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Abstract

Introduction: Postpartum depression, which occurs at high rates (10%-20%) in Japan, needs to be detected and
treated early. An understanding of confounding factors is critical for determining early detection biomarkers of
postpartum depression. This study examined urinary biomarkers and sleep status in women.

Methods: About forty non-pregnant women in their 20s and 30s were surveyed for the previous day’s sleep
status (hours slept, awakening time, falling asleep time and feeling of sleeping well) and urinary adrenaline,
noradrenaline, and cortisol levels.

Results: Hours slept and urinary noradrenaline and cortisol levels did not correlate. Urinary adrenaline levels
correlated negatively with hours slept. For falling asleep time, urinary cortisol levels differed significantly between the
groups that went to sleep "before 12 p.m." and "after 12 p.m." Similarly, for awakening time, urinary cortisol levels
differed significantly between the groups that woke up "before 8 a.m." and "after 8 a.m." In the comparison of the
group that felt they slept well and the group that felt they had not slept well, only urinary adrenaline levels differed
significantly.

Conclusion: Urinary adrenaline correlated with shortened sleep times and feeling of sleeping well, while urinary
cortisol correlated with falling asleep time and awakening time differences.
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Introduction
Some studies have targeted adult males subjected to stress (such as

giving presentations at academic meetings, taking tests, and exercise
stress or load) by measuring saliva levels of stress-related substances
before and after stress to determine if the markers were of practical
significance [1-3]. As yet, little is known about these biomarkers,
including their types, localization, and correlation to specific mental
conditions, but research is ongoing. Studies on the relationship
between biomarkers and chronic stress and mental fatigue have also
been performed. A report by Phillips et al. [4] concluded that chronic
stress influenced cortisol levels. However, this research is in an early
stage since intensive studies of this type have only recently been
conducted. Numerous indicators have been examined as stress
biomarkers. Stimulation by stressors is first perceived in the cerebral
cortex. After it is transmitted, the signal passes along the following two
independent channels: cerebral cortex-hypothalamus-sympathetic
nerves-adrenal medulla-catecholamine secretion, and cerebral cortex-
hypothalamus-pituitary-adrenal cortex-cortisol secretion. Previous
studies have identified hormones such as cortisol and catecholamine as
stress indicators by measuring their levels. Measurement of stress
indictors, however, requires sample collection using stress-free
techniques; i.e., minimally physically invasive methods. As a result,
some studies have measured saliva levels of stress indicators, including
chromogranin [3], SIgA [2,5], cortisol [6,7], and alpha-amylase [8].
Obayash [9] reported that numerous factors such as collection method

and conditions could affect saliva findings; the levels of indicators in
saliva differ from blood components, where homeostasis is maintained.
In other words, measurement errors are liable to occur due to (a)
variations in saliva volume, viscosity, and composition according to
collection conditions and environment, and (b) large individual
differences. In addition, no components (such as creatinine in urine)
have been identified that can correct for these variations. Sporadic
reports have used sample types other than saliva, including urine [10],
breast milk [11], and human hair [12,13]. Measurement of biomarkers
in urine samples is useful since (a) the conditions and environments at
the time of collection can be relatively easily standardized, and (b)
urine has other components that can be used to correct the
measurement values, making it less liable to cause data errors.

Studies in various fields have evaluated stress using urinary
biomarkers, and a variety of indices has been used as stress indicators.
Shimizu [14] described the relationship between urinary
catecholamine and cortisol in postpartum women, and Castro et al.
[15] reported on the relationship between psychosocial and socio-
economic factors and urinary catecholamine and cortisol. Luiza et al.
[16] published findings on the relationship between depression in the
early stages of pregnancy and urinary cortisol levels. It is clear that
urinary biomarkers are useful for measuring the psychological state of
individuals. However, although biomarkers are attracting attention as
an index to understand psychological state, studies of influence factors
other than psychological state are still progressing. Previous studies on
confounding factors have reported relationships between serum
cortisol and body mass index (BMI) [17], salivary cortisol and sleep
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deprivation [18], and mental status that may affect biomarker
concentration. In addition, previous studies on the relationship
between biomarkers and sleep states included studies evaluating the
relationship between sleep deprivation and urinary cortisol levels [19]
and the relationship between sleep deprivation and serum cortisol
levels [20]. Both studies revealed the relationship with sleeping time.
Postpartum women are breastfeeding and child rearing at night,
sleeping is interrupted or intermittent, so sleep at night is different
from normal. Therefore, we considered that the measurement of
biomarkers targeting postpartum females should take full account of
the effects of sleep states on biomarkers. Postpartum women often have
breastfeeding and child rearing without distinguishing between day
and night, and it is often that waking time and bedtime are different. In
this research, in order to make full use of postpartum women's
research in the future, we will focus on healthy women in their 20s and
30s not only about the relationship with sleeping time which has been
clarified so far, but also sleep state, sleeping time, sleeping In
consideration of time, subjective sleepiness, etc., the relationship
between concentration of urinary biomarkers (adrenaline,
noradrenaline, urinary cortisol) and sleep state was examined.

Materials and Method

Subjects
We targeted women living in cities in the suburbs of Tokyo who

provided their consent, and enrolled females who were in their 20s to
30s who were not pregnant at the time of the investigation, were not
caring for infants (since this may affect nighttime sleep), were not
nighttime workers, had no chronic illnesses, and were non-smokers.
The sample size was more than 34 cases as a result of expectation in the
effect quantity with a two-sided test, detection power of 80%,
significance level of 5% expected, so we considered subjects
considering the missing person.

Measurement samples and methods
• Subject characteristics

We collected information on age, weight, height, and sleep status
(hours of sleep during the previous day, waking and sleeping times,
and if they felt that they had slept soundly) from subjects who
provided consent to participate in the research.

• Urinary adrenaline, noradrenaline, and cortisol

Due to daily variation of biochemical indicators, we avoided times
of day subject to wide variations, and asked the subjects to collect their
urine between 1:00 p.m. and 3:00 p.m., using a sterile paper cup. The
urine samples were transferred to a sterile Spitz tube, which was placed
in a cooling box maintained at 4°C and immediately transported to an
analysis agency.

Procedures
The subjects were recruited using posters. Women who volunteered

to take part in the investigation received a full explanation from the
researcher, who used documents to describe the need for research as
well as the method and what would be required of the participants. A
written explanation sheet containing this explanation was handed out
to the women, and they were asked to sign an agreement form to
confirm their informed consent to take part in the study. The dates and
investigation schedule were determined after consulting with the

subjects. The investigation took place on a single day, with researchers
interviewing the subjects, gathering information, and collecting urine
samples from the participants.

Analysis Methods
Measurement of urinary adrenaline, noradrenaline, and cortisol

levels specimen analysis was performed by LSI Medience Corporation.

Statistical analysis
SPSS 19.0J was used for statistical analysis. We analyzed the

relationship between subject backgrounds (age and BMI), the hours
slept, and their urinary adrenaline, noradrenaline and urinary cortisol
levels using Spearman’s rank correlation coefficient. The subjects were
divided into two groups based on the time they woke in the morning
(“Before 8:00 a.m.” or “After 8:00 a.m.”), the time they went to bed
(“Before midnight” or “After midnight”), and their sense of having
slept soundly (“Yes” or “No”). Differences in urinary adrenaline,
noradrenaline, and cortisol levels between each set of groups were
compared using the Mann-Whitney-test, with p>0.05 regarded as
statistically significant.

Results

Subject characteristics
Of 43 women who participated in this study, 40 provided all data

and were included in the analysis. Their ages ranged from 20 to 39
years (mean age: 29.5 ± 7.1), with BMI between 17.1 and 24.8 (mean
BMI 20.1 ± 1.5). They were not raising infants, had no chronic
illnesses, were non-smokers, and did not work during the night. Their
hours of sleep the night before ranged from 4-8 hours, with a mean of
6.1 ± 1.1 hours. When asked if they felt they had slept soundly, 31
women said “yes” (77.5%) and nine said “no” (22.5%). About 19
(47.5%) and 21 women (52.5%) had gone to bed the previous night
before and after midnight, respectively, ranging from 9 p.m. to 3 a.m.
Meanwhile, 24 women (60%) reported waking before 8:00 a.m. that
morning and 16 (40%) woke after 8:00 a.m., a time of waking that
ranged from 5 a.m. to 11 a.m.

Concentrations of urinary adrenaline, noradrenaline, and
urinary cortisol

Table 1 shows concentrations of urinary adrenaline, noradrenaline,
and urinary cortisol. The mean adrenaline, noradrenaline, and cortisol
concentrations were 16.8 ± 13.5, 152.8 ± 143.3, and 63.7 ± 59.5 μg/mL,
respectively.

Variables Adrenaline Noradrenaline cortisol

age -0.237 -0.161 -0.442

BMI -0.063 -0.051 -0.22

Spearman’s rank correlation coefficient (n=40)

Table 1: Relation of age, BMI and urinary biomarkers.
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Relationship between subject backgrounds and urinary
adrenaline, noradrenaline, and urinary cortisol levels
There was no significant correlation between subject age and

urinary concentrations of adrenaline and noradrenaline (Table 2), but
the concentration of urinary cortisol was negatively correlated with age
(r=–0.442, p=0.004). However, there was no relation between BMI and
urinary adrenaline, noradrenaline or urinary cortisol levels (Table 2).

Variables Mean ± SD Min Max

Adrenalin (μg/day) 16.8 ± 13.5 4 52.4

Noradrenalin (μg/day) 152.8 ± 143.3 18.4 7900

Cortisol (μg/day) 63.7 ± 59.5 7 297

Table 2: Urinary Biomarkers data (n=40).

Relationship between sleep state and urinary adrenaline,
noradrenaline, and urinary cortisol levels

Although no correlation was seen between the hours of sleep the
previous day and noradrenaline and cortisol concentrations, the
concentration of adrenaline was negatively correlated with hours of
sleep (r=–0.445, p=0.005). Moreover, although there were no
significant differences between adrenaline and noradrenaline
concentration in subjects had gone to bed before or after midnight,
there was a significant difference in cortisol concentration between
these two groups (p=0.002). Likewise, a significant difference was seen
only in adrenalin concentration between the group whose subjects
woke up before 7:59 a.m. and the group whose subjects woke after 8:00
a.m. (p=0.003). Comparison of the group that felt they had slept
soundly compared to those who did not showed a significant
difference only in adrenaline concentration (p=0.025) (Table 3).

Variables n  

Hours of sleep* 40 -0.445 -0.317 -0.160

The hour of rising

before 7:59 a.m. 24
0.161 0.143 0.002

after 8:00 a.m. 16

The hour of sleeping**

before midnight 19
0.078 0.481 0.003

after midnight 21

Feeling refreshed after sleep

Yes 31
0.025 0.198 0.932

No 9

Table 3: Relation of a sleep state and the urinary biomarkers [*The
relation of hours of sleep and biomarker was analyzed in spearman's
rank correlation coefficient, and showed the correlation coefficient;
**About the relation of the hours of rising the hour of sleeping and
feeling refreshed after sleep, and biomarker, it analyzed in Mann-
Whitney test, and P value was shown].

Discussion

Subject selection
We compared their urinary data to reference values: their average

adrenaline, noradrenaline, and cortisol concentrations were 16.8 ± 13.5
μg/mL (reference value: 3-41 μg/mL), 152.8 ± 143.3 μg/mL (reference
value: 31-160 μg/mL), and 63.7 ± 59.5 μg/mL (reference value: 26-187
μg/mL), respectively, indicating that the mean of each biochemical
indicator was within the range of the reference values in this study
population. Because this study targeted healthy women who are not
working at night and no chronic illnesses and are non-smokers, they
are healthier than women in their 20s to 30s on average, and they have
no problem in their sleeping state women became the subject of this
study, We feel that this data is representative of the population only for
healthy women.

Relationship between subject backgrounds and
catecholamine and cortisol levels

As a result of the negative correlation between age and urinary
cortisol levels, it was assumed lower cortisol levels would be associated
with increased age. Pal et al. [21] has reported that secretion of
adrenaline, noradrenaline, and cortisol increase with age, while the
cortisol level decreases. Their findings are similar to our study results.
However, urinary adrenaline and noradrenaline levels were not
correlated with age, likely because the age range of the subjects in this
study was relatively narrow (20-39 years). Moreover, although there is
a report showing that BMI is related to biological indicators [17], no
such relationship was seen in our study, perhaps because the BMIs of
the subjects in our study were between 17.1 and 24.8, within the
normal range, and were not related to urinary biomarker
concentrations.

Relationship between sleep status and urinary catecholamine
and cortisol levels

Researchers have reported that chronic sleep disorders are related to
increased secretion of salivary interleukin-6 and noradrenaline [22],
and that the sympathetic nervous system activated if the quality of
sleep is low, as measured by using the Pittsburgh Sleep Quality Index
(PSQI) [23]. In our study, there was a negative correlation between
hours of sleep and urinary adrenaline levels, meaning that shorter
hours of sleep were associated with increased urinary adrenalin
concentration, similar to findings of prior studies. To investigate the
relationship with the quality of sleep in our study, we asked the subjects
to subjectively describe if they felt they had slept soundly by answering,
“Yes” or “No”.

Subjects who reported sleeping soundly had higher adrenaline levels
than those who had not, similar to findings reported by Huang, who
suggested that sympathetic nerves are activated when sleep quality is
low. In addition, although urinary cortisol levels were not correlated to
sleep duration or quality, it was related to the time of waking up in the
morning and going to bed at night. Therefore, even with sufficient
hours of good quality sleep, irregular or disrupted times of waking and
going to sleep were influenced by cortisol concentrations. This
observation is believed to be due to changes in circadian rhythm.
Another report found that that cortisol concentrations increase for 2
hours after waking and remain relatively constant thereafter. Urinary
samples were collected from 1 p.m. to 3 p.m. in our study, more than 2
hours after participants reported waking in the morning. We therefore
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believe that daily variations in cortisol levels attributable to differences
in waking time had no effect on cortisol concentrations in this study.

However, unlike previous studies that claim that sleep disorders
affect the sympathetic nerves, noradrenaline concentration in our
study was unrelated to differences in hours of sleep, time of waking,
and time of going to bed, or the sense of having slept soundly. The
reasons for this may have been that the total hours of sleep ranged 4-8
hours among participants in this study, the subjects did not include
those with extreme sleep disorders, and that there were relatively few
differences in the sleep status among all subjects. Our study found that
hours and subjective quality of sleep influenced adrenaline
concentrations, and disruptions in sleep schedules influenced the
cortisol concentrations. However, these findings must be validated in
future studies with subjects with a broader range of states of sleep.

Ethical Procedures
Before starting this study, we submitted a study plan to the Medical

Ethics Board of the Faculty of Medicine at the University of Tsukuba
and obtained their approval (Approval No.: 666-2). We feel that, except
for the minor inconvenience attributable to the time restrictions, the
procedure caused little or no physical invasions to the subjects.

Study Limitations and Challenges
The subjects in this study showed little or no differences in their

sleep status, and had a narrow range of characteristics such as age and
BMI; a limitation in our study of the relationship between biomarkers
and sleep status. There is a need, therefore, for additional studies with
subjects who show a broader range of sleep status.

Conclusion
Urinary adrenaline correlated with shortened sleep times and

feeling of sleeping well, while urinary cortisol correlated with falling
asleep time and awakening time differences.
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