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Efficacy and brain modulation mechanisms of acupuncture for chronic prostatitis/chronic pelvic pain syndrome revealed by structural MRI changes
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Introduction: Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) has been considered to be associated with abnormal brain function and structure. Acupuncture is a promising therapy for CP/CPPS, however, the underlying brain modulation mechanisms of acupuncture for CP/CPPS are still unclear.

Methods: A total of 25 CP/CPPS patients and 25 matched-healthy controls (HCs) were enrolled. All patients received acupuncture treatment 3 times weekly for 4 weeks with a total of 12 sessions [acupoints including Guanyuan (RN4), Zhongji (RN3), Zusanli (LR10), Zuwuli (ST36), Sanyinjiao (SP6), and Yinlingquan (SP9)]. The efficacy was evaluated by the National Institute of Health-Chronic Prostatitis Symptom Index (NIH-CPSI). In addition, structural T1-weighted magnetic resonance imaging (MRI) brain scans were acquired from all patients before and after treatment, as well as HCs. MRI data were preprocessed and the measures of gray matter volume and density, as well as white matter volume and density, were calculated for all subjects. Finally, all these measures were compared between patients (before and after treatment) and HCs, and were also compared within patients before and after treatment. Moreover, the relationships between brain structure and NIH-CPSI scores were also evaluated.

Results: After treatment, CP/CPPS patients demonstrated decreased scores in the scale of NIH-CPSI and its subscales. Compared with HCs, both CP/CPPS patients before and after treatment showed increased gray matter volume and density, as well as increased white matter volume and density, especially in the frontal and parietal regions. After treatment, CP/CPPS patients showed decreased gray matter volume in the left middle cingulate gyrus, as well as increased gray matter volume and density in the left middle occipital gyrus. In addition, these structural brain abnormalities were related to NIH-CPSI scores of patients while the changes of NIH-CPSI scores were associated with the changes of structural changes in the brain of CP/CPPS patients before and after treatment.

Conclusion: These findings suggested that the development of CP/CPPS might be associated with the increased gray matter and white matter in the frontal, cingulate and parietal regions. The effects of acupuncture in improving clinical symptoms of CP/CPPS might be achieved by reducing the gray matter volume in the left middle cingulate gyrus.
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1 Introduction

Prostatitis is a common disorder affecting nearly 10–14% of adult men, and the overall lifetime prevalence increases with age (1, 2). Approximately 27% of men suffer from prostatitis at least once a year and about 16% of men experience persistent symptoms of prostatitis (1). According to the National Institutes of Health (NIH) classification, prostatitis is divided into four types: type I/II, acute/chronic bacterial prostatitis; type III, chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) and type IV, asymptomatic prostatitis (3). The most common form is CP/CPPS and it is subclassified into type IIIa and IIIb (inflammatory and non-inflammatory) according to the presence or absence of leukocytes in expressed prostatic secretion (EPS) (4). CP/CPPS is diagnosed when the pelvic pain is present for at least 3 months of the preceding 6 months in the absence of a urinary tract infection or other identifiable causes (5). CP/CPPS patients often present with a wide variety of clinical signs and symptoms, including pelvic pain, lower urinary tract symptoms (LUTS), psychological issues and sexual dysfunction (6). However, the details of pathological mechanisms underlying CP/CPPS are unclear and the current clinical treatments for CP/CPPS mainly focus on the symptomatic treatment. In addition, the mechanisms underlying the therapeutic efficacy of the treatments, especially non-pharmacological treatments, remain largely unclear.

Many different etiologies of CP/CPPS have been proposed, including local inflammation or cryptic infections, defective urothelial integrity and function, pelvic floor muscle irregularities, voiding dysfunction, endocrine imbalances, autoimmunity, peripheral and central sensitization and neuroplasticity, as well as psychosocial factors (7–13). In addition, CP/CPPS is regard as a kind of chronic pain disorder and patients often manifest various psychiatric and/or psychosocial symptoms (14, 15). The brain plays a key role in the regulation of pain and emotion (16–18). In addition, both functional and structural brain alterations have been identified in patients with chronic pain and emotional disorders (19, 20). Therefore, it was speculated that CP/CPPS might also result from the abnormal central processes and altered brain activity, as well as impaired brain structure associated with CP/CPPS have been characterized in previous neuroimaging studies (11, 21–23). In our previous study (8), we explored its central pathological mechanisms by evaluating the topological changes of white matter brain networks in patients with CP/CPPS based on diffusion tensor imaging data. CP/CPPS showed lower global efficiency in the right orbital middle frontal gyrus, higher global efficiency in the left middle cingulate and paracingulate gyrus, as well as increased local efficiency in the left middle cingulate, paracingulate gyrus and paracentral lobule (8). Moreover, the changed topological measures of left middle cingulate gyrus, left precuneus and right supplementary motor area were correlated with the scores of National Institute of Health-Chronic Prostatitis Symptom Index (NIH-CPSI). These findings implied that the altered brain structure might contribute to the pathogenesis of CP/CPPS.

The pharmacological or non-pharmacological treatments for CP/CPPS include antibiotics, α-adrenergic antagonists, non-steroidal anti-inflammatory drugs (NSAIDs), phytotherapy and acupuncture, which are merely symptomatic (2, 6, 24–27). Acupuncture, one of the traditional Chinese medicine (TCM) therapies, which has been recommended by the 2025 European Association of Urology guidelines on chronic pelvic pain, is considered as an effective treatment for CP/CPPS, particularly in relieving pain (28). A previous systematic review included randomized controlled trials (RCTs) comparing acupuncture with sham acupuncture/medication or comparing acupuncture and medication with the same medication, which showed that acupuncture was beneficial in treating CP/CPPS, especially in reducing the NIH-CPSI total and pain scores (29). Previous meta-analysis demonstrated that acupuncture has measurable benefits on CP/CPPS (pain, urinary symptom, quality of life, NIH-CPSI score, and efficacy rate), and the security of acupuncture was also ensured (30). Magnetic resonance imaging (MRI), especially functional MRI (fMRI), is a novel method for exploring the changes of brain activity associated with acupuncture treatment (31). Previous systematic review study showed that acupuncture at ST36 could activate the opercular part of the right inferior frontal gyrus, left superior temporal gyrus and right median cingulate/paracingulate gyri regions (32). In addition, previous fMRI study implied that acupuncture could concurrently regulate the resting state functional connectivity of two pain modulation regions in the amygdala and middle cingulate cortex, which were be the key regions linked to multisensory processing of pain modulation in chronic pain with acupuncture treatment (33).

Therefore, it is important to identify the acupuncture-stimulated brain regions of CP/CPPS patients, which may help to elucidate the neural mechanisms of acupuncture in treating CP/CPPS. This study aimed to explore the underlying brain modulation mechanisms of acupuncture for CP/CPPS. In this study, structural MRI data were acquired from CP/CPPS patients before and after receiving acupuncture treatment. The efficacy was evaluated by the NIH-CPSI and the changes of brain structure associated with acupuncture were measured by gray matter volume and density, as well as white matter volume and density. In addition, the relationships between brain structure and NIH-CPSI scores were evaluated in CP/CPPS patients.



2 Materials and methods


2.1 Participants

All consenting procedures and protocols of the current study were approved by the ethics committee of Jiangsu Province Hospital of Chinese Medicine. All participants provided informed written consents to participate in this study. A cohort of 25 CP/CPPS patients and 25 matched-healthy controls (HCs) were recruited. According to the National Institutes of Health definition of CP/CPPS, the diagnosis of CP/CPPS was based on the chief complaint, history-taking, physical examination, laboratory examination including routine urine and standard microbiological cultures of urine, prostate and urinary system ultrasound. Based on these examinations and tests, acute or chronic bacterial prostatitis, benign prostate hyperplasia and other related diseases among the pelvic were excluded.

All participants included in the study were Han Chinese, right-handed and aged from 20 to 60 with no less than 9 years of education. Inclusion criteria for CP/CPPS participants consisted of: (1) met the criteria for the diagnosis of CP/CPPS according to the NIH criteria (34); (2) all patients were type IIIb (non-inflammatory) in the absence of leukocytes in EPS; (3) had complaints about pelvic pain lasting for at least 3 months of the preceding 6 months in the absence of a urinary tract infection or other identifiable causes; (4) all patients had total NIH-CPSI scores ≥ 15 and NIH-CPSI pain sub-score ≥ 6. In addition, HCs had no chronic pain in pelvic region, and chronic pain in other body region.

The exclusion criteria for all participants consisted of the following: (1) accompanied by other urologic diseases, such as urinary tract infection, acute or chronic bacterial prostatitis, epididymitis, benign prostatic hyperplasia (BPH), urinary stones, groin hernia, varicocele; (2) history of surgery, deformity or cancer in the genitourinary system; (3) pelvic pain caused by the colorectal or lumbar diseases, or accompanied by chronic pain in other body sites; (4) history of psychiatric, neurological disorders, other serious or acute physical illness; (5) substance abuse or dependence; (6) treatment with painkillers, antidepressants or other psychotropic medications affecting brain function and structure within 3 month prior to enrollment; (7) visible brain abnormalities in conventional T1- and T2-weighted images; (8) any contraindication to MRI.



2.2 Acupuncture intervention

The protocol consisted of a standardized set of acupuncture points given 3 times weekly for 30 min over 4 weeks with a total of 12 sessions. The acupuncture points were selected as Guanyuan (RN4), Zhongji (RN3), Zusanli (LR10), Zuwuli (ST36), Sanyinjiao (SP6), and Yinlingquan (SP9).

Acupuncture procedure: (1) instruct the patient to take a supine position, keep the whole body relaxed, and perform routine disinfection; (2) acupuncture at Guanyuan point (after urination), using a 1.5-inch needle to directly puncture 1–1.5 inches; (3) acupuncture at Zhongji point (after urination), using a 1.5-inch needle to directly puncture 1–1.5 inches; (4) acupuncture the Zusanli point, using a 1.5-inch needle to directly puncture 1–2 inches; (5) acupuncture the Zuwuli point (avoiding the artery), using a 1.5-inch needle to directly puncture 1–1.5 inches; (6) acupuncture at Sanyinjiao acupoint, using a 1.5-inch needle to directly prick 1–1.5 inches; (7) acupuncture the Yinlingquan acupoint, using a 1.5-inch needle to directly prick 1–1.5 inches.

The needle was retained for 30 min, and the first, 15, and 30 min were, respectively, injected once, three times in total. The acupuncture manipulation of lifting, inserting, twisting, and rotating for reinforcing and reducing was used, of which Guanyuan and Zusanli points were used for reinforcing, Zhongji and Zuwuli points were used for reducing, and Sanyinjiao and Yinlingquan points were used for reinforcing and reducing.



2.3 Questionnaires

The NIH-CPSI scale was applied to assess the severity of CP/CPPS symptoms (35). The NIH-CPSI has a total of 9 items divided into 3 domains as follows: (1) pain or discomfort including the location, type, severity and frequency (4 items, 0–21 points); (2) urinary symptoms including irritative and obstructive urinary symptoms (2 items, 0–10 points); (3) quality-of-life (QoL) (3 items, 0–12 points). The higher total score (0–43 points) and higher three sub-scores indicate more severe symptoms. All of the patients were requested to finish NIH-CPSI scale before and after acupuncture intervention.



2.4 MRI data acquisition and preprocessing

Structural MRI data of all participants were acquired using a 3.0 T Siemens MRI scanner. The detailed scanning parameters were the same as those in our previous study (36). Preprocessing of Structural MRI was carried out using the software of Data Processing Assistant for Resting-State fMRI (DPARSF) (37) based on MATLAB. The preprocessing steps, and the calculation of gray matter volume and density, as well as white matter volume and density, have been elucidated in previous studies (38–42).



2.5 Statistical analysis

By the software of Statistical Package for the Social Sciences (SPSS), t-tests were used for data conforming to normal distribution, while non-parametric tests were used for data not conforming to normal distribution, to evaluate the differences of demographic data between CP/CPPS patients and HCs, as well as the changes of NIH-CPSI total scores and sub-scores in patients before and after acupuncture intervention. p < 0.05 was considered to be statistically significant difference.

In addition, two sample t-tests were performed to evaluate the differences of gray matter volume and density, as well as white matter volume and density between CP/CPPS patients (before and after treatment) and HCs using the software of Resting-State fMRI Data Analysis Toolkit (REST) (43). Moreover, paired-sample t-tests were used to evaluate the changes of gray matter volume and density, as well as white matter volume and density in patients before and after treatment. The significant difference was set at p < 0.001 and the minimum cluster size was 6 voxels, which was corrected by the AlphaSim program in REST software. Finally, the relationships between NIH-CPSI scores and brain structure in CP/CPPS patients were explored by Pearson correlation analysis. p < 0.05 was considered to be statistically significant difference.




3 Results


3.1 Demographic and clinical data of CP/CPPS patients

There were no significant differences in the age and educational level between CP/CPPS patients and HCs. When compared with patients before treatment, CP/CPPS patients after treatment demonstrated decreased NIH-CPSI scores including total scores, pain or discomfort scores, symptom severity scores and quality-of-life impact scores. CP/CPPS patients after treatment demonstrated no significant differences in urinary symptom scores when compared with patients before treatment (Table 1).



TABLE 1 Demographic and clinical characteristics of CP/CPPS patients.
[image: Table1]



3.2 Abnormal gray matter volume and density in CP/CPPS patients before treatment compared with HCs

Compared with HCs, CP/CPPS patients before treatment showed increased gray matter volume in the left middle cingulate gyrus, left precentral gyrus, left middle temporal gyrus, left middle occipital gyrus, right middle cingulate gyrus and right superior parietal gyrus, as well as decreased gray matter volume in the right middle frontal gyrus. These patients also exhibited increased gray matter density in the left precentral gyrus, decreased gray matter density in the right middle frontal gyrus and right middle occipital gyrus (Table 1; Figure 1).

[image: Figure 1]

FIGURE 1
 Abnormal gray matter volume and density in CP/CPPS patients before treatment compared with HCs. CP/CPPS, chronic prostatitis/chronic pelvic pain syndrome; HCs, healthy controls; L, left; R, right.


The functions of the frontal lobe are mainly related to mind, language, and voluntary movement, while the functions of the parietal lobe are mainly related to sensation and cognition. The functions of cingulate gyrus are very complex, mainly including the following aspects: emotional regulation, cognitive control, pain management, and social behavior. The above findings suggested that the development of CP/CPPS might be associated with the increased gray matter in the frontal, cingulate and parietal regions, which might be associated with the clinical manifestations of CP/CPPS patients.



3.3 Abnormal white matter volume and density in CP/CPPS patients before treatment compared with HCs

In comparison with HCs, increased white matter volume were identified in the left orbital superior frontal gyrus, left medial superior frontal gyrus, left superior parietal gyrus, left postcentral gyrus, left inferior temporal gyrus, left supramarginal gyrus, right middle frontal gyrus, right postcentral gyrus, right middle temporal gyrus, right middle occipital gyrus and right angular gyrus of CP/CPPS patients before treatment. In addition, patients before treatment showed increased white matter density in the left orbital superior frontal gyrus, left superior parietal gyrus, left postcentral gyrus, left supramarginal gyrus, right middle frontal gyrus, right middle occipital gyrus and right postcentral gyrus, as well as decreased white matter density in the left precentral gyrus (Table 2; Figure 2).



TABLE 2 Brain regions exhibited abnormal gray matter volume and density in CP/CPPS patients.
[image: Table2]
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FIGURE 2
 Abnormal white matter volume and density in CP/CPPS patients before treatment compared with HCs. CP/CPPS, chronic prostatitis/chronic pelvic pain syndrome; HCs, healthy controls; L, left; R, right.


The frontal and parietal regions also showed increased white matter, which might be also related to the development of CP/CPPS. The increase in white matter of in the frontal and parietal lobes might be a compensatory mechanism, which might increase sensitivity to urgency of urination and pelvic pain in CP/CPPS patients. On the contrary, it might also be the result of compensatory increase of brain structure caused by LUTS symptoms and pelvic pain symptoms of CP/CPPS patients.



3.4 Abnormal gray matter volume and density in CP/CPPS patients after treatment compared with HCs

Compared with HCs, CP/CPPS patients after treatment had increased gray matter volume in the left middle cingulate gyrus, left precentral gyrus, left middle temporal gyrus, left middle occipital gyrus, left putamen, right middle cingulate gyrus, right superior parietal gyrus, right postcentral gyrus, right parahippocampal gyrus, as well as decreased gray matter volume in the right middle frontal gyrus. Moreover, patients following treatment showed increased gray matter density in the left precentral gyrus, left inferior occipital gyrus and decreased gray matter density in the right middle frontal gyrus, right middle occipital gyrus (Table 1; Figure 3).

[image: Figure 3]

FIGURE 3
 Abnormal gray matter volume and density in CP/CPPS patients after treatment compared with HCs. CP/CPPS, chronic prostatitis/chronic pelvic pain syndrome; HCs, healthy controls; L, left; R, right.


Among all these results, decreased gray matter volume and gray matter density in the right middle frontal gyrus, as well as decreased gray matter density in the right middle occipital gyrus, might be related to the therapeutic effect of acupuncture, which was achieved by inhibiting compensatory increase in gray matter structure in the frontal and occipital lobes of CP/CPPS patients before treatment.



3.5 Abnormal white matter volume and density in CP/CPPS patients after treatment compared with HCs

Compared with HCs, CP/CPPS patients after treatment demonstrated increased white matter volume in the left orbital superior frontal gyrus, left medial superior frontal gyrus, left superior parietal gyrus, left supramarginal gyrus, right middle frontal gyrus, right postcentral gyrus, right middle temporal gyrus, right middle occipital gyrus and right angular gyrus. Additionally, these patients showed increased white matter density in the left orbital superior frontal gyrus, left superior parietal gyrus, left postcentral gyrus, left supramarginal gyrus, right postcentral gyrus, right middle frontal gyrus, right middle occipital gyrus and decreased white matter density in the left precentral gyrus, left middle occipital gyrus (Table 2; Figure 4).
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FIGURE 4
 Abnormal white matter volume and density in CP/CPPS patients after treatment compared with HCs. CP/CPPS, chronic prostatitis/chronic pelvic pain syndrome; HCs, healthy controls; L, left; R, right.


Decreased white matter density in the left precentral gyrus, left middle occipital gyrus, might be also related to the therapeutic mechanism of acupuncture in improving clinical symptoms in CP/CPPS patients. Acupuncture might achieve therapeutic effects by relieving compensatory increases in white matter in the frontal and occipital lobes of CP/CPPS patients.



3.6 Changes of brain structure in CP/CPPS patients after and before treatment

Compared with the brain structure before treatment, CP/CPPS patients showed decreased gray matter volume in the left middle cingulate gyrus, as well as increased gray matter volume and density in the left middle occipital gyrus after treatment (Table 1; Figure 5).

[image: Figure 5]

FIGURE 5
 Changes of brain structure in CP/CPPS patients after and before treatment. CP/CPPS, chronic prostatitis/chronic pelvic pain syndrome; HCs, healthy controls; MNI, Montreal Neurological Institute; x, y, and z: the coordinates of peak voxels of clusters in MNI space.


The middle cingulate cortex is an important functional zone of the cingulate cortex, and its core functions can be summarized as follows: motor control and coordination, visceral function regulation, cognitive and emotional integration. Therefore, the most important structural change among these brain regions was the decreased gray matter volume in the left middle cingulate gyrus. Changes of brain structure in CP/CPPS patients after and before treatment suggested that the effects of acupuncture in improving clinical symptoms of CP/CPPS might be achieved by reducing the gray matter volume in the left middle cingulate gyrus.



3.7 Associations between NIH-CPSI scores and brain structure in CP/CPPS patients

In CP/CPPS patients before treatment, the urinary symptom scores were negatively associated with the white matter density of right postcentral gyrus (r = −0.40; p = 0.04) (Figure 6).
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FIGURE 6
 Associations between NIH-CPSI scores and brain structure in CP/CPPS patients. CP/CPPS, chronic prostatitis/chronic pelvic pain syndrome; NIH-CPSI, National Institute of Health-Chronic Prostatitis Symptom Index. A–E, associations between NIH-CPSI scores and brain structure in CP/CPPS patients before (A) and after (B–E) treatment. (F) Associations between changes of NIH-CPSI scores and changes of brain structure in CP/CPPS patients. p value was obtained by Pearson correlation analysis. p < 0.05 was considered to be statistically significant difference.


In CP/CPPS patients after treatment, the pain or discomfort scores were negatively associated with the white matter volume of right middle frontal gyrus (r = −0.56; p = 0.003) and the white matter density of right middle frontal gyrus (r = −0.47; p = 0.02). The urinary symptom scores were negatively associated with the white matter density of left superior parietal gyrus (r = −0.41; p = 0.04). The quality-of-life impact scores were negatively associated with the gray matter volume of left middle cingulate gyrus (r = −0.41; p = 0.04). The NIH-CPSI total scores were negatively associated with the gray matter density of left middle occipital gyrus (r = −0.40; p = 0.04) (Figure 6).

The changes of gray matter volume in the left middle occipital gyrus were positively associated with the changes of pain or discomfort scores (r = 0.53; p = 0.006), symptom severity scores (r = 0.61; p = 0.001), quality-of-life impact scores (r = 0.40; p = 0.049) and NIH-CPSI total scores (r = 0.57; p = 0.003) (Figure 6).

These correlation analysis results further revealed the brain regions that might be related to the development of CP/CPPS, as well as the mechanism of acupuncture improving clinical symptoms of CPPS patients. These findings suggested that the development of CP/CPPS might be associated with the increased gray matter and white matter in the frontal, cingulate and parietal regions. The effects of acupuncture in improving clinical symptoms of CP/CPPS might be achieved by reducing the gray matter volume in the left middle cingulate gyrus (Table 3).



TABLE 3 Brain regions exhibited abnormal white matter volume and density in CP/CPPS patients.
[image: Table3]




4 Discussion

In this study, the findings showed that (1) CP/CPPS patients demonstrated decreased scores in the scale of NIH-CPSI and its subscales after acupuncture; (2) both CP/CPPS patients before and after treatment exhibited increased volume and density of gray matter and white matter, especially in the frontal, cingulate and parietal regions compared with HCs; (3) CP/CPPS patients displayed decreased gray matter volume in the left middle cingulate gyrus, as well as increased gray matter volume and density in the left middle occipital gyrus after treatment; (4) altered gray matter and white matter were associated with CP/CPPS symptoms and related to the mechanisms of acupuncture in treating CP/CPPS.

Acupuncture, a critical component of TCM, can be used for improving CP/CPPS symptoms and reduce pain (44). The mechanism of acupuncture for CP/CPPS is mostly achieved by modulating the associated neurotransmitters, regulating the effects of inflammatory factors, or modulating immune responses in patients or models with CP/CPPS (45). Systematic review and meta-analysis study showed that acupuncture could achieve superior effects in improving pains, urinary symptom, quality of life, NIH-CPSI score, and efficacy than western medicine and sham acupuncture (30). In this study, decreased scores in the scale of NIH-CPSI and its subscales were found in CP/CPPS patients after acupuncture, which were consistent with previous studies. However, the mechanisms, especially the central mechanisms associated with acupuncture in treating CP/CPPS are still unknown. From the insight of peripheral systems, acupuncture can reduce the expression level of inflammatory factors, increase the expression levels of anti-inflammatory factors, which enhance the immune function of patients (46). Oxidative stress was considered as a major pathway involved in the occurrence of chronic prostatitis, and the oxidative stress cascade was regard as a potential target for the treatment of prostatic diseases (47). The release of substance P and the inhibition of β-endorphin secreted by immune cells might may account for the persistence of pain symptoms (48). Acupuncture can be used for alleviating the pain symptoms of CP/CPPS patients by the aforementioned mechanisms (49). In addition, the central analgesic effect of acupuncture was mainly achieved by inhibiting the formation of synaptic plasticity, reducing the sensitivity of central nervous system and inhibiting glial cell activation (50). Moreover, the persistent chronic pain of CP/CPPS patients could lead to decreased activity and gray matter volume in the anterior cingulate gyrus of the brain, which were correlated with the NIH-CPSI total score and pain subscale (51). Therefore, there was an urgent need for identifying changes of brain structure associated with acupuncture in alleviating CP/CPPS symptoms.

Previous structural neuroimaging studies showed abnormal gray matter and white matter in pain-transmitting areas in patients suffering from chronic pain (52–54). The local alterations of brain structure were related to the transmission of pain and were considered as the consequence of pain (55). These changes of brain morphology could be normalized when pain is successfully treated, which suggested that brain structural abnormalities might be a reversible consequence of chronic nociceptive transmission (55). In this study, CP/CPPS patients before acupuncture showed increased gray matter volume in the middle cingulate gyrus, precentral gyrus, superior parietal gyrus, middle temporal gyrus, middle occipital gyrus, increased gray matter density in the precentral gyrus, decreased gray matter volume in the middle frontal gyrus, and decreased gray matter density in the middle frontal gyrus and middle occipital gyrus when compared with HCs. Moreover, patients before acupuncture also exhibited increased white matter volume in the superior frontal gyrus, superior parietal gyrus, postcentral gyrus, middle and inferior temporal gyrus, supramarginal gyrus, middle frontal gyrus, middle occipital gyrus and angular gyrus, increased white matter density in the superior frontal gyrus, superior parietal gyrus, postcentral gyrus, supramarginal gyrus, middle frontal gyrus, middle occipital gyrus, postcentral gyrus, and decreased white matter density in the precentral gyrus. Previous MRI study demonstrated that the spontaneous pelvic pain of CP/CPPS patients was associated with the activation within the right anterior insula, while the density of gray matter in anterior insula and anterior cingulate cortices were correlated with the pain intensity and extent of pain chronicity (56). In addition, these CP/CPPS patients exhibited impaired relationships between white matter anisotropy and neocortical gray matter volume. The anatomical changes in the cingulate cortices were associated with the unique ongoing experience of pelvic pain and CP/CPPS patients with greater pain likely had increased gray matter density in the cingulate cortices. In this study, we found that CP/CPPS patients before treatment exhibited increased volume and density of gray matter and white matter in widespread brain regions, especially in the frontal, cingulate and parietal cortices, as well as slight decline of gray matter in the middle frontal gyrus. In our previous study (8), we also found that CP/CPPS had higher global efficiency in the left middle cingulate and paracingulate gyrus, and increased local efficiency in the left middle cingulate, paracingulate gyrus and paracentral lobule. Females with chronic pelvic pain presented increased functional connectivity between the cingulate cortex and other brain regions involved in the processes and regulation of pain, sensory, motor and emotion (57). In addition, the altered functional connectivity in the cingulate cortex was associated with phenotype measures of these patients, which included pain and urologic symptom intensity, depression, anxiety, quality of relationships and self-esteem levels. All these findings implied that abnormal function in the cingulate cortex might lead to impaired neurological processes of self-referential thought and introspection, which then resulted in pain and negative emotion in patients with urologic chronic pelvic pain syndrome.

The brain regions including anterior cingulate gyrus, postcentral gyrus, precuneus and insula were related to pain feelings of CP/CPPS patients, which could also lead to dysregulation of painful emotions, lowering the tolerance of patients to stimulus (11). CP/CPPS patients showed augmented brain activity in the inferior parietal lobule and cingulate gyrus when compared with HCs, which might play an important role in the pathogenesis of CP/CPPS. However, CP/CPPS patients exhibited decreased consistency of activities in the bilateral anterior cingulate cortices and right medial prefrontal cortex involved in the pain modulation process when compared with HCs, which were correlated with the NIH-CPSI total score and pain subscale (58). Therefore, the increased function or structure in the cingulate might be a compensatory coping strategy in chronic pain condition, which might be associated with aberrant central control in pain processing (an impaired pain modulatory system, either by decreased descending pain inhibition or enhanced pain facilitation) in CP/CPPS patients (59). In neuropathic pain mice, increased activity of pyramidal cells in the cingulate cortex caused impaired excitatory/inhibitory balance, which exacerbated pain hypersensitivity (60). The brain regions including the cingulate cortex, involved in emotion-related behaviors including pain, were highly plastic, and modulating their structural or functional plasticity of synapses could inhibit central sensitization and thus reduce neuropathic pain (61, 62). The inhibition of the cingulate cortex could relieve pain in the rodent model of chronic pain (63). In this study, CP/CPPS patients showed decreased gray matter volume in the left middle cingulate gyrus after acupuncture. Acupuncture provoked extensive changes in brain function and the cingulate cortex was selected as the hub region after acupuncture, which also suggested that peripheral ERK signaling induced by acupuncture played a key role in modulating acupuncture-induced brain neural activity (64). Acupuncture could alleviate pain affect by using information integration from the autonomic brain regions including the cingulate and frontal cortex, key parts of the cortical representation of pain (65). Previous fMRI study exploring the regulatory effect of acupuncture on the brain showed that the functional connectivity of the cingulate cortex was decreased in the patients after acupuncture, which implied that acupuncture could effectively relieve the clinical symptoms of patients, and promote the functional re-construction (66). Moreover, acupuncture could block excessive stimulation of abnormal pain signals in the brain and spinal cord by inhibiting the activation of N-methyl-D-aspartate receptor ion channels in the cingulate cortex or releasing opioids (67). Based on aforementioned studies, we speculated that the effects of acupuncture in improving clinical symptoms of CP/CPPS might be achieved by reducing the gray matter volume in the left middle cingulate gyrus.

In CP/CPPS patients before treatment, the urinary symptom scores were negatively associated with the white matter density of right postcentral gyrus. The postcentral gyrus is an important sensory center in the cerebral cortex, with the following main functions: sensory information processing (receiving sensory signals, analyzing and integrating information), sensory localization and correspondence (fine sensory processing), and participation in sensory related functions (entity perception, motor perception). Therefore, the abnormalities of white matter in the right postcentral gyrus might be associated with LUTS symptoms of CP/CPPS patients. In addition, the pain or discomfort scores, urinary symptom scores, quality-of-life impact scores and NIH-CPSI total scores were mainly associated with abnormal structures in the frontal, cingulate and parietal regions of CP/CPPS patients after treatment. The frontal–parietal network of the brain has multiple important functions, mainly including cognitive control (task initiation and switching, flexible regulation), attention allocation, working memory (information storage, information retention and processing), somatosensory perception and pain processing. Therefore, abnormal structures in the frontal, cingulate and parietal regions might be related to various clinical symptoms, even in CP/CPPS patients after acupuncture treatment. Finally, the changes of gray matter volume in the left middle occipital gyrus were positively associated with the changes of pain or discomfort scores, symptom severity scores, quality-of-life impact scores and NIH-CPSI total scores. These findings suggested that the effects of acupuncture in improving clinical symptoms of CP/CPPS might be achieved by reducing the gray matter volume in the left middle cingulate gyrus.

However, several limitations should be addressed in this study. Firstly, the sample size of this study was relatively small and larger cohort studies were needed. Secondly, considering that there was no unified standard for sham acupuncture, the current study did not include a sham acupuncture control group. Therefore, the lack of a sham acupuncture control group was considered another limitation. However, with the deepening of future research findings and the continuous progress of research methods, the sham acupuncture control study would be further used to verify the results of the current study. Thirdly, the efficacy and brain modulation mechanisms of acupuncture for CP/CPPS at different time points were not explored. Therefore, further longitudinal follow-up studies with larger sample size were needed to evaluate the short term and long-term effects of acupuncture, as well as the underlying central neural mechanisms.



5 Conclusion

To the best of our knowledge, this was the first structural MRI study exploring the efficacy of acupuncture and its brain modulation mechanisms for CP/CPPS. The findings prompted that the development of CP/CPPS might be related to increased volume and density of gray matter and white matter in the frontal, cingulate and parietal regions. Additionally, acupuncture showed good therapeutic effects in improving CP/CPPS symptoms by decreasing gray matter volume in the left middle cingulate gyrus. All these provided new insights into the brain modulation mechanisms of acupuncture for CP/CPPS from the view of neuroimaging.
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Right middle temporal gyrus
Right middle occipital gyrus
Right angular gyrus
Patients after vs before treatment

Nosignificant differences

White matter den:

Patients before treatment vs HCs
Leftorbital superior frontal gyrus
Left superior parietal gyrus
Left posteentral gyrus
Left supramarginal gyrus
Left precentral gyrus
Right middle frontal gyrus
Right middle occipital gyrus
Right posteentral gyrus

Patients after treatment vs HCs
Leftorbital superior frontal gyrus
Left superior parietal gyrus
Left posteentral gyrus
Left supramarginal gyrus
Left precentral gyrus
Left middle occipital gyrus
Right posteentral gyrus
Right middle frontal gyrus
Right middle occipital gyrus

Patients after vs before treatment

Nosignificant differences
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CP/CPPS, chronic prostatits/chronic pelvic pain syndromes MNI, Montreal Neurological Insttute x, y; and 7, the coordinates of peak voxels of clusters in MNI space. The significant
difference was set at P < 0.001 and the minimum cluster size was 6 voxels, which was corrected by the AlphaSim program in REST software.
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Characteristics CP/CPPS
Age (years) 3176+ 9.68
Educational level (years) 1404£3.26

NIH-CPSI (before/affer treatment)

Total scores 2540 +5.41/16.84 + 302
Pain or discomfort scores 1292 271/7.00 £ 1.26
Urinary symptom scores 3482901296+ 2.13
‘Symptom severity scores 16.40 £ 4.00/9.96 + 2.62
Quality-of-lfe impact scores 8.88 £ 2.17/6.96 +1.06

CP/CPPS, chronic prostatits/chronic pelvic pain syndrome; NIH-CPSI, National Institute of Health-Chronic Prostatitis Symptom Index.

p values were obtained by (-tsts
p values were obtained by non-parameric tess.
P < 0.05 was considered to be statistically significant difference.
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Brain regions Peak MNI coordinates Clusters Peak t values

Y

Gray matter volume

Patients before treatment vs HCs

Left middle cingulate gyrus -4 -16 32 57 438
Left precentral gyrus -36 2 2 10 538
Left middle temporal gyrus a8 64 16 21 441
Left middle occipital gyrus -2 80 -2 7 419
Right middle cingulate gyrus 6 -38 38 36 431
Right superior parietal gyrus 2 -8 60 9 474
Right middle frontal gyrus 36 20 44 1 -432

Patients after treatment vs HCs

Left middle cingulate gyrus -2 -28 32 17 427
Left precentral gyrus -36 2 2 10 534
Left middle temporal gyrus 48 64 16 19 444
Left middle occipital gyrus -2 -82 -2 9 432
Left putamen -2 -2 2 21 377
Right middle cingulate gyrus' 6 -38 38 33 433
Right middle cingulate gyrus® 6 -2 2 2 414
Right superior parietal gyrus 28 48 60 8 475
Right postcentral gyrus 18 -38 80 7 387
Right parahippocampal gyrus 2 -2 -36 10 399
Right middle frontal gyrus 34 20 44 2 -423

Patients after vs before treatment

Left middle cingulate gyrus -6 - 38 7 ~403

Left

iddle occipital gyrus -28 -94 20 9
Gray matter density

Patients before treatment vs HCs

Left precentral gyrus 36 2 44 9 551
Right middle frontal gyrus 36 20 44 21 ~461
Right middle occipital gyrus 36 78 2 9 ~430

Patients after treatment vs HCs

Left precentral gyrus -36 2 44 9 544
Left inferior occipital gyrus —44 -80 -4 7 423
Right middle frontal gyrus 36 20 44 20 ~448
Right middle occipital gyrus 36 -78 2 7 -428

Patients after vs before treatment
Left middle occipital gyrus -2 —91 2 6 44

CPICPPS, chronic prostatits/chronic pelvic pain syndrome; MNI, Montreal Neurological Institut; x, ; and 7 the coordinates of peak voxels of clusters in MNI space. The significant
difference was set at P.< 0.001 and the minimum cluster ize was 6 voxels, which was corrected by the Alphasim program in REST software. Cluster 1 in right middle cingulate gyrus. *Cluster
2 in right middle cingulate gyrus.
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