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Abstract:Objectives: To explore the changes of serum levels of tumor necrosis factors (TNF-α and TNF-β) and their 
soluble receptors (sTNF-R1 and sTNF-R2), and analyze their relationship between sleep quality and memory in the 
patients with chronic insomnia disorder (CID).  

Methods: Forty-four CID patients and 39 normal controls were enrolled in this study. Pittsburgh Sleep Quality Index 
(PSQI) and Nine-Box Maze Test (9BMT) were used to assess the sleep quality and memory function, respectively. The 
serum levels of TNF-α, TNF-β, sTNF-R1 and sTNF-R2 were examined by protein-chip.  

Results: Compared to the controls, the CID patients had significantly higher error numbers of the spatial working and 
object recognition memories (Ps < 0.05) in the 9BMT, with higher serum levels of TNF-α and TNF-β (Ps < 0.001), and 
lower levels of sTNF-R1 and sTNF-R2 (Ps < 0.001). The partial correlation analysis showed that the serum TNF-α and 
TNF-β positively but sTNF-R1 and sTNF-R2 negatively correlated with PSQI scores (Ps < 0.001). In the CID patients, 
the TNF-α positively correlated with the errors in the spatial working and object recognition memories (Ps < 0.05), 
whereas the TNF-β only positively correlated with the errors in the spatial working memory (P < 0.05).  

Conclusions: The CID patients had increased TNF-α and TNF-β and decreased sTNF-R1 and sTNF-R2 in peripheral 
blood, with the former being linked to specific memory impairments. 
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1. INTRODUCTION 

Chronic insomnia disorder (CID) is a subjective 
experience of persistent sleep initiation, maintenance 
difficulties and/or early awakening, which can lead to 
some kinds of daytime functional impairments [1]. The 
current evidence suggests that patients with CID have 
not only dysfunctions of subjective learning and 
memory [2] but also selective impairments of objective 
memories [3-5]. Spatial memory is responsible for 
identifying, coding, storage and retrieval of spatial 
information about the arrangement of objects or 
specific routes [6, 7]. It is a higher-degree cognitive 
function, and involved in declarative memory, 
procedural memory, working memory, reference 
memory, as well as other memory systems [8]. In 
humans, spatial memory is considered to be the 
earliest impaired memory form not only during the 
normal aging but also in some learning and memory 
loss diseases, such as Alzheimer’s disease [9]. The 
Nine Box Maze Test have been used to assess the 
spatial, non-spatial (object), working (trial dependent), 
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reference (trial independent) memories, and 
recognition memory simultaneously [9-11]. It is 
sensitive to the deficits of visuo-spatial memory [9]. 
Consistently, our previous studies showed that the 
modified Nine Box Maze Test can detect mild-damaged 
spatail working memory (SWM) and object recognition 
memory (ORcM) [5, 12] or and object working memory 
(OWM) [12] in the CID patients or SWM, OWM and 
spatial reference memory (SRM) in the chronic tension-
type headache patients [13]. However, the mecha-
nisms of objectively special-impairment memories in 
the CID patients have not been known well.  

To some degree, there is a co-relationship between 
sleep and inflammation. Some studies have shown that 
tumor necrosis factors-α (TNF-α) and interleukin 1β (IL-
1β) are involved in physiological sleep regulation, 
especially increased slow wave sleep [14-16]. Studies 
show that non-rapid eye movement sleep can be 
increased by both injection of exogenous low doses 
and enhance of endogenous production in IL-1β or 
TNF-a, and be inhibited by their inhibitors. Both IL-1β 
and TNF-a have been linked to a variety of clinical 
conditions involving sleep disorders, such as sleep 
apnea [17]. However, there were only few studies on 
changes of inflammatory factors, such as increased IL-
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6, in the CID patient with small samples [18, 19]. Given 
the TNFs being linked to sleep regulation and memory 
physiologically and pathologically depending on the 
concentrations, we hypothesized that the TNFs are 
related to the maintenance of insomnia and impaired 
memory under insomnia condition. The aim of this 
study is to investigate the changes of serum levels of 
TNFs and their soluble receptors, i.e., soluble TNF 
receptor (sTNF-R) 1 and 2 which can alleviate the 
biological effects of TNFs on the membrane receptors, 
and the correlations between these proteins and 
memories in the patients with CID.  

2. SUBJECTS AND METHODS 

2.1. Subjects  

Forty-four patients with CID were recruited from the 
Clinic of Sleep Disorder at the Affiliated Chaohu 
Hospital of Anhui Medical University. The patients were 
diagnosed with the criteria of International 
Classification of Sleep Disorders (Third Edition) [2]. 
The inclusive criteria consisted of those as follows: 1) 
patients complain of sleep difficulty with impairment of 
daytime functions; 2) illness duration was longer than 6 
months; 3) age was at 18 to 60 years old; 4) 
educational level was higher than junior high school; 5) 
Pittsburgh Sleep Quality Index (PSQI) score was 
higher than 7; 6) Hamilton Depression Scale 17 items 
(HAMD-17) total score was less than 17. The exclusive 
criteria included: 1) taking antidepressants, 
antipsychotics and hypnotics, etc. within two weeks; 2) 
noncooperation and cannot complete the test due to 
visual and hearing damage; 3) suffering from chronic 
inflammatory diseases, brain organic diseases, serious 
medical diseases and drugs abuse; 4) comorbidity with 
other mental disorders; 5) being in pregnancy and 
lactation period. 39 good sleepers, who consisted of 
the control group, were collected from the Center of 
Health Examination in the same hospital, with no sleep 
and mood complaints and corresponding medical 
history with scores of PSQI < 5 and HAMD-17 < 7. The 
study was approved by the Ethics Committee of the 
Affiliated Chaohu Hospital of Anhui Medical University, 
and all subjects signed informed consent before study 
onset. 

2.2. Methods 

2.2.1. General Information Collection  

The age, illness duration and educated years were 
collected, and the severity of insomnia and overall 

cognitive function were assessed by PSQI and 
Montreal Cognitive Assessment, respectively. PSQI is 
a standard scale accessing sleep quality via recall of 
sleep behaviors in the past month, consisting of 
subjective sleep quality, sleep latency, sleeping 
duration, sleep efficiency, somnipathy, use of hypnotic 
drugs and diurnal dysfunction [20]. The total score is at 
0 to 21, and in China score ≥ 7 has high diagnostic 
sensitivity and specificity in distinguishing patients with 
poor sleep from normal subjects [21]. The Chinese 
Beijing Version of Montreal Cognitive Assessment 
(MoCA-C) is a brief and useful screening tool for mild 
general cognitive impairment under different clinical 
settings, which had been employed in the nation-wide 
screening of cognitive function in China [22]. It is used 
to evaluate the global cognition function of subjects, 
including visuo-spatial and executive functions, 
naming, attention, language, abstraction, short-term 
memory and orientation [22]. The total score is at 0 to 
30, and overall scores ≥ 26 is considered as normal 
cognitive function in China [22]. 

2.2.2. Special Memory Test 

Nine Box Maze Test [9] was mildly modified to 
evaluate multiple aspects of memory [5, 12, 13], i.e., 
SWM, OWM, SRM, object reference memory (ORM), 
and ORcM. In brief, the protocol could be described as 
follow. In a spacious and bright room, a picture was put 
on one inside-wall as a place cue. A 120-cm-diameter 
table was put in the center of room, and 9 identical 
opaque containers with height 9 cm and diameter 8 cm 
were equidistantly located along the table border. 
There are two part of this test, namely, training and 
testing phases. During the object-familiarization phase, 
the subject was shown 10 common objects (namely, 
button, key, coin, battery, watch, pencil sharpener, nail 
clipper, shears, scotch tape and clothespin), and 
requested to name each object. In the training phase 
without performance being recorded, the subject was 
shown 2 random containers with 2 random objects from 
the object-familiarization phase, and asked to 
remember the objects and containers housed them. 
Then, the subject was required to move around the 
table twice clockwise and counterclockwise in 
sequence. After circling the subject was required to 
recognize the objects from a photograph of the 10-
common objects and the corresponding containers. If 
correctly, the test would proceed to the next step. If an 
incorrect response was given, the subject should 
continue to pointing out the objects or / and containers 
until a correct response. In the testing phase, the 
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subject was requested to remember the 2 objects and 
their positions in the training phase. They would not be 
moved, and be tested at the end of the test to form 
object and spatial reference memories. The wrong 
numbers was recorded as ORM and SRM errors. The 
subject was told to remember every 2 objects from the 
object-familiarization phase and their locations being 
put into which 2 containers every trial. The error 
numbers of changed location and changed object were 
respectively recorded as performances of SWM and 
OWM. After 4 trials, subject was requested to 
recognize the objects in the training phase from a 
photograph. The photo was contained corresponding 
similar objects that had been used in the test. The 
wrong numbers were recorded as ORcM. The more 
errors were, the worse the memory performed. 

2.2.3 Serum Levels of TNF System  

The elbow intravenous blood was collected at 7:00 
A.M.~9:00 A.M., with fasting, avoiding strenuous 
activity and mental stimulation. The samples were 
standing for 30 min, and then were centrifuged for 5 
min at 3000 r/min, and frozen at -80°C. The serum 
levels of TNF-α, TNF-β, sTNF-R1, and sTNF-R2 were 
tested by Ray Biotech Chip Detection Test according to 
the kit operation procedure. 

2.3. Statistical Analysis  

Statistical analysis was performed using SPSS16.0 
package. First, the data were normalized. Normally 
distributional data were expressed with mean ± 
standard deviation, and inter-group comparisons were 
performed using t-tests. Non-normally distributional 
data were expressed with P50 (P25, P75). Differences 
between groups were tested using a group-designed 

rank sum test (Mann Whitney U). The Spearman’s and 
partial correlation amylases were used to explore the 
correlations between the serum levels of proteins and 
the error number in memory tests. Test level is α = 
0.05, both sides test. 

3. RESULTS 

3.1. Background Data  

There were no statistics differences in age (Z = 
0.023, P = 0.982), gender (χ2 = 1.338, P = 0.247), 
educated level (Z = 0.234, P = 0.815) and MoCA-C 
score (Z = 0.650, P = 0.516) between the CID group 
and the control group. The PSQI score in the CID 
group was significantly higher than that in the controls 
(Z = 7.864, P < 0.001), see Table 1.  

3.2. Memories and the Serum Levels of TNFs and 
Their Soluble Receptors 

The error numbers in the SWM (Z = 5.362, P < 
0.001) and ORcM (Z = 3.260, P = 0.001) in the CID 
group were significantly higher than those in the control 
group (see Table 2). There were no statistical 
differences in the error numbers in the ORM (Z = 
0.310, P = 0.756), SRM (Z = 0.909, P = 0.363) and 
OWM (Z = 1.741, P = 0.082) between the two groups 
(see Table 2 and Figure 1).  

The serum levels of TNF-α (t = 8.402, P < 0.001) 
and TNF-β (Z = 7.350, P < 0.001) in the CID group 
were significantly higher, and the serum levels of 
sTNF-R1 (Z = 7.801, P < 0.001) and sTNF-R2 (Z = 
4.526, P < 0.001) were significantly lower than those in 
the control group (see Table 2 and Figure 2). 

Table 1: The Background Data of Participants 

Groups CID Controls 

n 44 39 

Age (yr) 40.5 (29.5, 52.8) 42.0 (29.0, 49.0) 

Male/ Female 17/27 20/19 

Education (yr) 12.0 (9.5, 16.0) 15.0 (10.0, 16.0) 

MoCA-C (score) 27.0 (25.0, 29.0) 27.0 (26.0, 28.0) 

PSQI (score) 16.0 (15.0, 18.0)* 2.0 (1.0, 4.0) 

HAMD-17 (score) 9.54 ± 3.38* 0.00 (0.00, 2.00)  

Abbreviations: CID, Chronic insomnia disorder; MoCA-C, Chinese-Beijing Version of Montreal Cognitive Assessment; PSQI, Pittsburgh Sleep Quality Index 
Expressions: Mean ± SD (normally distributed variables) or P50 [P25, P75] (non-normally distributed variables). 
*Compared to the control group, p < 0.05. 
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Figure 1: Performance of memories (error numbers) in the 
Nine-Box Maze Test. The patients with chronic insomnia 
disorder (CID) had more numbers in the spatial working 
memory (SWM) and object recognition memory (ORcM), not 
in the spatial reference memory (SRM), object working 
memory (OWM) and object reference memory (ORM), than 
the control subjects. *Compared to the control group, p < 
0.05. 

3.3. The Correlations between Sleep Quality and 
Serum TNFs and Soluble Receptors  

After controlling age, sex, educated year and 
HAMD-17 score, the partial correlation analysis 
showed that the serum levels of TNF-α and TNF-β 
positively (r = 0.647 and 0.757, Ps<0.001), whereas the 
sTNF-R1 and sTNF-R2 negatively, correlated with the 
PSQI scores in all subjects (r = −0.787 and −0.457, Ps 
< 0.001) (see Table 3).  

 

Figure 2: Serum TNFs/ sTNF-Rs levels. The patients with 
chronic insomnia disorder (CID) had higher tumor necrosis 
factor (TNF)-α and TNF-β, and lower soluble tumor necrosis 
factor receptor (sTNF-R)1 and sTNF-R2, than the control 
subjects. *Compared to the control group, p < 0.05. 

3.4. Correlations between Serum Levels of TNFs 
System and Memory Performance 

In all subjects, after controlling age, sex, educated 
year and HAMD-17 scores, the partial correlation 
analysis showed that PSQI score was associated with 
serum levels of TNFs and its soluble receptors. 
Therefore, we explored the correlation between serum 
levels of TNFs and its receptors and memory 
performance adding PSQI score as a confounding 
factor to be controlled. The results showed that serum 
TNF-α level positively correlated with the error 

Table 2: Performance of Memories (Error Numbers) and Serum TNFs/ sTNF-Rs Levels 

Groups CID (n = 44) Controls (n = 39) 

ORM 0.0 (0.0,1.0) 0.0 (0.0,1.0) 

SRM 0.0 (0.0,1.0) 1.0 (0.0,1.0) 

OWM 0.0 (0.0,2.0) 0.0 (0.0,1.0) 

SWM 0.0 (2.0,5.0)* 1.0 (1.0,2.0) 

ORcM 0.0 (0.0,1.0)* 0.0 (0.0,0.0) 

TNF-α（pg/mL） 497.8 ± 127.0* 291.7 ± 91.0 

TNF-β（pg/mL） 215.8 (201.8, 241.9)* 141.4 (118.6, 176.6) 

sTNF-R1（pg/mL） 93.4 ± 18.5* 231.3 (179.3, 358.8) 

sTNF-R2（pg/mL） 19.05 ± 6.10* 27.3 (21.5, 38.0) 

Abbreviations: CID, Chronic insomnia disorder; ORcM, object recognition memory; ORM, object reference memory; OWM, object working memory; PSQI, Pittsburgh 
Sleep Quality Index; SRM, spatial reference memory; sTNF-R, soluble tumor necrosis factor receptor; SWM, spatial working memory; TNF, tumor necrosis factor. 
Expressions: Mean ± SD (normally distributed variables) or P50 [P25, P75] (non-normally distributed variables). 
*Compared to the control group, p < 0.05. 
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numbers in the SWM (r = 0.266, P = 0.019) and ORcM 
(r = 0.329, P = 0.003), and the serum TNF-β level only 
positively associated with the SWM errors. After 
separating the subjects, the results showed that in the 
CID group, the serum TNF-α level positively correlated 
with the error numbers in the SWM (r = 0.380, P = 
0.017) and ORcM (r = 0.349, P = 0.030), and serum 
TNF-β level positively correlated with the error number 
in the SWM (r = 0.414, P = 0.009). There were no 
significant correlations between serum levels of sTNF-
R1, sTNF-R2 and all tested types of memories (Ps > 
0.05) (see Table 3). 

4. DISCUSSIONS 

In the current study, we examined the serum levels 
of TNF system (including TNF-α, TNF-β, sTNF-R1 and 
sTNF-R2) and tested the SWM, OWM, SRM, ORM and 
ORcM with the 9BMT in all participates. Further, we 
analyzed their relationship between sleep quality and 
memory in the patients with CID. Compared to the 
controls, we found that: 1) the CID patients had 
significantly higher error numbers of the spatial working 
and object recognition memories in the 9BMT; 2) the 
CID patients had higher serum levels of TNF-α and 
TNF-β, and lower levels of sTNF-R1 and sTNF-R2. 
Besides, the further correlation analyses showed that: 

1) in all participants controlling the confounding factors 
the serum TNF-α and TNF-β positively but sTNF-R1 
and sTNF-R2 negatively correlated with PSQI scores; 
2) in the CID patients, the TNF-α positively correlated 
with the errors in the SWM and ORcM, whereas the 
TNF-β only positively correlated with the errors in the 
SWM.  

Increasing findings have shown that CID patients 
possess significantly objective memory impairment  
[3-5, 23, 24]. Our current study once again 
demonstrated that CID patients had SWM and ORcM 
impairments (see Table 2), consistent with our previous 
findings [5, 12]. Nevertheless, little is known about the 
mechanism of memory impairment in the CID patients.  

TNFs are a kind of cytokines produced by activated 
monocyte-macrophages with multi-functions, such as 
killing tumor cells, mediating inflammatory response, 
regulating neuronal activity (e.g., sleep regulation) [25]. 
The TNF-α and TNF-β, two main numbers of TNF 
superfamily derived from different-type cells, bind to the 
common receptors (TNF-R1 and TNF-R2) with similar 
biological functions. Studies have demonstrated that 
TNF-α can make specific effects on sleep-wake 
behavior [23]. Non-pyrogenic doses of TNF-α 
increased non-rapid eye movement sleep [26], but at 

Table 3: The Correlations between Serum TNFs/ sTNF-Rs Levels and Memories [r (p)]  

Terms Measures TNF-α TNF-β sTNF-R1 sTNF-R2 

PSQI scorea  0.647 (0.000)* 0.757 (0.000)* -0.787 (0.000)* -0.457 (0.000)* 

ORM -0.065 (0.569) 0.005 (0.962) -0.023 (0.841) 0.062 (0.580) 

SRM -0.016 (0.892) 0.054 (0.636) 0.056 (0.624) 0.017 (0.880) 

OWM -0.002 (0.984) -0.184 (0.107) -0.021 (0.853) 0.155 (0.175) 

SWM 0.266 (0.019)* 0.279 (0.013)* 0.140 (0.220) 0.136 (0.233) 

Numbers of memory errorsb 

ORcM 0.329 (0.003)* 0.041 (0.724) -0.123 (0.283) -0.029 (0.798) 

ORM -0.108 (0.513) 0.164 (0.319) -0.224 (0.170) 0.040 (0.817) 

SRM 0.037 (0.823) 0.082 (0.621） -0.153 (0.353) 0.204 (0.213) 

OWM 0.148 (0.370) -0.295 (0.068) -0.215 (0.188) 0.305 (0.059) 

SWM 0.380 (0.017)* 0.414 (0.009)* -0.168 (0.306) 0.066 (0.689) 

Numbers of memory errorsc 

ORcM 0.349 (0.030)* -0.111 (0.501) -0.293 ( 0.070) 0.199 (0.225) 

Abbreviations: CID, Chronic insomnia disorder; ORcM, object recognition memory; ORM, object reference memory; OWM, object working memory; PSQI, 
Pittsburgh Sleep Quality Index; SRM, spatial reference memory; sTNF-R, soluble tumor necrosis factor receptor; SWM, spatial working memory; TNF, tumor 
necrosis factor 
aPartial correlation analysis in all participants, controlling of age, sex, educated year and HAMD-17 score; 
bPartial correlation analysis in all participants, controlling of age, sex, educated year, HAMD-17 and PSQI score; 
cPartial correlation analysis in CID participants, controlling of age, sex, educated year, HAMD-17 and PSQI score; 
* p < 0.05. 
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high doses it inhibited non-rapid eye movement sleep 
and rapid eye movement sleep [16]. Blocking the effect 
of TNF-α can decrease the sleep pressure (sleep 
homeostasis) after sleep deprivation [16]. It has been 
shown that plasma TNF-α level in human is correlated 
with δ intensity in electroencephalogram [27].  

There are a lot of studies on the relationships 
between sleep disorders and inflammatory factors. 
Many studies have shown that elevated IL-1β and 
TNF-α are involved in sleepiness [28]. Similarly, 
enhanced secretion of TNF-α and IL-6 are found in 
many conditions of sleep disorders, such as obstructive 
sleep apnea, chronic insomnia, narcolepsy and 
alcohol-related sleep disturbance [29]. A recent meta-
analysis revealed that there was a link between sleep 
disturbances and two markers of systemic inflammation 
(i.e. C-reactive protein and IL-6) [30]. But there may be 
no correlation between sleep disturbance and TNF-α 
level because of low degree of statistical power [23]. 
The current study, at the first time, showed that the 
serum levels of both TNF-α and TNF-β significantly 
increased in the CID patients, i.e., the levels of TNF-α 
and TNF-β in the CID patients respectively increased 
by 70% and 50% compared to the control group  
(Table 2). Interestingly, our results also showed that 
the increased TNF-α level was associated with 
impairments of SWM and ORcM, and the increased 
TNF-β level was also correlated with the SWM 
impairment (Table 3). These suggested that both TNF-
α and TNF-β, especially TNF-α, may be associated 
with selective impairment of memory system, especially 
SWM, in the CID patients. This is consistent with the 
view-point that TNF-β is more protective of nerve 
system than TNF-α [31].  

sTNF-Rs are natural inhibitors and modulators of 
TNFs activity [32]. There are two sTNF-Rs, i.e. sTNF-
R1 (p55) and sTNFR2 (p75). In many clinical 
situations, increased sTNF-Rs levels are maker of 
disease activity [32]. Intracerebroventricular injection of 
sTNF-R1 impairs physiological sleep, suggesting that 
sTNF-R1 may be involved in the inhibition of sleep 
induced by TNFs [32]. Even the picogram-changes of 
sTNF-Rs level in the peripheral circulation may affect 
complex brain functions such as sleep and mood. 
There is one study explored the variation of sTNF-R1 
on sleep-wakefulness, and found that sTNF-R1 
increased after 88-h whole sleep deprivation, but this 
effect was not seen in individuals who snapped 2-h/12-
h [33]. A rhythmic study find that the 24-h variations of 

sTNF-R1 and sTNF-R2 are characterized by a single 
cosine curve, and the apex time is near at 6 am (before 
waking up) [33]. The current study appeared to be the 
first time to describe the changed serum levels of 
sTNF-R1 and sTNF-R2 in the CID patients, and the 
correlations between the sTNF-R1 and sTNF-R2 levels 
and memories impairments. The results showed that 
the serum levels of these soluble receptors in the CID 
patients were significantly lower than those in the 
controls, i.e., sTNF-R1 was only about 40%, and sTNF-
R2 was only about 70% of the control group (Table 2). 
However, there were no significant correlation between 
serum sTNF-R1 and sTNF-R2 levels and memory 
performance in the CID patients after controlling the 
factors of age, sex, educated years, HAMD-17 and 
PSQI scores (Tables 3). These results indicated that 
sTNF-R1 and sTNF-R2 might not be involved in the 
changes of the memory function in the CID patients 
directly. 

In brief, the current study investigated the changes 
of objective memory function, serum levels of TNFs 
and their soluble receptors in the CID patients. The 
results suggested that the increased TNFs, rather than 
sTNF-Rs, levels in the CID patients may be related to 
their objective impairment of memories. This might 
provide a theoretical basis for neurobiological 
mechanisms of memory impairment in the CID 
patients. However, there are some limitations of this 
study. Firstly, to some degree, the sample size of this 
study was small and the sleep monitoring index was 
simple. Secondly, the certain memory aspects were 
chosen to examine here but not all memories. Thirdly, 
the levels of other inflammatory factors were not 
detected either. As a result, it is need to detect more 
factors to explore the co-relationship between 
inflammatory factors and memory impairment in more 
CID patients with more detailed history of illness. 
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