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pituitary-adrenal axis
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Chronic fatigue syndrome (CFS) causes great harm to individuals and society.

Elucidating the pathogenesis of CFS and developing safe and effective treatments

are urgently needed. This paper reviews the functional changes in the

hypothalamus-pituitary-adrenal (HPA) axis in patients with CFS and the

associated neuroendocrine mechanisms. Despite some controversy, the current

mainstream research evidence indicates that CFS patients have mild

hypocortisolism, weakened daily variation in cortisol, a weakened response to

the HPA axis, and an increase in negative feedback of the HPA axis. The relationship

between dysfunction of the HPA axis and the typical symptoms of CFS are

discussed, and the current treatment methods are reviewed.
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Introduction

The term chronic fatigue syndrome (CFS) was first proposed by the U.S. Centers for

Disease Control and Prevention in 1988 (1). To improve the definition and diagnostic

criteria, the International CFS Study Group released two revisions in 1994 and 2003 (2, 3)

and gradually established the widely used “gold standard”; that is, CFS is a syndrome

characterized by chronic fatigue that is clinically assessed, unexplained, persistent or

recurrent, new or with a definite onset, non-congenital, not due to ongoing labor, and not

relieved. Additionally, the occupational ability, educational ability, social ability and

personal life of affected individuals are substantially worse than those before the illness.

For the diagnosis of CFS, four or more of the following symptoms persist or recur for at

least 6 months, the appearance of which does not occur prior to fatigue symptoms: ① severe

impairment of short-term memory and concentration, causing a substantial decrease in

occupational ability, educational ability, social ability and personal life compared with those
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before disease onset; ② sore throat and tenderness of the neck or

axillary lymph nodes; ③ muscle pain and multiple joint pain not

accompanied by swelling; ④ type, manner, and severity of headache

attacks different from those before; ⑤ inability to recuperate after

sleep; ⑥ and persistent fatigue for more than 24 hours after activity.

It is estimated that 836,000 to 2.5 million people are affected with

CFS in the U.S., with as many as a quarter being homebound or

bedridden (4). However, considering the number of people affected

and the harm caused, CFS has not received due research attention

(5). Notably, in 2018, an article in “Nature” called for the

reinitiation of CFS studies (6).

Due to the enormous complexity of CFS, its pathogenesis is still

unclear. Some of the researchers suggest immunological,

neuroendocrine and metabolic pathways that causes CFS, which

indicates significant immune dysregulation (7, 8). Neuroendocrine

mechanisms have been the focus of some research. In 1991, several

researchers focused on the hypothalamus-pituitary-adrenal (HPA)

axis (9), and since then, the HPA axis has been a research hotspot in

the field of neuroendocrine mechanisms. The HPA axis has three

levels: the hypothalamus is the first level, and corticotropin

releasing hormone (CRH) secreted by the hypothalamus activates

the HPA axis; the pituitary gland is the second level, and CRH can

promote the secretion of adrenocorticotropic hormone (ACTH)

from the pituitary gland; and the adrenal gland acts as the third level

and is regulated by ACTH, cortisol (CORT) secreted by the adrenal

gland is the main functional product of the HPA axis. Additionally,

CORT acts on the hypothalamus and the pituitary gland through a

negative feedback mechanism, which inhibits the secretion of CRH

and ACTH to stabilize CORT levels (10). The aim of this paper was

to investigate the functional changes and impact of the HPA axis in

patients with CFS and to review the current treatment methods.
HPA axis dysfunction in CFS patients

The plasma CORT levels in CFS patients were first reported by a

researcher in 1981 (11). Since then, clinical factors have been

gradually expanded to include urine CORT (12) and saliva CORT

(13); additionally, because CORT secretion has diurnal variation

and is pulsatile, observation times have also gradually changed from

a single time point (14) to overall circadian rhythm (15).

Current mainstream research evidence supports that CFS

patients have mild hypocortisolism, weakened daily variation in

CORT, unresponsiveness of the HPA axis, and enhanced negative

feedback from the HPA axis (16). Several studies have shown that,

compared with those in healthy controls, the plasma (14, 17, 18),

urine (12), and saliva (19) concentrations of CORT in CFS patients

are significantly lower. In addition to observations at a single time

point, changes in the circadian rhythm of the HPA axis have also

been analyzed. Through the collection and comparison of saliva

CORT concentrations at multiple time points in 24 hours, it was

found that the CORT levels in CFS patients were lower in the

morning and higher in the evening; that is, daily CORT variability

was attenuated compared with that in normal controls (20). More

intensive plasma collection revealed that the secretion rhythm of

ACTH in CFS patients was significantly different from that in
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normal controls, with release decreasing during the physiological

morning peak (21). These findings demonstrated an alteration in

the secretion rhythm of the HPA axis. Using the Trier Social Stress

Test (TSST), researchers found that, compared with healthy

controls, CFS patients had a significantly reduced area under the

ACTH response curve, with no significant difference in the area

under the CORT response curve (22). Cortisol awakening response

(CAR) was tested, and it was found that, compared with healthy

controls, CFS patients with childhood trauma experienced a

significantly reduced area under the CORT response curve and

that their CORT response curves were flatter (23). In addition,

women with CFS had significantly lower CAR levels than healthy

women did, and the increase in the area under the response curve

was also lower (24). An insulin tolerance test (ITT) showed that, in

CFS patients, the area under the ACTH response curve was

significantly reduced, while that of CORT was not significantly

different from that for controls (25, 26). This finding confirmed that

there was a blunted response of the HPA axis. The enhancement

of negative HPA axis feedback has been tested using the

dexamethasone suppression test (DST). After the administration

of 0.5 mg dexamethasone, the saliva CORT output was significantly

lower in CFS patients than in healthy controls (27),the saliva CORT

response significantly decreased (28). After the administration of 5

mg of prednisolone, the saliva CORT levels and urine CORT

metabolite levels were significantly lower in CFS patients than in

individuals in the control group, and the percentage of inhibition

was significantly higher in CFS patients than in individuals in the

control group (29), demonstrating the enhancement of negative

feedback on the HPA axis (Figure 1).

However, not all the study results are consistent with the

mainstream conclusions. Several studies have shown that there is

no significant difference between the CORT levels in CFS patients

and those in healthy controls (30). Using the TSST, researchers

found that childhood traumatic experience was not significantly

associated with CORT output (31). There were no significant

differences between a CFS group and a healthy control group in

terms of CAR, daily CORT secretion curve, or CAR after DST (32).

The differences between these studies may be explained by the study

design and insufficient sample size. However, the mainstream

conclusions still need verification through comprehensive studies

with larger sample sizes (33).
The effects of HPA axis dysfunction in
CFS patients

Because most studies tend to analyze patients who have been ill

for many years, it is not clear whether HPA axis dysfunction is the

cause or result of CFS (16). Therefore, some researchers have

proposed that the changes in the HPA axis in CFS patients may

be an incidental phenomenon that occurs later in the disease course

rather than having special etiological significance (34). However,

considering that HPA axis dysfunction may play an etiological and

pathological role in CFS, it is still necessary to investigate the

association of the HPA axis with typical symptoms of CFS (35).
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Dysfunction of the HPA axis, especially hypocortisolemia, is often

closely related to fatigue, pain, and increased pressure sensitivity.

Various mechanism can explain such dysfunction. The release of

different hormones may be reduced, thereby reducing the

stimulation of receptors for each hormone. This may also be the

result of the excessive secretion of a certain hormone, followed by the

downregulated expression of the corresponding target receptor,

increased sensitivity to the negative feedback of glucocorticoids, or

increased relative resistance to CORT (36). Dysfunction of the HPA

axis may also be mediated through immune mechanisms, especially

HPA axis dysfunction characterized by hypocortisolism, which can

weaken the ability of HPA axis hormones to suppress the immune

system; therefore, relatively few physiological or psychological stress

signals can be transmitted into inflammatory response through

activating inflammasomes and the subsequent proinflammatory

cytokines (37, 38). Cytokine-mediated inflammation may also

explain the widespread pain and pain hypersensitivity in CFS

patients (39). In addition, the circadian rhythm of melatonin (MT)

secretion, the most important sleep regulation factor, is opposite to that

of the HPA axis, and there is an interaction between the two (40). In

CFS patients, changes in the circadian rhythm of the HPA axis have

been observed; the amplitude of the circadian secretion of CORT is

reduced, the peak phase of CORT secretion is advanced, and the peak

phase of MT secretion is delayed. Abnormalities in the peak phases of

the two disorders can lead to sleep disorders, providing a

neuroendocrine explanation for CFS patients’ difficulty falling asleep

at night and easy awakening early in the morning (41).
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Treatment of CFS patients with
modern medicine

The 2023 updated guidelines of the CDC noted that there

is currently no cure or approved treatment for CFS, with the

management of symptoms being the only treatment approach.

The guidelines recommend treatment for post-exertional malaise,

sleep, pain, anxiety, stress, depression, orthostatic intolerance, and

memory and attention problems, with an emphasis on activity

management (42). Activity management involves patients finding

their mental and physical activity limits and then planning their

activities and rest to remain within these limits to avoid post-

exertional malaise. Limits vary among individuals; therefore,

recording activities and symptoms can help patients discover

their personal limits, especially in the early stage of the disease. In

addition, patients should be reminded not to try to increase

activities beyond their limit even though the activity management

plan is working well because post-exertional malaise can recur (43).

The largest study on this topic provided favorable evidence for

the efficacy and safety of cognitive behavioral therapy and graded

exercise therapy (44, 45). However, when the data were re-analyzed,

the results changed significantly (46). Subsequent studies have

questioned their efficacy and safety (47). After comprehensive

consideration, the CDC no longer recommends both for the

treatment of CFS. Recently, new randomized controlled trials

(RCTs) have been conducted to find more evidence, thus

indicating that modern medicine is still making efforts to find a

better treatment plan for CFS (48, 49).

Regarding HPA axis dysfunction, randomized controlled trials

have shown beneficial effects of hydrocortisone for some patients,

but the overall evidence of its efficacy is insufficient (50–54). Long-

term treatment is associated with adverse effects, including

Cushing’s syndrome, osteoporosis, extreme mood changes and

seizures (55); therefore, hydrocortisone was not included in the

CDC guidelines.
Treatment of CFS patients with
traditional Chinese medicine

Due to limited treatment options, many CFS patients receive

traditional medicine and alternative therapies, including traditional

Chinese medicine (TCM) (56). The modern medical term “chronic

fatigue syndrome” does not accurately correspond to the TCM

literature. According to its clinical symptoms, “CFS” is often

categorized as “asthenia” (57). The main characteristics of

“fatigue” were first described during the Han Dynasty in one of

the most important works of TCM: “Synopsis of the Golden

Chamber” by Zhongjing Zhang (58). In summary, the etiology

includes the following four aspects: ① damage to five internal organs

(including qi, blood, yin, and yang) caused by exogenous invasion;

② fatigue (including physical, mental, and sexual fatigue); ③

emotional imbalance (happiness, anger, worry, obsessive

thoughts, sadness, fear, and shock); ④ and improper diet (59).
FIGURE 1

Diagram of functional changes in the HPA axis. The blue arrow
represents a decreased level; the yellow lightning bolt represents a
rhythm disorder. Abbreviations: CRH (corticotropin releasing
hormone), ACTH (adrenocorticotropic hormone), CORT (cortisol),
TSST (Trier Social Stress Test), CAR (cortisol awakening response),
ITT (insulin tolerance test), DST (dexamethasone suppression test).
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There are many methods used by TCM to treat CFS, including

acupuncture, massage, cupping, and Chinese medicine, which can

relieve pain and improve quality of life (58).

Although it is still not clear whether HPA axis dysfunction is the

cause or an incidental phenomenon of CFS, the HPA axis is clearly a

potentially important target for studying treatment strategies (35).

Table 1 lists the 7 RCTs of TCM treatment methods that reported

changes in HPA axis indicators (60–66). Six studies reported

changes in CORT levels. The treatments included pestle needle
Frontiers in Endocrinology 04
therapy combined with electric acupuncture, Fuyang cupping, five-

element gongdiao (positive mode) music combined with Lixujieyu

decoction, acupoint sticking, Lixujieyu decoction, and electric

acupuncture (60–62, 64–66). In a study of CFS patients treated

with pestle needle therapy combined with electric acupuncture, the

CORT level in patients was lower after treatment than before

treatment (60). The remaining 5 studies reported that treatment

effectively increased CORT levels (61, 62, 64–66) and increased the

circadian secretion amplitude of saliva CORT and restored CORT
TABLE 1 RCTs of TCM treatment methods that reported changes in HPA axis indicators.

Study Experimental
group

Control
group

Experimental
group treatment

Control
group
treatment

Findings

Liu
et al.
(58)

41 individuals
with CFS

41
individuals
with CFS

Pestle needle therapy at Hechelu
Electric acupuncture at Baihui, Qihai,
Guanyuan, Ganshu, Shenshu, Pishu,
and Zusanli

Electric
acupuncture at
Baihui, Qihai,
Guanyuan,
Ganshu, Shenshu,
Pishu, and Zusanli

The ACTH levels in the two groups were
significantly higher after treatment than before
treatment
The CORT levels in the two groups were
significantly lower after treatment than before
treatment, with the post-treatment CORT level
significantly lower in the experimental group than in
the control group

Li
et al.
(59)

30 individuals
with CFS

30
individuals
with CFS

Treatment with Fuyang cupping on
Beishu functional belt

Massage,
chiropracty,
and cupping

The serum CORT levels in the two groups were
significantly higher after treatment than before
treatment, with the post-treatment CORT level
significantly higher in the experimental group than
in the control group

Cai
et al.
(60)

30 individuals
with CFS

30
individuals
with CFS
(×3 groups)

Oral treatment using Lixujieyu
decoction combined with five-element
gongdiao (positive mode) music

Oral treatment
using Lixujieyu
decoction (Chinese
medicine group)
Five-element
gongdiao (positive
mode) music
(music group)
No treatment
(blank group)

After treatment, the plasma CORT level in the
combination group was significantly lower than that
in the Chinese medicine group, music group, and
blank group

Gao
et al.
(61)

36 individuals
with CFS

36
individuals
with CFS

Scalp acupuncture at Baihui,
emotional zone
Body acupuncture at Sanyinjiao,
Zusanli, and Guanyuan

Body acupuncture
at Sanyinjiao,
Zusanli,
and Guanyuan

The ACTH levels in the two groups were
significantly higher after treatment than before
treatment, with the post-treatment ACTH level being
significantly higher in the experimental group than
in the control group

Chen
et al.
(62)

30 individuals
with CFS

30
individuals
with CFS

Acupuncture of back-shu acupoints
on five internal organs and then
traditional Chinese medicine patch
(Jiaweisini powder) at back-shu
acupoints on five internal organs

Acupuncture of
back-shu acupoints
on the five
internal organs

The serum ACTH and CORT levels in the two
groups were significantly higher after treatment than
before treatment, and the differences were
significantly greater in the experimental group than
in the control group

Zhang
et al.
(63)

33 individuals
with CFS

33
individuals
with CFS

Lixujieyu decoction with modification
according to syndrome

Vicodin, 10 mg 2
times/day
Adenosine
triphosphate,
20 mg 3 times/day
Oryzanol, 20 mg 3
times/day

In the experimental group, serum CORT levels were
significantly lower after treatment than before
treatment
In the control group, serum CORT levels did not
change significantly before and after treatment

Zhu
et al.
(64)

20 individuals
with CFS

20
healthy
individuals

Electric acupuncture at Zusanli
and Shenshu

No
therapeutic
operation

Before treatment, saliva CORT and saliva MT levels
as well as the circadian secretion amplitude of the
two hormones were significantly lower in the
experimental group than in the control group but
increased significantly after treatment
Before treatment, the peak phase of saliva CORT
secretion in the experimental group tended to be
ahead of that in the control group, the peak phase of
saliva MT secretion moved backward
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peak phase that had tended to shift forward (66). Three studies

reported changes in ACTH levels. The treatments included pestle

needle therapy combined with electric acupuncture, scalp

acupuncture, and acupoint sticking; all the reported treatment

methods effectively increased ACTH levels (60, 63, 64). One study

reported changes in MT, and treatment with electric acupuncture

increased salivary MT levels and increased the variation in diurnal

salivary MT secretion, restoring MT peak phases that had tended to

shift backward (66). The occurrence of a CORT regulation

exception in these clinical studies has sparked our thinking (60).

A number of animal experiments have shown that CFS model rats

exhibit hyperfunction of the HPA axis and that after TCM

treatment, CORT levels significantly decrease (67–73). A study

showed that when the body is subjected to a variety of noxious

stimuli, HPA axis function increases, and the release of ACTH and

CORT increases, thereby improving tolerance to stimulation and

survival. When the regulatory ability is disrupted, HPA axis

function is inhibited, adrenal function decreases, and the CORT

concentration decreases (74, 75). Therefore, we speculate that the

HPA axis has two disordered states, i.e., a hyperactive state and an

inhibitory state, and that these states are related to the duration of

stress. In most established animal models, the animals are in a state

of HPA axis hyperactivity due to short modeling time. The patients

in clinical studies are mostly chronically ill and more likely to be in

an inhibitory state. In the absence of HPA axis inhibition, TCM

treatment methods may not be limited to simply increasing or

decreasing the level of a certain hormone but can resolve HPA axis

dysfunction. That is, TCM therapeutic approaches have a bi-

directional regulatory effect on HPA axis dysfunction in CFS.

Although TCM treatment methods provide new possibilities for

the treatment of CFS, as suggested by evidence-based research, the

relevant RCT studies have deficiencies in terms of experimental

design, random allocation concealment, blinding, and safety

reporting, thus limiting the interpretation of evidence.

Considering these limitations, it is necessary to conduct RCT

studies with larger samples and more standardized treatments to

provide evidence for the efficacy and safety of TCM treatment

methods (76–78).
Summary and outlook

Given the negative impacts of CFS on individuals and society,

there is an urgent need to elucidate the pathogenesis of CFS and

develop safe and effective treatments. In this paper, we reviewed the
Frontiers in Endocrinology 05
changes in HPA axis function in CFS patients. Although

controversial, the current mainstream research evidence still

indicates that CFS patients have mild hypocortisolism, weakened

diurnal variations in CORT, unresponsiveness of the HPA axis, and

enhanced negative feedback from the HPA axis. We also discussed

the association between HPA axis dysfunction and typical

symptoms of CFS. Finally, the current treatment methods were

reviewed. Due to the lack of modern medical treatments approved

for CFS at this time, TCM treatment methods have the potential to

become a new treatment strategy; in particular, TCM may have a

two-way regulatory effect and resolve HPA axis dysfunction.

However, due to limited evidence, it is necessary to conduct

RCTs with larger sample sizes and more standardized protocols

to provide additional data.
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Interventions for the treatment and management of chronic fatigue syndrome: a
systematic review. Jama. (2001) 286:1360–8. doi: 10.1001/jama.286.11.1360

55. Buchman AL. Side effects of corticosteroid therapy. J Clin Gastroenterol. (2001)
33:289–94. doi: 10.1097/00004836-200110000-00006

56. Li Y, Yang J, Chau CI, Shi J, Chen X, Hu H, et al. Is there a role for traditional and
complementary medicines in managing chronic fatigue? a systematic review of
randomized controlled trials. Front Pharmacol. (2023) 14:1266803. doi: 10.3389/
fphar.2023.1266803

57. Zhaohui Z, Lihua L. New progress of traditional Chinese medicine in the
treatment of chronic fatigue syndrome. World Chin Med. (2021) 16:991–5.
doi: 10.3969/j.issn.1673-7202.2021.06.026

58. Yan Y, Yidan W, Dongdong Z, Lin F. Research progress of chronic fatigue
syndrome treated by Chinese and western medicine. Inf Traditional Chin Med. (2019)
36:122–5. doi: 10.19656/j.cnki.1002-2406.190128

59. Chen R, Moriya J, Yamakawa J, Takahashi T, Kanda T. Traditional chinese
medicine for chronic fatigue syndrome. Evidence-Based complementary Altern
medicine: eCAM. (2010) 7:3–10. doi: 10.1093/ecam/nen017

60. Luoji L, Quan L, Anmin H, Honglian P, Fengmei L. Discussion of the effect of
Chuzhen combined with electroacupuncture on patients with chronic fatigue
syndrome of Yang deficiency based on Fuyang theory. China’s Naturopathy. (2023)
31:35–9. doi: 10.19621/j.cnki.11-3555/r.2023.2111

61. Tian L, Xiaochen Z, Chenchen Z, Congcong W, Qing L, Tielang L. Effect of
fuyang cupping on beishu functional belt on clinical efficacy and cortisol in patients
with chronic fatigue syndrome. Guiding J Traditional Chin Med Pharmacol. (2023)
29:94–8. doi: 10.13862/j.cn43-1446/r.2023.05.020

62. Zhixing C, Zhenxian Z, Lili W, Yuanshu Y. Clinical observation of five-element
gongdiao (positive mode) music combined with Lixujieyu decoction in the treatment
of chronic fatigue syndrome. Acta Universitatis Traditionis Medicalis Sinensis
Pharmacologiaeque Shanghai. (2015) 29:18–22. doi: 10.16306/j.1008-861x.2015.03.006

63. Chunfeng G, Zhongren S. Clinical observation of scalp acupuncture in the
treatment of chronic fatigue syndrome. Acta Chin Med Pharmacol. (2014) 42:65–6.
doi: 10.19664/j.cnki.1002-2392.2014.02.023

64. Xinghua C, Haiqiong C, Limei Z, Yang W. Effect of acupoint sticking on chronic
fatigue syndrome and endocrine function. Shanghai J Acupuncture Moxibustion. (2014)
33:618–20. doi: 10.13460/j.issn.1005-0957.2014.07.0618

65. Ye Z, Zhenxian Z, Min C, Lili W, Yang W. Effect of deficiency-regulating
and depression-relieving formula on 5-HT and cortisol in chronic fatigue
syndrome. Liaoning J Traditional Chin Med. (2012) 39:1295–6. doi: 10.13192/
j.ljtcm.2012.07.102.zhangy.050
Frontiers in Endocrinology 07
66. Yihui Z, Fangrong L, Xi W, Cisong C. Mechanism of electric acupuncture on
saliva CS and MT circadian rhythm in chronic fatigue syndrome. Shandong Med J.
(2007) 47:18–20. doi: 10.3969/j.issn.1002-266X.2007.28.007

67. Mingzhu P, Jian L, Bing R, Jun J, Huanan L. Effect of abdominal manipulation on
remodeling of hippocampal neurons in chronic stress-induced chronic fatigue
syndrome and its mechanism of negative feedback regulation of hippocampus-
HPA axis. J Jilin Univ (Medicine Edition). (2021) 47:842–8. doi: 10.13481/j.1671-
587X.20210404

68. Peng Z, Jianping Y, Xiaoqian J, Shiyun C, Jingjing L, Liansha H, et al. Effect of
“Beishu points” Electroacupuncture stimulation on CRHmRNA, ACTH and CORT in
rats with chronic fatigue sydome. Guiding J Traditional Chin Med Pharmacol. (2018)
24:32–5 + 41. doi: 10.13862/j.cnki.cn43-1446/r.2018.12.009

69. Xiaohong L, Bin Y, Xiaojun W, Mingyan X, Fanchao Z, Liuting W, et al. Effects
of Xiaoyao powder on HPA axis, IL-13 and IL-17 in rats with chronic restraint stress of
liver stagnation and spleen deficiency syndrome. Lishizhen Med Materia Med Res.
(2017) 28:1815–6. doi: 10.3969/j.issn.1008-0805.2017.08.008

70. Yi T, Qi L, Li J, Le JJ, Shao L, Du X, et al. Moxibustion upregulates hippocampal
progranulin expression. Neural regeneration Res. (2016) 11:610–6. doi: 10.4103/1673-
5374.180746

71. Li Z, Ganghui J. Effects of moxibustion on behavior and hormone levels of
hypothalamus-pituitary-adrenergic axis of the model rat with chronic fatigue
syndrome. Shandong J Traditional Chin Med. (2014) 33:301–3. doi: 10.16295/
j.cnki.0257-358x.2014.04.023

72. Hangzhou L, Mingzhuang L. The effect of acupoint catgut embedding on
behavior and hormone levels of hypothalamic-pituitary-adrenocortical axis in rats
with chronic fatigue. J Guiyang Coll Traditional Chin Med. (2009) 31:62–5.
doi: 10.16588/j.cnki.issn1002-1108.2009.06.016

73. Yunfei C, Wenjia Y, Shengguang F, Xiaodan Z. Experimental study on hormones
of HPA-axis with electro-acupuncture by CFS model rats. Chin Arch Traditional Chin
Med. (2007) 25:1146–9. doi: 10.13193/j.archtcm.2007.06.59.chenyf.023

74. Xinghua C, Juan Y, Wei S, Chunzhi T. Effects of acupuncture on blood
adrenocorticotrophic hormone and cortisol in chronic fatigue syndrome. Chin J
Integr Med Cardio-/Cerebrovascuiar Dis. (2011) 9:1320–2. doi: 10.3969/j.issn.1672-
1349.2011.11.024

75. Yanhui L, Qiaolin M, Bin H, Zhonglei W. Current state about researches on
selection of experimental indexs mechanisms of acupuncture underlying improvement
of chronic fatigue syndrome. Acupuncture Res. (2021) 46:980–4. doi: 10.13702/j.1000-
0607.200998

76. Fang Y, Yue BW, Ma HB, Yuan YP. Acupuncture and moxibustion for chronic
fatigue syndrome: A systematic review and network meta-analysis. Medicine. (2022)
101:e29310. doi: 10.1097/md.0000000000029310

77. Zhang Q, Gong J, Dong H, Xu S, Wang W, Huang G. Acupuncture for chronic
fatigue syndrome: a systematic review and meta-analysis. Acupuncture medicine: J Br
Med Acupuncture Soc. (2019) 37:211–22. doi: 10.1136/acupmed-2017-011582

78. Wang T, Xu C, Pan K, Xiong H. Acupuncture and moxibustion for chronic
fatigue syndrome in traditional Chinese medicine: a systematic review and meta-
analysis. BMC complementary Altern Med. (2017) 17:163. doi: 10.1186/s12906-017-
1647-x
frontiersin.org

https://doi.org/10.1016/s0002-9343(03)00182-7
https://doi.org/10.7326/m15-0114
https://doi.org/10.1001/jama.286.11.1360
https://doi.org/10.1097/00004836-200110000-00006
https://doi.org/10.3389/fphar.2023.1266803
https://doi.org/10.3389/fphar.2023.1266803
https://doi.org/10.3969/j.issn.1673-7202.2021.06.026
https://doi.org/10.19656/j.cnki.1002-2406.190128
https://doi.org/10.1093/ecam/nen017
https://doi.org/10.19621/j.cnki.11-3555/r.2023.2111
https://doi.org/10.13862/j.cn43-1446/r.2023.05.020
https://doi.org/10.16306/j.1008-861x.2015.03.006
https://doi.org/10.19664/j.cnki.1002-2392.2014.02.023
https://doi.org/10.13460/j.issn.1005-0957.2014.07.0618
https://doi.org/10.13192/j.ljtcm.2012.07.102.zhangy.050
https://doi.org/10.13192/j.ljtcm.2012.07.102.zhangy.050
https://doi.org/10.3969/j.issn.1002-266X.2007.28.007
https://doi.org/10.13481/j.1671-587X.20210404
https://doi.org/10.13481/j.1671-587X.20210404
https://doi.org/10.13862/j.cnki.cn43-1446/r.2018.12.009
https://doi.org/10.3969/j.issn.1008-0805.2017.08.008
https://doi.org/10.4103/1673-5374.180746
https://doi.org/10.4103/1673-5374.180746
https://doi.org/10.16295/j.cnki.0257-358x.2014.04.023
https://doi.org/10.16295/j.cnki.0257-358x.2014.04.023
https://doi.org/10.16588/j.cnki.issn1002-1108.2009.06.016
https://doi.org/10.13193/j.archtcm.2007.06.59.chenyf.023
https://doi.org/10.3969/j.issn.1672-1349.2011.11.024
https://doi.org/10.3969/j.issn.1672-1349.2011.11.024
https://doi.org/10.13702/j.1000-0607.200998
https://doi.org/10.13702/j.1000-0607.200998
https://doi.org/10.1097/md.0000000000029310
https://doi.org/10.1136/acupmed-2017-011582
https://doi.org/10.1186/s12906-017-1647-x
https://doi.org/10.1186/s12906-017-1647-x
https://doi.org/10.3389/fendo.2024.1373748
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Research progress in the treatment of chronic fatigue syndrome through interventions targeting the hypothalamus-pituitary-adrenal axis
	Introduction
	HPA axis dysfunction in CFS patients
	The effects of HPA axis dysfunction in CFS patients
	Treatment of CFS patients with modern medicine
	Treatment of CFS patients with traditional Chinese medicine
	Summary and outlook
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


