Better HR detection
was found with freshly cut sections compared with slides
stored for longer periods of time.”> The slides were
oriented, stained for surgical margin assessment, and care-
fully sliced at 510 mm intervals before being placed into
formalin. Antibody clone and vendor were then applied
together with the Image analysis method.* The results
depend on the percentage of positively stained cells for
ER and PR. Interpretation of the stain results was done as
follows: 1) Low positive 1-9% for ER or PR, 2) Positive >
10% for ER or PR, 3) Negative < 1% for ER and PR,4.Not
interpretable stain results.

Statistical Analysis

Data were transferred from Excel spreadsheets into an SPSS
program, version 23 (IBM corp. 2015) to detect the associa-
tions and descriptive results. A p-value below 0.05 was
considered significant. Categorical data were represented
by numbers and frequencies. Correlation coefficients were
calculated using the Spearman’s Rho to detect the relation-
ship between melatonin levels and psychometric profiles.
Cross-tabulation was used to examine the relationship
between the psychometric profiles and cancer pathology.
Multivariate logistic regression analysis was carried out to
detect which of the variables had the most impact, with
serum melatonin levels being used as the dependent variable.

Table 1 Summary of Patient Demographics

Demographic Variable N %

Marital Status

Married 25 50.3

Divorced 4 8.3

Widow 16 333
Occupation

Housewife 38 79.2

Employed 10 20.8

Family Income
Low 24 50
Average 24 50

Medical Comorbidity

Absent 14 29.2
Present 34 70.8
FH of Breast Cancer
Negative 32 66.7
Positive 16 333
FH of Death from Breast Cancer
None 36 75
Positive 12 25
Chronotype
Definitely morning 12 25
Moderately morning 22 45.8
Neither 8 16.7
Moderately evening 4 83
Definitely evening 2 4.2
Age
Mean 50.4
+SD 10.8
Min 29
Max 65
Results

The demographic characteristics of the recruited sample
are summarized in Table 1. The mean age was 50.4 + 10.8
years, indicating that most participants in the sample were
menopausal women. Married women were more fre-
quently represented than widowed or divorced ones
(50.3%, 33.3%, respectively). The majority of the partici-
pants were housewives (79.2%). Sixteen women (33.3%)
had a positive family history of breast cancer, 14 women
had a positive family history of deaths due to breast
cancer, and 34 women had positive medical comorbidities.
From Table 1 it can also be noted that the morning and
moderately morning

chronotypes were predominant
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Table 2 Means and Standard Deviations of the Sample Psychometric Tests and Serum Melatonin Levels

BDI ESS MEQ ISI Preoperative MEL Daytime Postoperative MEL Nighttime Postoperative MEL
Mean 13.5 7.5 18.25 16.7 12.59 60 79.1
SD 1.2 4.4 4.5 7.3 10.2 49.2 56.4
Min 8 0 5 | 1.46 106 8.11
Max 49 16 24 30 35 169 189
Range 41 16 19 29 33 158 180

among the sample (25% and 45.8%, respectively), fol-
lowed by neither chronotype, representing only 16.7%.

The psychometric profile of the recruited sample is pre-
sented in Table 2. It showed a mean BDI score of 13.5+£11.2,
indicating the prevalence of depressive symptoms in many of
the participants. Additionally, the mean of the ESS was found
to be 7.5+4.4, indicating that few believed that they suffered
from daytime sleepiness. On the other hand, the ISI showed
a mean of 16.74SD 7.3, indicating that insomnia was
a prevalent complaint among the studied sample. Regarding
the MEQ total score, the mean was 18.25+ 4.25. Table 2
summarizes the descriptive data of serum melatonin levels in
the study participants. It was noted that the postoperative
levels were much higher than the preoperative sample, thus
supporting the inference that the sleep quality of many
improved following surgery.

Serum melatonin levels were compared to results of
the
parametric correlation analysis, and the results are

psychometric profile wusing Spearman’s non-
shown in Table 3. The finding of significant negative
correlations showed that an inverse relationship existed
between preoperative serum melatonin levels and the

Beck Depression Inventory (preoperative melatonin

Table 3 Spearman Correlative Statistics Between Serum
Melatonin Levels and Psychometric Tests

Melatonin Level BDI ESS MEQ ISI
Preoperative Melatonin

r 0.27 157 163 0.2

P 0.06* 0.31 0.0037** 0.16
Daytime Postoperative Melatonin

r 6.53 0.9 185 536

P 0.7 0.001** 0.06* 0.000 I*#*
Nighttime Postoperative Melatonin

r 25 0.6 16 500

p 0.38 0.07* 0.4 0.001**

Notes: *Trend toward significance. **Significant correlation.

levels and BDI; r= —0.27, p=0.06), indicating that more
depressive symptoms tended to occur with low melatonin
levels. Daytime postoperative melatonin significantly
correlated with the ESS score (r=—0.9, p=0.001), indicat-
ing that when participants tended to experience excessive
daytime sleepiness, they also had low melatonin levels,
a finding consistent with the established association
between increased levels of melatonin and nighttime
sleepiness. The nighttime levels were non-significant,
but the correlation value showed a strong trend in the
expected direction (p=0.07). This finding was expected
inasmuch as the ESS is an estimate of daytime sleepiness
only. The daytime postoperative melatonin positively
correlated with the ISI scores (=536, p=0.0001), while
the nighttime postoperative melatonin negatively corre-
lated with the ISI scores (r=—500, p=0.001), indicating
a strong association between lower levels of melatonin
secretion at night and reduced sleep quality, as shown by
the lower sleep profile scores.

Table 4 shows comparisons among pathological sub-
types of breast cancer and psychometric profile scores. It
can be observed that patients with positive indices for
cancer in estrogen receptors tended to have higher scores
for depression on the BDI, as well as higher insomnia
complaint scores on the ISI (p=0.0001 and 0.004, respec-
tively). Positive indices for cancer in progesterone recep-
tors were associated with elevated scores for depression on
the BDI (p=0.0001) but did not show associations with
insomnia complaints. Detection of cancer in HER2/neuror-
eceptors only affected the MEQ scores and chronotype
distribution, with p=0.03. Table 5 shows comparison
between menopausal and premenopausal subjects, statisti-
cally significant differences were found between the two
groups on depression and insomnia scores (p=0.007,
p=0.05, respectively).

A multiple logistic regression was carried out to determine
which of the variables had the strongest association with
melatonin levels. It was found that the preoperative melatonin
levels appeared to be most strongly influenced by the status of
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Table 5 Comparison Between Menopausal and Premenopausal
Subjects

Variable Menoy | Pren | X2 p
N(%) N(%)
BDI Depression Degree
Minimal 2(4.2) 0 12 0.007
Mild 4(8.3) 2(4.2)
Moderate 4(8.3) 8(l6.7)
Severe 24(50) 4(8.3)
ISI Insomnia Severity
No insomnia 4(8.3) 2(4.2) 7.6 0.05
Subthreshold 12(25) 0
Moderate 12(25) 2(42)
Severe 2(4.2) 2(4.2)
ESS
Not sleepy 24(50) 12(25) 1.2 0.4
Sleepy 10(20.8) 242)
Chronotype 1.8 0.76
Definitely morning 8(16.7) 4(8.3)
Moderately morning 16(33.3) 6(12.5)
Neither 6(12.5) 2(4.2)
Moderately evening 2(4.2) 2(4.2)
Definitely evening 2(4.2) 0

Notes: Shows comparison between menopausal and premenopausal subjects, sta-
tistically significant differences were found between the two groups on depression
and insomnia scores (p=0.007, p=0.05, respectively). Bold values indicate statistical
significance.

estrogen receptors and the BDI scores (p= 0.032 and 0.05)
respectively. Daytime postoperative melatonin levels were
strongly affected by the participant’s chronotype (p=0.004),
while nighttime postoperative melatonin levels were most
affected by the Her/neu receptor status and the chronotype
(p=0.04 and 0.025, respectively). These results are summar-
ized in Tables 6-8. Additionally, the ROC curve for each
serum melatonin level can be seen in Figures 3-5.

Discussion

Breast cancer is one of the most frequently occurring
cancers among women, and one of the leading causes of
death among women aged 40 to 55 years. In Egypt, breast
cancer represents the second most commonly diagnosed
type of cancer, being found in around 35% of all cancer
patients, according to a study conducted by Ibrahim et al.**
Women with breast cancer are prone to various psycholo-
gical problems, including depression. Additionally, they
show changes in their sleep patterns. Some evidence has
suggested that the elevated levels of psychological symp-
toms are driven by increases in hormone receptor-positive
breast cancer, whereas psychological symptom severity

tended to be much less in patients with hormone receptor-
negative breast cancers.'” To our knowledge, no previous
study has examined the association of breast cancer recep-
tors and psychometric scales, including insomnia. In the
current study, we found a noticeable rise in serum mela-
tonin levels after surgical mastectomy. The mean levels
that were found preoperatively increased unexpectedly
after removal of the breast tissue from 12.59 pg to 60 pg
for daytime samples and to 79.1 pg for the nighttime
postoperative sample. This difference was expected since
melatonin levels normally increase at night. However, the
association between melatonin levels and breast surgery

1*? found that melatonin was

remains complex. Lissoni et a
not affected by mastectomy in 13/24 of their studied
patients, whereas it was enhanced in 5 women and
decreased in 6 cases. Thus, providing evidence that radical
mastectomy influences melatonin secretions.*> Our own
results, although lacking a non-surgery comparative
group, were similar to those of Lissoni et al,** in as
much as they showed that the effect of breast cancer
surgery on melatonin secretion is complicated, with the
directionality of the change being mixed. Most studies
have conflicting results about the direction of circadian
rhythm disturbances after surgical operations. Surgical
operations and anesthesia have been found to disturb the
circadian rhythm secretin of melatonin in different and
inconsistent ways.?” The clinical significance of our own
findings and that of others thus remains to be established.
Stress is a moderator variable. Depression tends to be
correlated with anxiety, both lead to disturbed melatonin
secretion. According to”’, after surgery, melatonin secre-
tion has shown to be acutely disturbed with a delay of
secretion and reduced amplitude. Various lines of evidence
show that depressed patients exhibit disturbances in both
the amplitude and the shape of the melatonin secretion
rthythm,?® with some studies showing a low nocturnal
melatonin secretion®® and others showing an increase in
secretion. Further elucidating the non-uniform directional-
ity of melatonin levels in relation to breast cancer. Most
previous studies on the effects of circadian rhythm sleep
disorders and exogenous melatonin have focussed on the
resultant behavior of breast cancer patients. Circadian dis-
ruption however also has an important hormonal and
tumorigenic effect. Melatonin has been found to reduce
the expression of estradiol-induced genes and thus
decreasing mammary tumor viability.'® It could also
exert its anti-tumorigenic effects on hormone-dependent

mammary tumors by down-regulating the sulfatase
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Table 6 Multivariate logistic regression for study variables impacting the preoperative serum melatonin

Variable Coefficient P R Square F P
Estrogen receptors 0.3 0.032 0.132 1.8 0.1
Progesterone receptors 0.1 0.95
Her/neu receptors —0.06 0.39
Depression severity 0.34 —0.05
Insomnia 0.06 0.7
Sleepiness 0.02 0.9
Chronotype 0.27 0.12
Note: Bold value indicate statistical significance.
Table 7 Multivariate logistic regression for study variables impacting postoperative daytime serum melatonin
Variable Coefficient p R Square F P
Estrogen receptors 0.26 0.8 0.3 34 0.008
Progesterone 0.21 0.11
receptors
Her/neu receptors 0.019 0.15
Depression severity 0.14 0.9
Insomnia —0.1 0.4
Sleepiness —0.1 0.4
Chronotype 0.48 0.004

Note: Bold value indicate statistical significance.

pathway of the tumor tissue. Srinivasan et al’® found
a correlation between tumor size and the nocturnal ampli-
tude of melatonin secretion. Peak nocturnal amplitude of
melatonin was reduced in 50% of the patients with pri-
mary breast cancer and was inversely correlated with
tumor size.””

Overall, the present study found an association
between melatonin levels and the psychometric profile of
breast cancer patients. We found a significant inverse
association between melatonin and insomnia severity and

depression severity, as measured by the BDI. Various

studies have documented the changes in sleep patterns
which occur in breast cancer patients.'>’*”> Chen et al
(2014) reported that, even after exogenous melatonin
administration, no improvement in the depressive symp-
toms of breast cancer patients.'> Lower levels of daytime
melatonin were also associated with a lesser degree of
daytime sleepiness. Among women with breast cancer,
the prevalence of depression might range from 1.5% to
50%, depending on the sample, and particularly the defini-
tion of depression and method of assessment.'> This is in

line with the findings of the current investigation.

Table 8 Multivariate logistic regression for study variables impacting postoperative night time serum melatonin

Variable Coefficient p R square F p
Estrogen receptors 0.7 0.8 0.22 2.6 0.026
Progesterone 0.32 0.3

receptors

Her/neu receptors 0.04 0.04

Depression severity 0.06 0.8

Insomnia —0.015 0.7

Sleepiness -0.014 0.9

Chronotype 0.37 0.025

Note: Bold value indicate statistical significance.
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Figure 3 ROC curve for regression analysis considering preoperative melatonin as
dependent variable.

Furthermore, the melatonin levels correlated with BDI-
measured levels of depression. Previous studies examining
the association between sleep and breast cancer have
yielded conflicting results, with some finding a positive
association and some others not confirming a significant
association between sleep or melatonin levels and breast
cancer overall.''=>1:36:67

The majority of the recruited sample consisted of
menopausal and premenopausal women. Studies have
shown that insomnia is a frequent complaint in menopau-
sal women.'>>> These hormonal changes seem to affect
sleep directly. A decline in the levels of these hormones in
menopausal and postmenopausal women and the complex
interaction among these hormones can significantly con-
tribute to sleep problems.*~° The sleep problems occur-
ring in later phases of cancer are characterized by

ROC Curve
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Figure 4 ROC curve for regression analysis considering postoperative (night)
melatonin as dependent variable.

False Positive Rate

Figure 5 ROC curve for regression analysis considering postoperative (daytime)
melatonin as dependent variable.

comorbidities such as depression, deviations in breathing,
or fibromyalgia, and progressively by age-associated pro-
cesses. Insomnia is a frequent complaint among breast
cancer patients.*’ In the current study, the elevated mean
ISI scores indicated that the study sample had a noticeable
insomnia problem. In a study by Fang et al, it was found
that insomnia patients have a higher risk of developing
cancers.”> However, another study found that the presence
of insomnia symptoms did not predispose nor associate
with breast cancer. This finding, however, might have been
due to suppression of the immune system indirectly
through an insomnia-associated reduction in melatonin
levels.”” The ISI scores correlated with the postoperative
melatonin levels, indicating that the cancerous tissue might
have played a role in the complaint; these findings are to

1,>* who stated

some extent similar to that of Jablonska et a
that there was a higher expression of melatonin receptors
inside the cancerous breast tissue.>® This would suggest
that removal of cancer produces a drop-in hormone levels
and action. Another study, however, reported that the
surgical removal of breast cancer tissue was not associated
with changes in melatonin levels, and that only the circa-
dian rhythm was affected.?’ In another study, Kubatka and
associates the investigators found however that beyond
a certain increase in tumor size, further increases were
associated with decreases in melatonin secretion.”” The
peak of melatonin declined with increasing tumor size.
These findings further confirm that pineal melatonin secre-
tion is transiently reduced in primary breast cancer and
that as melatonin levels continue to decline, ISI total
scores tend to increase, suggesting that melatonin has
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a role in sleep and mood complaints in breast cancer
patients. Similar results have been reported in other stu-
dies, demonstrating that increases in serum melatonin con-
centrations to within the normal nocturnal range, whether
this occurs naturally or as the result of exogenous admin-
istration, may have beneficial effects on sleep quality.
Slightly higher exogenous doses may produce hypnotic
effects, including a decrease in objective and self-
estimated sleep-onset latency, an increase in sleep dura-
tion, and sleepiness upon waking.?!>® In a study by Toffol
and colleagues, postmenopausal women were found to
have lower nighttime serum melatonin levels. The duration
of melatonin secretion tended to be shorter in postmeno-
pausal women. The mean melatonin concentrations and
exposure levels did not correlate with follicle-stimulating
hormone level, estradiol level, body mass index, BDI
score, State-Trait Anxiety Inventory score, BNSQ insom-
nia score, BNSQ sleepiness score, nor the subjective sleep
score.®> These results, which differ from those that were
observed in the present study, underscore the need for
further research regarding the correlation between melato-
nin and the psychometric profile of breast cancer patients.
Additionally, subjects with estrogen-positive receptors had
a higher degree of insomnia severity. Some studies
reported that insomnia is associated with suppression of
melatonin levels that in turn increases estrogen production
and subsequently leads to increases in the number of
estrogen receptors.®'” On the other hand, ISI scores did
not show any association with the status of progesterone
and HER/neu receptors. These findings are in line with the
findings of Vaughn et al who reported that, among breast
cancer cases, sleep disturbances were higher for women
with ER—/PR— tumors when compared to women with ER
+/PR+ tumors, indicating that sleep problems might be
associated with a more aggressive type of cancer.®® Also,
in a study by Khawaja et al, patients with HER2 positive
breast cancer reported getting, on average, less nightly
sleep. Additionally, no statistically significant association
was found between sleep duration and stage at diagnosis,
nor with ER or HER2 receptor status.’” Hence, further
research with larger sample sizes are needed to confirm
these findings.

The most abundant chronotype in our recruited breast
cancer patient was the moderately morning chronotype, fol-
lowed by the definitely morning type, the neither type. The
least abundant were the moderately evening and definitely
evening chronotypes. This distribution of chronotypes is
different from that reported by Hansen and Lassen who

found that subjects with an evening chronotype or a neither
chronotype had a greater risk of breast cancer compared to
those with morning chronotype.”® This difference can be
explained by the cultural background of the women recruited
in the current research study, most of whom were married
housewives, and who had to take care of their children and
house duties, obligations which usually occurred during the
daytime, with evening and nighttime periods being reserved
for rest and sleep. The same distribution of chronotypes was
also observed in a study conducted by Ramin et al, in which
participants reported being neither morning nor evening
chronotypes had a 27% increased risk of breast cancer
when compared to definite morning types.”> None of the
other chronotypes were significantly associated with breast
cancer risk. A statistically significant difference was found
between the chronotypes in relation to the breast cancer
pathology, especially the estrogen and the HER/neu receptors
status, indicating that the chronotype might play a role in the
aggressiveness of breast cancer. These observations should
be carefully interpreted however due to the small sample
size. In the current study, scores on the MEQ correlated
with serum melatonin levels, where the morning chronotype
subjects tended to have high MEQ scores; among these
subjects, less melatonin was secreted during daytime and
correspondingly more was secreted during the nighttime
hours. These results are in harmony with Madokoro et al,
who found that a higher MES scale score correlated with
melatonin ratio.** Another study measured the nocturnal
melatonin levels in blood hourly and assessed the circadian
type of each participant; it was found that circadian type was
strongly related to the melatonin acrophase and that morning
types experienced a more rapid decline in melatonin levels
after the peak relative to evening types.>>

This study presented unique findings related to
associating the screening of the psychometric profile
with pathological features of breast cancer and serum
melatonin levels. Also, most of the studied women
were housewives; thus, the findings can be totally
attributed to their illness and not related to shiftwork
status that has been abundantly discussed as a major
risk for melatonin level dysregulation in breast cancer
patients. The present study showed that a strong asso-
ciation existed between melatonin secretions and the
sleep profile of BC patients. Additionally, it was found
that the pathological type of BC was linked to the
severity of psychological symptoms and sleep com-
plaints. A limitation of the study was the small sample
regarding

size, which prevented firm conclusions

submit your manuscript

146

Dove

Nature and Science of Sleep 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Zaki et al

premenopausal and postmenopausal women.
Additionally, it was not possible to confirm whether
this psychometric profile obtained in this study can be
considered a reliable risk factor for early screening and
detection of cases. This study nevertheless provides
some clinical clues for practicing physicians who
offer health services to BC patients; based upon the
results obtained it is suggested that screening for psy-
chological symptoms during and after treatment of BC
is a must. In patients with complaints of insomnia and
depressive symptoms, the administration of melatonin
might be useful for reducing such symptoms. Detection
of melatonin receptor levels in the cancerous tissue
might help in selecting patients who are targets of
chronotherapies and those who might need adjustment
of the rhythm of melatonin secretion either behavio-
rally or pharmacologically.

The current work has some limitations that need to
be addressed. The restriction of recruitment to only
patients with a first-time cancer diagnosis made it diffi-
cult to obtain a larger sample. For this reason, it was not
possible to assess the types or level of melatonin recep-
tors in the cancerous breast tissue. Additionally, more
samples of melatonin were needed to detect the actual
circadian rhythm of the hormone. A 24-h plasma mela-
tonin profile would have provided accurate measures of
circadian phase, duration, and amplitude of melatonin
secretion. Comparing the obtained results with a result
of a control group who did not have surgery or with
those who did not have breast cancer would have been
of greater value to the current work.

Despite these limitations, the study findings showed
that melatonin secretion is dysregulated in subjects with
breast cancer and that removal of the cancerous tissue
by surgical procedures helped to some extent in restor-
ing melatonin to normal nocturnal levels. The study
further showed that the pathological subtype of cancer
was linked to the severity of depressive and insomnia
symptoms, and the presence of a tendency towards day-
time sleepiness. Further work and cohort studies are
needed to determine whether these processes could be
diagnostically predictive for the development of breast
cancer. If this is confirmed then screening for psycholo-
gical difficulties, particularly depressive symptoms, or
disrupted sleep could be useful as a routine checkup for
women at different age groups during their regular
health visits.
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