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Purpose: To examine whether associations exist between chronic insomnia disorder (CID) 
and overlooked inflammatory factors (Serum amyloid protein A [SAA]), tumor necrosis 
factor [TNF]-α, granulocyte-macrophage colony-stimulating factor [GM-CSF], and regulated 
on activation and normal T cell expressed and presumably secreted [RANTES]).
Patients and Methods: A total of 65 CID patients and 39 sex- and age-matched good 
sleeper (GS) controls participated in this study. They completed a baseline survey to collect 
data on demographics, and were elevated sleep and mood by Pittsburgh Sleep Quality Index 
(PSQI), Athens Insomnia Scale (AIS), 17-item Hamilton Depression Rating Scale (HAMD- 
17) and 14-item Hamilton Anxiety Rating Scale (HAMA-14), respectively. The blood 
samples were collected and tested the serum levels of SAA, TNF-α, GM-CSF and RANTES.
Results: The CID group had higher serum levels of SAA, TNF-α, and GM-CSF and a lower 
level of RANTES than the GS group. In the Spearman correlation analysis, SAA and GM- 
CSF positively correlated with the PSQI and AIS scores. After controlling for sex, HAMD- 
17 score, and HAMA-14 score, the partial correlation analysis showed that GM-CSF was 
positively correlated with PSQI score. Further stepwise linear regression analyses showed 
that GM-CSF was positively associated with the PSQI and AIS scores, while RANTES was 
negatively associated with them, and SAA was positively associated with just the AIS score.
Conclusion: The serum levels of inflammatory mediators (SAA, TNF-α, and GM-CSF) 
were significantly elevated and the level of RANTES was significantly decreased in CID 
patients and, to some extent, the changes are related to the severity of insomnia. These 
findings may help us to improve interventions to prevent the biological consequences of CID 
by inhibiting inflammation, thereby promoting health.
Keywords: chronic insomnia disorder, serum amyloid protein A; tumor necrosis factor 
(TNF)-α, granulocyte-macrophage colony-stimulating factor, regulated on activation and 
normal T cell expressed and presumably secreted

Introduction
In the general population, about a third of individuals have sleep complaints, and 
nearly 10% fulfill the diagnostic criteria for chronic insomnia disorder (CID).1 CID 
has a strong impact on quality of life and is a risk factor for the development of 
other disorders, including psychological disease,2,3 cardiovascular disease,4 

diabetes,5 certain cancers,6 obesity,7 and functional decline. This has substantial 
public health implications. In recent years, sleep research has increasingly focused 
on the biological mechanisms underlying these associations between insomnia and 
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somatic diseases,8–10 with substantial attention on the 
effect of chronic sleep loss on inflammation.

Compelling evidence has demonstrated that sleep dis-
turbance (defined as difficulty initiating or maintaining 
sleep) and shorter sleep duration are associated with ele-
vated inflammatory biomarkers, which may be linked to 
increased risk of chronic diseases.11–13 A systematic 
review and meta-analysis of 72 studies (n > 50,000) exam-
ined associations between insomnia and the proinflamma-
tory markers interleukin (IL)-6 and the acute-phase protein 
C-reactive protein (CRP).14 The results showed that 
insomnia assessed based on self-reported symptoms was 
associated with higher levels of IL-6 but not CRP, while 
insomnia assessed by questionnaire was associated with 
higher levels of both IL-6 and CRP.14 However, other 
studies found that insomnia symptoms were associated 
with elevated CRP but not IL-6 in young adults.15,16 

Other inflammatory factors that have frequently been 
explored in insomnia are tumor necrosis factor (TNF)-α 
and IL-1β, with associations between elevated levels and 
poor sleep quality.17–20 However, several other studies 
have shown no associations of insomnia with TNF-α and 
IL-1β.21,22 In brief, previous studies on insomnia and 
inflammation have predominantly focused on CRP, IL-6, 
TNF-α, and IL-1β, with slightly varying findings. These 
varying findings may be a result of inconsistent assessment 
of insomnia symptoms and different age group composi-
tions. Importantly, the changes in other kinds of inflam-
matory factors remain unclear. To fill this knowledge gap, 
examining insomnia–inflammation associations based on 
a range of inflammatory biomarkers is warranted.

Inflammatory factors include ILs, colony-stimulating 
factors, TNFs, and chemokines.23 Granulocyte-macro-
phage colony-stimulating factor (GM-CSF) is best viewed 
as a major regulator governing the functions of granulo-
cyte and macrophage lineage populations at all stages of 
maturation, playing a key role in inflammation.24 There is 
a mutual dependence between GM-CSF activity and 
monocyte or macrophage-derived proinflammatory cyto-
kine activity, such as IL-1 and TNF-α activity.25 Regulated 
on activation and normal T cell expressed and presumably 
secreted (RANTES; also known as C-C motif chemokine 
ligand 5 [CCL5]) is a chemokine.26 IL-1β has been shown 
to upregulate RANTES and GM-CSF mRNA in all fibro-
blast lines.27 TNF-α and IL-1β were found to be altered in 
insomnia patients.17–20 However, there is no research on 
the changes in GM-CSF and RANTES in insomnia 
patients. In addition, acute-phase proteins are blood 

proteins that can be used to assess inflammation. These 
proteins undergo changes in their serum concentrations by 
>25% in response to proinflammatory cytokine release 
during disease processes.28 Serum amyloid protein A 
(SAA) and CRP are the most prominent members of the 
acute-phase response. SAA gene transcription is mainly 
induced by lipopolysaccharide and cytokines, including 
IL-6, IL-1, and TNF-α; the most prominent proinflamma-
tory activities of SAA include the induction of the synth-
esis of pro-IL-1β.29 SAA has been implicated in several 
chronic inflammatory diseases, such as rheumatoid arthri-
tis and cardiovascular disease,30 and a study reported 
elevated SAA in the plasma of patients with clinical 
depression relative to healthy controls.31 The changes in 
SAA in patients with CID have not been explored.

In this study, we sought to examine whether associa-
tions exist between insomnia and the overlooked inflam-
matory factors (SAA, TNF-α, GM-CSF, and RANTES), to 
further understand the changes in inflammatory factors in 
CID patients.

Patients and Methods
Sample and Ethics Approval
Sixty-five patients (27 males and 38 females) with CID 
were recruited over a 6-month period from the Clinic of 
Sleep Disorder at the Affiliated Chaohu Hospital of Anhui 
Medical University. The CID patients had a mean age of 
41.4±12.1 years (range, 18 to 60). The inclusion criteria 
were as follows: 1) complaints of sleep difficulty with 
enough time and proper environment for sleep accompa-
nied by impairment of daytime functions; and 2) diag-
nosed based on the International Classification of Sleep 
Disorders (Third Edition) criteria,32 all the participants 
met criterion as listed in the ICSD-3 insomnia definition. 
The exclusion criteria were as follows: 1) taking antide-
pressants, antipsychotics, hypnotics and antibiotics within 
2 weeks; 2) noncooperation or unable to complete the 
questionnaires due to vision and hearing impairment; 3) 
chronic inflammatory diseases, organic brain diseases, 
drug abuse, or other serious medical conditions; 4) comor-
bid with other mental disorders; and 5) pregnant or lactat-
ing. Thirty-nine good sleeper (GS) controls with no sleep 
or mood complaints and similar medical history were 
recruited from the Center of Health Examination in the 
same hospital during the corresponding period in order to 
reduce the differences in regions and study period. Good 
sleepers (19 males and 20 females) had a mean age of 42.2 
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±14.3 years, with Pittsburgh Sleep Quality Index (PSQI) 
score < 7, Athens Insomnia Scale (AIS) score < 4, 17-item 
Hamilton Depression Rating Scale (HAMD-17) score < 7, 
and 14-item Hamilton Anxiety Rating Scale (HAMA-14) 
score < 7. The study was conducted in accordance with the 
Declaration of Helsinki, and it was approved by the Ethics 
Committee of the Affiliated Chaohu Hospital of Anhui 
Medical University. All subjects provided signed informed 
consent before study commencement.

Data Collection
Baseline Data Collection
We chose the appropriate assessment scales from our prelimin-
ary experiments. Before the beginning of the study, all the 
researchers were well trained to be familiar with the whole 
process of the survey and the instruction of the scale, and the 
standard of evaluation was unified, in order to ensure the 
consistency of methods of data collection and scales assess-
ment. Demographic data, including sex, age, illness duration, 
and education level, were collected. HAMD-17 and HAMA- 
14 were used to evaluate depression and anxiety, respectively, 
as they are the most frequently used scales for this purpose. 
Sleep quality was assessed by PSQI and AIS. PSQI is 
a standard scale assessing sleep quality based on recalling 
sleep behaviors in the past month, consisting of subjective 
sleep quality, sleep latency, sleep duration, sleep efficiency, 
somnipathy, use of hypnotic drugs, and diurnal dysfunction.33 

The total score ranges from 0 to 21 and, in China, a score ≥ 7 
has high diagnostic sensitivity and specificity for distinguish-
ing patients with poor sleep from normal subjects.34 AIS was 
modified in 2000 according to the International Classification 
of Diseases (ICD)-10 system.35 It is used to assess sleep quality 
in the prior month, and is suitable for evaluating sleep quality 
and monitoring treatment effects in patients with sleep disor-
ders and mental disorders. There are eight items on the scale: 
sleep onset, night and early-morning waking, sleep time, sleep 
quality, frequency and duration of complaints, distress caused 
by the experience of insomnia, and interference with daily 
functioning. Each item is rated from 0 to 3, and the total 
score ranges from 0 to 24, and the score ≥ 6 being classified 
as insomnia. The higher the score, the worse the sleep.34

Serum Levels of TNF-α, RANTES, SAA, and GM-CSF
Elbow intravenous blood was collected between 7:00 and 9:00 
a.m., with fasting and avoidance of strenuous activity and 
mental stimulation. The samples were separated immediately 
by centrifugation and the serum was frozen at –80°C. The 
serum levels of TNF-α, RANTES, SAA, and GM-CSF were 

assessed using a RayBiotech Chip Detection Test (Peachtree 
Corners, GA, USA) according to the manufacturer’s instruc-
tions by the simultaneous processing at last. All the samples 
were tested twice and got the average when the results were 
similar; otherwise, they would be retested and calculated again 
in order to reduce the test error.

Statistical Analysis
We checked and reviewed the data carefully and chose the 
correct statistical analysis methods. Statistical analyses were 
performed using IBM SPSS Statistics version 22.0 software 
(SPSS, Chicago, IL). Extreme values were deleted if they were 
higher than “mean + 3 SD” or lower than “mean – 3 SD”. The 
data were then assessed using normality plots. Normally dis-
tributed data are expressed as mean ± standard deviation, and 
differences between groups were assessed using t-tests. Non- 
normally distributed data are expressed as P50 (P25, P75), 
differences between groups were assessed using Mann– 
Whitney U-tests and the chi-square test was used to compare 
sex differences between groups. In order to discriminate 
between confounding factors and their influence, Spearman 
correlation analysis, partial correlation analysis, and stepwise 
linear regression were used to explore the associations between 
the serum levels of inflammatory factors and the sleep quality. 
In addition, receiver operating characteristics (ROC) analysis 
was performed to compare the diagnostic information pro-
vided by different inflammatory factors, according to the cal-
culated area under the curve (AUC), optimal cut-off points, 
sensitivity, and specificity. The AUCs at 0.9 indicated that 
these inflammatory factors had high diagnostic value. Two- 
tailed P<0.05 was considered to be statistically significant.

Results
Baseline Characteristics
There were no significant differences in age (t = 0.299, P = 
0.766), sex (χ2 = 0.509, P = 0.475), or education level (Z = 
0.306, P = 0.760) between the CID and GS groups. The PSQI, 
AIS, HAMD-17, and HAMA-14 scores were significantly 
higher in the CID group than the GS group (P < 0.001) 
(Table 1).

TNF-α, RANTES, SAA, and GM-CSF 
Levels
Compared to the GS group, the serum levels of TNF-α, SAA, 
and GM-CSF were significantly higher in the CID group, 
while the RANTES level was lower (P < 0.05, Table 2).
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Correlations of RANTES, SAA, GM-CSF, 
and TNF-α with Mood
In the Spearman correlation analyses, sex, the PSQI score, 
the AIS score and the serum levels of SAA and GM-CSF 
were positively correlated with the HAMD-17 and HAMA- 
14 scores (P < 0.05), and the TNF-α serum level was also 
positively correlated with the HAMD-17 score (P < 0.05). 
After controlling for sex, PSQI, and AIS scores, the partial 
correlation analyses showed that there was no relationship 
between the serum levels of inflammatory factors (SAA, 
TNF-α, GM-CSF, and RANTES) and the HAMD-17 and 
HAMA-14 scores (P > 0.05). Furthermore, the linear regres-
sion method by stepwise showed that HAMD-17 and 
HAMA-14 scores were positively associated with the AIS 
score (P < 0.05). HAMD-17 score was also positively asso-
ciated with PSQI score (P < 0.05, see Table 3).

Correlations of RANTES, SAA, GM-CSF, 
and TNF-α with Sleep Quality/Insomnia 
Severity
In the Spearman correlation analyses, sex, HAMD-17 
score, HAMA-14 score, and the serum levels of SAA 
and GM-CSF were positively correlated with the PSQI 
and AIS scores (P < 0.05). After controlling for sex, 
HAMD-17, and HAMA-14 scores, the partial correlation 
analyses showed that the serum level of GM-CSF was 
positively correlated with the PSQI score (P < 0.05). 
Furthermore, stepwise linear regression showed that 
PSQI and AIS scores were positively associated with 
HAMD-17 and HAMA-14 scores and GM-CSF and nega-
tively associated with RANTES (P < 0.05). AIS score was 
also positively associated with SAA (P < 0.05, see 
Table 4).

Table 1 Demographic and Clinical Characteristics of Participants

Variable CID GS Statistic P-value

Number 65 39

Sex (female, n, %) 22, 58.5% 19, 51.3% χ2 = 0.509 0.475

Age (yr) 41.37 ± 12.12 42.15 ± 14.28 t = 0.299 0.766

Education (yr) 12.00 (9.00, 16.00) 15.00 (9.00, 16.00) z = 0.306 0.760

PSQI (score) 14.97 ± 2.90* 2.00 (1.00, 3.00) z = 8.539 < 0.001

AIS (score) 14.55 ± 4.11* 0.00 (0.00, 1.00) z = 8.603 < 0.001

HAMD-17 (score) 10.40 ± 3.87* 3.00 (1.00, 5.00) z = 8.068 < 0.001

HAMA-14 (score) 10.71 ± 5.84* 0.00 (0.00, 2.00) z = 8.136 < 0.001

Notes: Data are expressed as mean ± SD (normally distributed variables) or P50 (P25, P75) (non-normally distributed variables). Compared to the GS group, *P < 0.05. 
Abbreviations: CID, chronic insomnia disorder; GS, good sleeper; PSQI, Pittsburgh Sleep Quality Index; AIS, Athens Insomnia Scale; HAMD-17, 17-item Hamilton 
Depression Rating Scale; HAMA-14, 14-item Hamilton Anxiety Rating Scale.

Table 2 TNF-α, RANTES, SAA and GM-CSF Levels in Participants

Variable CID GS Statistic P-value

Number 65 39

TNF-α (pg/mL) 427.41 ± 203.60** 322.51 ± 117.74 t = 3.188 0.002

RANTES (ng/mL) 4.30 ± 0.62* 4.60 ± 0.72 t = 2.180 0.032

SAA (ng/mL) 53.50 (32.89, 72.47)** 28.31 (19.30, 38.71) z = 4.575 < 0.001

GM-CSF (pg/mL) 152.00 ± 49.62** 113.18 ± 40.02 t = 4.142 < 0.001

Notes: Data are expressed as mean ± SD (normally distributed variables) or P50 (P25, P75) (non-normally distributed variables). Compared to the GS group, *P < 0.05, 
**P < 0.01. 
Abbreviations: CID, chronic insomnia disorder; GS, good sleeper; TNF-α, tumor necrosis factor-α; RANTES, regulated on activation and normal T cell expressed and 
presumably secreted; SAA, serum amyloid protein A; GM-CSF, granulocyte-macrophage colony-stimulating factor.
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Potential Blood Biomarkers of CID Based 
on Receiver Operating Characteristic 
(ROC) Curve Analyses
Regarding the ROC curve analyses, the sensitivity, spe-
cificity, and area under the curve (AUC) values are 
shown in Table 5. The AUCs of TNF-α, RANTES, 
SAA, and GM-CSF for differentiating between CID 
and GS were all > 0.60. The optimal cut-off values 

were 367.12 pg/mL, 3.81 ng/mL, 52.09 g/mL, and 
133.46 pg/mL, respectively.

Discussion
These Inflammatory Factors Were 
Altered in Patients with CID
This study examined the associations between insomnia 
and a range of inflammatory biomarkers in a cohort of 65 

Table 3 Correlations of RANTES, SAA, GM-CSF, and TNF-α with Mood

Analysis Variable Sex Age Education PSQI AIS TNF-α RANTES SAA GM-CSF

Spearman correlation (r) HAMD-17 0.208* −0.013 −0.073 0.795** 0.800** 0.256* −0.010 0.376** 0.308**

HAMA-14 0.235* −0.013 −0.115 0.770** 0.847** 0.196 −0.105 0.432** 0.290**

Partial correlation (r)a HAMD-17 0.103 0.204 −0.066 −0.025

HAMA-14 −0.148 −0.007 −0.023 −0.176

Stepwise linear 

regression (β)

HAMD-17 0.344* 0.507**

HAMA-14 0.796**

Notes: aPartial correlation analysis, controlling for the factors sex, PSQI score, and AIS score. *P < 0.05, **P < 0.01. 
Abbreviations: HAMD-17, 17-item Hamilton Depression Rating Scale; HAMA-14, 14-item Hamilton Anxiety Rating Scale; TNF-α, tumor necrosis factor-α; RANTES, 
regulated on activation and normal T cell expressed and presumably secreted; SAA, serum amyloid protein A; GM-CSF, granulocyte-macrophage colony-stimulating factor; 
PSQI, Pittsburgh Sleep Quality Index; AIS, Athens Insomnia Scale.

Table 4 Correlations of RANTES, SAA, GM-CSF, and TNF-α with Insomnia

Analysis Variable Sex Age Education HAMD- 
17

HAMA- 
14

TNF- 
α

RANTES SAA GM- 
CSF

Spearman correlation (r) PSQI 0.180 0.120 –0.147 0.795** 0.770** 0.184 –0.135 0.282** 0.297**
AIS 0.238* 0.007 –0.160 0.800** 0.847** 0.169 –0.125 0.398** 0.331**

Partial correlation (r)a PSQI 0.118 –0.183 0.203 0.268*
AIS 0.086 –0.202 0.282** 0.285**

Stepwise linear regression 

(β)

PSQI 0.536** 0.228* –0.159** 0.184**

AIS 0.180** 0.322** –0.165** 0.138* 0.172**

Notes: aPartial correlation analysis, controlling for sex, HAMD-17 score, and HAMA-14 score. *P < 0.05; **P < 0.01. 
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; AIS, Athens Insomnia Scale; HAMD-17, 17-item Hamilton Depression Rating Scale; HAMA-14, 14-item Hamilton 
Anxiety Rating Scale; TNF-α, tumor necrosis factor-α; RANTES, regulated on activation and normal T cell expressed and presumably secreted; SAA, serum amyloid protein 
A; GM-CSF, granulocyte-macrophage colony stimulating factor.

Table 5 ROC Curve Analysis Results Regarding Potential Blood Biomarkers of CID

Variable AUC (95% CI) Cut-Off Sensitivity Specificity

TNF-α ≥ 0.663 (0.551–0.775)** 367.12 pg/mL 0.554 0.743
RANTES ≤ 0.624 (0.498–0.750)* 3.81 ng/mL 0.821 0.257

SAA ≥ 0.761 (0.664–0.858)** 52.09 ng/mL 0.536 0.914

GM-CSF ≥ 0.761 (0.657–0.865)** 133.46 pg/mL 0.714 0.743

Notes: *P < 0.05, **P < 0.01.  
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; CID, chronic insomnia disorder; TNF-α, tumor necrosis factor-α; RANTES, regulated 
on activation and normal T cell expressed and presumably secreted; SAA, serum amyloid protein A; GM-CSF, granulocyte-macrophage colony stimulating factor.
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CID patients and 39 GS controls. We found that the 
levels of inflammatory mediators (SAA, TNF-α, and 
GM-CSF) in the CID patients were significantly elevated, 
while RANTES was significantly lower than in GS con-
trols. Higher serum SAA and GM-CSF levels were sig-
nificantly associated with higher total scores on the PSQI 
and AIS.

Previous studies have shown there was a strong rela-
tionship between inflammatory cytokines and depression 
and anxiety. For example, there was an increase in serum 
levels of TNF-α, IL-6, IL-13, IL-18, IL-12, IL-1RA, 
sTNFR2, CCL2 (MCP-1), CXCL4, and CXCL7, and 
a decrease in IFN-γ and CCL4 in people suffering from 
depression.36 It has been well established that a significant 
proportion of patients with anxiety-related disorders exhi-
bit evidence of elevated inflammatory markers, including 
increases in cerebrospinal fluid and blood concentrations 
of inflammatory cytokines and acute-phase reactants, such 
as IL-1, IL-6, TNFs and their soluble receptors, and 
C-reactive protein.37 In the current study, we found that 
the CID patients had not only higher levels of SAA, TNF- 
α and GM-CSF, and lower levels of RANTES (Table 2) 
but also higher levels if depression and anxiety (Table 1). 
Moreover, the Spearman correlation showed that the 
serum levels were positively correlated with both depres-
sive and anxious scores in SAA and GM-CSF, and with 
depressive scores in TNF-α (Table 3). These findings 
appeared to suggest that the changed levels of detected 
inflammatory cytokines are the results from changed emo-
tional states, at least partially. However, our data from 
Partial correlation and Stepwise linear regression indicated 
that the internal connection with SAA, GM-CSF, 
RANTES only occurred in insomnia but not in emotion 
(Tables 3 and 4). The cause might be that the severity of 
depression and anxiety was too mild to result in alteration 
of immune states.

Why did SAA exhibit robust associations with insom-
nia severity in our study? SAA is a powerful proinflam-
matory regulator, reciprocally interacting with multiple 
aspects of the inflammatory cascade.38,39 It binds to and 
activates multiple structurally diverse receptors that med-
iate inflammation, including Toll-like receptors 2 and 4 
(TLR2/TLR4), formyl peptide receptor-like 1 (FPRL1), 
and receptor for advanced glycation end products 
(RAGE).30 Through activation of these receptors, SAA 
has been shown to induce the secretion of the 

proinflammatory cytokines TNF-α, IL-6, IL-8, IL-23, and 
IL-18 and of the anti-inflammatory cytokine IL-10 in 
monocytes, macrophages, neutrophils, and fibroblasts. In 
addition, SAA is able to induce the secretion of mature IL- 
1β by providing the two signals needed for its production: 
binding to TLR2/TLR4 and activation of the NLR family 
pyrin domain-containing 3 (NLRP3) inflammasome in 
macrophages, dendritic cells, neutrophils, and mast cells. 
It is important to highlight that a growing body of the 
literature has evaluated the associations between elevated 
levels of IL-6, IL-1β, and TNF-α in people with insomnia 
symptoms, with slightly varying findings.17–20 Other 
reports found that two nights of total sleep deprivation 
increased SAA, which may be related to the onset of 
subclinical inflammation, weight gain, and insulin resis-
tance in both mice and humans.38,40 This increase may be 
due to increased SAA production or reduced SAA clear-
ance. In short, most of the previous studies involved arti-
ficial sleep restriction under experimental conditions or 
people with insomnia symptoms but without a diagnosis 
of CID. Our study, for the first time, found an elevated 
serum level of SAA in CID patients in a natural state. SAA 
has been suggested to play a role in obesity and insulin 
resistance.39 In addition, an elevated serum level of SAA 
is an independent and strong predictor of coronary artery 
disease and adverse cardiovascular outcomes.38 Our find-
ings may improve the understanding of the signaling link-
ing CID to its associated comorbidities, such as obesity, 
type 2 diabetes, and cardiovascular disease.

It is currently not known whether the SAA in the periph-
eral circulation can cross the blood–brain barrier (BBB) and 
enter the central nervous system. Peripheral inflammation can 
increase BBB permeability, so it is possible that peripherally 
produced SAA may influence the development of insomnia 
symptoms either by crossing the BBB itself or by inducing 
other inflammatory factors that then may cross the BBB. To 
investigate the role of SAA in the brain, Yu et al examined the 
effects of recombinant human SAA on primary cultures of 
microglia and astrocytes.41 They found that SAA was able to 
stimulate the production of IL-6, TNF-α, and other cytokines 
in microglia and astrocytes. SAA reduced the viability of 
astrocytes by inducing G1 cell cycle arrest. In addition, our 
previous study showed that CID patients had significantly 
increased serum levels of astrocyte biomarkers and we specu-
lated that CID patients may have pathological changes in their 
astrocytes.42,43 It is therefore possible that SAA, produced in 
the central or peripheral nervous system, could influence the 
development of insomnia symptoms by activating microglial 
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cells and inducing proinflammatory cytokine production. It is 
important to note that this study only cross-sectionally inves-
tigated the levels of potential biomarkers in CID patients. It is 
therefore not possible to draw any conclusions based on this 
study as to whether SAA is causally involved in the pathogen-
esis of CID.

This study demonstrated that the level of TNF-α, which 
is a proinflammatory cytokine, increased in CID patients. 
The enhanced TNF-α in the CID patients at least partially 
stems from increased SAA, as SAA can upregulate several 
proinflammatory cytokines, including IL-1β, IL-6, IL-8, 
and TNF-α.44 TNF plays a role in sleep regulation and 
its sleep-related effectors and actions. Substantial evidence 
from young healthy animals indicates that acute enhance-
ment or inhibition of endogenous brain TNF promotes or 
inhibits sleep, respectively.45–47 Research has shown that 
TNF-α can improve non-rapid eye movement sleep,48 

while the inhibition of TNF-α reduces spontaneous sleep. 
In addition, TNF-α is considered part of a larger biochem-
ical cascade involved in sleep regulation; other somno-
genic substances in this cascade include growth 
hormone-releasing hormone and nitric oxide.49 Notably, 
in most human studies on TNF and sleep, pathological 
conditions have been found to be associated with chronic 
elevations of systemic TNF and disrupted sleep. The 
chronic sleep disruption and shortening of sleep duration 
that occur in insomnia patients suggest that the chronicity 
of sleep loss across weeks or even years is an important 
factor in altering circulating TNF-α levels.50 Further 
research is needed to determine the changes in TNF levels 
in patients with different degrees and subtypes of 
insomnia.

GM-CSF is a hematopoietic cytokine that may affect 
various functions of the central nervous system, as the 
molecule and its receptors are expressed in the brain.51 

We assessed the GM-CSF levels in CID patients for the 
first time, and we found that insomnia patients had sig-
nificantly higher GM-CSF than GS controls, and GM-CSF 
positively correlated with the severity of insomnia. GM- 
CSF is not a proinflammatory cytokine produced immedi-
ately after the onset of infection or inflammation. Rather, it 
is induced as a result of the proinflammatory cytokine 
activation cascade, involving somnogenic IL-152 and 
TNF-α.53 SAA can also upregulate GM-CSF.44 The 
human body is a complex physiological entity, with var-
ious inflammatory factors influencing each other. The 
chronic process of insomnia is an important factor leading 
to changes in the levels of many circulating cytokines.

RANTES is classified as a chemokine and is 
a chemoattractant of T cells, eosinophils, and basophils, 
recruiting leukocytes into inflammatory sites.54 Apart from 
its widely known role in human immunodeficiency virus 
infection, RANTES plays a role in inflammation in patients 
with obstructive sleep apnea,55,56 which manifests as 
a positive association between RANTES and Apnea– 
Hypopnea Index (AHI) in adults. A recent study found that 
sleep deprivation was associated with a potential decrease in 
the RANTES/CXCL9 ratio, which is related to changes in the 
Th1-related chemokine balance.57 Our study, for the first time, 
detected the serum level of RANTES in CID patients and 
found that it was negatively correlated with the severity of 
insomnia.

The Possible Diagnostic and Prognostic 
Value of These Inflammatory Biomarkers
ROC analysis was used to calculate the cut-off values of 
different inflammatory biomarkers to discriminate 
between true and false CID diagnosis as established by 
the ICSD-3 criteria. The results showed that the AUCs of 
all four inflammatory biomarkers were over 0.6 between 
patients with CID and GS. The optimal cut-off values for 
TNF-α, SAA and GM-CSF indicated that subjects should 
be considered to have CID if their inflammatory biomar-
kers levels were above the corresponding cut-off values. 
The optimal cut-off values for RANTES indicated that 
subjects should be considered to have CID if their 
inflammatory biomarkers levels were lower than the 
corresponding cut-off values. These results might pro-
vide strong cues for considering CID relative to healthy 
sleep, implying the possibility that these serum indexes 
act as objective diagnostic markers for CID. Combining 
these four indicators may provide a more specific and 
sensitive method to better manage and offer more accu-
rate prognosis of patients with CID.

Limitations
There are several limitations in this study. The inflammatory 
factors were only measured at initial presentation rather 
than being tracked during the treatment of insomnia. 
Additionally, this study is an exploratory analysis based 
on a relatively small sample. The limited statistical power 
due to the sample size means that we cannot accurately 
determine the different contributions of each inflammatory 
factor to insomnia. In future research, a larger sample size is 
needed to increase the statistical power. Finally, our analysis 
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was limited to the serum levels of the inflammatory factors, 
and we were unable to assess the association between the 
inflammatory factors and complications caused by insom-
nia. The study findings should motivate further investiga-
tions into the inflammatory mechanisms underlying the 
effects of CID, which will have implications for cardiovas-
cular and other chronic inflammatory disorders in insomnia 
patients.

Conclusions
In summary, our data showed that the levels of inflammatory 
mediators (SAA, TNF-α, and GM-CSF) were significantly 
elevated, while the level of RANTES decreased in CID 
patients and, to some extent, these changes are related to 
the severity of insomnia. In the future, we can verify the 
roles of these inflammatory mediators (SAA, TNF-α, GM- 
CSF, and RANTES) in the mechanism of insomnia by 
animal experiments, and find the interventions of preventing 
the biological consequences of CID by inhibiting inflamma-
tion. As a result, the health of insomnia will be improved.
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