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Abstract
Background Magnetic resonance spectroscopy (MRS) studies have indicated that the imbalance between gamma-
aminobutyric acid (GABA) and glutamate/glutamine (Glx) levels was the potential cause of migraine development. 
However, the changes in the GABA and Glx levels in patients with New daily persistent headache (NDPH) remain 
unclear. This study aimed to investigate the changes in GABA and Glx levels in the periaqueductal gray (PAG) and 
dentate nucleus (DN) in patients with NDPH using the MEGA-PRESS sequence.

Methods Twenty-one NDPH patients and 22 age- and sex-matched healthy controls (HCs) were included and 
underwent a 3.0T MRI examination, using the MEGA-PRESS sequence to analyze GABA and Glx levels of PAG and DN. 
The correlations between these neurotransmitter levels and clinical characteristics were also analyzed.

Results There were no significant differences in the GABA+/Water, GABA+/Cr, Glx/Water, and Glx/Cr levels in both 
PAG and DN between the two groups (all p > 0.05). Moderate-severe NDPH patients had lower levels of Glx/Water 
(p = 0.034) and Glx/Cr (p = 0.012) in DN than minimal-mild NDPH patients. In patients with NDPH, higher Glx/Water 
levels in the PAG (r=-0.471, p = 0.031, n = 21) and DN (r=-0.501, p = 0.021, n = 21) and higher Glx/Cr levels in DN (r=-
0.483, p = 0.026, n = 21) were found to be correlated with lower Visual Analogue Scale scores. Additionally, a positive 
correlation was observed between the GABA+/Cr levels in the DN and the Generalized Anxiety Disorder-7 scores 
(r = 0.519, p = 0.039, n = 16).

Conclusions The results of this study indicated that the GABA and Glx levels in the PAG and DN may not be 
the primary contributor to the development of NDPH. The correlations between certain clinical scales and the 
neurotransmitter levels may be derived from the NDPH related symptoms.
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Introduction
New daily persistent headache (NDPH) is a rare pri-
mary headache with a prevalence of about 0.03-0.1% in 
the general population [1]. The primary characteristic of 
NDPH is the persistent headache that continues in a daily 
pattern at least three months from its onset and patients 
can clearly remember the exact time of the onset [2]. The 
headache phenotype of NDPH may resemble chronic 
migraine (CM) or chronic tension-type headache [3]. 
Severe instances may even precipitate psychiatric disor-
ders. However, the pathogenesis of NDPH is still poorly 
understood [1, 4].

Previous studies have indicated neurotransmitter 
changes in certain regions of the brain in patients with 
migraine [5–7]. An imbalance between inhibitory and 
excitatory neurotransmitters may contribute to migraine 
development [8]. Magnetic resonance spectroscopy 
(MRS) offers a non-invasive method to quantify metabo-
lites. In particular, the MEGA-PRESS sequence enables 
quantification of the concentration of gamma-aminobu-
tyric acid (GABA) and glutamate/glutamine (Glx) [9]. 
The MEGA-PRESS sequence uses J-difference editing to 
resolve overlapping signals, enabling the accurate quan-
titative detection of modified GABA and Glx levels [9]. 
This technology has been widely applied in the study 
of GABA and Glx in the brain of diverse populations, 
including healthy people [10], Alzheimer’s disease [11], 
Parkinson’s disease [12], and migraine [6–8]. MEGA-
PRESS sequence might be one of the most reliable and 
commonly used methods for measuring GABA.

Periaqueductal gray (PAG) is one of the most impor-
tant central hubs for processing ascending and descend-
ing pain signals [13]. It has extensive connections with 
the cortex, various brainstem nuclei, and cerebellum 
[14–16]. Numerous studies have reported abnormali-
ties in PAG and cerebellum in CM and NDPH [17–20]. 
A prior study revealed that patients with CM exhibited 
significantly decreased levels of GABA in the dentate 
nucleus (DN) and notably elevated levels of Glx in PAG 
compared to healthy controls (HCs). A strong correlation 
between these neurochemical levels and migraine char-
acteristics was also identified [6]. It remains unknown 
whether there are any alterations in GABA and Glx levels 
of the PAG and DN in patients with NDPH. The investi-
gation in these areas may help to understand the underly-
ing pathological mechanisms of NDPH.

Therefore, the aim of this study was to quantify the 
GABA and Glx levels in the DN and PAG of NDPH 
patients using the MEGA-PRESS sequence and to inves-
tigate the correlation between GABA and Glx levels 

and clinical characteristics of patients with NDPH. We 
hypothesized that GABA-GLX imbalance exists in the 
PAG and DN of patients with NDPH.

Methods
Participants
Twenty-six patients with NDPH were prospectively 
recruited from the Headache Centre of the Department 
of Neurology, Beijing Tiantan Hospital, Capital Medical 
University, from January 2021 to July 2022. All NDPH 
patients were diagnosed by two experienced headache 
physicians according to the diagnostic criteria of the 
International Classification of Headache Disorders, Third 
version (ICD-3) [2]; Inclusion criteria: (1) no other neu-
rological or psychiatric disorders; (2) no claustrophobia 
and other contraindications to MRI examination; (3) no 
history of cranial and cerebral surgeries or trauma. Exclu-
sion criteria: (1) obvious infarct lesions in the brain; (2) 
poor cooperation and the quality of MRI images could 
not satisfy the subsequent analysis; (3) incomplete data.

Thirty-three age- and sex-matched HCs were enrolled 
in this study. The inclusion criteria for the HC group were 
as follows: (1) no history of any headache; (2) no history 
of neurological or psychiatric disorders; (3) no claustro-
phobia and other contraindications to MRI examina-
tion; (4) the quality of the MRI images could satisfy the 
subsequent analysis. The subjects were excluded if they 
had obvious infarct lesions, poor MRI image quality, and 
incomplete data.

Demographic and general clinical information such as 
age, gender, body mass index (BMI), age of onset of dis-
ease, and disease duration were recorded for all partici-
pants. Multiple clinical scales have been used to assess 
the clinical characteristics of NDPH patients. Visual ana-
log scale (VAS) scores were used to assess the headache 
intensity; the Headache Impact Test-6 (HIT-6) [21] was 
used to assess the impact of headache in daily life; the 
Pittsburgh Sleepiness Quality Index (PSQI) [22] was used 
to assess the quality of sleep; the Generalized Anxiety 
Disorder-7 (GAD-7) [23] was used to assess anxiety and 
the Patient Health Questionnaire-9 (PHQ-9) [24] was 
used to assess depression. We also performed a subgroup 
analysis of patients with NDPH based on the headache 
intensity. NDPH patients were divided into minimal-mild 
group (VAS score 0–3) and moderate-severe group (VAS 
score 4–10).

This study was a sub-study of the ongoing Chinese 
Headache Disorders Registry Study (CHAIRS, trial reg-
istration: NCT05334927). All participants signed an 
informed consent form, and the Ethics Committee of 
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Beijing Tiantan Hospital reviewed and approved the 
study (KY-2022-044).

MRI images acquisition and processing
All participants were examined on a 3.0T MR scanner 
(Signa Premier, GE Healthcare, USA) equipped to use 
a 48-channel head coil. All participants had their heads 
immobilized with foam pads and were asked to keep 
their heads as still as possible.

3D T1 MP-RAGE sequence was performed to obtain 
structural data using the following parameters: sagit-
tal acquisition, echo time (TE) = 3 ms, repetition time 
(TR) = 7.2 ms, with 1-mm isotropic resolution, field of 
view (FOV) = 256  mm; acquisition matrix = 256; slice 
number = 192; flip angle = 8°; preparation time = 880 
ms; recovery time = 400 ms; acceleration factor = 2; 
(acquisition time = 4  min). The scanning parameters for 
the MEGA-PRESS sequence were as follows: TE = 68 
ms, TR = 2000 ms, number of points = 2048; spectral 
width = 2000  Hz; and number of averages = 160 (acqui-
sition time = 11  min 28  s). Six very selective saturation 

(VSS) pulses were used to minimize errors in chemical-
shift displacement and to achieve consistent localization 
volumes across measurements [25]. According to previ-
ous literature, two 20 × 20 × 20 mm3 voxels were placed in 
PAG and DN, respectively (Fig.  1). All images acquired 
from the MEGA-PRESS sequence were processed using 
GANNET 3.1 (http://gabamrs.org) [26] (Fig. 2). A Gauss-
ian baseline model was used to fit the edited GABA sig-
nal and a Lorentz-Gaussian line shape was employed to 
fit the unsuppressed water signal. The processing steps 
included the following: a combination of phased array 
coil data, time-domain frequency, phase correction using 
spectral correction, and application of an exponential 
apodization function for line broadening. Subsequent 
steps involved fast Fourier transform, time averaging, and 
frequency and phase correction based on fitting the water 
and creatine (Cr) signals. Finally, data were pairwise 
rejected if the fitting parameters deviated by more than 
three standard deviations from the mean, and subtrac-
tion was used to generate the edited difference spectrum 
and to extract the OFF spectrum. All MRS spectra were 

Fig. 1 The examples of voxel placements in the PAG (A) and DN (B). PAG, periaqueductal gray; DN, dentate nucleus; L, Left; R, Right
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reviewed by two experts to exclude data with significant 
motion artifacts as well as insufficient water suppression.

Statistical analysis
The sample size was calculated according to the neu-
rotransmitter levels in the previous study [6]. We set the 
target power (1-β) at 0.80 and the α-error at 0.05. We 
calculated that at least 19 participants were needed for 
each group. All statistical analyses were performed using 
SPSS software (version 25.0, IBM, Armonk, NY, USA). 
All data were checked for normality using the Shapiro-
Wilk test. Quantitative data that fit the normal distribu-
tion were expressed using mean ± standard deviation, and 
that did not fit the normal distribution were expressed 
using median and quartiles. Categorical variables were 
expressed using frequencies and percentages. Differences 
in sex composition between groups were assessed using 
the chi-squared test. The independent samples t-test and 
the Mann-Whitney-U test were applied for comparisons 
of the two groups, based on whether the quantitative 
data conformed to a normal distribution. Pearson’s or 

Spearman’s correlation was used to analyze the correla-
tion between neurotransmitter levels and clinical charac-
teristics. p < 0.05 were considered statistically significant.

Results
Demographics and clinical characteristics
In total, twenty-six NDPH patients and 33 HCs were 
recruited, five NDPH patients and 9 HCs were excluded 
due to incomplete images, and two HCs were excluded 
due to poor image quality. Finally, twenty-one NDPH 
patients and 22 HCs were included.

There were no significant differences in age, gender, 
and BMI between the NDPH and HC groups. Sixteen 
NDPH patients completed the HIT-6, PSQI, GAD-7, and 
PHQ-9 scale assessments. All demographic and clinical 
characteristics are presented in Table 1.

Neurotransmitter levels in NDPH and HC groups
In the PAG, there were no significant differences in 
GABA+/Water levels, GABA+/Cr levels, Glx/Water, and 
Glx/Cr between NDPH and HC groups (all p > 0.05).

Fig. 2 MEGA-PRESS data processing. (A) The processed gamma-aminobutyric acid (GABA)-edited difference spectrum before frequency and phase cor-
rection (red) and after (blue). (B) The frequency of the maximum point in the residual water signal is plotted against time. (C) The y-axis represents the 
frequency (in ppm) of the Cr signal, before frequency-and-phase correction and after. (D) The GABA-edited spectrum is shown in blue. The model of best 
fit is shown in red. The residual between these two is shown in black. GABA, gamma-aminobutyric acid; Glx, glutamate/glutamine; Cr, creatine
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In the DN, no significant differences were found in 
GABA+/Water levels, GABA+/Cr levels, Glx/Water, and 
Glx/Cr between NDPH and HC groups (all p > 0.05). 
More detailed MRS data were shown in Table 2; Fig. 3.

Subgroup analysis of neurotransmitter levels in NDPH
Nine patients were divided into the minimal-mild group 
and 12 patients were divided into the moderate-severe 
group. In the DN, the Glx/Water (p = 0.034) and Glx/Cr 
(p = 0.012) levels in the moderate-severe group were sig-
nificantly lower than the minimal-mild group. However, 
no significant differences were found in the GABA+/
Water (p = 0.650) and GABA+/Cr (p = 0.499) levels. No 
significant differences were found in the neurotransmit-
ter levels in PAG between the minimal-mild and moder-
ate-severe groups (all p > 0.05). The details were shown in 
Table 3.

Correlation between neurotransmitter levels and clinical 
characteristics
The Glx/Water levels in the PAG (r=-0.471, p = 0.031, 
n = 21) and DN (r=-0.501, p = 0.021, n = 21) and the Glx/
Cr levels in DN (r=-0.483, p = 0.026, n = 21) were observed 
to be negatively correlated with the VAS scores (Fig. 4A-
C). The GABA+/Cr levels in the DN were positively cor-
related with the GAD-7 scores (r = 0.519, p = 0.039, n = 16) 
(Fig. 4D).

Discussion
In this study, we investigated the GABA and Glx lev-
els within the PAG and DN of NDPH patients using the 
MEGA-PRESS sequence. We found that there were no 
significant differences in these neurotransmitter levels 
between HC and NDPH groups. In the DN, subgroup 
analysis showed that moderate-severe NDPH patients had 
lower Glx concentrations than minimal-mild patients. Fur-
thermore, there were significant correlations between neu-
rotransmitter levels and VAS scores, as well as the GAD-7 
scores of NDPH patients.

Several MRI studies have revealed abnormal altera-
tions in the structure, functional connectivity, and 
cerebral blood flow of the cerebellum in patients with 
migraine [27–29]. As the largest nucleus of the cerebel-
lum, DN may play an important role in the pathogen-
esis of migraine. The role of PAG in migraine has also 
been emphasized by many studies [29–31]. Both DN 
and PAG have glutamatergic neurons and GABAer-
gic neurons [32–34]. Several studies reported abnormal 
GABA-Glx imbalance in migraine [5, 8]. The previous 
MEGA-PRESS study in CM patients has demonstrated 
the GABA-Glx imbalance in PAG and DN [6]. Therefore, 
these two regions were selected as ROIs in this study. The 
GABA and Glx levels were measured in DN and PAG in 
NDPH patients for the first time. Interestingly, we did not 
observe abnormal alterations in the levels of these neu-
rotransmitters in either the PAG or DN in patients with 
NDPH compared with HCs.

Although several factors have been proposed associ-
ated with NDPH, such as infections (e.g., viral or bac-
terial infections) and cervical spine joint hyperactivity 
[35–37], the underlying mechanism of NDPH remains 
unclear. So far, MRI studies on NDPH were not com-
mon and the results vary widely. Negative results were 
reported in white matter abnormalities [38], voxel-based 
morphometry (VBM) structural brain alterations [39], as 
well as glymphatic dysfunction [40]; while some studies 
have identified abnormalities in structure, cerebral perfu-
sion, white matter micro-structural changes, and func-
tional connectivity in patients with NDPH [20, 41–45]. 
The findings of our study provide the first group of data 
in neurotransmitter levels changes in NDPH cases, which 
indicated that the pathogenesis of NDPH might differ 

Table 1 Demographic and clinical data
HC(n = 22) NDPH(n = 21) p-Value

Age (years) 29.00 
(27.00-45.25)

38.00 (17.00-60.50) 0.780

Male, n (%) 11 (50.00) 13 (61.90) 0.432
BMI (kg/m2) 22.14 ± 3.09 21.96 ± 3.67 0.870
Disease duration 
(years)

NA 3.00 (1.00-11.50) NA

Age of onset 
(years)

NA 31.00 (13.50–44.00) NA

VAS scores NA 4.00 (3.00–7.00) NA
HIT-6 (36–78) NA 64.69 ± 8.61 (n = 16) NA
PHQ-9 (0–27) NA 10.69 ± 6.28 (n = 16) NA
GAD-7 (0–21) NA 6.94 ± 4.64 (n = 16) NA
PSQI (0–21) NA 10.25 ± 4.45 (n = 16) NA
NDPH, New Daily Persistent Headache; HC, Healthy control; BMI, Body Mass 
Index; VAS, Visual analog scale, HIT-6, Headache Impact Test-6; PHQ-9, 
Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder-7; PSQI, 
Pittsburgh Sleep Quality Index

Table 2 MRS data in periaqueductal gray and dentate nucleus
HC(n = 22) NDPH(n = 21) p-Value

Periaqueductal gray
GABA+/Water (i.u.) 2.00 ± 0.47 2.01 ± 0.61 0.952
GABA+/Cr 0.20 ± 0.04 0.19 ± 0.05 0.559
Glx/Water (i.u.) 4.50 ± 1.22 4.75 ± 0.92 0.459
Glx/Cr 0.12 ± 0.04 0.12 ± 0.02 0.804
Dentate nucleus
GABA+/Water (i.u.) 2.80 ± 0.54 2.74 ± 0.57 0.728
GABA+/Cr 0.20 ± 0.04 0.19 ± 0.05 0.755
Glx/Water (i.u.) 5.73 ± 1.37 5.43 ± 1.39 0.476
Glx/Cr 0.11 ± 0.03 0.10 ± 0.03 0.304
NDPH, New Daily Persistent Headache; HC, Healthy control; GABA, gamma-
aminobutyric acid; Glx, glutamate/glutamine; Cr, creatine; i.u., institutional unit
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from that of CM, and it is not primarily caused by an 
imbalance of GABA-GLX in PAG and DN.

The factors that affect the GABA and Glx levels were 
complex. The findings of MRS studies on migraine have 
also been heterogeneous in recent years. The location of 

ROI placement [46], the stimulation [47], the presence or 
absence of an aura [48], and the severity of migraine [49, 
50] may all have an impact on the results. The headache 
intensity in NDPH patients was comparatively milder 
than that in the previous study [39]. Whether it is one of 
the reasons for the negative results in the current study 
may need further validation. NDPH patients were cate-
gorized into a self-limiting form and a persistent refrac-
tory form [2]. In another recent study, NDPH patients 
were classified into three subtypes using cluster analysis 
[39]. The heterogeneity of patients with NDPH may also 
be an important reason for the negative results.

In addition to GABA and Glx, other neurotransmitters 
such as serotonin may also contribute to the development 
of migraine [51, 52]. It has been suggested that there 
may be interactions between serotonin, GABA, and Glx 
[53–55]. Taking selective serotonin reuptake inhibitors 
has been linked to increased GABA levels in the occipi-
tal lobe [53, 54]. Animal studies have demonstrated that 
sumatriptan also inhibits GABAergic and glutamatergic 
synaptic transmission within the PAG [56]. PAG also has 

Table 3 Subgroup analysis of neurotransmitter levels in NDPH
Minimal-mild
(n = 9)

Moderate-
severe (n = 12)

p-
Value

Periaqueductal gray
GABA+/Water (i.u.) 1.99 ± 0.64 2.03 ± 0.62 0.874
GABA+/Cr 0.18 ± 0.06 0.19 ± 0.04 0.596
Glx/Water (i.u.) 5.20 ± 0.84 4.42 ± 0.85 0.052
Glx/Cr 0.13 ± 0.03 0.11 ± 0.02 0.229
Dentate nucleus
GABA+/Water (i.u.) 2.81 ± 0.73 2.69 ± 0.45 0.650
GABA+/Cr 0.20 ± 0.07 0.18 ± 0.03 0.499
Glx/Water (i.u.) 6.11 ± 1.39 4.91 ± 1.21 0.034
Glx/Cr 0.12 ± 0.03 0.09 ± 0.03 0.012
GABA, gamma-aminobutyric acid; Glx, glutamate/glutamine; Cr, creatine; i.u., 
institutional unit

Fig. 3 Comparisons of neurotransmitter levels between NDPH and HC groups. (A) GABA+/Water (i.u.) in the PAG and DN of the HC and NDPH groups. 
(B) GABA+/Cr in the PAG and DN of the HC and NDPH groups. (C) Glx/Water (i.u.) in the PAG and DN of the HC and NDPH groups. (D) Glx/Cr in the PAG 
and DN of the HC and NDPH groups. PAG, periaqueductal gray; DN, dentate nucleus; HC, healthy control; NDPH, new daily persistent headache; GABA, 
gamma-aminobutyric acid; Glx, glutamate/glutamine; Cr, creatine; i.u., institutional unit
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somatostatin, dopamine, and other neurotransmitters 
[57, 58]. The role of these neurotransmitters in the patho-
genesis of NDPH was not verified in this current study. 
It is plausible that other mechanisms beyond the known 
neurotransmitter interactions exist in NDPH patients.

Depression, anxiety, and sleep disturbance were preva-
lent comorbidities in patients with NDPH [4]. Previous 
studies have shown that the majority of NDPH patients 
exhibit high scores on both GAD-7 and PHQ-9 assess-
ments [59]. In patients with migraine, Wang et al. [6] 
reported that the neurotransmitter levels may be corre-
lated with depression, sleep, and disability severity. It has 
been proposed that lower GABA levels may be associ-
ated with more severe migraine [49]. In the present study, 
moderate-severe patients also had significantly lower Glx 
levels than the minimal-mild patients. In addition, our 
results showed that the Glx levels in DN and PAG were 
negatively correlated with VAS scores. The GABA level 
in DN was found to be positively correlated with the 
GAD-7 score. This phenomenon may be associated with 
neurotransmitter adaptation to clinical characteristics. 
In the previous study, Peek et al. [60] also found that the 
increased GABA levels in the anterior cingulate cortex 
may be a protective factor to suppress further migraine 
attacks. Alterations in GABA and Glx levels may be 
adaptive responses to disease states. The relationship 
between neurotransmitters and migraine characteristics 
is complex and not yet fully understood. Further research 
is needed to investigate the mechanisms associated with 
migraine characteristics and neurotransmitter levels.

There were some limitations in our study. First, this 
study was a single-center cross-sectional study with a 
relatively small sample size. Considering the incidence 
of NDPH, the results of our study might provide data to 
help with the understanding of this rare disease. Another 
limitation of our study was that the clinical scales of the 
NDPH patients were not complete, which might affect 

the correlation results. There are still some difficulties 
in achieving high-quality MRS acquisition in the PAG 
due to its small size. In this study, we used an ROI size 
of 20 × 20 × 20mm3 to achieve this purpose, which was 
larger than PAG. Our previous study on patients with 
migraine found abnormalities in neurotransmitter lev-
els in PAG using the same protocol, which may indicate 
the feasibility and reliability of the MEGA-PRESS proto-
col in this area [6]. This approach improved the signal-
to-noise ratio, but sacrificed the regional specificity in a 
certain degree. Recently, Sirucek L et al. [25] proposed a 
new approach to achieve higher-quality MRS acquisition 
in PAG. The new imaging method would help to obtain 
high-quality MRS data with better regional specificity 
to investigate the neurotransmitter levels in the PAG in 
future studies. Furthermore, due to the relatively long 
acquisition time, only DN and PAG were chosen and 
included in the analysis. Whether there are any changes 
in the neurotransmitter levels of other regions of the 
brain still needs further investigation. A longitudinal 
study with larger sample size and complete clinical scale 
data will be needed for validation of the findings in the 
current study.

Conclusion
In conclusion, the results of this study indicated that 
the neurotransmitter levels changes in the periaque-
ductal gray and dentate nucleus may not be the primary 
contributor to the development of NDPH, which may 
be taken as supportive data for the different underlying 
mechanisms between NDPH and primary migraine dis-
eases. Further studies using multimodal MRI are neces-
sary and may provide more valuable information for the 
exploration of underlying pathological mechanisms in 
patients with NDPH.

Fig. 4 Correlation between clinical characteristics and neurotransmitter levels. (A) Negative correlation between Glx/Water in the PAG and the VAS score 
(r=-0.471, p = 0.031, n = 21). (B) Negative correlation between Glx/Water in the DN and the VAS score (r=-0.501, p = 0.021, n = 21). (C) Negative correla-
tion between Glx/Cr in the DN and the VAS score (r=-0.483, p = 0.026, n = 21). (D) Positive correlation between GABA+/Water in the DN and the GAD-7 
score (r = 0.519, p = 0.039, n = 16). Gray shading represents the 95% confidence intervals of the partial correlations. PAG, periaqueductal gray; DN, dentate 
nucleus; Cr, creatine; GABA, gamma-aminobutyric acid; Glx, glutamate/glutamine; VAS, Visual analog scale; GAD-7, Generalized Anxiety Disorder-7
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