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Abstract: Objectives: To explore the changes of the serum levels of copeptin and a-amylase and the correlations with
sleep quality and cognition function in the patients with chronic insomnia disorder (CID).

Methods: Fifty-seven CID patients and thirty healthy controls were enrolled continuously. Pittsburgh Sleep Quality Index
(PSQl), polysomnography (PSG) and Pre-Sleep Arousal Scale (PSAS) were used to assess the insomnia severity and
cognitive and somatic manifestations of arousal experienced at bedtime. Montreal Cognitive Assessment scale (MoCA)
and Nine-Box Maze were used to respectively assess general cognition and memories. The serum levels of copeptin
and a-amylase were detected using Enzyme-Linked ImmunoSorbent Assay.

Results: Compared to the controls, the CID patients had increased PSQI and PSAS scores (Z=-7.678 and -7.350;
Ps<0.001), decreased MoCA score (t=-4.625, P<0.001), increased numbers of errors in the object working, spatial
working and object recognition (Z=-2.099, -3.935 and -2.266; Ps<0.05) memories, and elevated serum levels of
copeptin and a-amylase (=5.414 and 5.597, P <0.001). In the CID patients, the level of copeptin positively correlated
with PSQI and PSAS scores (r=0.338 and 0.316; Ps<0.05), and PSG sleep latency, wake time and N1% (r=0.324, 0.325
and 0.278, Ps<0.05), and negatively correlated with PSG N 2% (r=-0.279, Ps<0.05). Alpha-amylase was positively
correlated with waking numbers in PSG (r=0.293, P< 0.05). Multiple linear regression analysis showed that copeptin
level affected PSQI score and PSG sleep latency (P<0.05).

Conclusions: The serum levels of copeptin and a-amylase elevated in the CID patients, and the serum levels of copeptin

may be associated with the poor sleep quality, especially in the individuals of initial sleep difficulties.
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1. INTRODUCTION

Chronic insomnia disorder (CID) is a patient-
reported problem characterized by difficulty falling
asleep or difficulty maintaining sleep, i.e., frequent
awakenings, difficulty returning to sleep after
awakenings, or awakening too early with inability to
return to sleep [1]. It is the most prevalent sleep
disorder, affecting approximately 10% of the population
worldwide [2]. CID is associated with higher levels of
functional impairment (such as fatigue and irritability),
higher frequency of psychiatric disorder, and a greater
prevalence of chronic illness, contributing to an
increased frequency of medical visits and missed work
[3]. Even though the burden of CID on both individuals
and society is significant, understanding the course of
CID is difficult. In part, its complex psychoneurobiology
not yet fully understood is the main reason.
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Although CID is considered a sleep disorder, its
pathophysiology suggests hyperarousal during sleep
and wakefulness [3]. Through “3P” model,
psychophysiological model and neurocognitive model,
experts and scholars have emphasized the close
relationship between over-arousal and insomnia.
Hyperarousal is a key component in all modern
etiological models of CID, which considered that
insomnia is the result of over-activation of central and
peripheral multiple systems, including over-activation of
hypothalamic-pituitary-adrenal ~ (HPA) axis and
sympathetic nervous system (SNS) [4, 5]. Modern
neurobiological studies have found that insomnia
patients have excessive arousal in autonomic nervous
system, neuroendocrine system and neuroimmune
system at night and during the day [6]. Previous studies
paid more attention to the hyperfunction of the HPA
axis in CID patients and found that corticotropin-
releasing hormone and cortisol levels increased in
these patients [7, 8]. It is known that sympathetic nerve
activation can also enhance HPA axis activity through
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arginine vasopressin  (AVP). The physiological
functions of AVP are homeostasis of fluid balance,
vascular tonus and regulation of the endocrine stress
response, but the AVP level (representing sympathetic
nerve activity level) in CID patients has not been
explored. Because of the short half-life, AVP in the
blood is not easy to measure [9]. Copeptin and AVP
derive from the same precursor molecule. Due to the
equimolar secretion, copeptin responds as rapidly as
AVP to osmotic, hemodynamic and unspecific stress-
related stimuli and both peptides show a very strong
correlation [10]. Since copeptin, in contrast to AVP, can
easily be measured with a sandwich immunoassay, it
can indirectly indicate the amount of AVP in the
circulation [11]. Copeptin has emerged as a useful
measure in different diseases. On the other hand,
alpha-amylase has been proposed as a sensitive
biomarker for stress-related changes in the body that
reflect the activity of the SNS [12], but the alpha-
amylase level in CID patients has not been explored.

In this study, we intend to explore the changes in
sympathetic nerve activity index such as copeptin and
a-amylase levels and their relationship with sleep
quality and cognitive function in CID patients.

2. MATERIALS AND METHODS

2.1. Subjects

Patients with CID who were diagnosed and treated
in Chaohu Hospital affiliated to Anhui Medical
University from September 1, 2018, to May 31, 2019,
were collected continuously. Inclusion criteria: Patients
should meet the diagnostic criteria of chronic insomnia
in International Classification of Sleep Disorders, Third
Edition (ICSD-3) [13], aged 18~65 years old, with
primary school education or above, and no
understanding disorder. Chinese Pittsburgh Sleep
Quality Index (PSQl) [14] total score>7, 17-term
Hamilton Depression Scale (HAMD17) [15] total
score<17. Exclusion criteria: (1) Patients who have
taken any antidepressants, sedatives, and hypnotics in
recent two weeks; (2) Patients with a history of
alcoholism, serious endocrine diseases (such as liver
disease, hyperthyroidism, pituitary tumor, etc.), and
other diseases affecting amylase secretion (such as
chronic pancreatitis, salivary gland diseases, etc.); (3)
Pregnant or nursing patients; (4) Patients with vision
and hearing impairment who cannot cooperate with the
completion of the test; (5) Polysomnography (PSG)
suggested that patients with sleep apnea index < 15
times/h. Eventually, 57 patients with CID and 30

healthy people (control group, who had a physical
examination in our hospital at the same time as CID
patients, had no chief complaint of insomnia and
related medical history, and both PSQI score and
HAMD-17 score were < 7) were included. This study
was a cross-sectional study, approved by the Ethics
Committee of Chaohu Medical College of Anhui
Medical University (No.201805-kyxm-01), and all
subjects and their families signed the informed consent
form.

2.2. General Data Collection

The gender, age, education level, and disease
course of subjects were collected. HAMD-17 was used
to evaluate the depression status, and the method of
the MINI-International Neuropsychiatric Interview
(MINI) was used to exclude patients with definite
depression symptoms. The Pre-Sleep Arousal Scale
(PSAS) [16] was used to evaluate individuals' cognitive
and physiological arousal before sleeping. PSAS
consists of 16 questions, with a total score of 16~80,
using the method of 1~5 points from "no feeling at all"
to "extremely strong feeling." The higher the score is,
the higher the degree of cognitive or physiological
awakening is.

2.3. Sleep Quality Evaluation

PSQIl was used to evaluate all subjects' subjective
sleep quality in the last month. PSG (Compumedics
Siesta 802, Compumedics, Australia) was also used to
evaluate the CID group's objective sleep status. PSG
examination was performed according to the standard
of The AASM Manual for the Scoring of Sleep and
Associated Events Rules, Terminology and Technical
Specifications (2007 Edition). The analyzed indicators
contained total sleep time, sleep latency, sleep
efficiency, awakening times, awakening time after
sleep, and the percentages of rapid eye movement
(REM) sleep and non-REM sleep in stages 1, 2, and 3
(N1, N2, and N3) in the total sleep time (REM%, and
N1%~N3%).

2.4. Cognitive Function Assessment

All subjects were assessed with the Beijing-Chinese
Montreal Cognitive Assessment (MoCA-C) scale [17].
According to the nine-box maze test [18] described by
our group, the subjects’ multiple memory functions
were evaluated, including object/space reference
memory, object/space working memory and object
recognition memory, and the number of errors was
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recorded. The larger the number of errors is, the worse
the memory is.

2.5. Serological Index Detection

From 8: 00 to 9: 00 the next morning after PSG
monitoring, 2~3 ml of venous blood was taken (fasting
before blood collection, avoiding strenuous exercise
and mental stress). After standing for 30 min, the
serum was centrifuged at a speed of 3 000 r/min for 5
min with a centrifugal radius of 15 cm. The extracted
serum was stored in a refrigerator at —80°(. ELISA
method was used to determine the content of copeptin,
and thiobarbituric acid (TBA method) was used to
determine the content of a-amylase. Specific test steps
are strictly carried out regarding the operation flow of
the Kit.

2.6 Statistical Analysis

SPSS 24.0 statistical software was used to
statistically process the data. The measurement data
conforming to normal distribution was expressed by the
mean standard deviation (M+SD), and the comparison

between groups adopted the T-test of group design.
The measurement data of non-normal distribution was
expressed by the median (quartiles) [M (P25, P75)],
and the rank-sum test (Mann-Whitney U test) of group
design was used for comparison between groups.
Counting data was expressed by the number of cases
and percentage, and the comparison between groups
adopts x2 test. Spearman analysis was used to analyze
the correlation between serum, copeptin, and a-
amylase levels and clinical parameters in the CID
group, and partial correlation analysis was completed
after further controlling confounding factors (age, sex,
education, and depression). Multivariate linear
regression analysis was used to analyze the correlation
between copeptins and variables. P < 0.05 as the
difference was statistically significant.

3. RESULTS

3.1. Clinical Baseline Data

As shown in Table 1, there was no significant
difference in gender, age, and education level between

Table 1: General Data, Serological Indexes and Sleep Parameters in Subjects

Items CID Controls Values P-Values
Male/Female(n) 20/37 12/18 X?=0.204 0.652
Age (yr, M£+SD ) 50.1£9.7 45.4£13.2 t=1.889 0.062
Years of Education [yr, M(P25, P75)] 9.0 (7.0,11.0) 10.0 (6.0, 12.0) Z=-0.257 0.797
MoCA-C (score, M+SD ) 24125 26.7£1.9 t=-4.625 0
Serological index (M+SD)
Copeptin (pg/ml) 35.1£19.9 14.846.9 t=5.414 0
a-amylase (U/L) 990.1£193.7 728.9+230.5 t=5.597 0
Sleep awakening parameters
PSQl [score, M(P25, P75)] 16.0 (15.0, 17.0) 4.0 (2.8,6.0) Z=-7.678 0
PSAS [score, M(P25, P75)] 33.0(30.0, 37.5) 17.0 (6.0, 18.5) Z=-7.350 0
Total sleep time (min, MtSD) 373.9187.4
Sleep latency [min, M(P25, P75)] 30.0 (15.5, 59.3)
Sleep efficiency (%, M+SD) 71.4£15.6
Awakening times (times, M+SD) 18.0+6.8
Awakening time after sleep (min, M+SD) 148.4+79.7

N1% [%, M(P25, P75)]

32.4(23.3,48.2)

N2% [%, M(P25, P75)]

46.2 (37.9, 52.2)

N3% [%, M(P25, P75)]

7.3 (3.1, 13.5)

REM% (%, M+SD)

10.1£6.7

Abbreviations: MoCA-C, Beijing-Chinese Montreal Cognitive Assessment Scale; PSQI, Pittsburgh Sleep Quality Index; PSAS, Sleep Awakening Scale; REM%, the
percentage of sleep in the total sleep time during rapid eye movement; N1%, N2%, N3%, the percentage of non-REM sleep stages 1, 2 and 3 in the total sleep time.
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patients with CID and the control group (all P>0.05),
which was comparable.

3.2. Sleep Quality

The PSAS score of the CID group was significantly
higher than that of the control group (almost twice that
of the control group, P<0.001). The median score of
PSQI in the CID group was 16 points (indicating that
the patients had moderate to severe insomnia), which
was significantly higher than that in the control group
(P<0.001). The PSG objective sleep report in the CID
group showed that the subjects' quality was ideal (in
line with the change of PSG parameters of insomnia
patients), and the specific results were shown in
Table 1.

3.3. Serum Copeptin and a-Amylase Level

The serum copeptin levels and a-amylase in CID
patients were significantly higher than those in the
control group (all P<0.001, Table 1). Among them, the
levels of serum copeptin in the CID group were more
than twice as high as those in the control group.

3.4. Cognitive Function

The MoCA-C score of the CID group was
significantly lower than that of the control group (Table
1). The error numbers of object work, space work, and
object recognition memory in the nine-box maze were

significantly higher than those in the control group (all
P<0.05, Table 2).

3.4. Correlation between Serum Copeptin, a-
amylase and Clinical Parameters in CID Patients

Sleep parameters: Spearman’s correlation analysis
in the CID group showed that serum copeptin was
positively correlated with PSAS score, while serum a-
amylase was negatively correlated with N2%, positively
correlated with PSG awakening times (all P<0.05,
Table 3).

In view that age, sex, education level, and
depression had an influence on sleep and cognition,
partial correlation analysis after controlling these
factors showed that copeptin were positively correlated
with PSQI and PSAS scores (all P<0.05), and
positively correlated with sleep latency, awakening
times, and N1% of PSG sleep parameters, and
negatively correlated with N2% (all P<0.05). However,
serum a-amylase was only positively correlated with
PSG awakening times (P<0.05).

Further, multiple linear regression analysis, with the
level of copeptin as the dependent variable and the
significant factor of univariate correlation analysis as
the independent variable, showed that only PSQI score
and sleep latency were included into the regression
equation (P<0.05, Table 4). The regression equation
was as follow:

Table 2: The Performance of Chronic Insomnia Group and Control Group in the Nine Box Maze

Object Reference Space Reference Object Work Space Work Object Recognition
Number of Memory Memory Memory Memory Memory
Errors
CID Controls CID Controls CID Controls CID Controls CID Controls
0 54 29 50 28 26 20 5 13 41 28
1 2 1 3 1 19 8 13 7 12 1
2 0 0 4 1 8 2 17 7 4 1
3 0 0 0 0 1 0 4 1 0 0
4 1 0 0 0 3 0 11 2 0 0
5 0 0 0 0 0 0 3 0 0 0
6 0 0 0 0 0 0 4 0 0 0
Total 57 30 57 30 57 30 57 30 57 30
Z-Value -0.481 -0.820 -2.099 -3.935 -2.266
P-Value 0.676 0.412 0.036 <0.001 0.023

Note: The data in the table are the number of subjects with various memory errors in both groups.
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Table 3: Correlations between Levels of Serum Copeptin and a-amylase and Sleep Parameters in Chronic Insomnia

Group
Copeptin a-amylase
Items Spearman Correlation Partial Correlation Spearman Correlation Partial Correlation
Analysis Analysis Analysis Analysis
lliness duration (yr.) -0.092 -0.124 0.096 0.124
PSQI score 0.186 0.338" 0.235 0.196
PSAS score 0.332° 0.316" 0.185 0.106
Total sleep time 0.072 0.063 -0.004 0.018
Sleep latency 0.223 0.324° 0.136 0.177
Sleep efficiency 0.070 0.006 0.004 0.037
Awakening times 0.328" 0.325° 0.278" 0.293"
Awakening time after 0.048 0.127 0.060 0.023
sleep
N1% 0.109 0.278" -0.055 -0.050
N2% -0.105 -0.279° -0.263" -0.214
N3% -0.227 -0.220 0.225 0.204
REM% 0.083 -0.111 0.149 -0.125

Note: The values in the table are correlation coefficients, and * means P < 0.05;

Abbreviations: PSQI, Pittsburgh Sleep Quality Index; PSAS, Sleep Awakening Scale; REM%, the percentage of sleep in the total sleep time during rapid eye
movement; N1%, N2%, N3%, The percentage of non-REM sleep stage 1, 2 and 3 in the total sleep time.

y=2.199x+ 1.06, y=0.164x+0.079.

Cognitive parameters: The levels of serum copeptin
and a -amylase in CID patients were not significantly
correlated with the MoCA-C score and the numbers of
memory errors related to the Nine-Box Maze.

4. DISCUSSION

Neuroelectrophysiological study found that the slow
wave sleep power spectrum of the CID patients had

certain changes, suggesting that there was an
enhanced degree of cortical activity. Monitoring of
autonomic nervous function, such as heart rate
variability, skin electrical stimulation and temperature
fluctuations, found that insomnia patients had
significantly increased sympathetic activity and high
arousal at night. Chronic insomnia act as a chronic
stressor to cause neuroendocrine disorders, directly
and/or indirectly affects the quality of sleep, forming a
vicious circle [3]. Recent studies [19] have shown that
chronic insomnia is mainly accompanied by increased

Table 4: Regression Analysis of Influencing Factors for Copeptin Level

Variables B values t values P values
PSQl score 0.255 2.075 0.043"
PSAS score 0.170 1.365 0.178
a-amylase -0.213 -1.597 0.117
Sleep latency 0.54 2.076 0.043"
Awakening times 0.217 1.681 0.099
N1% -0.019 -0.097 0.923
N2% 0.213 -1.106 0.274

Note: *P < 0.05;

Abbreviations: PSQI, Pittsburgh Sleep Quality Index; PSAS, Sleep Awakening Scale; N1%, N2%, the percentage of non-rapid eye movement sleep stages 1 and

stage 2 in the total sleep time.
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sympathetic nerve activity. However, the correlation
between sympathetic hyperfunction and CID remains
unclear.

AVP is mainly produced by the hypothalamic
paraventricular nucleus and regulated by various
neurons from different brain areas [9]. AVP is a
sympathetically activated effector, and its neurons can
receive  excitatory impulses transmitted from
noradrenergic neurons in locus coeruleus during stress
[20]. Many studies have shown that AVP is paramount
in regulating the cardiovascular system, endocrine
system, anxiety, depression, other physical diseases,
and behavior and memory [21]. As the carboxyl-
terminal fragments of AVP, copeptin release equimolar
as AVP and are more stable in vivo. Therefore,
copeptin can be used as an equivalent indicator of AVP
concentration [10]. We studied the changes in serum
and copeptin levels in CID patients, and the results
showed a significant increment of the serum copeptin
level in the CID patients, indicating that the sufferers
had sustained sympathetic hyperfunction under long-
term stress. Our result supported the viewpoint of
sympathetic hyperactivity in CID derived from the
previous studies about skin temperature and heart-rate
variability [22, 23]. Surprisingly, there was no
correlation between copeptin level and iliness duration
after adjusting age, sex, education level, and other
confounding factors. The reason might be that with the
prolongation of stress duration, sympathetic activity
achieve a plateau stage and then does not change with
time anymore.

As we all know, CID patients mostly have bad
cognition and negative emotions before sleeping.
Under the combination of physiological, cognitive, and
emotional characteristics of high arousal as well as pre-
sleep high awakening state, the occurrence and
maintenance of insomnia always be promoted [24]. In
this study, the PSAS score of CID patients was
significantly increased, which indicated that CID
patients were highly susceptible to insomnia and had
pre-sleep cognitive and physical hyperarousal [16]. As
it was predicted, our results also showed that the level
of copeptin in CID patients was positively correlated
with the PSAS score. These findings indicated that
sympathetic nerve activity may play an important role in
the pre-sleep high arousal state.

The relationship between sympathetic nerve activity
and sleep quality parameters has not yet been studied
so far. Among the previous studies evaluating CID
patients' sympathetic activity (such as heart rate,

blood/urine catecholamine level), few studies have
reported the correlation between sympathetic activity
and sleep parameters [19]. The results of correlation
analysis in our study showed that the higher the serum
copeptin level of CID patients, the worse the subjective
sleep quality (which can be seen from the positive
correlation with PSQI score), and the objective sleep
quality was characterized by prolonged sleep latency,
increased awake times at night, increased shallow
sleep and decreased deep sleep. The above results
enriched the theoretical understanding of the
connection between insomnia and sympathetic nerve
activity. We hypothesized that the increase of
sympathetic nerve excitability in CID patients would
lead to the change of sleep structure and the decline of
sleep quality, and eventually result in the occurrence
and maintenance of insomnia [25]. Further regression
analysis showed that there was a significant correlation
between copeptin and PSQI score and sleep latency,
indicating that the hyperactive sympathetic nerves
contribute to the high awakening state that readily
induce insomnia, making it more difficult to fall asleep
[26]. Above results indicated that copeptin is more
likely to be correlated with the CID subtype in the
sufferers characterized by sleep initiating difficulty. This
concept could be enhanced by the findings come from
another study [27] which has shown that the sleep
latency of insomnia patients with high sleep response
is prolonged.

Alpha-amylase is mainly secreted by pancreatic
acinar cells, and its production and secretion are
regulated by the autonomic nervous system. The
activation of sympathetic nerves will increase the
secretion of a-amylase [28]. Our study showed that the
serum a-amylase level in CID patients was significantly
increased, which provided another evidence of
sympathetic hyperactivity. However, our study found
that serum a-amylase was only positively correlated
with the waking frequency of CID patients. Above
results indicated that copeptin may be correlated with
the whole process of insomnia, specifically difficulty in
sleep initiation, while a-amylase may be correlated with
the difficulty in sleep maintenance. However, its
specific mechanism remains to further be resrached.

Most people have recognized the view that good
sleep contributes to memory consolidation, and our
study also confirmed that CID patients suffer from
impairment of object working memory, spatial working
memory, and object recognition memory, which was
consistent with our previous research results [21]. Our
previous study [29] also suggested that impaired
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microstructure of the brain may be associated with
these damaged memory systems in the CID patients,
but the current study did not found and correlation
between copeptin and a-amylase levels and cognitive
impairment. The reason might be that the sympathetic
activity is mainly response for those autonomic
functions (such as activity of blood vessels, heartbeat,
sweat), and a proper increase of sympathetic nerve
activity can enhance cognitive function. The specific
mechanism underlying above phenomenon needs
further to be explored.

In conclusion, our study showed that CID patients
had significant sympathetic hyperactivity, which might
be linked to the difficulty in both initiation and
maintenance of sleep in the CID, especially the
copeptin, which provided a new idea for clinical
prevention and treatment of insomnia. In the follow-up
study, it is necessary to expand the sample size,
combine with other variables (such as heart rate
variability and cortisol), increase the comparison of
indicators before and after treatment to further explore
the influence of sympathetic nerve activity on sleep and
cognitive function in patients with chronic insomnia.
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