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A B S T R A C T   

Aim: Prior research has indicated a connection between CD4+ T cells and the development of anxiety, but the 
specific CD4+ T cell subsets linked to anxiety disorders remain uncertain. Our study seeks to investigate the 
relationship between distinct CD4+ T cell subsets and anxiety, as well as to explore whether CD4+ T cell subsets 
mediate the effect of chronic psychological stress on anxiety. 
Methods: 56 eligible matched participants were recruited in Peking Union Medical College Hospital. The diag
nosis was made based on DSM-5 diagnostic criteria. The severity of anxiety and depression symptoms was 
assessed using the Hamilton Anxiety Rating Scale and Hamilton Depression Rating Scale, respectively. The Life 
Events Scale (LES) evaluated the chronic stress level. CD4+ T cell subsets were characterized using multi
parametric flow cytometry. To assess the impact of CD4+ T cells on the effect of chronic psychological stress on 
anxiety, Partial Least Squares Structural Equation Modeling (PLS-SEM) analysis was employed. 
Results: We discovered fifteen notably distinct CD4+ T-cell subsets in anxiety disorder patients compared to 
healthy controls. Multiple linear regression analysis unveiled an association between anxiety severity and 
CD27+CD45RA− Th cells, CD27+CD28+ Tregs, and the total Life Events Scale (LES) score. The PLS-SEM analysis 
demonstrated that CD4+ T cell subsets and LES could explain 80.2% of the variance in anxiety. Furthermore, it 
was observed that CD27+CD28+ Th/Treg cells acted as inverse mediators of the effects of LES on anxiety (P =
0.031). 
Conclusions: Drug naïve anxiety disorder patients exhibited significant alterations in numerous CD4+ T-cell 
subsets. Specifically, the memory subset of CD27+CD45RA− Th cells and the naïve subset of CD27+CD28+ Treg 
cells were found to be independent factors associated with the severity of anxiety. Additionally, the 
CD27+CD28+ Th and Treg cell subsets played a significant mediating role in the influence of long-term psy
chological stress on anxiety.   

1. Introduction 

Anxiety disorders are common psychiatric disorders characterized by 
excessive and unnecessary worry and fear (Craske et al., 2017). In 2019, 
the estimated global prevalence of anxiety disorders was 301.4/million 
people, a disease burden second to that of depressive disorders("Global, 
regional, and national burden of 12 mental disorders in 204 countries 
and territories, 1990–2019: a systematic analysis for the Global Burden 
of Disease Study 2019," 2022). Panic disorder (PD) and generalized 
anxiety disorder (GAD) are two common types of anxiety disorders that 
significantly impair individuals’ quality of life and functioning (Penninx 
et al., 2021). However, only 44.5% of anxiety disorders can be correctly 

detected depending on mental and somatic symptoms. Beyond that, the 
response rate to initial treatment in anxiety disorders is insufficient, with 
a rate of 45%–65% (Szuhany and Simon, 2022). Thus, it is essential to 
explore in-depth pathophysiological mechanisms of anxiety disorders to 
improve the efficacy in diagnosis and prognosis for anxiety disorders 
patients. Chronic and life event stress is considered a significant risk 
factor that leads to the occurrence of anxiety disorders (de Kloet et al., 
2005). Moreover, numerous studies have revealed bidirectional inter
action between chronic psychological stress and the immune system 
(Haroon et al., 2012; Leonard and Song, 1996; Nautiyal et al., 2008). 
Thus, detecting the immune mechanism of stress-linked psychiatric 
disorders, such as anxiety disorders, can provide a novel insight into 
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comprehensively understanding the pathophysiology of anxiety disor
ders (Haykin and Rolls, 2021). 

It has been established that chronic psychological stress can induce 
alterations in hematopoiesis and result in a pro-inflammatory process 
(Chan et al., 2023). Pro-inflammatory immune signaling is involved in 
regulating the hypothalamic-pituitary-adrenal (HPA) axis and other 
biological processes responsible for the modulation of affective behavior 
in response to stressor exposure (Haroon et al., 2012). Peripheral 
pro-inflammatory cytokines, such as IL-6 and IL-1β secreted by the 
intrinsic immune system, play critical physiological roles in the central 
nervous system, including the metabolism of neurotransmitters, neuro
endocrine function, and effects on neuroplasticity, acting as neuro
inflammatory factors in anxiety behaviors (Engler et al., 2017; McKim 
et al., 2018). Clinical studies revealed that serum levels of different 
cytokines, including IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, TNF-α, and 
INF-γ correlated with anxiety disorders (Michopoulos et al., 2017; 
Quagliato and Nardi, 2018; Tang et al., 2018). However, the changes in 
various cytokine levels in anxiety disorders are still inconclusive. A 
case-control study that included 20 patients with generalized anxiety 
disorder found that patients with generalized anxiety disorder have 
higher levels of TNF-α in the peripheral circulation and decreased levels 
of IL-2 and IL-4(Vieira et al., 2010). A more extensive cohort study 
showed that a down-regulated level of serum IL-1β, IL-2, and 
up-regulated IL-4 was observed in generalized anxiety disorders(Shen 
et al., 2022). The cohort study, including patients with generalized 
anxiety disorder, panic disorder, and phobias, found no significant dif
ference in TNF-α levels in the patients compared to the healthy control 
(Vogelzangs et al., 2013). These results indicate that there must be 
heterogeneity of cytokine levels in anxiety disorders, which is partially 
due to variability in assay procedures and different study populations. 
Moreover, cytokines can also be produced by various immune cells and 
many other types of cells(Deets and Vance, 2021; Ortega et al., 2020). 
Therefore, it is necessary to explore another immune-related mechanism 
of anxiety disorder to develop robust biomarkers for diagnosis or 
prognosis prediction. 

T cells have been demonstrated to be involved in modulating 
behavior, stress responsiveness, and memory (Serre-Miranda et al., 
2015; Straub and Cutolo, 2018). CD4+ T cells and CD4+CD25+ regula
tory T cells have been investigated as subsets in neurogenesis and pro
tection in the central nervous system (Evans, Dittmer, de la Fuente and 
Fitzgerald, 2019). Subsequently, more attention has been paid in recent 
years to the role of CD4+ T cells in the onset of anxiety. Animal studies 
have shown that transferred CD4+ T cells from stress-induced mouse to 
control can induce the generation of anxiety-like behavior (Rattazzi 
et al., 2013) by influencing the amygdala, which is part of the critical 
neural circuit for fear and anxiety-based disorders (Fan et al., 2019). 
Various immune dysfunction mouse models have also revealed that 
abnormalities in CD4+ T cells but not CD8+ T cells contribute to 
generating anxiety-like behavior through well-established brain net
works(Fernandes et al., 2022). Clinical studies showed that chronic 
psychological stress correlated with a variety of peripheral CD4+ T cell 
abnormalities. Women under chronic caregiving stress showed 
decreased proportions of both naïve and central memory CD4+ T cell 
subsets marked by CD45RA in the periphery and increased proportions 
of effector memory CD4+ T (CD45RA-CD62L-) cells, implicating that 
chronic stress may accelerate the generation of immunosenescence 
(Prather et al., 2018). Women with state anxiety symptoms at 12 weeks 
of gestation were found to be negatively correlated with the proportion 
of Treg cells, Helios + subpopulation, and TIM3+ subpopulation (Wiley 
et al., 2024). Therefore, it can be observed that chronic psychological 
stress can lead to alterations in a wide range of CD4+ T cell subsets. 

Cumulative evidence suggests that different subsets of CD4+ T cells 
correlate with chronic psychological stress and the symptoms of anxiety, 
suggesting they may play a critical role in the pathophysiology of anx
iety disorders. Nevertheless, which CD4+ T cell subsets are altered in 
anxiety disorder patients and how these abnormal CD4+ T cell subsets 

are associated with anxiety disorders have not been fully investigated to 
date. In this study, we first utilized different markers to characterize 
different CD4+ T-cell subsets including naïve and memory populations 
(CD27 and CD45RA), activation (CD38, HLA-DR), exhaustion (PD1, 
TIGIT), effector CD4+ T-cell subsets (CCR4, CCR6, CCR10, CXCR3, 
CXCR5), CD4+ Tregs (CD25, CD127) (Sahir et al., 2020), as well as 
senescence phenotype (CD57 and KLRG1) (Rodriguez et al., 2020). We 
also applied co-stimulatory molecules CD27 and CD28 to characterize 
the function of activation regulation of CD4+ T cells (Hintzen et al., 
1995; Lenschow et al., 1996). Subsequently, we compare them between 
newly diagnosed adult patients with anxiety disorders and healthy 
control. Then, we analyzed the associations between differential CD4+ T 
cell subsets and symptoms’ severity of anxiety. Finally, we assessed the 
mediating effect of differential CD4+T cell subsets on chronic stressful 
life events to the generation of anxiety by Partial Least 
Squares-Structural Equation Modeling. 

2. Subjects and methods 

2.1. Study design and participant enrollment 

The study was a case-control study with a matched sample of newly 
diagnosed anxiety disorder patients and healthy controls. In total, 28 
patients with generalized anxiety disorder or panic disorder and 28 
matched with age and sex for healthy individuals were enrolled from 
Peking Union Medical College Hospital between August and December 
2022. The inclusion criteria for anxiety disorder patients were as fol
lows: 1) aged between 18 and 45 years, 2) newly diagnosed with 
generalized anxiety disorder or panic disorder according to the DSM-5 
criteria. The exclusion criteria were as follows: 1) use of any antide
pressant; 2) Co-existing or previously diagnosed with other severe psy
chiatric conditions, including schizophrenia, substance abuse, bipolar 
disorder, and major depression disorder; 3) Currently or previously 
diagnosed with severe or unstable somatic disease, including, neuro
logical disease, autoimmune diseases, metabolic disease, cardiovascular 
disease, infectious disease, or cancer; 4) severe brain injuries, or brain 
lesions; 5) major surgery, vaccination in the past six months; 6) any 
immunological or metabolic or antibiotic-related medication using in 6 
months; 7) the score of 17- item Hamilton Depression Rating scale 
(HAMD-17) > 17; 8) Peripartum and lactating women. The inclusion 
criteria for control individuals were as follows: 1) aged between 18 and 
45 years; 2) no psychiatric disorders according to DSM-V-RV criteria; 3) 
no physical severe diseases, and no chronic diseases. The same exclusion 
criteria were applied to the control group. Written informed consent was 
obtained from all participants. All human experiments were conducted 
following protocols approved by the Medical Ethics Committee of 
Peking Union Medical College Hospital. This study was performed under 
the ethical standards of the Declaration of Helsinki. 

2.2. Clinical assessments 

GAD or PD was diagnosed by a structured clinical interview based on 
the Diagnostic and Statistical Manual of Mental Disorders, fifth edi
tion–Research Version (DSM-V-RV), administered by a psychiatrist and 
independently confirmed by a trained research assistant. 

2.2.1. Severity of anxiety 
The severity of anxiety symptoms was measured by the Hamilton 

Rating Scale for Anxiety (HAMA)(Hamilton, 1959; Thompson, 2015), 
which is commonly used in clinical settings to assess the level of anxiety 
experienced by patients, aiding in diagnosis, treatment planning, and 
monitoring of anxiety disorders. The scale includes 14 items to evaluate 
psychological anxiety and somatic anxiety, with a total possible score of 
56. The HAMA score between 14 and 21 indicates mild anxiety, 21–29 
for moderate anxiety, and severe anxiety for the HAMA score more than 
29. 
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2.2.2. Depressive symptoms 
Science the depressive symptoms are common for anxiety patients 

(Kalin, 2020), we utilized the Hamilton Rating Scale for Depression 
(HAMD-17) (Hamilton, 1960) to assess the severity of depressive 
symptoms with 17 items over the past week. A total score greater than 
17 on the HAMD-17 suggests the possibility of having depression dis
order. Previous studies have suggested a higher comorbidity rate be
tween anxiety disorders and depressive disorders (Szuhany and Simon, 
2022). Therefore, to exclude the possibility of comorbid depression with 
anxiety as much as possible, the anxiety patients with a sum score >17 
on the HAMD-17 were excluded from our study. 

2.2.3. Chronic stressful life events 
To evaluate the chronic stressful life events, we used the Life Event 

Scale (LES) which was a self-report scale containing 48 items 
(Pérez-Pérez et al., 2018; Y. P. Zheng and Lin, 1994) to evaluate the 
occurrence and impact of stressful life events over the past year. The 
version we applied contains 48 items, including job, relationship, health 
issues, financial difficulties, and other significant life events. The scale 
aims to assess the stress and emotional impact of these events on the 
individual. The total score of LES is calculated by summing the weights 
of each life event. The weights of each life event were evaluated ac
cording to the formula: occurrence time of life events × influence 
duration × the degree of mental impact of life events (Lin et al., 2018). 
The higher the overall score of LES, the higher the level of stressful 
mental pressure the individuals perceived. 

The HAMA and HAMD were administered and scored by a trained 
research assistant. The height and weight of all participants were 
recorded to calculate body mass index (BMI) and analyzed as a contin
uous variable. Sociodemographic information including age, family 
history of psychiatric disorders (yes or no), smoking status (ever or 
never), frequency of physical activity (<1 h/day or ≥1 h/day), and 
education level (less than 12 years or more than 12 years) were recorded 
after enrollment in our study. 

2.3. Staining and flow cytometry 

From all participants, 8 ml of peripheral blood was collected on the 
second day after diagnosis between 8:00 and 9:00 a.m. in a heparin 
sodium anticoagulant tube and immediately transported to the labora
tory to isolate peripheral blood mononuclear cells (PBMCs). PBMCs 
were collected using Ficoll density gradient centrifugation per the 
manufacturer’s protocol. Multiparametric flow cytometry panels were 
developed and validated to characterize CD4+ T-cell subsets. The ob
tained PBMCs were resuspended in the cell freezing medium (FBS+10% 
DMSO) and stored in gradient freezing − 80 0C for one day before 
transfer to liquid nitrogen. We thawed the PBMCs per standard pro
tocols, and 1 × 106 PBMCs were prepared to stain with the antibodies of 
the surface biomarker for each of the three panels. All samples were 
detected in a batch. Before incubating with antibodies, the red blood 
cells were lysed with Red Blood Cell Lysis Buffer (Absin). Then, TruSt
ainFcX Fc Receptor Blocking Solution (Biolegend) and True-Stain 
Monocyte Blocker (Biolegend) were incubated with human PBMCs for 
10 min before adding antibodies. The binding buffer was applied for 
staining, and each sample’s final staining reactive volume was 50 μl. The 
samples were incubated for 25 min at room temperature in the dark, and 
then the excess reagent was washed out. Finally, 200 μl of 1 X PBS was 
added to prepare cell suspension for flow cytometry analysis, and 
FlowJo V9 was used for data analysis. The detailed information on an
tibodies we applied in different panels is shown in Supplementary 
Table 1. 

2.4. Statistical analysis 

Statistical analyses were performed using the Statistical Package for 
the Social Sciences (SPSS) version 28.0. The normality of the 

distribution of variables was tested using the Kolmogorov–Smirnov test. 
The differences in variables between the anxiety and control groups 
were evaluated by an independent-sample t-test when the variance was 
equal, and the distribution was normal. At the same time, the Mann‒ 
Whitney U test was used to compare the nonparametric variables. In 
order to control the influence of covariates on the change CD4+ T-cell 
subsets, we applied ANCOVA analysis to adjust the covariates. 
Furthermore, we used the False Discovery Rate (FDR) method to correct 
for the significance of multiple comparisons. FDR-adjusted P < 0.05 was 
set as the statistical significance threshold. To further analyze the rela
tionship between differential CD4+ T-cell subsets and anxiety, we first 
utilized Person Correlation analysis to evaluate the relationship between 
differential CD4+ T-cell subsets and anxiety-related variables, including 
LES, HAMA, HAMD-17, and BMI. Then, multiple linear regression 
models were constructed to evaluate the effect of CD4+ T-cell subsets 
and other factors on the severity of anxiety. The overall severity of 
anxiety was assessed by HAMA, and the severity of psychological anx
iety and somatic anxiety was evaluated by the subscale of HAMA. 
Stepwise multiple linear regression was chosen because the stepwise 
method combines advantages of forward and backward selection. After 
introducing each new independent variable, the method re-evaluates the 
previously included variables to determine their continued value in the 
equation. Based on this evaluation, the model alternates between 
introducing and removing variables until no new variables can be added 
or removed. This approach helps mitigate the effects of multicollinearity 
in multivariate linear regression analysis (Malek et al., 2007). In the 
regression model, we included all sociodemographic and physical 
characteristics (educational levels, family history of psychiatric disor
ders, BMI, as well as total LES scores as independent variables) we ob
tained to assess the influence of these potentially confounding variables 
on CD4+ T-cell subsets on the severity of anxiety. 

Finally, Smart Partial Least Squares (SmartPLS)-SEM path analysis 
(Riou et al., 2016) was applied to evaluate our hypothesized mediating 
effect and interactive effect between the immune system and stressful 
life events on the generation of anxiety. To rule out the potential in
fluence of BMI on the generation of anxiety, BMI was involved in our 
model. Therefore, the HAMA score was constructed as latent, repre
senting anxiety. Total LES score and BMI were constructed as latent, 
representing stressful life events and metabolic conditions with a single 
indicator. According to previous studies, psychological stress and BMI 
influenced the memory phenotype of CD4+T cell subsets and regulatory 
CD4+T cell subsets. Thus, two latent vectors, which represent immune 
response (memory phenotype) and immune regulation (regulatory 
phenotype) were built. Complete SmartPLS analysis using 5000 boot
strap samples was performed when the inner/outer models complied 
with specific quality data: 1) the overall fit of the pathway model is 
adequate with standardized root mean square residual (SRMR) < 0.08; 
2) the outer model latent vector loadings are >0.6 at p < 0.001; and 3) 
the latent vectors show an accurate construct validity as indicated by an 
average variance extracted (AVE) > 0.5, Cronbach’s alpha >0.7, and 
composite reliability >0.7. Consequently, we conducted a complete PLS 
path analysis on 5000 bootstrap samples and computed path coefficients 
(with p-value), outer model loadings, and specific indirect and total 
effects. 

3. Results 

3.1. Baseline characteristics 

Fifty-three newly diagnosed patients who visited the Department of 
Psychiatry outpatient clinic at Peking Union Medical College Hospital 
were screened. Sixteen of them were excluded because ten patients with 
generalized anxiety disorder met the comorbidity criteria for depression 
disorder after screening, and the other six generalized anxiety disorder 
patients met the criteria for previous depressive disorder. Other nine 
patients were excluded due to HAMD-17 > 17. Finally, a total of 56 
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participants were enrolled, including 28 newly diagnosed drug naïve 
anxiety disorders (AD) patients (10 with panic disorder and 18 with 
generalized anxiety disorder) and 28 healthy controls (HC). There were 
no significant differences in age, sex, smoking status, or physical activity 
between the AD and HC groups (Table 1). All participants in the HC 
group had received more than 12 years of education, while 7.14% of 
patients (2/28) in the AD group had received less than 12 years of ed
ucation. BMI, HAMA scores, HAMA-psychological anxiety scores, 
HAMA-somatic anxiety scores, HAMD-17 scores, and total LES scores 
were significantly different between the two groups (P < 0.05). None 
had a family history of psychiatric disorders in both the AD and HC 
groups. 

3.2. Differential CD4+ T-cell subset in anxiety disorders 

To determine which CD4+ T-cell subsets were altered in anxiety 
disorder patients, the multiparametric flow cytometry was applied to 
identify 44 different CD4+T cell subsets (Supplementary Table 2); the 
gating strategy of each subpopulation is shown in Supplementary Fig. 1. 
Among the 44 CD4+T cell subsets we identified, 10 showed significant 
differences between the two groups (Table 2). Th and Treg cell subsets of 
CD27CD45RA and CD27CD28 significantly differed between the two 

groups. The numbers of CD27+CD45RA− Th, CD27+CD28− Th, 
CD27− CD28+ Th, and CD27− CD28− Th cells were significantly higher, 
while CD27+CD45RA+Th and CD27+CD28+ Th cells were markedly 
lower in the AD group. It was also apparent that the proportion of 
CD27+CD28+ Tregs was lower in the AD group than in the HC group, 
while the frequency of CD27+CD28− Tregs was significantly higher in 
the AD group. The subsets of CD27+CD45RA− Tregs and 
CD27− CD45RA− Tregs showed an opposite trend in the Anxiety disor
ders group. All of these outcomes showed that subsets of naïve and 
memory subsets of Th and Treg cells were dysregulated in anxiety dis
orders. Due to the significant statistical difference in BMI between the 
two groups of subjects, we included BMI as a covariate and used 
ANCOVA to analyze the effect of BMI on the frequency of distinct CD4+

T-cell subsets between the two groups. The results indicate that, except 
for CD27− CD45RA-Tregs, other differential CD4+ T cell subsets between 
the two groups are not affected by BMI (Table 3, Supplementary 
Table 3). After FDR correction for multiple comparisons, the differences 
in the proportions of CD27− CD28-Th, CD27− CD45RA-Tregs, and 
CD27− CD28-Tregs between the two groups are no longer significant 
(Fig. 1). The population of activation, exhaustion, and senescence of 
CD4+T subsets have no significant difference between anxiety disorders 
and HC. Furthermore, the effector subsets, including Th1, Th2, Th17, 
and Tfh (CXCR5+) cells, showed no difference between the two groups. 

3.3. Correlations analysis between differential CD4+ T-cell subsets and 
clinical variables 

We performed person correlation analysis to detect the relationship 
between differential CD4+ T-cell subsets and anxiety-related variables 
including total LES score, HAMA, HAMD-17 as well as the potential 
confounding variable of BMI (Fig. 2). Total LES score was negatively 
correlated with CD27+CD45RA+ Th (r = − 0.44, P = 0.002), 

Table 1 
Clinical characteristics of anxiety disorder patients and matched healthy 
controls.   

Anxiety patients Healthy controls P value 

N = 28 N = 28 

Sex 0.567 
Female 20 18  

71.4% 64.3% 
Male 8 10  

28.6% 35.7% 
Family history of psychiatric disorders – 

No 28 28  
100% 100% 

Yes 0 0  
0.00% 0.00% 

Smoking status 0.16 
Never 24 27  

87.5% 96.4% 
Ever 4 1  

14.3% 3.6% 
Physical activity 0.789 
<1 h/day 15 14  

53.6% 50.0% 
≥1 h/day 13 14  

46.4% 50.0% 
Educational level 0.149 
<12 years 2 0  

7.14% 0.00% 
≥12 years 26 28  

92.86% 100% 
Age, years (median) 34.50 (30.50, 

39.75) 
33.50 (27.00, 
36.00) 

0.249 

BMI, kg/m2 (median) 21.79 (19.98, 
23.71) 

18.93 (17.19, 
21.18) 

<0.001a 

HAMA  
Total HAMA score (median) 26.00 (24.25, 

28.75) 
7.00 (6.25, 9.00) <0.001a 

Psychological anxiety 
(median) 

13.00 (11.75, 
15.00) 

3.00 (2.00, 4.00) <0.001a 

Somatic anxiety (median) 13.00 (11.75, 
15.25) 

4.00 (3.00, 5.00) <0.001a 

HAMD-17 score (median) 9.50 (8.00, 13.75) 7.00 (5.00, 8.00) <0.001a 

LES total score (median) 63.50 (48.0, 
169.25) 

20.50 (13.25, 
30.75) 

<0.001a 

BMI: body mass index, HAMA: Hamilton Anxiety Rating Scale, HAMD: Hamilton 
Depression Rating Scale, LES: Life Event Scale. 
*Values are presented as the number (%) and the results of chi-square tests. 

a Values are presented as the median (25th and 75th percentiles) and analyzed 
by the Mann‒Whitney U test. 

Table 2 
The differential subsets of CD4+ T cells in anxiety disorder patients and healthy 
controls.  

CD4+T-cell subsets % Anxiety 
patients 

Healthy 
controls 

P value FDR- 
adjusted 

N = 28 N = 28 

T cellsb 75.3 (70.3, 
81.2) 

64.1 (58.1, 
75.4) 

0.005 0.013c 

CD4+T cellsa 55.22 ± 2.31 48.98 ± 1.75 0.018 0.040c 

CD27+CD45RA + Th 
cellsb 

34.9 (21.1, 
43.9) 

48.2 (41.4, 
54.0) 

<0.001 0.0007c 

CD27+CD45RA- Th 
cellsa 

41.34 ± 2.64 27.41 ± 1.63 0.009 0.022c 

CD27+CD28+ Th 
cellsb 

66.0 (58.3, 
73.4) 

83.3 (77.8, 
88.1) 

<0.001 <0.001c 

CD27+CD28− Th 
cellsb 

1.15 (0.670, 
2.36) 

0.60 (0.270, 
1.05) 

0.005 0.013c 

CD27− CD28+ Th 
cellsb 

27.1 (20.1, 
36.6) 

14.2 (9.49, 
17.2) 

<0.001 <0.001c 

CD27− CD28− Th 
cellsb 

4.04 (1.67, 
8.28) 

1.95 (1.15, 
2.94) 

0.017 0.059c 

CD27+CD45RA- 
Tregsa 

58.34 ± 2.97 46.94 ± 2.10 0.006 0.016c 

CD27− CD45RA- 
Tregsa 

16.86 ± 2.18 23.66 ± 1.66 0.04 0.075 

CD27+CD28+ Tregsb 35.1 (23.9, 
49.1) 

78.9 (74.3, 
80.8) 

<0.001 <0.001c 

CD27+CD28− Tregsb 35.5 (9.63, 
48.4) 

0.245 (0.105, 
0.350) 

<0.001 <0.001c 

CD27− CD28− Tregsb 5.64 (2.73, 
9.67) 

1.74 (0.675, 
7.05) 

0.046 0.085  

a Values are presented as the mean ± SD and analyzed by the independent- 
sample t-test. 

b Values are presented as the median (25th and 75th percentiles) and analyzed 
by the Mann‒Whitney U test. 

c FDR-adjusted P values < 0.05 were considered statistically significant. 
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CD27+CD28+ Th (r = − 0.46, P = 0.001), as well as CD27+CD28+ Tregs 
(r = − 0.38, P = 0.007) and positively with CD27+CD28− Th (r = 0.32, P 
= 0.023), CD27+CD45RA− Tregs (r = 0.33, P = 0.014), as well as 
CD27+CD28− Tregs (r = 0.31, P = 0.037). 

HAMA score showed significant correlation with all eight differential 
CD4+T cell subsets (Fig. 3), which were positively correlated with 
CD27+CD45RA− Th (r = 0.52, P < 0.001), CD27+CD28− Th (r = 0.28, P 
= 0.046), CD27− CD28+ Th (r = 0.63, P < 0.001), CD27+CD45RA− Tregs 
(r = 0.389, P = 0.006), CD27+CD28− Tregs (r = 0.68, P < 0.001), and 
negatively with CD27+CD45RA+ Th (r = − 0.50, P < 0.001), 
CD27+CD28+ Th (r = − 0.58, P < 0.001), as well as CD27+CD28+ Tregs 
(r = − 0.76, P < 0.001). 

We also observed a significant correlation of three subsets with BMI, 
including CD27+CD45RA− Th cells (r = 0.33, P = 0.015), 
CD27+CD45RA− Tregs (r = 0.40, P = 0.005), and CD27+CD28+ Tregs 
(− 0.34, P = 0.03). CD27+CD28+ Tregs was the only subset that corre
lated with LES, BMI, HAMA, and HAMD-17. Moreover, according to 
correlation analysis, there are significant strong correlations between 
the proportion of CD27+CD45RA+ Th and CD27+CD28+ Th cells, 
CD27+CD28+ Th and CD27− CD28+ Th cells, CD27+CD45RA− cells and 
CD27+CD45RA− Treg cells, as well as CD27+CD28+ Treg and 
CD27+CD28− Treg cells, suggesting there is collinearity among these 
populations. 

Table 3 
The Differential Subsets of CD4+ T Cells in Anxiety Disorder Patients and 
Healthy Controls adjusted by BMI.  

CD4+T-cell subsets Index df F PR(>F)a 

T cells C(Group) 1 11.903 0.001 
BMI 1 2.939 0.092 
Residual 53   

CD4+T cells C(Group) 1 4.083 0.048 
BMI 1 0.201 0.655 
Residual 53   

CD27+CD45RA + Th cells C(Group) 1 12.128 0.001 
BMI 1 0.315 0.577 
Residual 53   

CD27+CD45RA- Th cells C(Group) 1 10.760 0.002 
BMI 1 1.428 0.237 
Residual 53   

CD27+CD28+ Th cells C(Group) 1 26.160 <0.001 
BMI 1 0.033 0.856 
Residual 53   

CD27+CD28− Th cells C(Group) 1 4.553 0.038 
BMI 1 0.043 0.856 
Residual 53   

CD27− CD28+ Th cells C(Group) 1 39.678 <0.001 
BMI 1 0.169 0.683 
Residual 53   

CD27− CD28− Th cells C(Group) 1 4.213 0.036 
BMI 1 0.758 0.387 
Residual 53   

CD27+CD45RA- Tregs C(Group) 1 8.892 0.008 
BMI 1 5.629 0.066 
Residual 53   

CD27− CD45RA- Tregs C(Group) 1 2.779 0.101 
BMI 1 1.527 0.222 
Residual 53   

CD27+CD28+ Tregs C(Group) 1 94.451 <0.001 
BMI 1 0.011 0.917 
Residual 53   

CD27+CD28− Tregs C(Group) 1 48.092 <0.001 
BMI 1 0.013 0.910 
Residual 53   

CD27− CD28− Tregs C(Group) 1 5.371 0.024 
BMI 1 0.586 0.447 
Residual 53   

Abbreviation: BMI: Body Mass Index. 
a : P-value. 

Fig. 1. The dot-plot of differential CD4+T cell subsets between anxiety disor
ders and healthy control with FDR-adjusted P < 0.05 
A, the proportion of naïve and central memory CD4+T subsets (CD27+CD45RA 
+ Th and CD27+CD45RA-Th); B, the proportion of CD27+CD28+ Th, 
CD27+CD28-Th and CD27− CD28+Th subsets; C, the proportion of 
CD27+CD45RA-Treg, CD27+CD28+ Treg, as well as CD27+CD28− Treg cell 
subsets. (* represents FDR-adjusted P < 0.05, ** represents FDR-adjusted P 
< 0.001). 

B. Dai et al.                                                                                                                                                                                                                                      



Neurobiology of Stress 31 (2024) 100661

6

3.4. Association of differential CD4+ T-cell subsets with anxiety 

To further explore the association of differential CD4+ T cells and the 
severity of anxiety, the stepwise multivariate linear regression model 
was applied because, according to the results of our correlation analysis, 
there is collinearity between different CD4+ T cell subsets. To eliminate 
the influence of collinearity, we employed stepwise multiple regression 
analysis to analyze the total HAMA and subscale scores as dependent 
variables and the immune subsets and other clinical variables as 
explanatory variables (Table 4). The proportion of CD27+CD45RA− Th 
cells and total LES showed a positive association with total HAMA scores 
[beta:0.325, P < 0.001, beta:0.270, P = 0.001], while the CD27+CD28+

Tregs was negatively associated with total HAMA scores [beta: − 0.568, 
P < 0.001]. 72.4% of the variance in total HAMA scores could be 
explained by the regression on CD27+CD28+ Tregs, CD27+CD45RA− Th 
cells, and total LES (model 2). For the HAMA-psychological anxiety, 
64.7% of the variance in HAMA-psychological anxiety could be 
explained by the change of CD27+CD28+ Tregs, CD27+CD45RA− Th 
cells, and total LES (model 4). Model 7 showed that 66.1% of the vari
ance in HAMA-somatic anxiety could be explained by CD27+CD28+

Tregs, CD27+CD28+ Th cells, CD27+CD45RA− Th cells, as well as total 
LES. 

Since depression is one common comorbid symptom in anxiety dis
order patients(Kalin, 2020), we also explored the association of differ
ential CD4+ T-cell subsets with depression symptoms in anxiety patients. 
Only 28.2% of the variance in HAMD-17 score could be explained by the 
change of CD27+CD28− Tregs and total LES score (Table 5), indicating 
that the CD4+ T-cell subset contributing to the variance of depression 
symptom in anxiety patients was different from anxiety. 

3.5. Results of partial least squares (PLS) analysis 

Furthermore, to explain how the CD4+ T-related immune system and 
long-term psychological stress impact anxiety, we utilized the SmartPLS 
to examine our hypothesized pathway model on the entire sample. 
Because CD27+CD45RA− Th/Treg subsets were considered as memory 
subsets of T cells and CD27+CD28+ Th/Treg subsets were believed as 
naïve population(Okada et al., 2008; Sallusto et al., 2004), we extracted 

CD27+CD45RA− Th/Treg subsets as the latent vector to reflect the status 
of immune response and CD27+CD28+ Th/Treg subsets as the other 
latent vector to represent the status of immune regulation. We also 
added BMI as an indicator to evaluate the interaction of metabolic sta
tus, immune system, and anxiety. 

Fig. 4A showed that the immune response, LES, and BMI could 
explain 44.8% of the anxiety variance. However, there were no signifi
cant specific indirection effects of both LES and BMI on the immune 
response to anxiety (t = 1.163, P = 0.245; t = 1.845, P = 0.065), indi
cating that immune response does not mediate the effects of LES or BMI 
on anxiety. This model showed a significant impact of LES on anxiety, 
the effects of immune response on anxiety, as well as BMI on anxiety. 
The construction of the latent immune response is good with Cronbach α 
= 0.788, AVE = 0.825, rho_a = 0.789, and rho_c = 0.904. The overall fit 
of the model was adequate with the SRMR = 0.056. 

Fig. 4B showed that immune regulation, LES, and BMI explained 
64.1% of the variance in anxiety. There was a significant specific indi
rect effect from LES to immune regulation on anxiety, demonstrating 
that immune regulation mediates the effect of LES on anxiety (t = 2.871, 
P = 0.004). The pathway from BMI to anxiety was not statistically sig
nificant with P > 0.05 (P = 0.083), while there was no significant total 
indirect effect of BMI on anxiety (t = 1.862, P = 0.063). The construction 
of the latent immune regulation is good with Cronbach α = 0.704, AVE 
= 0.770, rho_a = 0.717, and rho_c = 0.870. The overall fit of the model 
was adequate with the SRMR = 0.067. 

Since long-term psychological stress has a bidirectional influence on 
the immune system(Biltz et al., 2022), we postulated that the change in 
the immune system may interact with chronic psychological stress on 
anxiety. Subsequently, we reconstructed the model to test the interac
tion effects of CD4+ T-cell-related immune system to chronic stress on 
anxiety. Fig. 5 displayed the adjusted model. 80.2% of the variance of 
anxiety can be directly explained by the immune response (t = 2.943, P 
= 0.003), immune regulation (t = 3.171, P = 0.002), and LES (t = 4.234, 
P < 0.001), however, BMI do not have a total effect on anxiety (t =
0.143, P = 0.100). BMI and LES could partially explain 26.5% of the 
variance of immune regulation and 20.2% of the variance of immune 
response. Furthermore, there was a significant specific indirect effect of 
LES on immune regulation on anxiety (t = 2.212, P = 0.027), which is 
consistent with the finding from the above model, indicating that 
CD27+CD28+ Th/Treg cells inversely mediate the effect of LES on 
anxiety. Moreover, there were statistically significant effects of inter
action between immune regulation and LES on anxiety (t = 2.161, P =
0.031). The overall fit of the adjusted model was adequate with SRMR =
0.074 and good construct reliability of two immune-related latent vec
tors with Cronbach α > 0.704, AVE >0.770, rho_a >0.717, and rho_c >
0.870, vectors loadings were all >0.850. 

4. Discussion 

In this study, we analyzed the differentiation phenotype, exhaustion 
phenotype, senescence phenotype, and functional phenotype of CD4+ T 
cells using a multi-channel flow cytometry detection method. Upon 
activation by antigen stimulation, co-stimulatory molecule activation, 
and cytokine stimulation, naïve CD4+ T cells undergo proliferation and 
differentiation to form different effector cell subsets and memory cell 
pools, thereby exerting effector functions and maintaining immune 
homeostasis(Kumar et al., 2018). CD27 and CD28, as co-stimulatory 
molecules, play essential roles in maintaining the survival of CD4+ T 
cells, inducing proliferation, aging, and regulating immune homeostasis 
(Kovaiou et al., 2005). Previous studies have shown that chronic psy
chological stress can lead to exhaustion and senescence phenotypes of 
CD4+ T cells, and exhaustion and senescence are closely related to T cell 
function and homeostasis(Gouin et al., 2008). Therefore, characterizing 
the differentiation phenotype, exhaustion phenotype, senescence 
phenotype, and functional phenotype can comprehensively reflect the 
function and homeostasis of CD4+ T cells. 

Fig. 2. Heatmap of correlation analysis between the significant difference of 
CD4+T cell subsets and anxiety-related variables 
Abbreviation: BMI: Body Mass Index, HAMA: Hamilton Anxiety Rating Scale, 
HAMD: Hamilton Depression Rating Scale, LES: Life Event Scale. 
The colors represent correlations, where red indicates a positive correlation, 
and blue indicates a negative correlation. * mean significant correlation be
tween CD4+ T-cell subsets and LES, BMI, HAMA, and HAMD-17. 
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Our results indicate that compared to healthy controls, patients with 
anxiety disorders without treatment exhibit a significant decrease in the 
proportion of CD27+CD28+ Th and Treg cells. In contrast, the propor
tion of central memory Th and Treg cells (CD27+CD45RA− ) significantly 
increases. There have been few studies on the distribution of different 
CD4+ T cell subsets in anxiety disorders, and only a few studies have 
explored the association between CD4+ T cells and anxiety levels. Gu 
et al. characterized the peripheral CD4+ T cell subsets of systemic lupus 
erythematosus patients with or without anxiety symptoms using a hos
pital Anxiety and Depression Scale score ≥ eight as the criterion for 
anxiety status. The results showed that systemic lupus erythematosus 
patients with anxiety symptoms had a decreased proportion of 
CD27+CD28+ Th and Treg cells in peripheral CD4+ T cells. In contrast, 

the proportion of effector memory CD4+ T cell subsets (CD27− CD45RA−

Th/Treg) increased (Gu et al., 2021), suggesting that changes in the 
proportion of CD27+CD28+ Th/Treg cell subsets in peripheral CD4+ T 
cells are more consistent with the association with anxiety in different 
backgrounds, indicating that CD27+CD28+ Th/Treg cell subsets in pe
ripheral CD4+ T cells may play a vital role in the occurrence of anxiety. 

There is currently no research on the changes of different memory 
CD4+ T cell subsets in patients with anxiety disorders. In contrast to the 
outcomes from Gu et al., we found the frequency of central memory 
subsets of CD4+ T cells increased with statistical significance in anxiety 
disorder patients. Due to the significant increase in the proportion of 
effector memory CD4+ T cell subsets in systemic lupus erythematosus 
patients and the lower proportion of central memory CD4+ T cells 

Fig. 3. The correlation XY plot between the proportions of differential CD4+ T cell subsets and HAMA scores 
The correlation between HAMA and proportion of CD27+CD45RA + Th (A), CD27+CD45RA-Th (B), CD27+CD28+Th (C), CD27+CD28-Th (D), CD27− CD28+Th (E), 
CD27+CD45RA- Tregs (F), CD27+CD28+ Tregs (G), and CD27+CD28− Tregs (H). 
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(Fritsch et al., 2006), this may lead to a more significant increase in 
effector memory CD4+ T cell subsets in systemic lupus erythematosus 
patients with anxiety symptoms. Currently, the main hypotheses 
regarding the development pathways of memory cells include the linear 
model hypothesis, the asymmetric model hypothesis, the self-renewal 
model hypothesis, and the simultaneous occurrence hypothesis 
(Ahmed et al., 2009). According to the asymmetric model and 
self-renewal hypothesis, naïve T cells can form central memory cells 
through self-renewal and antigen exposure (Pepper and Jenkins, 2011). 
Our study found that patients with anxiety disorders exhibited a 
significantly decreased proportion of naïve subset, which may 
contribute to the increase of central memory CD4+ T cell subsets by 
asymmetric or self-renewal pathway. 

The association between changes in the proportion of different CD4+

T cell subsets and chronic psychological stress varies among different 
populations. In women exposed to long-term caregiving stress, there is 
an increase in the proportion of effector memory CD4+ T cells and a 
decrease in the proportion of central memory CD4+ T cells (Prather 
et al., 2018). Studies in populations over 50 years old have found that 
chronic stress decreases the proportion of naïve CD4+ T cells (Klopack 
et al., 2022). Consistent with previous research, our study found a 
negative correlation between high levels of stressful life events exposure 
and the proportion of naïve CD4+ T cell subsets (CD27+CD45RA+ Th, 
CD27+CD28+ Th/Treg). In addition, the level of stressful life events was 
also found to be positively correlated with the central memory CD4+ T 
cell subset (CD27+CD45RA− Th/Treg). In this study, we also observed a 

positive correlation between BMI and the frequency of central memory 
CD4+ T cells and a negative correlation with CD27+CD28+ Treg cells. 
Consistent with the previous findings on metabolic disorders and Tregs 
that higher BMI values correlate with low suppressive activity of Tregs 
(Cohen et al., 2019; Zhu et al., 2019), however, the influence of BMI on 
specific Treg subsets has not been widely studied. It is worth noting that 
changes in the frequencies of specific CD4+ T cell subsets may also be 
influenced by altering other subsets under the same parent gate. Such as 
the proportion changes of CD27+CD28+ Treg and CD27+CD28− Treg 
subsets, as well as CD27+CD28+ Th and CD27− CD28+ Th subsets, 
exhibiting significant strong correlations between them. 

Stepwise multiple linear regression analysis showed that 
CD27+CD45RA− Th cells, CD27+CD28+ Tregs, and LES dependently 
associate with the severity of anxiety after controlling the influence of 
collinearity. Furthermore, PLS-SEM analysis was applied and found a 
specific indirect effect from chronic life events stress to immune regu
lation to anxiety, validating the mediating impact of CD27+CD28+ Th/ 
Tregs on the total LES to anxiety. Moreover, we found the interaction 
effect of CD27+CD28+Th/Tregs with total LES on anxiety. It is worth 
noting that the immune response reflected by the central memory sub
sets of CD27+CD45RA− Th cells and CD27+CD45RA− Tregs shows a 
significant positive effect on anxiety. However, they do not mediate the 
impact of LES on anxiety. The result from PLS-SEM suggested that a high 
level of CD27+CD28+ Th/Tregs proportion may be the protective factor 
in generating anxiety. A recent study on generalized anxiety disorder by 
utilizing the mendelian randomization revealed that CD4+CD28+ T cell 

Table 4 
Multivariate linear regression for association of differential CD4+ T-Cell subsets and anxiety.  

Dependent Variables Independent Variables B t Sig. F model df P R2 FDR Corrected P 

Total HAMA Model 1    51.604 2 <0.001 0.665 <0.001 
CD27+CD28+Tregs − 0.662 − 7.908 <0.001      
CD27+CD45RA-Th 0.352 4.204 <0.001      
Model 2    45.557 3 <0.001 0.724 <0.001 
CD27+CD28+Tregs − 0.568 − 7.028 <0.001      
CD27+CD45RA-Th 0.325 4.255 <0.001      
Total LES 0.270 3.384 0.001      

HAMA psychological anxiety Model 3    41.288 2 <0.001 0.617 <0.001 
CD27+CD28+Tregs − 0.594 − 6.483 <0.001      
CD27+CD45RA-Th 0.383 4.180 <0.001      
Model 4    31.576 3 <0.001 0.647 <0.001 
CD27+CD28+Tregs − 0.526 − 5.671 <0.001      
CD27+CD45RA-Th 0.356 4.011 <0.001      
Total LES 0.206 2.258 0.029      
Model 5    26.716 4 <0.001 0.673 <0.001 
CD27+CD28+Tregs − 0.489 − 5.376 <0.001      
CD27+CD45RA-Th 0.300 3.356 0.002      
Total LES 0.194 2.204 0.033      
BMI 0.193 2.166 0.036      

HAMA Somatic anxiety Model 6    30.045 3 <0.001 0.635 <0.001 
CD27+CD28+Tregs − 0.566 − 5.999 <0.001      
Total LES 0.280 3.019 0.004      
CD27+CD45RA-Th 0.213 2.358 0.023      
Model 7    25.324 4 <0.001 0.661 <0.001 
CD27+CD28+Tregs − 0.458 − 4.385 <0.001      
Total LES 0.210 2.211 0.032      
CD27+CD45RA-Th 0.245 2.776 0.008      
CD27+CD28+Th − 0.224 − 2.117 0.040      

Abbreviation: BMI: Body Mass Index, HAMA: Hamilton Anxiety Rating Scale, LES: Life Event Scale. 

Table 5 
Association of differential CD4+ T-cell subsets and HAMD.  

Dependent Variables Independent Variables B t Sig F Model df P R2 FDR Corrected P 

HAMD-17 Model 1    14.316 1 <0.001 0.207 0.0013 
CD27+CD28-Tregs 0.472 3.784 <0.001      
Model 2    11.021 2 <0.001 0.282 <0.001 
CD27+CD28-Tregs 0.382 3.082 0.003      
Total LES 0.309 2.496 0.016      

Abbreviation: HAMD: Hamilton Depression Rating Scale, LES: Life Event Scale. 
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is associated with the risk of generalized anxiety disorder (Ma et al., 
2023), confirming the protective role of CD4+CD28+ T cell subsets in 
anxiety. 

So far, the studies focusing on the mechanism of different CD4+ T cell 
subsets on the generation of anxiety are still limited. The homeostasis of 
CD4+ T cells is associated with a range of brain functions, including 
learning, memory, and anxiety-like behaviors (Filiano et al., 2016). 
Previous studies have found that the activation of peripheral CD4+ T 
cells is critical for their entry into the brain (Kunkl et al., 2020; Nishihara 
et al., 2020) and responsible for the development and maturation of 
microglia and synapse pruning (Pasciuto et al., 2020). Abnormal 
microglial maturation and synapse pruning may lead to anxiety-like 

behavior (McKim et al., 2018; Z. H. Zheng et al., 2021), which links 
the role of peripheral CD4+ T cells in the functional regulation of the 
brain. In our study, the proportion of CD27+CD45RA− Th cells inde
pendently associated with the severity of anxiety positively, and we 
postulated that this subset may directly contribute to anxiety by their 
inflammatory role in the brain. It has been investigated that central 
memory CD4+ T cells are dominantly abundant in cerebrospinal fluid 
(de Graaf et al., 2011), which can be activated rapidly to execute in
flammatory processes or autoimmune responses by encountering the 
specific antigen (Engelhardt and Ransohoff, 2005). Studies on multiple 
sclerosis showed that central memory CD4+ T cells with Th17 phenotype 
correlated with the severity of the disease and strongly resembled the 

Fig. 4. Results of Partial Least Squares (PLS)-SEM analysis with the Anxiety (total HAMA score) as output variable, the mediating effect model. 
The immune response as indicated by a latent vector extracted from CD27+CD45RA− Th and CD27+CD45RA− Treg cells, the immune regulation as indicated by the 
latent vector extracted from CD27+CD28+ Tregs and CD27+CD28+ Th cells. The path coefficients or latent vector loadings were shown with accompanying p-values. 
The mediating effect of Immune Response to stressful life events on anxiety (A); The mediating effect of Immune Regulation to stressful life events on anxiety (B). 
BMI: Body Mass Index; HAMA: Hamilton anxiety scale. 
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molecular features of Th17 cells (Paroni et al., 2017). Indicating central 
memory CD4+ T cells may have the capacity to induce Th17-like in
flammatory response, which is involved in the generation of anxiety 
(Osborne et al., 2019). 

The role of regulatory CD4+ T cells in anxiety disorders has been 
investigated but is still not fully understood. A study of the anxiolytic 
effects of Lactobacillus rhamnosus(JB-1) found that depletion of regula
tory T cells (Tregs, CD4+CD25+ T cells) suppressed the anxiolytic effects 
of JB-1, showing that CD4+CD25+ T cells may regulate anxiety through 
the number of Ly6Chi monocytes(Liu et al., 2020). Chronic social defeat 
stress increases peripheral Ly6Chi monocyte recruitment to the brain via 
IL-6-induced amplification of the neuroinflammatory response to stress, 
promoting anxiety-like behaviors(Niraula et al., 2019). Previous studies 
have shown that Tregs also secrete pro-inflammatory cytokines, 
including IL-13, IFN-γ, IL-1β, IL-17and other cytokines (Domi
nguez-Villar and Hafler, 2018; Kitz and Dominguez-Villar, 2017). IL-1β 
can activate microglia to activate TLR2/4 further, leading to abnormal 
activation of the medial prefrontal cortex (mPFC)-nucleus accumbens 
(NAc) neural circuit (Nie et al., 2018; Zou et al., 2022). Activation of the 
NAc may induce anxiety by over-activating dopaminergic neurons 
projecting to the ventral tegmental area (VTA) (Qi et al., 2022). 
Depletion of Foxp3+CD4+ Tregs is proven to be linked to the generation 
of anxiety-like behavior by abnormal regulation of peripheral immune 
response (Yang et al., 2023), demonstrating that peripheral immune 
homeostasis regulating by CD4+ Treg cells may be a vital component of 
the body-mind interaction mechanism in anxiety disorders. 

In this study, we found the proportion of CD27+CD28+ Th/Tregs 

inversely mediate the effect of stressful life events on anxiety. The pri
mary role of CD28 as a costimulatory molecule in T cells is to promote T- 
cell activation and maintain proliferation(Hendriks et al., 2003), while 
loss of CD28 has been recognized as a reliable aging marker on T cells 
(Broux et al., 2012). In Tregs, CD28 plays an essential role in main
taining proliferation, and the lack of CD28 Tregs can lead to an increase 
in the level of activated CD44+ T cells, which can lead to autoimmune 
reactions (Zhang et al., 2013). Increased peripheral CD4+CD28null T 
cells as a pro-inflammatory phenotype of CD4+ T cells can migrate to
wards the central nervous system and aggravate autoimmune inflam
mation, indicating that CD4+CD28null T cells act on the process of 
neuroinflammation (Vanheusden et al., 2017). We postulated that 
CD27+CD28+ Th/Tregs may be involved in anxiety generation by 
regulating the complicated network of hemostasis of CD4+ T cells. 
However, so far, the precise mechanism of different CD4CD28 T-cell 
subsets in the development of anxiety is still not fully understood. 

4.1. Limitations and future research directions 

The results of this study are consistent with previous studies that 
demonstrated changes in CD4+ T-cell subsets may be associated with the 
pathophysiology of anxiety disorders. However, several key issues that 
remain unclear need to be investigated in the future. First, the molecular 
and neural circuits mechanism of the decreased CD4+CD27+CD28+ T- 
cell subsets in the onset of anxiety need to be elucidated to help us un
derstand the details of the immune-related pathophysiology of anxiety 
disorders. Second, it is necessary to test and validate whether 

Fig. 5. Results of Partial Least Squares (PLS)-SEM analysis with the Anxiety (total HAMA score) as output variable, the adjusted mediating effects model. 
The immune response as indicated by a latent vector extracted from CD27+CD45RA− Th and CD27+CD45RA− Treg cells, the immune regulation as indicated by the 
latent vector extracted from CD27+CD28+ Tregs and CD27+CD28+ Th cells. The path coefficients or latent vector loadings were shown and accompanied by p-values. 
The interaction of the immune system with chronic psychological stress on anxiety was shown with the dashed line from the node of immune-related latent to the 
edge from LES to anxiety. BMI: Body Mass Index; HAMA: Hamilton anxiety scale. 
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CD4+CD27+CD28+ T-cell subsets can be applied as robust biomarkers 
for the diagnosis of anxiety disorders or prediction for treatment efficacy 
by a large prospective multicenter study. Moreover, whether 
CD4+CD27+CD28+ T-cell subsets can be the potentially interventional 
target for anxiety disorders deserves further exploration. 

Finally, we noted that this study has several limitations which should 
be considered when interpreting the results. With the relaxation of the 
“zero-COVID” prevention and control policy in mainland China, the 
surge in COVID-19 infections at the end of 2022 impacted the recruit
ment of subjects, resulting in a small sample size after applying the in
clusion and exclusion criteria. Previous studies indicated that the 
frequency of peripheral naïve, memory, as well as effector CD4+ T cell 
subsets, are associated with the change in BMI (Elegido et al., 2017; 
Ilavská et al., 2012; Pangrazzi et al., 2020). However, we did not control 
for covariates of BMI when comparing the subsets of CD4+T cells be
tween case and control, indicating that it needs to be noted in the study 
design to prevent the influence of potential confounding variates in 
future studies. Additionally, this study had a single-center design, which 
may impact the representativeness of the data. Due to the limitations of 
a cross-sectional design, we cannot directly draw causal conclusions. A 
larger sample cohort and prospective study are needed to verify the 
results of this study further. 

4.2. Conclusion 

In summary, our study comprehensively evaluated the detail of dif
ferential CD4+ T-cell subsets, including Th and Treg cells, in newly 
diagnosed and drug naïve anxiety disorders patients, confirming the 
imbalance of effector and regulatory CD4+ T-cell population in anxiety 
disorders. We also test the interaction between the CD4+ T cells and 
long-term psychological stress on anxiety, indicating that the immune 
regulation population involved in CD27+CD28+Th/Treg cells plays an 
essential role in mediating the effect of chronic stress on anxiety. 
Furthermore, this study provides a clinical basis for further exploration 
of the role and molecular mechanism of CD4CD27CD28 T cell subsets in 
anxiety disorders. 
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