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Abstract
Objective: The aim of the present study is to study the correlation between urinary cortisol and melatonin metabolites and
prostate cancer. Method: Patients with a histologically confirmed new prostate carcinoma with no previous malignancies have
been included in the study as “cases.” Healthy individuals who applied to check-up and sleep disorder polyclinics were included
as the healthy control group. Serum prostate-specific antigen (PSA), urinary melatonin sulfate, and cortisol levels in the firstmorning spot urine samples were measured during the admission and diagnosis for all participants. Results: A total of 180
patients with a proven pathology of prostate adenocarcinoma and 240 healthy males participated in the study as the control
group. When compared with the control group, significantly lower urinary melatonin sulfate levels (49.85±46.58) ng/mg vs.
(64.25±66.75) ng/mg, p = 0.003) and significantly lower melatonin sulfate/cortisol (M/C) ratios (2.38 ± 3.20 vs. 5.28 ± 15.32,
p <0.001) (respectively) levels were found in the patients. Subjects who had high M/C ratios and urinary melatonin-sulfate
were less exposed to risk of prostate cancer at a statistically significant rate than those with lower urinary melatonin-sulfate or
M/C ratios. We also discovered that subjects with a low M/C ratio and preoperative PSA levels above 10 ng/mL were 3.58
times more likely (95% CI = 1.58–8.12) to develop prostate cancer than those with a high M/C ratio and preoperative low PSA
(<10 ng/mL). Conclusion: We concluded that there was association between lower morning melatonin sulfate levels or M/C
ratio and the risk of prostate cancer. Moreover, patients who had both low PSA levels and M/C ratios higher than 10 ng/mL
were much more exposed to advanced (end-stage) disease and prostate cancer.

Introduction
Urological cancers constituting 12% of deaths related to malignancy worldwide are mostly comprised of
prostate, bladder, and kidney cancers. The most common type of cancer is the prostate cancer with 300,000
deaths and one million new cases each year1,2 . Melatonin is a neuroendocrine hormone that has antioxidant
and anticarcinogenic properties and is primarily synthesized by the pineal gland. Apart from the pineal
gland, melatonin synthesis is also accomplished through many organs such as the gastrointestinal system,
bone marrow, retina, the skin, and lymphocytes3 . Melatonin presents exceptional systemic function diversity
and has important functions including anti-inflammatory properties, antioxidant and immunomodulation
effects, and effects on energy metabolism and hematopoiesis as well as pro-apoptotic, antinociceptive, and
antiproliferation activities4 . Additionally, cortisol is the resulting product of the hypothalamus-pituitaryadrenal axis, is secreted in a pulsatile manner showing circadian rhythm, and is an important hormone for
circadian regulation5,6,7 . In a study, it was discovered that the patterns of cortisol secretion may be affected
by shift working causing circadian disruption8 . It has been discovered that this hormone triggers the risk of
cancer through its effects on immune function9,10 . For this reason, it is highly likely that the carcinogenicity of
circadian disruption affects many areas for both women and men through cortisol levels and melatonin. Long
and short -term side effects and risk of cancer may be due to disharmony between the sleep/wake cycle and
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the endogenous circadian timing system and the disruption of circadian rhythms 11 . A hormone, Melatonin,
which is secreted by the human pineal gland, has significant anticancer potential in various in vitro and in vivo
experimental neoplasia models with chemopreventive, oncostatic, and tumor inhibitory effects4-6 . Melatonin
is also an effective and powerful endogenous hydroxyl radical scavenger and immunomodulatory agent with
the direct and indirect anticancer effects11 . Most studies on melatonin in the past thirty years have focused
on breast cancer, which is the most common type of cancer observed in women12,13 , but there have been few
studies conducted on the potential effect of melatonin on prostate cancer14,15 . The similarity of the breast
and prostate cancer is due to their dependency on sex hormones16,17 . In several studies, a correlation was
revealed between breast cancer and circadian disruption. However, few studies have examined the correlation
between sleep loss or circadian disruption and prostate cancer risk. For this reason, this study evaluated the
correlation between melatonin and cortisol levels as the two urinary biomarkers, and examined the effects
of circadian regulation hormones on the presence and the stage of prostate cancer and prostate cancer. PSA
serum concentration is a marker used in the presence of prostate cancer with the follow-up of patients in
order to detect relapse in patients18 . We included PSA in the study parameters to study the interaction and
correlation between circadian regulation hormones in prostate cancer patients.
Methods
Study Design
The present cross-sectional study was conducted as the case-control study at hospital between January
2016 and April 2020 in three centers, the University of Health Sciences Okmeydani Training and Research
Hospital, Izmir Metropolitan Municipality Hospital, and Tire State Hospital. The study was approved by
the local ethics committee (Bezmialem University Non-interventional Research Ethics Committee Number
2011- KAEK-25 2015/24-11), and all participants of the study filled in the informed consent form.
Participants
180 male patients with a histologically proven diagnosis of prostate adenocarcinoma were included in the
study, and those with a previous diagnosis of cancer in another body part were excluded. Individuals with
either the usual digital rectal examination or remarkable digital rectal examination findings but benign
prostatic hyperplasia (BPH) which is histologically confirmed without malignancy were included in the
control group. The control group consisted of 240 male individuals whose ages were the same as the patients.
Study Protocol
Clinical and demographic characteristics of the participants in both groups such as education, age, family
history of prostate cancer, marital status, surgeries, systemic diseases, smoking, alcohol use, and vitamin
D use were recorded by face-to-face interviews. Serum prostate-specific antigen (PSA) levels of all cases in
diagnosis and disease stages were recorded by reviewing their medical records because the diagnosis date
of the cases, the time of cytological evidence, was accepted as the reference. Controls were matched in the
reference month in the same month. The measured PSA results were collected by reviewing medical records
of the controls.
Sample Collection and Assessment
First spot urine samples were taken in the morning from the case and control groups. Each of the samples
was divided into 4.5 mL tubes and then kept in storage at -20 ° C. Urine samples from the patients and the
matched control group were processed in the same way and tested at the same time for the same study. All
of the samples were simultaneously taken from the freezer and transferred to the laboratory on dry ice. The
laboratory staff was blinded to the all samples’ case control status. Two standard samples were included in
each test to check the analytical error. Morning urine measurements revealed good sensitivity and specificity
in determining individual differences in nocturnal plasma melatonin levels19 .
A solid-phase type of enzyme immunoassay was used to measure urinary melatonin sulfate was measured
(Melatonin Sulphate ELISA Kit, GenWay Biotech Inc. San Diego, USA). Test sensitivity was 1.0 ng/dL.
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Intra- and inter-assay coefficients of variation had the upper limits ranged between 5.0-12.5% and 5.1– 15.1%,
respectively, at 5.7–205 ng/dL and 12.5–230 ng/dL. automatic photometer (ELx808 Absorbance Microplate
Reader) was used to measure optical density at 450 nm.
A chemiluminescent immunoassay was used to measure urine cortisol performed on an ADVIA Centaur
XP Immunoassay System analyzer (Siemens Healthcare Diagnostics Ltd. Frimley, Camberley, UK). Test
sensitivity was obtained as 0.1 μg/dL. The upper limits of inter-assay and intra-assay coefficients of variation
were 1.85–5.50% and, 2.91–3.79% respectively, at 3.90–36.95 ng/dL. The modified Jaffe reaction method was
used to measure the urine creatinine levels. Urinary creatinine levels corrected the urine melatonin-sulfate
and cortisol levels 19 .
Statistical Analysis
The combined effect of melatonin and cortisol levels on prostate cancer could be measured at the same
time to calculate the urinary melatonin-sulfate/cortisol (M/C) ratio by dividing urinary melatonin-sulfate
levels by urinary cortisol levels. Differences between the patient and control groups in urinary biomarkers
such as cortisol, melatonin-sulfate, and the M/C ratio were studied using the Wilcoxon Rank-Sum Test.
Furthermore, we dichotomized these urinary markers with medians of 23.92 ng/mg creatinine for cortisol,
1.81 for the M/C ratio, and 42.83 ng/mg creatinine for melatonin. 95% confidence intervals (CIs) and odds
ratios (OR) were estimated using the unconditional logistic regression models for the correlation between
urinary markers and risk of prostate cancer. Family history of prostate cancer, habits (smoking, alcohol),
age at the time of the study (<65 vs. [?] 65 years), PSA level (<10 vs.> 10 ng/mL) were considered for all
analyses.
The cases were also categorized as advanced (end-stage) cancer (extraprostatic stage T3a or higher, N1/M1)
and localized prostate cancer (stage T2 or T1) 20 . The risks of developing advanced (end-stage) and localized
prostate cancer based on the control group were determined using the multi-category logistic regression
models. Polytomous logistic models containing categorical variables and their cross-products were fitted
to appraise multiplicative interaction. The significance of multiplicative interaction was evaluated for each
pair of comparison using the Wald Z-tests for cross-product terms. All two-sided p-values were considered
significant if < 0.05.
Results
In total, we identified 197 patients with a proven pathology of prostate adenocarcinoma and 274 male controls
between January 2016 and April 2020. After excluding other cancer cases or cases without individual
matches, 180 patients and 240 controls were included in our study. Table 1 related to the summary of
participant characteristics shows the only significant difference between controls and cases was the PSA
levels (p <0.001). Most of the study participants were 65 years above (75.2%), married (87.7%), most of
them had college or high school degrees (76.7%), were nonsmokers (70.1%), took no vitamin D supplements
(96.6%) and had no history of prostate cancer in the family (85.5%). Only a minority used alcohol (11.2%).
The two groups had no statistically significant difference in terms of these characteristics (p: 0.64). When
compared to the control group, significantly lower urinary melatonin sulfate levels (49.85 ± 46.58 vs. 64.25
± 66.75 ng/mg creatinine, p = 0.003) and lower M/C ratios (2.38 ± 3.20 vs. 5.28 ± 15.32, p <0.001,
respectively) were detected in the patients. However, there were significantly higher mean levels of urinary
cortisol in the cases had than those in the controls (33.12 ± 29.42 vs. 26.65 ± 20.85 ng/mg creatinine, p =
0.007, respectively).
After other common variables were adjusted, we discovered that subjects who had a high M/C ratios or
urinary melatonin-sulfate level were significantly less exposed to prostate cancer than those who had a low
M/C ratios and urinary melatonin-sulfate level (aOR = 0.45, and 95% CI = 0.31–0.81; and adjusted OR
[aOR] = 0.61, and 95% CI = 0.34–0.98, respectively) (Table 2). In addition, we discovered that subjects
with both a low M/C ratio and preoperative PSA levels above 10 ng/mL were 3.58 times more likely (95%
CI = 1.58–8.12) to develop prostate cancer compared to those with a high M/C ratio and preoperative low
PSA (<10 ng/mL) (Table 2). The group with low preoperative PSA levels and M/C ratios exceeding 10
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ng/mL (aOR = 8.79; 95% CI = 4.01–18.97) was exposed to higher risks. When the risk of melatonin sulfate
or cortisol and PSA level was combined, the subjects l showed a similar risk pattern. While prostate cancer
was categorized according to the clinical stage i.e. advanced and localized, we discovered some statistically
significant differences in urine biomarkers during the comparison of the advanced (end-stage) cancer group
and the control group. The M/C ratio and PSA level A did not yield multiplicative scale of interaction
(Table 3). Furthermore, we found that the advanced (end-stage) cancer group had combined effect of a lower
preoperative PSA levels and M/C ratio exceeding 10 ng/mL than the localized cancer group or control group
(Table 3). When evaluating melatonin sulfate, cortisol, and PSA levels in combination, the subjects had a
similar trend pattern.
Discussion
The focus of most previous studies was on evaluation of the correlation between breast cancer and melatonin
levels while there is quite limited number of studies examining the correlation between melatonin and prostate
cancer. A cross-sectional study carried out by Bartsch et al. revealed that there were lower melatonin levels
among the men who had prostate cancer than that in men with BPH21 . In a case-cohort study in the
Icelandic population, it was found that subjects whose first morning urinary 6-sulfatoxymelatonin (aMT6s)
levels were below the median level were exposed to a 4-fold higher risk than the subjects with aMT6s levels
above the median level (hazard ratio = 4.04; 95% CI = 1.26-12.98)22 . On the contrary, in the present study,
no significant correlation was found between morning urinary aMT6 levels and total risk of prostate cancer.
In fact, in our study, there was a statistically significant negative correlation between the melatonin/cortisol
(M/C) ratio and first-morning urinary melatonin-sulfate levels and the risk of advanced (end-stage) prostate
cancer and general prostate cancer. In our study, we strongly believe that our results will contribute to
the literature on prostate cancer risk and the circadian hormones. Melatonin had the protective effect on
risk of cancer due to inhibiting growth of cancer cell, which protects cells against damage of DNA, and
promotes DNA repair after it occurs1,23,24 . Blask et al. recently used both steroid receptor-negative and
receptor-positive human breast cancer xenografts in rats to perform a series of experiments and to discover
an inverse correlation between tumor activity and melatonin level25 . Similar results with prostate cancer
xenografts were reported in similar research group 26 . In other studies, a decrease in the malignant prostate
tumor cells growth has been reported with the administration of both pharmacological and physiological
doses of melatonin27 .
In our study, we further measured another important circadian hormone i.e. cortisol, secreted by the adrenal
cortex. Cortisol has been found to regulate both inflammation and immunity. This hormone deficiency can
disrupt the immune system, and immune reactions may be suppressed by excessive hormone 28 . Furthermore,
there has been association between the chronic irregularity of rhythm of the circadian cortisol and increasing
inflammation which is highly effective in carcinogenesis28,29 . Mirick et al. found the effect of circadian disruption on the pattern of cortisol secretion release, increasing the risk of cancer30 . Even though the present
study found no significant correlation between prostate cancer and spot morning urinary cortisol level, we
found an inverse correlation between advanced (end-stage) prostate cancer and prostate cancer and the M/C
ratio. In the previous studies, the M/C ratio was related to the depression severity and different types of
depression31,32 . However, as far as we know, our study is one of the few studies evaluating the correlation
between prostate cancer and the M/C ratio.
Whether to undergo an invasive prostate biopsy for subjects with abnormal PSA levels can be clinically
determined with difficulty. The results of our study which support the conclusion that combined low M/C
ratios and PSA levels exceeding 10 ng/mL indicates that a person is exposed to advanced (end-stage) prostate
cancer and prostate cancer, suggesting that the M/C ratio should be considered a biomarker. The urine M/C
ratio will be additionally used to decide if a prostate biopsy is necessary with increasing PSA levels. More
studies are needed in order to examine the clinical utility of evaluation by combining PSA and M/C ratio
for detecting the prostate cancer and the disease stage.
In our study, the male control group also had a high PSA level exceeding 10 ng/mL. The serum of patients
with prostate cancer and BPH was expected to have higher concentrations of PSA 33 . An estimated 50% of
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50-year-old men, 75% of 80-year-olds, and 90% of 85-year-old men have histological evidence of BPH34 . Men
aged above 50 had about 99% of prostate cancer35 . This is particularly problematic in older men with more
prevalent BPH due to increase of glandular volume with BPH so that the PSA level and the sampling errors
number related to prostate biopsy is enhanced34 . While prostate cancer detection rates in Caucasian men
can be as high as 40% for men whose PSA is 4-10 ng/mL, prostate cancer is observed in only 20% of Chinese
men with the same level of PSA36 . In our control group, the inclusion criteria include either remarkable or
unremarkable digital rectal exams but with BPH confirmed histologically. For this reason, some male patients
with undiagnosed prostate cancer may have been included in our control group. However, the inclusion of
such patients in the control group would only lead to an underestimation of the correlation that is happening.
One of the strengths of our study is that we evaluated the most important risk factors of prostate cancer
in our analyses, including PSA level and clinical stage. Furthermore, two important circadian biomarkers
were evaluated and then the M/C ratio was discovered to be more relevant for prostate cancer. There are
some limitations in the present study. The first limitation is its cross-sectional and case-control nature. For
this reason, a precise causal relationship cannot be inferred. If sleep interruption or circadian disruption
after diagnosis of a cancer causes melatonin levels to drop, there is a possibility of inverse causation between
prostate cancer and circadian hormones. A further limitation is our use of one spot morning urine biomarkers
single measurement not representing long-term exposure levels. Even though we have extensive knowledge
of various covariates and can easily control possible confounders, we still did not know about factors such as
the presence of sleep disorders or drug use. As a consequence, the related exposures and risks were gathered
with a questionnaire, leading to some recall bias.
Conclusion
An association was found between the reducing M/C ratio or morning urinary melatonin-sulfate levels and
the risk of prostate cancer. We also found that patients whose M/C ratios and PSA levels beyond 10 ng/mL
were low had much higher risk of advanced (end-stage) disease and prostate cancer. Due to this cross-sectional
and case-control nature of the study, it was not possible to establish an accurate causal relationship between
prostate cancer risk and the urinary M/C ratio. These results can be confirmed with some larger prospective
cohort studies.
What’s known
There are many studies that evaluate the correlation between levels of melatonin and breast cancer. However,
there are not enough studies in the literature that examine prostate cancer and melatonin. Cortisol is
well known to control both inflammation and immunity. There is also an association between the chronic
irregularity of the circadian cortisol rhythm and high levels of inflammation and a weakened immune system.
What’s new
We found a statistically significant correlation between lower M/C ratio or levels of first spot urinary
melatonin-sulfate and the risk of prostate cancer. Furthermore, we reached the conclusion that patients with
both low PSA levels and M/C ratios beyond 10 ng/mL were much more exposed to advanced (end-stage)
disease and prostate cancer.
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Table 1. Demographic characteristics of all participants.

Age [?]65 years ¡65 years
Education [?]university
high school & college
Marital status married
others
Family history of PCa*
Yes No
Smoking Former or
current Never
Alcohol Former or
current Never
Vitamin D supplement
Yes No
Preoperative PSA** level
[?]10 ng/mL ¡10 ng/mL

Patients (n=180)

Controls (n=240)

χ2 τεστ π vαλυε

n (%)
136 (75.6) 44 (24.4)
43 (23.9) 137 (76.1)

n (%)
180 (75.0) 60 (25.0)
52 (21.9) 185 (78.1)

0.803
0.642

163 (90.5) 17 (9.5)

205 (86.1) 33 (13.9)

0.198

30 (16.6) 150 (83.4)

31 (13.3) 203 (86.7)

0.348

54 (30.0) 126 (70.0)

81 (29.8) 167 (70.2)

0.982

27 (15.0) 153 (85.0)

22 (9.2) 216 (90.8)

0.098

2 (1.1) 178 (98.9)

11 (4.6) 227 (95.4)

0.072***

139 (77.2) 41 (22.7)

109 (47.6) 120 (52.4)

¡0.001

*Prostate cancer; ** Prostate-specific antigen;*** Fisher’s exact test.
Table 2. Association between urinary biomarkers of circadian hormone dichotomized by medians and the
presence of prostate cancer

Variables

Variables

Melatoninb
Low
High
Cortisolb
Low
High
MT/Cc
Low
High
MT/C
High
Low
High
Low

Melatoninb

Cortisolb

MT/Cc

PSAd
¡10
¡10
[?]10
[?]10

Controls
n=240

Patients
n=180

OR

95%CI

aORa

95%CI

n (%)
Melatoninb
108(45.0)
132(55.0)
Cortisolb
129(53.7)
111(46.3)
MT/Cc
106(44.2)
134(55.8)

n (%)
Melatoninb
109 (60.5)
71 (39.4)
Cortisolb
75 (41.7)
105 (58.3)
MT/Cc
112 (62.2)
68 (37.8)

Melatoninb
1.0
0.52
Cortisolb
1.0
1.74
MT/Cc
1.0
0.51

Melatoninb
(ref)
0.29-0.79
Cortisolb
(ref)
1.11-2.61
MT/Cc
(ref)
0.28-0.69

Melatoninb
1.0
0.61
Cortisolb
1.0
1.43
MT/Cc
1.0
0.51

Melatoninb
(ref)
0.34-0.98
Cortisolb
(ref)
0.85-2.32
MT/Cc
(ref)
0.31-0.81

63
57
61
48

15
24
51
90

1.0
1.79
3.49
8.11

(ref)
0.81–4.41
1.59-7.69
3.69-17.29

1.0
1.89
3.58
8.79

(ref)
0.81–4.58
1.58-8.12
4.01–18.97

(26.3)
(23.7)
(25.4)
(24.6)

(8.3)
(13.3)
(28.3)
(50.0)
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a

Adjusting for age(<65 vs.[?]65 yr), personal habits of smoking, alcohol, betel nut, family history of prostate
cancer, and prostatespecific antigen level (<10 vs. [?]10 ng/mL). b Medians of 42.83 ng/mg creatinine for
melatonin, 23.92 ng/mg. creatinine for cortisol, and 1.81 for MT/C ratio. c Melatonin/Cortisol;d Prostatespecific antigen.
Table 3. Association between urinary biomarkers of circadian hormone dichotomized by medians and
clinical staging of prostate cancer

Control
n=240

LocalizedaLocalizedaAdvancedaAdvancedaAdvanceda
Localized Advanced vs.
vs.
vs.
vs.
vs.
Advanced
n=76
n=104
control control control control control localizeda
a

a

n
n
n
aORb
95%
aORb
95%
95%
aORb
(%)
(%)
(%)
CI
CI
CI
c
c
c
c
c
c
c
c
c
c
MelatoninMelatonin
Melatonin
Melatonin
Melatonin
Melatonin
Melatonin
Melatonin
Melatonin
Melatonin
Melatonin
Low
108
40
69
1.0
(Ref)
1.0
1.0
(Ref)
1.0
(45.0)
(52.9)
(66.7)
High
132
36
35
0.72
0.38–
0.49
0.49
0.26–
0.61
(55.0)
(47.1)
(33.3)
1.36
0.89
Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc Cortisolc
Low
129
36
39
1.0
(Ref)
1.0
1.0
(Ref)
1.0
(53.7)
(47.1)
(37.7)
High
111
40
65
1.28
0.68–
1.96
1.96
1.07–
1.87
(46.3)
(52.9)
(62.3)
2.41
3.57
*MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc *MT/Cc
Low
105
40
72
1.0
(Ref)
1.0
1.0
(Ref)
1.0
(43.8)
(52.9)
(69.6)
High
135
36
32
0.63
0.33–
0.33
0.33
0.17–
0.44
(56.2)
(47.1)
(30.4)
1.20
0.62
Preoperative
Preoperative
Preoperative
Preoperative
Preoperative
Preoperative
Preoperative
Preoperative
Preoperative
Preoperative
Preoperat
PSA
PSA
PSA
PSA
PSA
PSA
PSA
PSA
PSA
PSA
PSA
< 10
< 10
120
28
12
1.0
(Ref)
1.0
1.0
(Ref)
1.0
ng/mL
ng/mL
(52.4)
(36.8)
(11.5)
[?] 10
[?] 10
109
48
92
2.13
1.10–
8.17
8.17
3.77–
3.88
ng/mL
ng/mL
(47.6)
(63.2)
(88.5)
4.15
17.72
MT/Cc PSA**
High
< 10
63
12
3
1.0
(Ref)
1.0
1.0
(Ref)
1.0
(26.3)
(16.0)
(2.9)
Low
< 10
57
15
9
1.44
0.52–
3.71
3.71
0.71–
2.57
(23.7)
(20.0)
(8.7)
3.97
19.44
High
[?] 10
61
23
29
2.16
0.85–
9.36
9.36
2.04–
4.34
(25.4)
(30.0)
(27.8)
5.46
42.91
Low
[?] 10
48
26
63
3.41
1.34–
32.06
32.06
7.17–
9.41
(24.6)
(34.0)
(60.6)
8.69
143.29
P for
0.888
0.888
0.930
0.930
0.930
0.871
multiplicative
interaction
a

Localized PCa defined as stage T1 or T2; Advanced PCa defined as stage T3 or T4 and or distant
metastases;b Adjusting for the same variables in Table 2; c Medians of 42.83 ng/mg creatinine for melatonin,
23.92 ng/mg creatinine for cortisol, and 1.81 for MT/C ratio. * c Melatonin/Cortisol ratio; **Prostate9
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specific antigen (ng/dL).
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