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Abstract
Background: Chronic tension type headache (CTTH) is the most prevalent headache and is associated with a 

high socio-economic impact. The exact pathogenesis of CTTH remains unclear. It has been shown CTTH has many 
similar clinic features with fibromyalgia (FM) and major depression disorder (MDD). Several studies have found some 
changes of hypothalamic-pituitary-adrenal (HPA) and hypothalamus-pituitary-thyroid (HPT) axes, sex hormones and 
pro-inflammatory cytokines in FM and MDD. We speculated CTTH has the same changes. Striving to provide new 
insights into the pathophysiology of CTTH, we designed this trial to address the common and specific aspects of these 
three disorders in their clinic features and pathophysiological mechanisms, especially from neuroendocrine system and 
inflammatory pathways. 

Method: The patients with CTTH, FM and MDD were recruited, and the healthy subjects were selected as 
controls. The sleep quality, depressive mood and cognitive function of all subjects were evaluated. The serum levels of 
corticotrophin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), cortisol, thyrotrophin releasing hormone 
(TRH), thyroid stimulating hormone (TSH), total triiodothyronine (TT3), total thyroxine (TT4) , gonadotrophin releasing 
hormone (GnRH), interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α) were detected to find the changes of 
neuroendocrine system and inflammatory pathways which are believed to be linked with these disorders. 

Results: Compared with the controls, the HAMD-17 and PSQI scores were significantly higher (Ps<0.001) and the 
MoCA-C score was significantly lower (P=0.029) in the CTTH, FM and MDD patients. The patients with the CTTH, FM 
and MDD showed different degrees of damage in spatial and object memories compared to the controls (Ps<0.05). The 
changes of the HPA and HPT axes, GnRH and pro-inflammatory cytokines in the CTTH, FM and MDD patients were 
similar. In addition, the serum levels of CRH, cortisol, GnRH, TRH, IL-1β and TNF-α were significantly higher (P<0.001) 
while TT3, TT4 were significantly lower (P<0.001) in the CTTH, FM and MDD groups relative to the controls. The FM 
patients showed lower value in the pituitary level of HPA and HPT axis.

Conclusion: The patients with CTTH had similar patterns of memory damage and changes of the HPA and HPT 
axes, GnRH and pro-inflammatory cytokines with the FM and MDD patients. 
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Introduction
Tension-type headache (TTH) is the most prevalent primary 

headache disorder worldwide [1]. Epidemiological studies reveal that 
20–30% of the Asian population suffers from TTH and the global 
prevalence of TTH in the adult population is 42% [1]. As its chronic 
form, chronic tension type headache (CTTH) is characterized by daily 
(or almost daily) headaches that last several hours per day [2] and is 
a serious subtype, which is difficult to treat. Besides headache, some 
additional symptoms apply frequently such as emotional disturbance 
and sleep disturbance [3]. Patients with CTTH often complain of their 
poor memory but research about memory of CTTH is rarely.

The exact etiology and pathophysiological mechanism of CTTH 
remains unclear. It seems that central mechanisms such as central 
sensitization might predominate in CTTH [4,5]. The peripheral 
mechanism includes increased pericranial muscle tenderness and 
generalized pressure pain hypersensitivity [6] and genetic factors [7,8] 
also contribute to the pathophysiology of CTTH. But these can’t explain 
why emotional disturbance and sleep disturbance co-morbidities are 
common in patients with CTTH [3,9]. 

Fibromyalgia (FM) is another chronic pain syndrome, which also 
involve in central sensitization mechanisms [10]. The major symptoms 

of FM include multifocal pain, fatigue, sleep disorder, psychological 
distress and cognitive impairment [11-13]. Major depression disorder 
(MDD) is also a common condition in the neurologic clinics. Patients
with MDD often see a doctor because of the physical symptoms just
like headache, back pain, fatigue, insomnia, memory problems, etc.
[14-16]. We can find that the patients suffered from the three diseases
share many overlapping symptoms mentioned above and tend to live
poor-quality life or even with disability because of chronic pain and
other symptoms. Furthermore, the three disorders are more prevalent
in women with a higher comorbidity [1,12]. It seems plausible that the
three diseases may have a similar pathophysiology.

Studies have found that the dysfunction of regulation in 
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hypothalamic- pituitary-adrenal (HPA) axis may play an important 
role in FM and MDD [17,18]. Results on the HPA axis function in 
FM are heterogeneous, with both hyperactivity and hypoactivity [18-
20]. The changes of hypothalamus-pituitary-thyroid (HPT) axis and 
hypothalamus pituitary-gonadal (HPG) axis also have been found in 
MDD [21, 22]. Pro-inflammatory cytokines, including interleukin-1 
(IL-1) and tumor necrosis factor-α (TNF-α) play important roles in 
mediating depression and are implicated in the etiologies of clinical 
depression disorders [23-25]. IL-1 and TNF-α can increases the pain 
behavior and cause neuropathic  pain [26,27]. So we speculate about 
whether the cognitive function and the serum levels of the HPA-, HPT- 
and HPG-axis hormones, and inflammatory factors also change in the 
patients with like the patients with FM and MDD.

Methods
Subjects

The subjects come from Neurologic Clinic of the First Affiliated 
Hospital of Anhui Medical University. The patients met one of the 
following criteria, including International Classification of Headache 
Disorders, Second Edition for CTTH [2], the American College of 
Rheumatology criteria for FM (1990) [28], Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition, text revision (DSM-IV-
TR) for MDD [29]. Meanwhile, the healthy subjects were recruited 
as the controls. Subjects with infective diseases and the diseases in 
endocrine system and immune system (such as thyroid diseases, 
rheumatoid arthritis) or any other psychiatric disorders, and those 
under such related medical treatment were excluded. The participants 
were informed in advance of the aims and procedures of the experiment. 
All participants signed informed consent before the study, which is 
qualified by the Clinical Trial Ethics Committee of the First Affiliated 
Hospital of Anhui Medical University.

Baseline data collection

The baseline data, including age, sex, the years of education, 
medical history, were collected in all of the subjects.

Assessment of depressive mood, the quality of sleep and 
cognitive functions

40 CTTH, 26 FM and 50 MDD patients and 29 health controls 
completed Pittsburgh sleep quality index scale (PSQI), 17-term 
Hamilton's Depression Scale (HAMD-17), the Chinese version of the 
Montreal cognitive assessment scale (MoCA-C) and special memory 
test, respectively. In China, a PSQI score ≥ 7 has high diagnostic 
sensitivity and specificity in distinguishing patients with sleep problems 
from normal subjects. A HAMD-17 score ≥ 17 suggests moderate 
to severe depression. A MoCA-C score <26 is considered abnormal 
cognition.

We used a slightly improved version of the Nine Box Maze Test 
[30] to assess object reference memory (ORM), spatial reference 
memory (SRM), object working memory (OWM) and spatial working 
memory (SWM). Materials utilized in the test consisted of 10 daily 
objects, including a button, key, coin, battery, watch, pencil sharpener, 
nail clipper, shears, scotch tape and clothespin, 9 identical opaque 
containers of height 9 cm and diameter 8 cm, and 5 photographs 
arrays of the 10 objects. The 9 containers were equidistantly located 
along the border of a round table. The procedure consisted of an object 
familiarization phase, a training phase and a testing phase. During the 
object familiarization phase, the subject was shown as 10 objects, and 

was instructed to name and remember them. In the training phase, 
the examiner put 2 objects from the object familiarization phase into 
2 separate containers, told the subject to remember the objects and the 
containers, and instructed him/her to move around the table 2 cycles 
clockwise and anticlockwise successively. Then the examiner showed 
the photographs to the subject to recognize the objects and point out 
the containers hiding them. If the subject had a correct response, the 
test got into the next step. If not, he/she is required to continue to point 
out until a correct answer was given. The result in this period wasn’t 
recorded. After the subject passing the training period, the examiner 
would ask him/her to memorize the 2 objects and their positions which 
wouldn’t be changed until the whole test was over. In the testing phase, 
the examiner put another 2 objects from the object familiarization 
phase into another 2 containers and required the subject to remember 
them. The subject’s movement and sequential recognition of the 
context were identical to the training phase. The errors were recorded 
as the OWM and SWM. Following another 3 identical trails, the subject 
was required to point out the first 2 unchanged objects and containers. 
The errors were recorded as the ORM and SRM, respectively.

Blood sample collection and hormones and cytokines tests

34 CTTH, 28 FM and 31 MDD patients and 30 health controls 
completed the serum test. The blood samples were collected in the 
morning over 60 min after waking up (between 07:30 AM and 08:00 
AM) in a sitting position after resting and relaxing for 30 min without 
any strenuous exercise. After the blood was immediately centrifuged, 
the obtained sera were stored at –80°C until the hormones and cytokines 
were assayed. The enzyme-linked immunosorbent assay was used to 
detect the serum concentrations of hypothalamic releasing hormones, 
pituitary and target-gland hormones and pro-inflammatory cytokines, 
including corticotrophin-releasing hormone (CRH), thyrotrophin 
releasing hormone (TRH), gonadotrophin releasing hormone (GnRH), 
adrenocorticotropic hormone (ACTH), thyroid stimulating hormone 
(TSH), cortisol, total triiodothyronine (TT3), total thyroxine (TT4), 
IL-1β and TNF-α. The whole process was completed following the 
manufacturer’s instructions from the Kits purchased, with sensitivity 
>84 % and specificity >98 % respectively. All sample measurements 
were run in duplicate, and the averages were calculated for analysis. 
Intra and inter-assay coefficients of variation were less than 9% and 
11%, respectively.

Statistical analysis

All statistical tests were carried out by the standard SPSS package, 
Version 13.0 for windows. The data were explored to reveal their 
feature of distribution before statistical tests were performed. Among 
the normally distributed data, the variables were expressed as means 
(standard deviation [SD]), and analysis of variance (ANOVA) with 
Fisher’s least-significant difference test was chosen to make a pairwise 
comparison in the parameter test. Considering the influence factors of 
cognitive function, such as age, sex and educational degrees, we used 
multivariate analysis of variance to make a comparison of MoCA-C 
and memory performances. Among the abnormally distributed data, 
the variables were expressed as the 50th quartile (25th and 75th 
quartile) (P50 [P25, P75]), and the Kruskal-Wallis H test was put into 
use. For the SPSS didn’t have the pairwise comparison program in 
Kruskal-Wallis H test, we make the pairwise comparison by manual 
computation. The level of statistical significance was set at a two-tailed 
P-value of 0.05.
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Result
Background data

The results are listed in Table 1. There were significant differences 
of HAMD-17 and PSQI scores among the four groups, while no 
significant differences of age, sex and years of education were indicated. 
Compared with the controls, all the MDD, CTTH and FM groups had 
significant higher HAMD-17 and PSQI scores (Ps<0.05). The MDD 
patients had the highest HAMD-17 scores, reaching the severe criteria 
of this scale for moderate to severe major depression. The patients with 
CTTH and FM also met the standard of mild depression. The MDD 
patients had the highest score of PSQI, indicating the worst sleep 
quality, and the FM patients had the lowest PSQI scores.

Comparison of cognitive functions 

Verified by pre-analysis, MoCA-C, OWM, SRM and SWM turned 
out to be within the condition of covariance analysis. Since ORM was 
not covariance-analysis- friendly, Kruskal-Wallis H test was applied 
instead. Multivariate analysis of variance showed the sex had no 
influence on the cognitive functions. The age and years of education 
significant affected the MoCA-C scores, but appeared negative on the 
performance in the Nine Box Maze Test. Diseases had significant effects 
on all the cognitive tests. After adjusted the age and years educated, the 
results are shown in Table 2. The MoCA-C scores were significantly 
lower in all the patients (tCTTH = −1.651, P = 0.011; tFM = −1.930, P = 
0.007; tMDD = −1.956, P = 0.002) relative to the controls. In the Nine Box 
Maze, all the CTTH, FM and MDD groups had significant more error 
numbers of ORM (tCTTH=2.794, P<0.01; tFM=2.706, P<0.01; tMDD =2.881, 
P<0.005), SRM (tCTTH=2.095, P=0.04; tFM=2.89, P=0.006; tMDD=2.408, 
P=0.018), OWM (tCTTH=2.192, P=0.032; tFM=3.495, P=0.001; tMDD=2.21, 
P=0.03) and SWM (tCTTH=2.753, P=0.008; tFM=3.605, P=0.001; 
tMDD=4.251, P<0.001) compared with the controls. No differences 
shown between the CTTH, FM and MDD groups in the performances 
of MoCA-C and the Nine Box Maze.

Alterations in the hormones and pro-inflammatory cytokines

The hormonal and pro-inflammatory cytokines data are displayed 
in (Table 3), with the statistic values concluded from a whole 
comparison for the four groups. For the HPA axis, the serum level of 
CRH was significantly higher in the CTTH (t=5.716, P<0.001), FM 
(t=6.207, P<0.001) and MDD (t=5.563, P<0.001) groups relative to 
the control group, with no difference among the disease groups. The 
level of ACTH was higher in the CTTH (t=3.458, P<0.001) and MDD 
(t=2.963, P<0.001) patients than that in the FM patients. The cortisol 
was significantly higher in all the disease groups than the controls 
(tCTTH=12.428, tMDD=23.684 and tFM=12.198, Ps<0.001). However, 
the CTTH (t=11.944, P<0.001), FM (t=10.961, P<0.001) groups had 
significantly lower level of cortisol compared with the MDD patients. 
For the HPT axis, the TRH was significantly different among groups 
(F=385.47, P<0.001). The three groups of patients showed relatively 
higher level of TRH (Ps<0.05). Among the three groups of patients, the 
TRH level of CTTH was higher than that of the MDD (P<0.05), which 
was in turn higher than that of FM (P<0.005). The TSH level in CTTH 
was similar with MDD and controls but higher than FM (P=0.007). The 
serum TT3 and TT4 were significantly lower in the CTTH (t=3.455, 
12.700; Ps<0.001), FM (t=5.001, 5.194; Ps<0.001) and MDD (t=4.944, 
12.900; Ps<0.001) groups compared with the control group. Among the 
three disease groups, there were no significant differences for the TT3, 
however, the CTTH (t=7.119, P<0.001) and MDD (t=7.435, P<0.001) 
patients had lower TT4 compared with the FM patients. For the HPG 
axis, the only hormone detected, GnRH, was significantly higher in 
the CTTH (t=16.511, P<0.001), FM (t=5.414, P<0.001) and MDD 
(t=21.265, P<0.001) groups than that in the control group. The level of 
GnRH in the CTTH patients was higher than the FM patients (t=10.632, 
P<0.001) but lower than the MDD patients (t=5.276, P<0.001). For 
the pro-inflammatory cytokines, the level of IL-1β and TNF-α was 
significantly higher in the CTTH (tIL-1β=11.874, P<0.001; tTNF-α=12.156, 
P<0.001), FM (tIL-1β=15.033, P<0.001; tTNF-α=14.767, P<0.001) and 

CTTH FM MDD Controls Statistic P-value
Age (y) 38.2 (13.3) 38.3 (13.0) 38.3 (12.8) 33.5 (11.5) F=1.87 =0.37

Sex (male/female) 15/25 10/16 20/30 18/11 x2=5.17 =0.16
Education (y) 11.3 (2.3) 11.3 (2.8) 12.0 (3.1) 12.0 (3.2) F=0.77 =0.51
HAMD-D (17) 15.0 (9.0,21.0) *# 13.5 (9.0,21.5) *# 20.0 (16.0,24.0) * 5.0 (2.0,7.0) H=65.15 <0.001

PSQI 12 (6.5,15.0) *† 7 (4.0,12.0) * 14 (9.0,16.0) *† 3 (1.5,6.0) H=50.5 <0.001

Abbreviations: CTTH: Chronic Tension Type Headache; FM: Fibromyalgia; MDD: Major Depression Disorder; HAMD-17: 17-term Hamilton's Depression Scale; PSQI: 
Pittsburgh Sleep Quality Index Scale.
Expression: normal distribution variables (Mean [SD]); non-normal distribution variables (P50 [P25, P75]). 
*P<0.05, Denotes a significant difference compared to controls
#P<0.05, Denotes a significant difference compared to MDD
†P<0.05, Denotes a significant difference compared to FM

Table1: Demographic characteristic of subjects.

CTTH FM MDD Controls Statistic P-value
MoCA-C 25.63 (2.37) * 25.35 (2.15)* 25.32 (3.04)* 27.28 (2.58) F=3.1 0.029

ORM 2.38 (2.52) * 2.23 (2.12) * 1.94 (1.62) * 0.97 (1.78) H=11.03 0.012
SRM 3.48 (2.46) * 3.96 (2.24) * 3.68 (2.65) * 2.31 (2.00) F=2.69 0.049
OWM 2.98 (2.83) * 4.04 (3.04) * 2.92 (2.75) * 1.62 (2.04) F=3.70 0.013
SWM 7.58 (4.67) * 8.77 (4.89) * 9.06 (4.80) * 4.83 (3.12) F=5.97 0.001

Abbreviations: CTTH: Chronic Tension Type Headache; FM: Fibromyalgia; MDD: Major Depression Disorder; MoCA-C: Chinese-Beijing Version of Montreal Cognitive 
Assessment; SEM: Self-Evaluation Of Memory; ORM: Object Reference Memory; SRM: Spatial Reference Memory; OWM: Object Working Memory; SWM: Spatial Working 
Memory; ORcM: Object Recognition Memory
Expression: normal distribution variables (Mean [SD]); non-normal distribution variables (P50 [P25, P75]). 
*P<0.05, Denotes a significant difference compared to controls
Covariates appearing in the model are evaluated at the following values: age=37.3; educational degrees=11.7

Table 2: The performances of cognitive functions in the different groups.
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is not influenced by age and education and is efficient to test slightly 
declined memory. Therefore, it is so far an optical means to detect the 
mild impairment of multiple memory system in the clinic settings. Our 
results indicated that patients with CTTH had declined object (working 
and reference) and spatial (working and reference) memories, which 
was remarkably consistent of FM and MDD. The results also enlarged 
the information of memory impairment in FM and MDD in the former 
reference [31-33].

The changes of hormones and pro-inflammatory cytokines in 
CTTH were similar to the other two illnesses

The results of the neuroendocrine hormones and pro-inflammatory 
cytokines pointed out a similar profile of changes in the three 
diseases. The obvious elevated level of CRH and cortisol reflecting a 
hyperactivity of function in the HPA axis in CTTH like the other two 
diseases. The level of ACTH in all the patients didn’t have significant 
difference compared to the controls but the FM patients had the 
lower level of ACTH than the CTTH and MDD patients. This may 
be contributed to that the pituitary hormones are lags in response to 
the hypothalamus hormones or/and are acted by the over-feedback 
of target-gland hormones with more obvious in the FM patients. 
Contrasted to the HPA axis, the elevated TRH and decreased TT3 and 
TT4 in CTTH suggested a hypoactivity of function in the HPT axis, so 
were the FM and MDD. Similarly, the pituitary hormone TSH of HPT 
axis also had no difference between all the patients except FM patients 
had a lower level. The level of GnRH was increased in the patients 
with CTTH compared to the controls, suggesting the hypothalamus 
hormone of HPG axis was hypersecretion in CTTH. The same change 
was also found in FM and MDD, but the ascent range of GnRH was 
different, the MDD patients had the highest level and the FM patients 
had the lowest level relatively. The elevated levels of pro-inflammatory 
cytokines IL-1β and TNF-α in CTTH suggest an over-activation in the 
inflammatory pathway in accordance with the other two diseases and 
the inflammatory response was lower in the CTTH patients and higher 
in the MDD patients relatively. In brief, the patients with CTTH had 
a consistently changed profile in the HPA axis, HPT axis, GnRH and 
pro-inflammatory cytokines with the FM and MDD patients. 

The possible mechanisms of CTTH

Everyone will encounter life stressors such as physical, emotional 
or sexual abuse in his or her life, which can emphatically cause a 

MDD (t IL-1β=26.825, P<0.001; tTNF-α=25.433, P<0.001) groups than that 
in the controls. The CTTH patients had the lower IL-1β and TNF-α 
than the MDD patients (t IL-1β=15.686, P<0.001; tTNF-α=13.969, P<0.001). 
The level of IL-1β in CTTH was also lower than in the FM patients 
(t=3.823, P<0.001) but was no significant difference in TNF-α.

Discussion
The patients with CTTH had mood, sleep and memory 
damages

In the current study, the similar clinic dimensions were found 
among the patients with CTTH, FM and MDD, including the 
dimensions in the age, sex, mood, sleep and cognition. The patients 
who visited a clinic were at the midlife with about averaged 38 years 
old, and the number of women was more relative to the men. The 
patients with CTTH had dysfunction of mood and sleep like FM and 
MDD in line with previous studies [3]. The depression mood is more 
similar to FM and sleep quality is more similar to MDD in CTTH. 

Studies have stated that impairment of multi-cognition domains 
in the FM and MDD patients, including complex attention function, 
working memory, long-term memory and executive functions [31-33]. 
But there were few researches about cognitive function in CTTH for 
reference. Only a study revealed that children with CTTH most likely 
to be less brilliant at verbal skills [34]. Our study focused on cognitive 
function in CTTH especially memory. We used MoCA-C, a widely 
accepted cognitive test to evaluate all the participants. The result showed 
that all the patients had the lower scores compared to the controls. But 
this test is limited in clinical application for it is influenced by age and 
educational degree. With modified age and educational degree, all the 
patients hit similar scores in MOCA-C. 

In order to accomplish more objective and accurate evaluation 
of memory, we introduced Nine Box Maze Test for the first time to 
evaluate ORM, SRM, OWM and SWM of the participants with the 
three diseases. Nine Box Maze Test based on Abraham’s design 
[35], involves aspects of declarative memory (including semantic 
and episodic memory), non-declarative memory (e.g., procedural 
memory), and short- and long-term memory [36]. We modified the 
protocol of the Nine Box Maze Test to obtain more accurate sensitive 
measurements of memory function. This test can be easily operated and 
doesn’t need special software and professional trainer. Furthermore, it 

CTTH FM MDD Controls Statistic P-value
CRH (ng/l) 100.3 (82.8, 137.1)* 107.4 (85.4, 153.1) * 101.3 (81.0, 126.7) * 69.5 (48.7, 76.7) H=36.83 <0.001

ACTH (ng/l) 91.5 (87.3, 96.2) † 83.3 (79.5, 90.9) 91.2 (85.4, 93.5) † 87.3 (84.1, 91.6) H=12.81 0.005
Cortisol (μg/l) 199.0 (181.7, 221.4) *# 208.3 (192.7, 213.9) *# 310.9 (298.2, 335.7) * 125.6 (118.5, 135.8) H=102.62 <0.001

TRH (ng/l) 129.1 (5.0) *# 87.4 (6.7) ‡*# 98.4 (5.7) * 82.7 (6.8) F=385.47 <0.001
TSH (mIU/l) 2.7 (0.4) 2.6 (0.3) # 2.8 (0.2) 2.7 (0.3) F=2.76 0.045
TT3 (μg/l) 4.3 (4.0, 4.6) * 3.8 (2.7, 4.7) * 4.1 (3.6, 4.3) * 6.1 (5.8, 6.4) H=26.41 <0.001
TT4 (μg/l) 199.5 (180.1, 229.1)* 236.6 (230.4,243.0) ‡*# 203.2 (182.1, 211.7) * 317.1 (281.3, 341.3) H=80.56 <0.001

GnRH (ng/l) 26.9 (24.8, 28.2)* †# 20.2 (19.0, 20.9) *# 28.4 (27.8, 29.4) * 18.1 (17.5, 18.9) H=100.81 <0.001
IL-1β (ng/l) 42.6 (38.4, 64.5) *#† 53.0 (44.4, 69.4) *# 79.5 (78.2, 81.9) * 26.8 (24.7, 28.5) H=104.76 <0.001

TNF-α (ng/l) 49.1 (43.7, 78.5) *# 59.1 (50.4, 74.6) *# 91.2 (88.1, 92.3) * 33.1 (31.1, 34.7) H=103.12 <0.001

Abbreviations: CTTH: Chronic Tension Type Headache; FM: Fibromyalgia; MDD: Major Depression Disorder; CRH: Corticotrophin-Releasing Hormone; ACTH: 
Adenocorticotropic Hormone; TRH: Thyrotrophin- Releasing Hormone; TSH: Thyroid Stimulating Hormone; TT3: Total Triiodothyronine; TT4: Total Thyroxine; GnRH: 
Gonadotropin-Releasing Hormone; IL-1β: Interleukin-1β; TNF-α: Tumor Necrosis Factor-α
Expression: normal distribution variables (Mean [SD]); non-normal distribution variables (P50 [P25, P75]). 
*P<0.05, Denotes a significant difference compared to controls
#P<0.05, Denotes a significant difference compared to MDD
†P<0.05, Denotes a significant difference compared to FM
‡P<0.05, Denotes a significant difference compared to CTTH

Table 3: Serum levels of hormones and cytokines in subjects.
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condition known as stress sensitization. HPA axis is involved in stress 
sensitization circuits. HPA axis respond to acute stress is to boost 
the release of CRH, ACTH and cortisol. Under normal condition, 
increased serum cortisol levels induce an inhibition of the HPA 
axis to diminish the release of CRH and returning the HPA system 
to normal circumstance. Nevertheless, after prolonged stress, this 
negative feedback mechanism is disrupted. Individuals who have 
the susceptibility gene to stress appear to be more vulnerable to the 
effect of stress. HPA axis of these people is more active and the normal 
negative feedback is more likely to be damaged. As a result, the level 
of CRH often elevated. CRH plays an important role in prolonged 
clinical pain and affective disorders [37]. Increased CRH receptor in 
some brain regions like amygdale, hippocampal can contribute to pain 
and depressive mood in the absence of tissue pathology or disease state 
[38]. Early studies have found CRH can decrease the slow wave sleep 
and increase light sleep and awakenings in men [39]. The elevated 
CRH and cortisol have a significant impact on sleep quality and even 
leads to insomnia [40,41]. A recent study has showed that CRH is an 
independent risk factor for insomnia rather than cortisol [40] as it may 
be more influencial on sleep than cortisol is. Additionally, the elevated 
level of cortisol can destroy memory [42]. So we could assume that 
the hyperactivity of the HPA axis plays a central role in the onset and 
development of CTTH and the hormones changes of the HPA axis are 
associated with the clinic symptoms of CTTH. 

From our study, the function of HPT axis in CTTH was decreased. 
HPT axis can be influenced by stress and abnormal function of HPA 
axis. Stress is a modulator of HPT axis, but the response of HPT axis to 
stress is different. The levels of TSH and thyroid hormones depend on 
the type, length and severity of the stressors and the function of HPA 
axis. Severe stressors often cause a decrease in thyroid hormone levels 
[43]. Over-activated function of HPA axis can suppress the activity 
of HPT axis [44]. The decreased function of thyroid may associate 
with pain [45]; affect mental status such as leading to depression [46]. 
Thyroid hormones are also associated with cognitive function. Adults 
with elevated thyroid hormones performed better on tests of visuo-
spatial/visuo-construction ability, psychomotor speed and language/
verbal than the ones with lower level of thyroid hormones [47]. Patients 
with hypothyroidism often experience sleep disturbances [48].

Epidemiological studies have shown that CTTH is more prevalence 
in women [1] which suggest sex hormones maybe involved in CTTH. 
Lower estradiol and higher progesterone levels in women with MDD 
have been observed in many studies [21,22] By reason of the complex 
effects of age and gender, we examined only GnRH in the HPG axis. 
Our results showed an increased level of GnRH in the CTTH patients. 
One case is indispensable here in the paper about a woman treated with 
a GnRH analogue for endometriosis who developed typical clinical 
features of FM [49]. Using GnRH-agonist to women, a significant 
phase effect was unveiled for  depression symptoms during in vitro 
fertilization-embryo transfer cycles [50]. These suggested that GnRH 
is associated with pain and depression which are the main symptoms 
of CTTH.

Over-activation of inflammatory pathways has been found in the 
patients with CTTH [51], FM [52] and MDD [53], and further was 
supported by the current researches. Pro-inflammatory cytokines 
affects the secretion of CRH, ACTH and glucocorticoids through the 
regulation of HPA axis activity in the brain [54] and may markedly 
affect neurotransmission within regulatory brain circuits for emotion 
[55]. The elevated levels of pro-inflammatory cytokines such as IL-1 
and TNF-α have been shown to be a significant contributor of  the 

sleep  disturbances [56], and are also associated with the cognitive 
impairment [57].

Regarding the recent study, we could infer the possible mechanism 
underlying the CTTH. The people who had the susceptibility gene 
to stress under the stressors may be liable to lead the dysfunction of 
HPA axis, then the changes of HPT axis, HPG axis and inflammatory 
pathways appeared subsequently. Elevated level of CRH, cortisol, 
GnRH, pro-inflammatory cytokines and decreased function of thyroid 
all contributed to the clinic symptoms like pain, depression mood, 
cognitive impairment and sleep disorders. 

Hint of treatment 

In the past, there are few good-quality trials of preventive 
treatment of CTTH. The best evidence exists for amitriptyline 75 mg 
daily [58]. Mirtazipine and venlafaxine have also been shown to be 
effective in prevent CTTH  [59,60].  But another study suggested that 
selective serotonin reuptake inhibitors (SSRIs) and venlafaxine for 
the prevention of chronic tension-type headache is not supported by 
evidence [61]. 

From our study, we infer that restore the function of HPA axis 
maybe a useful method to cure the CTTH. Researchers have found 
that treatment with tricyclic antidepressants increases glucocorticoid 
receptor (GR) binding affinity and GR mRNA expression in 
rat hypothalamic and hippocampal neurons, suggesting that 
antidepressants may enhance glucocorticoid sensitivity and function, 
specifically in the brain, and thereby may restore GR-mediated 
feedback inhibition on HPA axis then the function of HPA can restore 
to normal extent [62]. SSRI and tricyclic antidepressants increase 
nuclear translocation of GR and also facilitate GR-mediated gene 
transcription [63]. The serotonin-norepinephrine reuptake inhibitors 
(SNRI) like duloxetine can up-regulate the expression of GR responsive 
genes then modulate the activity of HPA axis [64]. Studies have shown 
that antidepressant treatment, mainly selective serotonin reuptake 
inhibitors, was also associated with decreases in inflammatory markers 
[65]. Antidepressants have been proved be effective on MDD not only 
act on monoamine neurotransmitter, impact on HPA axis maybe 
another important role. In fact, evidence from treatment studies has 
revealed that tricyclic antidepressants (TCAs), duloxetine has been 
shown to be efficacious in treating FM [66,67]. So we thought SSRI 
and SNRI are still the worthwhile treatment for CTTH. Thyroxin and 
GnRH-antagonist may be useful in CTTH either, this need further 
research to confirm.

Deficiencies 

Certainly, the pathophysiological mechanisms of the three diseases 
are far more beyond these. Because of the limitations, we only explored 
the endocrine and inflammatory factors in the three diseases. It was a 
pity that because of the design defect, we could not complete an analysis 
to explore the effect of the serum levels of hormones and cytokines on 
the depression, sleep quality and cognitive function. Another deficiency 
was the small sample size, which resulted in that we could not separate 
sex to study the sex hormones comprehensively. 

Conclusion
The patients with CTTH had similar patterns of memory damage 

and changes of the HPA and HPT axes, GnRH and pro-inflammatory 
cytokines with the FM and MDD patients. 

http://www.clinmed.rcpjournal.org/content/15/3/273.long#ref-17
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