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Background: Alopecia areata (AA) is a nonscarring chronic inflammatory hair loss disease with a complex 
etiology. Psychological stress and dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis have been 
strongly linked to the etiology of AA, but the associated changes in intrinsic brain activity remain unknown. 
We hypothesized that patients with AA exhibit altered hypothalamic activity that is linked to psychological 
stress. This study aimed to characterize the altered hypothalamic activity in patients with AA and its 
relationship to psychological stress.
Methods: A total of 102 patients with AA and 84 age- and sex-matched healthy controls (HCs) were 
recruited. All participants underwent resting-state functional magnetic resonance imaging (rs-fMRI) to assess 
brain activity and completed neuropsychological evaluations, including the Hamilton Anxiety Rating Scale 
(HAM-A) score and the Hamilton Depression Rating Scale (HAM-D). Additionally, patients with AA were 
assessed using the Dermatology Life Quality Index (DLQI), and blood samples were obtained to measure 
total serum immunoglobulin E (IgE) levels. We chose the hypothalamus as the region of interest (ROI) to 
compare alterations in hypothalamic of amplitude of low-frequency fluctuation (ALFF) and whole-brain 
functional connectivity (FC) between patients with AA and HCs. Analyses of the correlation of brain activity 
and clinical data were conducted, including neuropsychological tests, DLQI, and blood samples.
Results: The HAM-A score, the HAM-D score, and the altered ALFF in the hypothalamus showed a 
statistically significant difference between patients with AA and HCs (P<0.05). Patients with AA exhibited 
increased FC between the hypothalamus, the left postcentral gyrus, and right inferior temporal gyrus 
(Gaussian random field-corrected: voxel <0.001 and cluster <0.05). Moreover, increased FC between the 
hypothalamus and left postcentral gyrus was positively correlated with HAM-D score (r=0.296; P=0.020), 
while increased FC between the hypothalamus and the right inferior temporal gyrus was negatively 
correlated with both DLQI (r=−0.256; P=0.012) and total serum IgE (r=−0.203; P=0.048).
Conclusions: Patients with AA exhibited altered hypothalamus activity and connectivity. These alterations 
may underlie the neurophysiological basis of psychological stress experienced by patients with AA.
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Introduction

Alopecia areata (AA) is a common autoimmune inflammatory 
disease with a complex etiology characterized by nonscarring 
hair loss (1). The prevalence of AA ranges from 0.1% to 
0.2%, and the lifetime risk is 2% (2). Patients with AA are 
particularly susceptible to comorbid autoimmune diseases, 
such as systemic lupus erythematosus (SLE), psoriasis, 
and idiopathic dermatitis, as well as psychiatric disorders, 
such as depression (3-5). It is currently believed that the 
significant impact of hair loss on the appearance of patients 
with AA leads to social burdens and mental disorders, 
resulting in noticeable psychological stress (6). Clinical 
experience indicates that onset of AA is highly related to 
psychological stress, with patients sometimes experiencing 
sudden, overnight hair loss following severe psychological 
trauma (7). Therefore, it is essential to investigate 
how psychological changes impact AA. Moreover, 
AA comorbidities can lead to social and occupational 
impairments, sleep disorders, and even suicidal tendencies; 
thus, clarifying the potential mechanisms underlying these 
comorbidities may have clinical ramifications (8). Although 
the precise reasons for this increased susceptibility remains 
unknown (9), multiple studies have indicated that AA 
and its comorbidities share certain characteristics such as 
psychological stress and dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis leading to inflammation 
and abnormal immune activity (10-13). This suggests 
that psychological and neurological changes might be 
the underlying mechanisms for AA comorbidities. As 
the hypothalamus is the center of the HPA axis and an 
important site of psychological stress (14), it is reasonable to 
speculate that the hypothalamus plays a central role in the 
pathogenesis of AA and its comorbidities. We hypothesized 
that patients with AA exhibit abnormal activity in the 
hypothalamus that is associated with psychological stress.

To our knowledge, no study has been conducted on 
brain activity changes in patients with AA. Resting-state 
functional magnetic resonance imaging (rs-fMRI) is a 
noninvasive imaging technique used to detect abnormal 

spontaneous neural activity through blood oxygen level-
dependent (BOLD) signals (15). The amplitude of low-
frequency fluctuations (ALFF) is a data-driven method in rs-
fMRI that examines regional spontaneous brain activity by 
assessing the strength of the BOLD signal in low-frequency 
oscillations within localized brain areas. Seed-based analysis 
correlates the BOLD fMRI time series of a defined region 
of interest (ROI) against all other regions, resulting in 
a functional connectivity (FC) map (16). Alterations in 
ALFF and FC may represent potentially abnormal brain 
activity and have become reliable neuroimaging markers 
for examining brain activity in various diseases (17,18), 
including some comorbidities of AA (19-21). For example, 
one study found that differences in resting-state FC (RSFC) 
in healthy children with a familial risk for depression could 
serve as a potential neuromarker for predicting the onset of 
major depressive disorder (MDD) (22). Another study used 
RSFC to differentiate patients with non-neuropsychiatric 
SLE (non-NP-SLE) from healthy controls (HCs) (23). 
However, our study is the first to use MRI to assess 
altered hypothalamic activity in patients with AA, which 
may be a potential neuromarker of psychological stress in 
these patients. Our findings may will help us to further 
understand the mechanisms underlying the relationship 
between psychological stress and AA and may provide 
valuable insights for the improved diagnosis and treatment 
of AA. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1684/rc).

Methods

Participants

Consecutive adult patients with clinically confirmed AA, 
but not those with any comorbidity such as SLE, psoriasis, 
atopic dermatitis, and depression, were enrolled from 
dermatology clinics from December 2021 to December 
2023. HCs were selected to match the patients in terms of 
age and gender and were recruited from the community via 
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local newspaper advertisements and referrals from patients 
and their families. This cross-sectional study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013) and was approved by the Ethics Committee of 
Xiangya Hospital (No. 202211746), and all participants 
signed an informed consent form.

Clinical evaluation and data collection

Data on demographics, clinical features, laboratory results, 
treatments, and outcomes were obtained from medical 
records through standardized data collection forms. Patients 
were newly diagnosed based on clinical and pathological 
information and had not received any systemic treatment. 
All patients were assessed with the Severity of Alopecia 
Tool (SALT) score (24) and the Dermatology Life Quality 
Index (DLQI) (25). Blood samples were also collected 
for AA-related immune markers, including total serum 
immunoglobulin E (IgE) levels.

Neuropsychological testing

The Hamilton Anxiety Rating Scale (HAM-A) score (26) 
and the Hamilton Depression Rating Scale (HAM-D)  
score (27) were used for neuropsychological testing. All 
interviews and assessments were conducted on the same day 
as the brain MRI scans.

rs-fMRI data acquisition and preprocessing

A l l  r s - f M R I  s c a n s  w e r e  c o n d u c t e d  u s i n g  a  t h e 
MAGNETOM Prisma 3T MRI scanner (Siemens 
Healthineers, Erlangen, Germany). A high-resolution, 
three-dimensional T1-weighted structural image was 
acquired under the following parameters: repetition 
time =2,300 ms, echo time =3.2 ms, field of view (FOV) 
=256×256 mm, and slice thickness =1.0 mm. The rs-fMRI 
data were then collected using an echo-planar imaging 
sequence under the following parameters: repetition time 
=2,000 ms, slice thickness =2 mm, number of slices =75, 
echo time =34 ms, FOV =220×220 mm, in-plane resolution 
=128×128, slice gap =0 mm, and flip angle =66°. Participants 
were instructed to keep their eyes closed during the scan. 

Preprocessing of rs-fMRI images was carried out using 
Statistical Parametric Mapping 12 (SPM 12; https://www.
fil.ion.ucl.ac.uk/spm/software/spm12/) and DPARSFA5.3 
(http://rfmri.org/DPARSF) (28). To eliminate the effects of 
participant discomfort and magnetic field inhomogeneity, 

the first 10 time points were excluded, while the remaining 
230 time points were included in the analysis. Image 
preprocessing involved correction for time and head 
motion, with data being excluded from analysis if the 
head motion exceeded 2 mm or 2°. DPARSF was used to 
calculate the mean head movement parameters and mean 
head position displacement (volume-level mean frame-wise 
displacement), and the difference between groups was not 
statistically significant. Scanned functional images were 
aligned to a standard template with voxel resampling of 
3 mm × 3 mm × 3 mm. Spatial smoothing was performed 
using a Gaussian kernel of 6 mm × 6 mm × 6 mm. Data 
were temporal band-pass filtered (0.01–0.10 Hz) to decrease 
low-frequency drift and physiological high-frequency noise, 
the linear tendency was removed, and head movement 
parameters were regressed out.

ALFF analysis

ALFF analysis was performed using DPARSF 5.3 software. 
The filtered time series were converted into the frequency 
domain using fast Fourier transform (FFT). The power 
spectrum was obtained through square-based FFT, and 
the mean within the 0.01- to 0.10-Hz frequency range was 
calculated for each voxel. This mean value, expressed as the 
square root, was used as the ALFF measurement. A mask was 
generated using the Montreal Neurological Institute (MNI) 
template. The data were normalized across participants by 
dividing the overall average ALFF by the ALFF of each 
individual voxel. The z-score ALFF graph of the normal 
distribution was obtained by calculating the ALFF index and 
normalizing it by subtracting the mean from the standard 
deviation. 

FC analysis

FC analyses were performed using the seed-based method 
with the hypothalamus serving as a seed point in a high-
resolution probabilistic in vivo atlas of human subcortical 
nuclei (29). Pearson correlation analyses were then 
performed between timeseries of all seeds, and voxels of 
the whole brain correlation coefficients (r values) were 
converted into Fisher z-values for the measurement of FC.

Statistical analysis

Statistical analysis was performed using SPSS 26 (IBM 
Corp., Armonk, NY, USA). Continuous variables were 

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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analyzed using independent two-sample t-tests and Mann-
Whitney U tests, while Chi-squared tests were applied to 
categorical variables. For the ALFF and FC analyses, two-
sample t-tests were used to identify differences between 
the two groups. Gaussian random field (GRF) correction 
was applied to results to a voxel level threshold of <0.001, 
and automatic estimation of the effective smoothing kernel 
was conducted to obtain a corresponding cluster level, with 
P<0.05 being considered statistically significant. Correlation 
analysis between altered hypothalamus activity and clinical 
data, including neuropsychological tests, the DLQI, and 
blood samples, was conducted using Pearson correlation 
or Spearman rank correlation. The two-tailed statistical 
significance was set at P<0.05. All analyses included age and 
gender as covariates.

Results

Participant information and clinical assessment

A total of 102 patients with AA and 84 matched HCs were 

enrolled. Their demographic information is presented in 
Table 1. No significant differences were observed between 
patients with AA and HCs in terms of age or gender (all P 
values >0.05). Significant differences were found between 
patients with AA and HCs in depression and anxiety as 
assessed by HAM-D score and HAM-A score, respectively 
(all P values <0.05) (Figure S1). The SALT score of patients 
with AA was correlated with disease duration (r=0.347; 
P<0.001), the age of onset (r=−0.266; P=0.007), and DLQI 
(r=0.296; P=0.003). DLQI was positively correlated with 
HAM-D score (r=0.424; P=0.001), HAM-A score (r=0.277; 
P=0.033), and disease duration (r=0.215; P=0.031) (Table 2 
and Figure 1). However, there was no correlation between 
SALT score and HAM-A score, HAM-D score, and total 
serum IgE in patients with AA (all P values >0.05).

ALFF alterations

The altered ALFF in the hypothalamus showed a 
statistically significant difference between patients with 
AA and HCs (P<0.05) (Table 1 and Figure S1). There was 

Table 1 Demographic, clinical, and neuropsychological test scores of patients with AA and HCs

Characteristics AA (n=102) HC (n=84) P value

Gender 0.70

Male 42 (41.2) 33 (39.3)

Female 60 (58.8) 51 (60.7)

Age (years) 33 [21.75–43] 26.5 [24–50] 0.94

Age of onset (years) 29.91 [18.25–42.77] – –

Disease duration (years) 1 (0.25–3.19) – –

SALT score 36 [15–70] – –

Mild SALT [0–24] 40 (39.2) – –

Moderate SALT [25–49] 24 (23.5) – –

Severe SALT [≥50] 38 (37.3) – –

Questionnaires – –

DLQI 5 [2–9] – –

HAM-A 12.03 (±7.38) 8.29 (±2.76) <0.001***

HAM-D 12.15 (±7.97) 7.98 (±2.55) <0.001***

Total serum IgE (U/mL) 48.65 [30.20–142.25] – –

ALFF −0.187 (±0.128) −0.917 (±0.111) <0.001***

Data are presented as n (%), median [IQR], or mean (±SD). ***, P<0.001. AA, alopecia areata; ALFF, amplitude of low-frequency 
fluctuations; DLQI, Dermatology Life Quality Index; HAM-A, Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale; 
HC, healthy control; IgE, immunoglobulin E; IQR, interquartile range; SALT, Severity of Alopecia Tool; SD, standard deviation. 

https://cdn.amegroups.cn/static/public/QIMS-24-1684-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-24-1684-Supplementary.pdf
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a significant correlation between ALFF values and both 
SALT score (r=−0.211; P=0.033) and the age of onset 
(r=0.337; P=0.001) (Table 2 and Figure 1). However, there 
was no significant correlation between ALFF values and 
neuropsychological tests or total serum IgE (all P values 
>0.05). 

Alterations in FC

Compared to HCs, patients with AA showed increased FC 
between the hypothalamus and both the left precentral 
gyrus and the right inferior temporal gyrus (GRF-corrected: 
voxel P<0.001 and cluster P<0.05) (Table 3, Figure 2). 

For patients with AA, there increased FC between the 
hypothalamus and left precentral gyrus was positively 
correlated with HAM-D score (r=0.296; P=0.020), while 
increased FC between the hypothalamus and the right 
inferior temporal gyrus was negatively correlated with both 
DLQI (r=−0.256; P=0.012) and total serum IgE (r=−0.203; 
P=0.048) (Figure 2).

Discussion

In this study, we used the hypothalamus as an ROI to assess 
the alterations in hypothalamic ALFF and whole-brain FC 
in patients with AA and to determine its relationship with 
psychological stress. To the best of our knowledge, this is 
the first study to assess brain functional changes and their 
relationship with psychological stress in patients with AA.

Our study showed that compared to HCs, AA patients 
demonstrated heightened psychological tension, with a 
significantly higher HAM-D score and HAM-A score 

(P<0.05). Additionally, the duration and severity of AA 
were found to impact patients’ quality of life, which in 
turn further elevated their level of psychological stress. 
These findings are consistent with previous studies, which 
suggest that hair loss in patients AA has a notable impact 
on appearance, contributing to social burden and stigma 
and thereby increasing psychological stress (30-32). 
Clinically, AA onset is observed to be highly susceptible 
to psychological influences. For example, patients 
experiencing significant psychological trauma have been 
reported to develop sudden, severe hair loss, commonly 
referred to as “overnight baldness” (33). The latest expert 
consensus indicates a disease duration of 12 months or 
longer, impaired quality of life due to AA, and a history of 
anxiety, depression, or suicidality as independent risk factors 
for worsening AA severity and a higher SALT score (34). 
Although psychological stress is closely linked to both the 
onset and progression of AA, the causal relationship and 
underlying mechanisms remain to be further explored.

Our study showed that there were statistical differences 
in hypothalamic ALFF changes between patients with AA 
and HCs. Furthermore, ALFF changes in patients with AA 
were correlated with age of onset (P=0.001; r=0.337) and 
SALT score (P=0.033; r=−0.211). These results indicate 
that altered hypothalamic activity in patients with AA 
is associated with the clinical features of AA. Current 
mainstream theory suggests that AA is an immunological 
skin disease that disrupts immune privilege (IP) in hair 
follicles as mediated by CD8+ cells (9,35). Many studies 
have reported that HPA axis dysregulation is closely related 
to the pathogenesis of AA. This dysregulation leads to the 
abnormal secretion of stress hormones and neuropeptides, 

Table 2 Correlation table between clinical data and ALFF values in patients with AA 

Characteristics
r value

Age of onset Disease duration DLQI HAM-A HAM-D SALT score ALFF values

Age of onset – – – – – −0.266** 0.337**

Disease duration – – 0.215* – – 0.347*** –

DLQI – 0.215* 0.277* 0.424** 0.296** –

HAM-A – – 0.277* – – – –

HAM-D – – 0.424** – – – –

SALT score −0.266** 0.347*** 0.296** – – – −0.211*

ALFF 0.337** – – – – −0.211*

*, P<0.05; **, P<0.01; ***, P<0.001. AA, alopecia areata; ALFF, amplitude of low-frequency fluctuations; DLQI, Dermatology Life Quality 
Index; HAM-A, Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale; SALT, Severity of Alopecia Tool.
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Figure 1 Correlation plots of clinical characteristics of patients with AA with the ALFF values. (A) The correlation between SALT score 
and disease duration in patients with AA. (B) The correlation between SALT score and the age of onset. (C) The correlation between SALT 
score and DLQI. (D) The correlation between DLQI and HAM-D score. (E) The correlation between DLQI and HAM-A score. (F) 
The correlation between DLQI and disease duration. (G) The correlation between the ALFF values and SALT score. (H) The correlation 
between the ALFF values and the age of onset. AA, alopecia areata; ALFF, amplitude of low-frequency fluctuation; DLQI, Dermatology 
Life Quality Index; HAM-A, Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale; SALT, Severity of Alopecia Tool.

Table 3 Brain regions with significant alterations in seed-based functional connectivity between patients with AA and HCs (GRF-corrected: voxel 
P<0.001 and cluster P<0.05)

Seed Brain region
MNI peak coordinates

t value Cluster size
x y z

Hypothalamus The left postcentral gyrus −48 −15 30 4.0701 20

The right inferior temporal gyrus 60 −36 −21 4.1824 9

AA, alopecia areata; GRF, Gaussian random field; HC, healthy control; MNI, Montreal Neurological Institute template. 
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Figure 2 Boxplots of FC between HTH and ITG.R and between the HTH and PoCG.L are presented for patients with AA (orange) and 
HCs (green). Additionally, correlation plots of changes in FC between HTH and these brain regions in patients with AA are presented 
alongside their clinical data. (A) Boxplots for the significant differences in FC between HTH and ITG.R for patients with AA (orange) and 
HCs (green). (B) Three-dimensional frontal side maps showing alterations of FC in patients with AA as compared to that of HCs with HTH 
being the seed point. (C) Boxplots of the significant differences in FC between HTH and PoCG.L for patients with AA (orange) and HCs 
(green). (D) FC between HTH and ITG.R and its association with total serum IgE. (E) FC between HTH and ITG.R and its association 
with DLQI. (F) FC between HTH and PoCG.L and its positive correlation with HAM-D. AA, alopecia areata; DLQI, Dermatology Life 
Quality Index; FC, functional connectivity; HAM-D, Hamilton Depression Rating Scale; HC, healthy control; HTH, hypothalamus; ITG.R, 
right inferior temporal gyrus; PoCG.L, left postcentral gyrus.

such as  corticotropin-releasing hormone (CRH), 
glucocorticoids (GC), and substance P (SP), resulting in 
immune abnormalities and inflammatory activity (36,37). As 
the hypothalamus is a central component of the HPA axis, 
the abnormal ALFF in the hypothalamus of patients with 
AA in our study is not surprising. This abnormal ALFF 
might be a potential mechanism underlying AA onset. 
Additionally, the age of onset and SALT scores are closely 
related to AA prognosis (38,39). Thus, we speculate that 
changes in hypothalamic ALFF could serve as a potential 
neuroimaging marker for AA prognosis. In addition, some 
research suggests that comorbidities of AA also include 
dysregulation of the HPA axis and FC or structural 
abnormalities in the hypothalamus. For example, on study 
found that MDD was characterized by neuroendocrine 

dysregulation and hyperactivity of the HPA axis, primarily 
manifesting as a reduction in hypothalamic RSFC (40). In 
another study, the intensity of hypothalamic RSFC was 
significantly associated with the improvement of depressive 
symptoms following 4 weeks of transcutaneous vagus 
nerve stimulation (41). Furthermore, some research has 
indicated a negative correlation between hypothalamic 
gray-matter density and perceived stress in patients with 
atopic dermatitis (42). In summary, altered hypothalamic 
activity may be the underlying neural basis of AA and its 
comorbidities.

We also found increased FC between the hypothalamus 
and left postcentral gyrus and right inferior temporal 
gyrus in patients with AA. Increased FC between the 
hypothalamus and left postcentral gyrus was positively 
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correlated with HAM-D score (r=0.296; P=0.02), while 
increased FC between the hypothalamus and the right 
inferior temporal gyrus was negatively correlated with 
both DLQI (r=−0.202; P=0.043) and total serum IgE 
(r=−0.236; P=0.040). Studies have shown that patients with 
AA often exhibit elevated levels of IgE (43), which are 
associated with various cytokines (44). Therefore, elevated 
IgE levels may indicate abnormal immune activity in 
patients with AA (45). The hypothalamus is known to be an 
important node in the salience network (SN) and the limbic  
network (46), regulating physiological and psychological 
functions such as neuroendocrine, metabolic, and emotional 
processes through communication with other brain regions 
and peripheral target tissues (47). The postcentral gyrus, 
integral to the frontoparietal network (FPN), regulates 
emotional processing stages, including emotional state 
generation and regulation (48). The inferior temporal gyrus 
is also one of the nodes of the brain’s default mode network 
(DMN), which is involved in higher cognitive functions and 
emotion regulation (49). Our study indicated that changes 
in connectivity between the hypothalamus and these brain 
regions may reflect integration abnormalities in the SN, 
DMN, and FPN in patients with AA under psychological 
stress and may be related to immune abnormalities. 
Several studies have shown that psychological stress in the 
comorbidities of AA is associated with dynamic changes 
within and between the SN, DMN, and FPN (50,51). A 
resting-state study of SLE revealed that patients with SLE 
exhibited altered brain connectivity in several networks. 
Within the DMN, there was increased RSFC in the right 
cingulate cortex and decreased RSFC in the left precuneus. 
In the SN, there was increased RSFC in the left insular 
cortex and decreased RSFC in the right anterior cingulate 
cortex. Additionally, in the FPN, there was decreased RSFC 
in the right middle frontal gyrus. Furthermore, abnormal 
RSFC of the precuneus and insula in the DMN and SN 
were associated with psychiatric symptoms in SLE (52). 
A study of resting-state brain function in 222 patients 
with psoriasis showed altered connectivity in key brain 
regions of the DMN-prefrontal circuit in the patients 
with psoriasis (53). Meanwhile, a study on MDD reported 
reduced hypothalamic connectivity with the corresponding 
subcortical structures in patients with depression. Moreover, 
cortisol secretion was associated with increased HAM-D 
score in these patients (54). 

In conclusion, our study indicates that functional changes 
in the hypothalamus may be a potential neural mechanism 

for the onset of AA. Additionally, alterations in the 
connectivity of HPA axis-related brain regions may serve 
as neuroimaging markers of psychological stress in patients 
with AA. The dynamic changes in the hypothalamus’s 
brain network connectivity might be a common underlying 
neural basis for AA and its comorbidities. In addition, 
considering that the pathogenesis of AA is closely related 
to psychological stress, we believe future research should 
focus on the structural and functional changes in brain 
regions associated with stress, such as the prefrontal cortex, 
amygdala, and hippocampus, and their relationship to the 
development of AA.

There are several limitations to this study which should 
be addressed. To begin, the case selection bias could not 
be avoided, as patients with more severe AA might visit 
Xiangya Hospital for further treatment, given that it is a 
major tertiary medical center in the mid-south region of 
China. Moreover, we did not collect IgE blood samples 
from the HCs. During HC recruitment, we excluded 
participants with conditions potentially associated with 
elevated IgE levels. Additionally, some HCs declined blood 
sampling, which limited our ability to obtain IgE data 
for this group. In future studies, we aim to address this 
limitation by actively recruiting HC participants willing 
to provide blood samples. Additionally, the cross-sectional 
design did not allow for the assessment of the temporal 
dynamics of detected functional abnormalities. We did not 
assess changes in brain function activity in patients with 
AA before and after treatment. Future longitudinal studies 
with larger sample sizes are required to validate our findings 
and investigate whether connectivity changes are reversible 
following remission. Finally, subgroup analyses of patients 
with AA were not performed due to the limited sample size 
and the heterogeneity of the subgroups. More in-depth 
and comprehensive analyses of the typology of AA and 
its inflammatory-immunological correlates in relation to 
psychological stress are needed.

Conclusions

This is the first brain imaging study of Chinese patients 
with AA.

Intrinsic brain activity and connectivity in HPA axis-
related brain regions were altered in patients with AA. 
These changes can serve as potential neuroimaging 
biomarkers of psychological stress in patients with AA, 
providing new ideas for diagnosis and treatment.
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