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Background: People living with HIV (PLWH) exhibits an increased susceptibility to
anxiety disorders, concomitant with heightened vulnerability to aberrantimmune
activation and inflammatory responses, and endocrine dysfunction. There exists
a dearth of scholarly investigations pertaining to the neurological, immune, and
endocrine dimensions of HIV-associated anxiety disorders.

Method: This study aimed to compare a group of 16 individuals diagnosed with
HIV-associated anxiety disorders (HIV ANXs) according to the Diagnostic and
statistical manual of mental disorders (5th ed.), with a HIV individual control
group (HIV control) of 49 PLWH without mental disorders. Muti-modal magnetic
resonance was employed to assess the brain function and structure of both
groups. Seed-based functional connectivity (FC) was used to assess the regional
intrinsic brain activity and the influence of regional disturbances on FC with other
brain regions. Peripheral blood cytokines and chemokines concentrations were
measured using liquid chip and ELISA.

Results: Amplitude of low-frequency fluctuations in the right inferior temporal
gyrus (ITG) was increased. There is a significant decreased regional homogeneity
in HIV ANXs in the right superior occipital gyrus (SOG). The right ITG and the right
SOG were separately set as the seed brain region of interest (ROl 1 and ROI 2) to
be analyzed the FC. FC decreased in HIV ANXs between ROI1 and the right
middle occipital gyrus, the right SOG, FC between ROI2 and left ITG increased in
HIV ANXs. No significant structural difference was found between two groups.
Pro-inflammatory chemokines showed higher levels in the HIV ANXs. Pro-
inflammatory cytokines, neurotrophic factors, and endocrine factors were
significantly correlated with alterations in brain function.
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Conclusion: This study suggests that patients with HIV-associated anxiety
disorders may exhibit abnormalities in neurologic, immune, and endocrine
functioning. Consequently, it is imperative to implement additional screening
and intervention measures for anxiety disorders among PLWH.

KEYWORDS

anxiety disorders, multimodal magnetic resonance, neuroimmune, human
immunodeficiency virus (HIV), inflammation

Introduction

Anxiety disorders exhibit a high prevalence in the context of
human immunodeficiency virus (HIV)-associated neuropsychiatric
impairments, and manifest with greater frequency among people
living with HIV (PLWH) as compared to HIV-negative individuals
(1). The expansion of antiretroviral therapy (ART) has significantly
increased the life expectancy of PLWH (2). However, numerous
adverse effects can arise from ART, encompassing neuropsychiatric,
metabolic, gastrointestinal, and cardiac complications. Due to
potential factors such as social prejudice, compromised immune
function, PLWH is also vulnerable to neuropsychiatric disorders.
Among the various HIV-associated neuropsychiatric disorders,
anxiety disorders are prevalent. Anxiety disorders are characterized
as conditions marked by excessive anxiety and fear, accompanied by
associated behavioral disturbances (3). In 2019, a staggering 301
million individuals were afflicted by anxiety disorders (4). A review
revealed the median rate of anxiety disorders diagnoses in PLWH
were 22.85% based on diagnostic interview (1). The prolonged
survival of PLWH may be adversely affected by HIV associated
neurocognitive disorders (HAND) and psychiatric disorders, in
addition to challenges related to ART regimens and patient
adherence, as well as treatment failures. Consequently, the overall
quality of life and prognosis for PLWH have been
significantly compromised.

PLWH and those diagnosed with anxiety disorders have been
reported to exhibit abnormalities in brain structure and function. In
PLWH who have achieved viral suppression, chronic inflammation in
the central nervous system (CNS) and the presence of viral reservoirs in
the CNS may potentially contribute to neuropsychological impairment
during the chronic stage of infection. Previous studies have
documented reductions in gray matter volume in the frontal and
parietal cortices, the transitional cortex of the insula and cingulum, as
well as subcortical structures including the basal ganglia, thalamus, and
hippocampus in virally suppressed individuals living with HIV
compared to uninfected controls (5-8). Prior studies have primarily
examined HAND within the realm of HIV-associated neuropsychiatric
disorders (9), while the investigation for neuroimaging of HIV-
associated anxiety disorders remains limited. Numerous studies have
extensively explored the utilization of brain imaging techniques to
investigate anxiety disorders in normal population. Previous meta-
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analysis (10) showed that significant decrease in spontaneous brain
activity in the right putamen, the right orbital inferior frontal gyrus, and
the right temporal pole was observed in patients with anxiety disorders.
Xu et al. (11) revealed that hypo-connectivity was found within and
between regions, which included consistent dysregulations of affective
and cognitive control related networks over networks related to
emotion processing in anxiety and anxiety disorders. Structural
alterations were observed in the amygdala, nucleus accumbens, bed
nucleus of the stria terminalis, and regions of the prefrontal cortex, as
well as the insula and parietal cortex (12). Controversially, some studies
(13, 14) neglected to evaluate the existence of a formal diagnosis or
relied solely on anxiety scale ratings to include participants. To enhance
the precision of the findings, the diagnosis of anxiety disorders in this
investigation was predicated on the structured clinical interview for the
Diagnostic and statistical manual of mental disorders (DSM)
(SCID) (3).

Both HIV infection and anxiety disorders have been found to
induce neurological, immune, and endocrine dysfunction within the
human body (15-18). The current understanding of inflammation in
the field of psychiatry indicates that the perturbation of the immune
system triggered by infection may contribute to the development of
psychopathology. This not only adds to the psychological stress
experienced by individuals enduring a potentially life-threatening
illness, but also contributes to inflammation associated with stress
(19). Furthermore, the interaction between the innate and adaptive
immune systems and neurotransmitters has been identified as a
mechanism that underlies mood disorders, psychosis, and anxiety
disorders (15). The disruption of biological stress pathways, such as
the Hypothalamic Pituitary-Adrenal (HPA) axis and Sympathetic-
Adrenal-Medullary axis, by HIV infection is widely acknowledged. It
is also recognized that chronic anxiety, which utilizes these same
pathways, may play a role in the persistence of chronic inflammation
and heightened anxiety symptoms over extended durations (20, 21).
There are few studies on neuroinflammation in HIV-associated anxiety
disorders, so in this study, we attempt to examine whether PLWH with
anxiety disorders exhibit a distinct neuroinflammatory profile.

Despite extensive investigation of magnetic resonance imaging
(MRI) in various illnesses, there is a lack of research regarding the
particular alterations in brain structure and function that arise after
the onset of anxiety disorders PLWH. The objective of this study
was to address the current void in neuroimaging research on HIV-
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associated anxiety disorders by conducting a comparative analysis
of imaging disparities between patients with HIV-associated anxiety
disorders and HIV-infected individuals without psychiatric
disorders. Additionally, we sought to examine the association
between these alterations in brain imaging and clinical indicators.
The findings of this study may provide a theoretical foundation for
the early detection of anxiety disorders associated with HIV, based
on the afore mentioned results.

Materials and methods
Participants

This study has been approved by the Ethics Committee of
Beijing Youan Hospital, Capital Medical University (2023/057).
Each participant has been informed about the purpose of the study,
and a written informed consent was obtained. For experiments
involving humans, the research was conducted in accordance with
the Declaration of Helsinki of the World Medical Association
revised in 2013.

Between May 2022 and November 2022, a total of 109 PLWH
with proof of HIV infection were recruited. Patients presenting with
opportunistic infection, autoimmune diseases, epilepsy, traumatic
brain injury, substance use, undergoing suppressive therapy, or
other severe disease were excluded from the study. All the patients
treated with ART with undetectable serum viral loads. All
participants consistently adhered to their ART drugs, with no
recent documented modifications to their ART regimens. The
clinical characteristics of the subjects (including demographics,
CD4" T cell count, HIV load, date of HIV infection, duration of
HIV infection, date of ART initiation, duration of ART treatment,
and type of ART drugs) were obtained from the medical records of
the AIDS research cohort at Beijing Youan Hospital. Brain imaging
data, peripheral blood specimens, and SCID were collected from
each participant. Based on the SCID results, the subjects were
categorized into two groups: HIV-infected individuals without
any mental disorders, serving as the HIV control group (HIV
control), and HIV-infected individuals diagnosed with anxiety
disorders, forming the HIV-associated anxiety disorders group
(HIV ANXs). Participants who did not have HIV-associated
anxiety disorders but had other mental disorders were excluded
from the study. Peripheral blood samples were collected from each
participant in the morning (8-10 am) after fasting for at least 8
hours. For each participant, plasma and peripheral blood
mononuclear cell (PBMC) samples were stored at —80°C and in
liquid nitrogen tanks, respectively.

Measurement of anxiety disorders

Anxiety was initially evaluated by using the self-rating
depression scale (SDS) and self-rating anxiety scale (SAS). Then
an experienced psychiatrist conducted this fully structured
interview for lay interviewers to measure anxiety, mood,
substance use, and personality disorders according to the DSM-V.
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Neuroimaging

Image acquisition

Resting-state functional MRI data were acquired using a 1.5 T
Philips MRI Scanner at the Beijing Second Hospital. Participants were
instructed to lie supine, maintain immobility, close their eyes, and
remain awake. To minimize head movement, soft earplugs were
employed. The resting-state functional images were obtained using
the echo planar imaging (EPI) sequence, with the following parameters:
repetition time/echo time (TR/TE) 4000/25 ms, 40 slices, 64*64 matrix,
90°flip angle, 2.8 mm slice thickness, no gap, and 102 volumes. For 3D-
TIWI: TR/TE = 2500/2.98 ms, flip angle = 7°, matrix = 64 x 64, field of
view (FOV) =256 mm x 256 mm, slice thickness=1mm, slice
number = 48, slices =192, scanning time 6 min 3 s.

Data preprocessing

Data preprocessing was conducted in Matlab R2013b by using
SPM12. The first 10 images were discarded. Functional images were
motion corrected using the realign function. Among the
participants, 9 were excluded due to the maximum displacements
exceeding 2 mm in the x, y, or z axis, or angular rotations exceeding
2 degrees, after correction for head motion. The standard DARTEL
template in MNI space was used to drive DARTEL normalization.
Then regression of nuisance covariates was performed. After that,
the functional MRI (fMRI) data were then subjected to temporal
band-pass filtering (0.01-0.08 Hz) and linear detrending. Spurious
covariates, such as the 6-head motion parameters obtained through
rigid body correction, were eliminated.

Amplitude of low-frequency fluctuations and
fractional ALFF analysis

ALFF was calculated by the Resting-State fMRI Data Analysis
Toolkit (RESTplus) version 1.8. The ALFF value was calculated for
each voxel, which was further divided by the global mean value for
standardization. The standardized ALFF value is divided by the
ALFF value over the entire frequency band to obtain the
standardized fALFF value for each voxel.

Regional homogeneity analysis

ReHo analysis was also conducted by RESTplus version 1.2. The
Kendall coefficient of consistency (KCC) was calculated between the
time series of a given voxel and the time series of its last 26 voxels.
The ReHo maps were standardized by dividing the KCC of each
voxel by the mean KCC of the whole brain. The resulting imaging
data were then spatially smoothed with a Gaussian kernel of 4 mm
full-width at half-maximum.

Gray matter volume data processing

The GMV was calculated by SPM12. The steps include:
(1) Individual structural images were segmented into three
types of brain structures as gray matter, white matter, and
cerebrospinal fluid; (2) Anatomical images were standardized
to the Montreal Neurological Institute Brain Template by using
the DARTEL toolkit; (3) Non-linear modulation was adopted
to modulate the voxel values from density to volume; (4)
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Gaussian kernel Smoothing was conducted; (5) Brain GMV was
quantitatively measured.

Functional connectivity analysis

The brain regions exhibiting significant differences in ALFF/
fALFF, ReHo, and GMV were selected as seeds for FC analysis.
Following band-pass filtering (0.01 - 0.08 Hz) and linear trend
elimination, a reference time series for each seed was obtained by
averaging the resting-state fMRI (rs-fMRI) time series of voxels
within each seed. Pearson’s correlation coefficients were then
computed voxel-wise between the time series within each region
of interest (ROI) and the filtered time series in the remaining brain
regions. To enhance normality, Fisher’s r-to-z transformation was
applied to convert the correlation coefficients in each voxel into

Z-scores.

Cytokine, chemokine assay

Luminex® xMAP® technology

We conducted a comprehensive cytokine/chemokine assay in
the plasma samples of various groups using the EMD Millipore’s
MILLIPLEX® MAP Human Cytokine/Chemokine/Growth Factor
Panel A MAGNETIC BEAD PANEL 96-Well Plate Assay, which is
based on the cutting-edge Luminex® xMAP® technology.

We employed capture antibody-coupled magnetic beads to
selectively bind the target analytes in the plasma. The plate was
wrapped with foil and incubated it with gentle agitation on a plate
shaker overnight, maintaining a controlled temperature of 2-8 °C.
After the incubation period, the plate was washed three times.
Subsequently, we incubated the plate with detection reagents, again
employing gentle agitation on a plate shaker, for a duration of 1
hour at room temperature (24 °C). Finally, we utilized the advanced
Luminex® ZOOTM, HTS, FLEXMAP 3D® software to run the plate
and analyzed the resulting median fluorescent intensity (MFI) data.
This analysis was conducted by a sophisticated 5-parameter logistic
or spline curve fitting method, ensuring accurate interpretation of
the obtained results.

Enzyme-linked immunosorbent assay

Endocrine hormones and neuro-factors concentration was
determined by the following ELISA kits: Nerve growth factor
(NGF), Human beta-NGF ELISA 96T; glial cell-derived
neurotrophic factor (GDNF), Human GDNF ELISA 96T; insulin-
like growth factor 1 (IGF-1), Human IGF-1 ELISA 96T; cortisol:
Human Cortisol EIA 96T; corticotropin-releasing hormone (CRH),
Human CRHBP ELISA 96T; adrenocorticotropic hormone
(ACTH), Human Adrenocorticotropic Hormone EIA 96T. All
assays were performed according to the manufacturers’ protocols.

Statistical analyses

The differences in ALFF/fALFF, ReHo, FC, GMV between HIV
control and HIV ANXs were performed with a two-sample t-test

Frontiers in Psychiatry

10.3389/fpsyt.2024.1336233

using SPM12. The age, CD4 count at initiation of ART, recent CD4
counts were treated as covariates. The topological false discover rate
(FDR) was used for multiple comparisons correction with the
significance threshold 0.05. Differences in demographic
information between HIV control and HIV ANXs were examined
with IBM SPSS 27.0 (IBM Inc. Armonk, NY, USA). The Z score
outside the range from -3 to 3 were considered outliers. The VIF
value was used to evaluate multicollinearity among the variables,
with a value of > 10 representing high multicollinearity.
Assumptions of normality and homogeneity of variance were
assessed using Shapiro-Wilk’s test and Levine’s test. Mann-
Whitney U test, multivariate analysis of variance (MANOVA), %2
test, or Fisher’s exact test were used to compare the differences in
clinical characteristics, cytokines, and neuroendocrine factors
between two groups. The significance threshold was set to 0.05,
two-tailed. Pearson or Spearman correlation analyses were
performed to evaluate the relationship between brain functional,
structural changes (ALFF/fALFF, ReHo, FC, and GMV) and clinical
characteristic and peripheral blood indicators.

Results
Demographic and clinical characteristics

All subjects included in this study were male (n = 65), a total of
49 people were categorized into HIV control and 16 into HIV ANXs
based on the SCID. There was a significant difference of age between
HIV controls and HIV ANXs (P = 0.050), the mean age was 35.53 +
7.86 years in the HIV controls and 40.13 + 7.74 years in HIV ANXs.
A significant increase was observed in HIV ANXs in the initial
CD4" T cell count at the initiation of antiviral therapy (P = 0.041),
and recent CD4" T cell count (P = 0.013), compared with HIV
control (Table 1).

Neuroimaging differences

ALFF/fALFF and ReHo

We observed alterations in ALFF and ReHo between the HIV
ANXs and HIV control. A two-sample t-test was conducted,
revealing an increase in ALFF in the right inferior temporal gyrus
(ITG) (Figure 1A; Supplementary Table 1). Considering the
existence of systematic sample difference, age, CD4 count at
initiation of ART and recent CD4 counts were treated as
covariates. The significant difference in ALFF remained even after
correcting for these covariates. However, no significant fALFF was
found between two groups. The results also showed a significant
decrease in ReHo in the right superior occipital gyrus (SOG) of the
HIV ANXs (Figure 1B; Supplementary Table 1). Unfortunately,
ReHo difference does not exist after correction for covariates.

GMV
GMV did not differ significantly between HIV control and
HIV ANXs.
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TABLE 1 Demographic and clinical characteristics of all subject.

HIV
control
(n = 49)

HIV ANXs P-
(n = 16) value

Demographic and

clinical data

Age, years, mean (SD) 35.53 (7.86) 40.13 (7.74) 0.050**
Duration of education, years, 16.00 15.50 0.449°
median (IQR) (13.50, 16.00) = (11.25, 16.00)
BMI, kg/mz, mean (SD) 22.54 (2.88) 23.33 (3.99) 0.475%
CD4* T cell count
Initial CD4 count, count/ 342.47 466.19 0.062%
mm?, mean (SD) (213.55) (211.68)
CD4 count at initiation of 339.91 474.56 0.041**
ART, count/mm3, mean (SD) (213.08) (218.13)
Recent CD4 count, count/ 564.00 773.00 0.013*>
mm3, median (IQR) (407.00, (550.00,
779.00) 995.75)
CD4/CD8
Initial CD4/CDS, 0.36 0.38 0.359"
median (IQR) (0.16, 0.44) (0.27, 0.53)
CD4/CD8 at initiation of 0.37 0.36 0.637°
ART, median (IQR) (0.22, 0.46) (023, 0.51)
Recent CD4/CD8, mean (SD) 0.711 (0.35) 0.733 (0.26) 0.801°
HIV load
Initial HIV load (copies/mL), 9777.00 10710.00 0.929°
median (IQR) (3629.50, (4500.00,
48586.25) 36945.00)
HIV load at initiation of 10918.00 10537.50 0.929°
ART, copies/mL, (3648.50, (4843.00,
median (IQR) 66687.00) 34601.25)
Time to initiate ART after HIV 0.50 0.55 0.565°
discovery, months, (0.40, 1.70) (0.43, 1.00)
median (IQR)
Duration of ART, months, 64.13 (38.40) 75.60 (49.22) 0.377%
mean (SD)
Duration of HIV infection, 70.66 (42.38) 81.71 (45.35) 0.398°
months, mean (SD)
Initial ART drugs type 0.193¢
INSTIs, n (%) 10 (20.41) 1 (6.25)
Other types of ART drugs, 39 (79.59) 15 (93.75)
n (%)
Recent ART drugs type 0.339¢
INSTIs, n (%) 34 (69.39) 9 (56.25)
Other types of ART drugs, 15 (30.61) 7 (43.75)
n (%)
SAS, median (IQR) 30.00 41.50 <0.0001
(24.00, 34.00) | (36.00, 46.75) kb
SDS, median (IQR) 30 44.00 <0.001
(26.00, 35.50) | (35.00, 48.75) woakb

HIV control: HIV individual control group; HIV ANXs: HIV-associated anxiety disorders
group; BMI: body mass index; INSTIs: Integrase strand transfer inhibitors; SAS: Self-rating
Anxiety Scale; SDS: Self-rating Depression Scale; *: P < 0.05; ***: P < 0.001; ****: P < 0.0001;
AT-test; bMann—Whitney U test; “2 test; IQR, Interquartile range; SD, Standard deviation. The
Shapiro-Wilk test was performed to assess the normal distribution of variables.
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FC

We set the brain region with abnormalities in ALFF and ReHo
as the seed brain region of interest (ROI) (the right ITG as ROI1, the
right SOG as ROI2), and analyzed FC of this brain region to the
whole-brain voxels (Figure 1C; Supplementary Table 2). We found
that FC decreased in HIV ANXs between ROI1 and the right middle
occipital gyrus (MOG), the right SOG, the left postcentral gyrus
(PoCG), and FC increased between ROI1 and left thalamus (THA),
when compared with HIV control. In addition, FC between ROI2
and left ITG increased in HIV ANXGs.

Given the potential for inflated findings when only significant
regions are included in a follow-up analysis (22), and considering the
early predilection for subcortical regions in HIV, we then set frontal and
their corresponding striatal regions, THA regions, and hippocampus
(HIP) regions as ROI (ROI 3 - 22, as shown in Supplementary Table 3).
The left HIP was set as ROI13. We found that FC increased in HIV
ANXs between ROI13 and right superior frontal gyrus, medial
(SFGmed), left Supplementary Motor Area (SMA). No other
differences in FC were observed between the two groups.

Peripheral blood indicators difference

There was difference of inflammatory indicators between the two
groups. Outliers with a |Z score| greater than 3 were excluded in
interleukin (IL)-13 and tumor necrosis factor (TNF)-f3. We found that
eotaxin, interleukin IL-4, in HIV ANXs were significantly higher than
HIV control. (Table 2). MANOVA was performed with cytokines,
neurotrophic factors, and endocrine factors as independent variables,
and anxiety disorders diagnosis based on the DSM-5 as the dependent
variable. After removing variables that did not meet the criteria for
homogeneity of variance and exhibited multicollinearity, 14 indicators
were included in MANOVA. However, the results did not reveal any
between-group differences (Supplementary Table 4).

Associations between brain function
alterations and clinical characteristics

In HIV ANXs, we conducted a correlation analysis (Figures 2A,
C). The results indicated that, in HIV ANXs, decrease of ReHo in
right SOG is negatively correlated with initial CD4" T cell count,
CD4" T cell count at initiation of ART, BDNF. Decrease of FC
between ROI1 and right MOG is negatively correlated with IL-8. G-
CSF granulocyte colony-stimulating factor (G-CSF), IL-3, IL-5 are
positively correlated with a decrease in FC between ROII and the
right SOG. Increase of FC between ROIl and the left THA is
negatively correlated with MIG, CD4" T cell count, and positively
correlated with ACTH. Furthermore, MIP-1beta is correlated with
the increase of FC between ROI2 and the left ITG. Correlation
analysis in HIV control was shown in Figures 2B, D.

Discussion

This article offers a thorough analysis of the neuroimmune
profile in HIV-associated anxiety disorders through the evaluation
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Individuals with HIV-associated anxiety disorders exhibit abnormal functional activity and functional connectivity in their brain. (A) ALFF alteration in
HIV ANXS; (B) ReHo alteration in HIV ANXs; (C) FC alteration in HIV ANXs. Red regions show hyperactivity, and blue regions show hypoactivity in HIV
ANXs; The difference was calculated by two-tailed two-sample t-test. ALFF, amplitude of low-frequency fluctuations; HIV ANXs, patients with HIV-
associated anxiety disorders. HIV control, PLWH without mental disorders controls; Temporal_Inf_R, the right inferior temporal gyrus;
Occipital_Sup_R, the right superior occipital gyrus; Occipital_Mid_R, the right middle occipital gyrus; Occipital_Sup_R, the right superior occipital
gyrus; Postcentral_L, the left postcentral gyrus; Thalamus_L, the left thalamus; Temporal_Inf_L, the left inferior temporal gyrus; ORBsupmed.R, the
right superior frontal gyrus, medial orbital; SMA.L, the left Supplementary Motor Area

of multimodal MRI, neuro-immunity, and endocrine functioning
manifestations. First, significant disparities were identified, in terms
of immune status such as CD4" T cell count at the initiation of
ART, and recent CD4" T cell count, all of which were notably
higher in HIV ANXs. Furthermore, it was observed that HIV ANXs
exhibit alterations in brain activity and functional connectivity,
while the structural difference was not observed. Additionally, HIV-
associated anxiety disorders are linked to a heightened systemic
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inflammatory response in comparison to HIV control. Moreover,
our research has revealed noteworthy correlations between aberrant
brain activity, functional connectivity, and immune, inflammatory,
endocrine dysfunction in the context of HIV-associated
anxiety disorders.

ALFF and ReHo were observed to be significantly different in
HIV ANXs, while no differences were found in GMV between two
groups. There is a consensus in previous studies regarding
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TABLE 2 Cytokines and chemokines differences between HIV control TABLE 2 Continued

and HIV ANXs.

Inflammatory, endocrine HIV HIV p-
Inflammatory, endocrine HIV HIV p- and neurotrophic indica- control ANXs value
and neurotrophic indica- control ANXs valu tors, pg/mL, median (IQR) (n =49) (n=16)
tors, pg/mL, median (IQR) (n =49) (n=16) )
Pro-inflammatory
Cytokines
VEGE-A 59.35 100.93 0.069
Pro-inflammatory (36.82, (48.26,
108.52) 147.16)
IL-1beta 10.29 10.23 0.393
(7.60, (8.52, Anti-inflammatory
12.43) 16.91)
IL-1alpha 4.61 5.75 0.360
IL-7 4.91 5.43 0.286 (3.18, 8.24) (3.52,
(3.27, 6.64) (4.36, 16.65)
6.72)
IL-1RA 10.03 14.31 0.469
IL-8 1.89 2.25 0.193 (7.60, (6.16,
(1.12, 2.70) (1.40, 13.75) 20.88)
3.21)
IL-3 0.75 0.72 0.583
IL-12 (p40) 50.32 50.32 0.180 (0.44, 1.13) (0.43,
(33.50, (46.38, 2.16)
60.00) 78.30)
1L-4 2.25 3.27 0.035*
IL-15 2.82 2.87 0.664 (1.76, 3.01) (1.87,
(2.30, 3.34) (2.10, 4.96)
4.53)
IL-5 4.55 5.50 0.389
IL-17A 3.89 5.93 0.266 (3.59, 5.64) (341,
(1.35, 5.93) (0.94, 8.66)
11.75)
IL-10 4.16 4.76 0.778
IL-17E/IL-25 589.73 604.74 0.492 (2.65, 6.72) (2.65,
(507.30, (465.42, 6.82)
677.26) 912.58)
IL-13 21.84 28.85 0.074
IL-17F 17.01 18.17 0.273 (9.68, (20.61,
(13.31, (12.75, 33.23) 63.10) *
20.86) 30.00)
TGF-alpha 3.26 3.68 0.289
IL-18 170.11 122.72 0.290 (2.19, 4.37) (1.80,
(125.80, (102.87, 7.51)
299.57) 310.55)
1L-6 0.72 0.68 0.720
IP-10 219.45 244.25 0.235 (0.50, 1.04) (0.42,
(179.46, (201.60, 1.91)
271.77) 275.18)
TNEF-alpha 18.33 19.16 0.217
IFN-alpha2 29.74 36.59 0.148 (12.23, (15.73,
(79.80, (21.73, 23.81) 37.69)
38.02) 57.72)
IL-9 20.57 23.34 0.163
IFN-gamma 1.01 1.16 0.259 (1541, (18.26,
(0.87, 1.54) (0.78, 25.65) 34.06)
2.90) :
Chemokines
TNEF-beta 0.21 0.49 0.065
(0.06, 0.86) (0.13, Eotaxin 46.01 50.88 0.048*
5.78) (41.61, (47.18,
52.84) 59.75)
G-CSF 57.87 70.79 0.150
(39.69, (50.87, MCP-1 153.83 139.11 0.180
72.57) 120.44) (135.66, (114.49,
185.78) 195.53)
M-CSF 37.06 37.66 0.527
(2738, (23.88, MCP-3 19.22 21.00 0.209
53.53) 72.36) (13.00, (14.47,
14.66) 37.80)
sCD40L 2889.00 3467.50 0.300
(2006.50, (2239.75, MIP—lalpha 20.57 23.52 0.244
2889.00) 4673.25) (14.82, (14.13,
27.82) 48.08)
(Continued)
(Continued)
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TABLE 2 Continued

HIV HIV

Inflammatory, endocrine

S P-
and neurotrophic indica- control ANXs valu
tors, pg/mL, median (IQR)  (n =49) (n=16)

Chemokines
MIP-1 beta 69.12 75.72 0.133
(55.47, (67.42)
86.68)
MIG 1519.00 1881.00 0.057
(1258.00, (1463.00,
1942.00) 2596.00)
Endocrine factors
ACTH 0.62 0.8 0.404
(0.31, 1.57) (0.37,
2.80)
CORT 9.65 9.01 0.468
(7.31, (6.24,
15.80) 12.60)
CRH 248 2.59 0.939
(2.10, 3.31) (2.26,
3.60)
Neurotrophic factors
FGF-2 156.52 173.31 0.286
(120.11, (124.04,
186.71) 274.04)
PDGF-AA 2580.00 3022.00 0.100
(1861.00, (2517.00,
3360.00) 3983.25)
PDGF-AB/BB 27129.00 31393.00 0.337
(20848.00, | (22772.00,
34191.50) | 40814.50)
BNGF 98.90 1756.45 0.079
(56.79, (190.37,
246.88) 3444.35)
IGF-1 0.26 0.157
(0.14, 0.67)
BDNF 0.59 0.59 0.915
(0.48, 0.68) (0.42,
0.81)

HIV control, HIV individual control group; HIV ANXs, HIV-associated anxiety disorders
group; IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; G/M-CSF, granulocyte/
macrophage colony-stimulating factor; VEGF, vascular endothelial growth factor; TGF,
transforming growth factor; MCP, monocyte chemotactic protein; MIP, macrophage
inflammatory protein; ACTH, adrenocorticotropic-hormone; CORT, cortisol; CRH,
corticotropin releasing hormone; FGF, fibroblast growth factor; PDGF, platelet-derived
growth factor; BNGF, human nerve growth factor; IGF, insulin-like growth factor; BDNF,
brain-derived neurotrophic factor; *, p<0.05; “after removing one outlier, n = 15.

neuroimaging studies of anxiety disorders, with the amygdala
emerging as a key structure implicated in fear and anxiety
responses, consistently showing activation in anxiety-inducing
contexts. In addition to the amygdala, the insula and anterior
cingulate cortex are also considered critical components of the
fear network (23). In our study, the analysis of ALFF/fALFF reveals
that the HIV-associated anxiety disorders exhibit significantly
elevated levels of ALFF in the right ITG, indicating hyperactivity.
The middle and inferior temporal gyrus are recognized for their
crucial involvement in both the dorsal and ventral visual pathways,
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as well as in multimodal and higher sensory processing (24).
Functionally, the ITG plays a role in visual perception (25) and is
associated with the ventral visual pathway (26). Additionally, the
ITG exhibits connections with the amygdala and orbitofrontal
cortex, which are primarily implicated in the processing of
negative emotions (27). In our study, the calculation of ReHo
revealed a significant decrease in the right SOG, which is involved
in visual processing. This finding aligns with a previous fMRI study
that demonstrated activation of the visual cortex during exposure to
social threat in social anxiety disorder (SAD) (28). Previous studies
have also suggested a decrease in ReHo in the inferior frontal gyrus
(IFG) (29), orbital middle temporal gyrus, middle frontal gyrus, and
anterior cingulate (30) in patients with generalized anxiety disorder
(GAD). This implies that similar visual processing abnormalities
might be involved in HIV-associated anxiety disorders. Moreover,
GMYV difference was not observed in our study. This differs from the
previous findings, a meta-analysis revealed unique diminutions in
GMYV for anxiety disorders (31), the findings indicated that patients
with anxiety disorders exhibited significantly reduced GMV,
specifically in left STG extending to IFG. Regarding HIV-
associated neuropsychiatric disorders, the current focus of
investigations lies in HAND, where diffuse cerebral atrophy and
cerebral white matter abnormalities emerge as the prevailing
manifestations in early MRI. Various degrees of HIV-associated
cognitive impairment are associated with varying levels of alteration
in GMV (32). Additionally, the presence of white matter
abnormalities serves as an indication of HIV-associated
encephalitis (33). Consequently, in order to reach a conclusion of
neuroimaging features in HIV-associated anxiety disorders, it is
imperative to undertake additional research studies.

The alteration of FC, which enables the examination of intrinsic
neural circuits and their functional states, was also observed in HIV
ANXs (34). Prior research has suggested a correlation between
anxiety and alterations in the structural and functional connectivity
of the hypothesized fear and limbic cortico-striato-thalamocortical
circuits (35). The amygdala and insula have been identified as key
regions of interest for investigating the functional connectivity in
individuals with anxiety disorders, given their significant roles in
emotion regulation. Recent findings of functional connectivity
studies suggested a correlation between anxiety disorders and
changes in connectivity patterns between the amygdala and
frontal brain regions, as well as within the default mode network
(36, 37). Specifically, alterations in connectivity were observed
predominantly in the frontal, occipital, temporal, and parietal-
(pre)motor regions (37, 38), indicating disrupted connections
across various brain networks in individuals with anxiety
disorders. In this study, we calculated resting-state functional
connectivity maps, using the right ITG right SOG, frontal and
their corresponding striatal regions, THA regions, and HIP regions
as seed ROIs to assess differences in the crosstalk among brain
regions. Our study showed decreased FC in HIV ANXs between
right ITG and the right MOG, the right SOG, the left PoCG,
increased FC between the right SOG and left ITG increased in
HIV ANXs, and increased FC between the right ITG and left THA.
The decrease of FC may be a manifestation of brain impairment.
However, it is unclear whether increased FC is a pathological or a
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FIGURE 2

Brain functional abnormalities are correlated with clinical characteristic and peripheral blood indicators in HIV-associated anxiety disorders.

(A) Correlation between neuroimaging and clinical characteristic in HIV ANXs; (B) Correlation between neuroimaging and clinical characteristic in
HIV control; (C) Correlation between neuroimaging and peripheral blood indicators in HIV ANXs; (D) Correlation between neuroimaging and
peripheral blood indicators in HIV control. Correlation analyzed by Spearman'’s correlation. Data are shown as media and Interquartile range.
*p<0.05. FC, functional connectivity; ROI, region of interest; HIV ANXs, patients with HIV-associated anxiety disorders. HIV control, PLWH without
mental disorders controls; Temporal_Inf_R, the right inferior temporal gyrus; Occipital_Sup_R, the right superior occipital gyrus. Occipital_Mid_R,
the right middle occipital gyrus; Occipital_Sup_R, the right superior occipital gyrus; Postcentral_L, the left postcentral gyrus; Thalamus_L, the left

thalamus; Temporal_Inf_L, the left inferior temporal gyrus.

early compensatory mechanism in HIV-associated anxiety
disorders. We also found increased FC in the right SOG and the
right ITG. As previously mentioned, visual cortex is activated
during exposure to social threat in SAD (28), this mechanism
may also be present in HIV-associated anxiety disorders. Hence,
HIV-associated anxiety disorders may activate the visual cortex, or
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it may be a compensatory mechanism resulting in increased FC of
the right ITG and right SOG. Previous research has hypothesized
that in GAD patients, amygdalo-fronto-parietal coupling reflects
“habituated engagement of cognitive controls to regulate excessive
anxiety” (39). A recent meta-analysis (40) based on stringent
diagnostic criteria for anxiety disorders revealed that, studies
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using the amygdala as seed regions did show altered connectivity
with the medial prefrontal cortex. Additional studies will be
required to support this hypothesis whether this amygdala-related
feature is also present in HIV-related anxiety disorders.

The study did not find a significant difference in inflammation
response between the two groups, despite previous research
indicating the presence of chronic inflammation in both HIV
infection and anxiety disorders. However, the present study only
identified variations in eotaxin and IL-4 levels between the groups.
Given the limitations of a small sample size, the absence of a healthy
control group, and the detection of significant differences in only
two out of several cytokines analyzed, the findings may not fully
capture the inflammatory response in both the HIV controls and
HIV ANXs. Based on these, we propose the following interpretation
of the results examined. The HIV ANXs consistently exhibited
higher levels of proinflammatory chemokine (eotaxin).
Furthermore, the anti-inflammatory cytokine IL-4 were found to
be elevated in HIV ANXs. These findings indicate that patients with
HIV-associated anxiety disorders have heightened levels of
inflammation response. The compensatory elevation of IL-4, anti-
inflammatory cytokine, may serve as a regulatory mechanism.
Chemokines play a crucial role in initiating the immune response
by selectively recruiting specific subpopulations of immune cells to
the location of antigen presentation (41). Eotaxin, a chemokine with
pro-inflammatory properties, is also implicated in the regulation of
inflammation. There is preliminary evidence that anxiety disorders
are associated with an increase in pro-inflammatory markers. The
existing findings indicate that GAD and panic disorders (PD) in
particular are associated with a pro-inflammatory state, which is
evidenced by elevated peripheral cytokines and CRP concentrations
in these diseases (42). Additionally, there is increasing evidence that
pro-inflammatory markers can modulate affective behavior directly
in anxiety disorders (42). Despite having distinct diagnostic criteria,
anxiety disorders are characterized by excessive fear and anxiety,
and therefore may have similar neurobiological features. The
presence of increased inflammatory signals including cytokines,
has been linked to posttraumatic stress disorder, GAD, PD, and
phobias. Nevertheless, not all reports indicate a positive association
between inflammation and anxiety, suggesting that other factors
should be taken into account in future assessments of
inflammation’s role in the progression of these disorders (such as
gender, co-morbid conditions, and other sources of inflammation)
(42). Persistent inflammation and immune activation are
established features of chronic HIV infection (43) and effectively
discriminate HIV status and comorbid risk (44). In this study, we
have observed that the co-existence of chronic inflammation in
individuals with HIV infection and anxiety disorders leads to
enduring chronic inflammation in patients with HIV-associated
anxiety disorders, as evidenced by heightened levels of pro-
inflammatory cytokines. Consequently, we posited the existence
of a distinct mechanism within HIV ANXSs that undergoes immune
and inflammatory modulation mediated by eotaxin, resulting in the
modulation of inflammatory cytokine secretion. However,
considering that only two indicators, eotaxin and IL-4, were
present in the results of the present study that differed, we cannot
clarify whether other cytokines are involved in this mechanism.
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Nonetheless, further experimentation is necessary to thoroughly
investigate this hypothesis.

Interestingly, a significant association was observed between the
modified brain function in HIV ANXs and their individual immune
status, inflammation response, and endocrine dysfunction. We found
that decrease of ReHo in right SOG is negatively correlated with
initial CD4" T cell count, CD4" T cell count at initiation of ART and
BDNF. This suggests that chronic immune dysregulation due to
reduced CD4" T cell count leads to hypoactivation of brain function
in PLWH. The role of BDNF in anxiety is controversial (45), and
BDNF expression was observed to be reduced in the PLWH.
Therefore, correlation between BDNF and alteration of ReHo may
be a characteristic manifestation of HIV-associated anxiety disorders.
Besides, decrease of FC between the right ITG and right MOG is
negatively correlated with IL-8, and G-CSF, IL-3, IL-5 is positively
correlated with a decrease in FC between ROI1 and the right SOG.
Correlation of MIP-1beta and the increased functional connectivity
of right SOG was detected. These results indicate that alterations in
pro-inflammatory cytokines and chemokines also affect brain
functional connectivity in patients toward different directions. The
temporal gyrus and occipital gyrus are both involved in visual
processing. Therefore, the correlation between these two brain-
regions’ functional connectivity and patients’ immune and
inflammatory states, further confirms that patients with HIV-
related anxiety disorders may have visual processing abnormalities.
No studies have yet found abnormal thalamic function in patients
with anxiety disorders. A earlier study using brain morphometry
analyses in SAD are available to date, it indicated no difference in
striatal structures (caudate, putamen, and thalamus) (46). Our
finding suggests that increase of FC between ROIl and the left
thalamus is negatively correlated with MIG, initial CD4" T cell
count, though no significant difference of thalamus was observed
between two groups. Furthermore, it is noteworthy that a positive
correlation exists between ACTH levels and increased FC between the
right ITG and the left THA. It is widely recognized that dysregulation
of the HPA axis is the primary endocrine effect in HIV infection (47).
Simultaneously, anxiety triggers activation of the HPA axis (17). The
alterations in ACTH levels observed in HIV ANXs may be attributed
to the co-morbidity of HIV infection and anxiety disorders.

To our knowledge, this is the first time to systematically collect
and analyze demographic, clinical, multimodal MRI imaging, and
immunological data on patients with HIV-associated anxiety
disorders. We used the SCID for the diagnosis of anxiety
disorders to ensure the accuracy of the diagnosis and groupings.
Based on these results, we can hypothesize that patients with HIV-
associated anxiety disorders develop visual processing deficits in the
cerebral cortex compared to HIV-infected patients without
psychiatric disorders, and that this alteration is closely related to
immune status, the degree of chronic inflammation response, and
endocrine dysfunction in patients. This provides a theoretical basis
for early screening and advance intervention for HIV-associated
anxiety disorders.

Limitations of the study and future directions for research in the
field deserve attention. First, to gain a deeper understanding of
HIV-associated anxiety disorders neurophysiopathology, further
multimodal studies are needed. Second, despite recruiting a
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consistent number of comorbidity-free HIV-infected patients, we
should extend our findings to larger anxiety disorders sample sizes
in the future, especially for GMV analysis. However, the
examination of GMV was solely confined to the alteration in gray
matter volume, while numerous studies incorporate a plethora of
additional analytical techniques and tools. For instance, MRI
diffusion tensor imaging (DTI) enables the assessment of white
matter microstructure by providing measurements of fiber
organization and unhindered water motility. In forthcoming
research endeavors, it is imperative to obtain a greater array of
multidimensional MR data in conjunction with more widely
adopted analytical methods such as FSL’s FAST and ANTs. This
will facilitate a comprehensive characterization of the brain
function and structure of individuals with HIV ANXs. Additional
limitations of our study encompassed a limited sample size, the lack
of a control group, and notable between-group variations for only
two of the numerous cytokines examined, along with a total of 26
significant correlations identified in a multifactor correlation
analysis. To enhance the validity of our findings, it is imperative
to increase the sample size and incorporate a healthy control group
in future studies. The inadequacy of the sample size in the present
study underscores the need for improvement in subsequent
research endeavors. While CD4 counts may not provide a
comprehensive indication of immune status in HIV-infected
individuals, our study did find higher CD4 counts in the HIV
ANXs group, albeit not statistically significant. This finding
underscores the importance of considering CD4 counts as a
potential influencing factor in future research, necessitating the
inclusion of more subjects matched on baseline metrics in
subsequent studies. Furthermore, MRI scans were acquired at
1.5T, which may result in us being unable to acquire more
detailed neuroimaging. To enhance the examination of the
functional and structural attributes of the brain in HIV ANXs, it
is imperative to employ more refined scanning techniques in
forthcoming studies.

Conclusion

A series of neurological, endocrine, and immune dysfunctions
that occur after HIV infection may contribute to HIV-associated
anxiety disorders. The present study revealed aberrations in brain
function and functional connectivity among individuals with
HIV-associated anxiety disorders, in comparison to PLWH
without psychiatric disorders. Additionally, patients with HIV-
associated anxiety disorders exhibited heightened abnormal
immune dysfunction and chronic inflammatory response levels.
Furthermore, a noteworthy association was identified between
alterations in brain function and changes in levels of body
immunity, inflammation, and endocrine within the patient
cohort. Our findings have the potential to serve as a significant
foundation for future research endeavors that integrate
morphometric, functional, anatomical, and immunological data.
This holistic approach will contribute to a comprehensive
comprehension of the neural circuitry that underlies HIV-
associated anxiety disorders.
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