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Purpose: Symptomatic diagnosis combined with unclear pathological mechanism and diverse etiology may increase misdiagnosis 
risk for generalized anxiety disorder (GAD) in the clinical setting. This study aimed to confirm the diagnostic value of aberrantly 
expressed long non-coding RNAs (lncRNAs) for GAD.
Patients and Methods: Eighty sex- and age-matched patients with GAD and major depressive disorder (MDD) and healthy controls 
(HCs) were enrolled using a convenient sampling method. Quantitative real-time polymerase chain reaction (qRT-PCR) was used to 
verify lncRNA expression levels in all participants, and a receiver operating characteristic (ROC) curve was used to test the accuracy 
of aberrantly expressed lncRNAs in differentiating health conditions.
Results: ΔCt values of ENST00000505825, NONHSAG017299, NONHSAT078768, NONHSAT029028, NONHSAT101077, 
NONHSAT031726, TCONS_l2_00010607 in GAD patients were less than in HCs (P<0.05 or 0.01). The total severity score of HAMA- 
14 and somatic anxiety scores were negatively correlated with ΔCt values of ENST00000505825, NONHSAG017299, NONHSAT078768, 
NONHSAT029028, NONHSAT101077, NONHSAT031726, ENST00000505825, TCONS_l2_00010607, and NONHSAT131696, and 
psychic anxiety scores were negatively associated with the ΔCt value of ENST00000505825 (P<0.05 or 0.01). The AUC of the combined 
ROC curve between patients with GAD and healthy people was 0.810, with sensitivity and specificity of 0.825 and 0.762, respectively 
(P<0.05 or 0.01). The AUC of the combined ROC curve between patients with GAD and MDD patients was 0.938, with sensitivity and 
specificity of 0.850 and 0.900, respectively (P<0.05 or 0.01).
Conclusion: ENST00000505825, NONHSAG017299, NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, 
TCONS_l2_00010607, which may serve as biomarkers for the GAD diagnosis and differentiation between GAD and MDD, can improve 
the diagnostic accuracy and avoid misdiagnosis to a certain extent. It is also beneficial for personalized treatment of GAD.
Keywords: long non-coding RNAs, differential diagnosis, peripheral blood mononuclear cell, biomarker, receiver operating 
characteristic

Introduction
Generalized anxiety disorder (GAD) is a mental health condition characterized by excessive and uncontrollable worry 
about a wide range of life events or activities of daily living; it is often accompanied by physical symptoms (eg, muscle 
tension, muscle pain, cardiac dysrhythmia, restlessness, insomnia, respiratory distress, chest pain, and oral ulcers) and 
has been proven that GAD is associated with severe functional impairment and psychological distress. A Chinese 
national health and well-being survey found that the prevalence of undiagnosed/diagnosed GAD was 5.3% among the 
urban population, with only 0.5% of GAD respondents reporting a clinical diagnosis. A study that enrolled 29,709 
children and adolescents aged 6–18 years old using the multistage random-cluster sampling method in Iran showed that 
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the lifetime prevalence of GAD was 2.6%, and higher age, female sex, mother’s history of psychiatric hospitalization, 
mother’s low education level, and urban living were predictors of GAD. A meta-analysis of 32 studies showed that the 
prevalence of GAD among older adults (≥50 years) in low- and middle-income countries in Asia, South America, and 
Africa ranged from 0.2% to 32.2%.1–4 It is commonly considered that GAD is usually comorbid with or as a risk factor 
for hypertension, coronary heart disease, chronic pain, peptic ulcer disease, attention deficit and hyperactivity disorder,5–7 

therefore, GAD may be strongly associated with low quality of life, serious loss of productivity and daily activity, and 
high consumption of medical resources.

Symptomatology exerts a dominant effect on the diagnosis and differential diagnosis of mental diseases. Nevertheless, GAD 
symptoms, usually involving anxiety, somatization, and behavioral performance, are complex and diverse due to large inter- 
individual variability. For instance, heart rate variability (HRV), which reflects an individual’s ability to adapt to the environment, 
is a physiological marker for GAD; nevertheless, one study found that female gender was associated with higher perceived 
patient relationship anxiety and lower HRV in comparison to male, the gender male being associated with lower level of self- 
reported anxiety, these results confirmed that the female gender was associated with higher perceived patient-approach anxiety, 
lower parasympathetic activity, and a comparable sympathetic activity to the Male gender, thus fostering a possible vulnerability 
to excessive stress.8,9 Cultural difference is considered as another associated factor for GAD conceptualization and symptom 
presentation, and one study which showed Black/African American with high GAD symptoms tended to score lower on the 
Generalized Anxiety Disorder-7 than White/Caucasian, Hispanic participants with similar GAD symptoms, highlighted the 
urgent need for culturally sensitive GAD screening tools.10 Moreover, children are not fully developed in terms of verbal 
expression and introspective experience, it was found that GAD in childhood mainly manifested as somatic symptoms and 
behavioral problems, such as irritable bowel syndrome and increased aggression, nevertheless, their parents’ or legal guardians’ 
symptom reports in GAD diagnosis may be impacted by their attitude, belief and understanding about anxiety.11–13 To date, 
existing studies have demonstrated that the onset, severity, treatment efficacy, prognosis of GAD are associated with anxiety 
sensitivity, perceived social support, coping style, self-efficacy.14–16 Thus, symptomatic diagnosis combined with unclear 
pathological mechanism, complicated etiology may increase misdiagnosis risk of GAD.

GAD with comorbid major depressive disorder (MDD) is common in clinical practice, a national representative 
survey in India reported that the GAD prevalence was 0.57% and the most common comorbid psychiatric disorders of 
GAD was depression (15.8%); Incidence rate of mixed anxiety and depression disorder was 33% in patients with chronic 
musculoskeletal pain17,18 It was believed that environmental stress, high neuroticism, downregulated C-C motif chemo
kine ligand 2, and upregulated α2-macroglobulin and toll-like receptors-2 in serum were the risk factors for comorbidity 
of GAD and MDD. Furthermore, childhood abuse victims and women were also more susceptible to GAD and MDD 
comorbidity.19,20 These two frequently co-occurring disorders were associated with greater illness severity and worse 
treatment outcomes than with either condition alone.21 In addition, there was a bidirectional connection between GAD 
and MDD, which was mediated by stress reactivity, sleep quality and positive relation.22–24 At the same time, GAD and 
MDD have overlapping symptoms, including somatic symptoms, anxiety, insomnia, attention deficit, cognitive impair
ment, and social dysfunction. Antidepressants, commonly used in GAD treatment, are less effective than benzodiazepines 
for somatic symptoms,25–27 and these results highlight that definitive clinical diagnosis and personalized medication are 
still crucial obstacles in obtaining an ideal prognosis for GAD. The symptomatic diagnosis of GAD, affected by 
clinicians’ clinical experience, theoretical orientation, sociocultural value, and understanding of diagnostic criteria, 
may bring great difficulties in elucidating pathological mechanisms and improving treatment levels of GAD.3 

Therefore, to confirm non-invasive, low-cost biomarkers with high specificity and sensitivity is a strong need for 
accurate diagnosis and precision therapy for GAD.

Although investigations have identified novel targets for diagnosing GAD and predicting treatment response through 
neuroimaging methods, heart rate variability, G protein-coupled estrogen receptor 1(GPER1), pro-inflammatory chemokines, 
and pharmacogenetics, these studies are often solitary, have not been replicated, and have several limitations. Benefiting from 
epigenetic research on the pathological process of human diseases, great progress has been made in finding the intermediator or 
bridge between genetic factors and environmental stimuli. Neuro-epigenetics is an incredibly new field of recent emerging 
research, long non-coding RNAs (lncRNAs), as key regulators with a length of >200 nucleotides and no protein-coding potential, 
could regulate gene expression in cellular homeostasis and participate in the pathological processes of diseases at epigenetic, 

https://doi.org/10.2147/NDT.S511375                                                                                                                                                                                                                                                                                                                                                                                                                                          Neuropsychiatric Disease and Treatment 2025:21 730

Kong and Zhang                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



transcriptional and post-transcriptional levels, it was found that lncRNAs, enriched in the brain with expression profiles of 
temporal-spatial specificity, extensively affecting the brain development, including self-renewal maintenance, cell fate decision, 
synapse plasticity, synaptogenesis and memory formation.28 Ten lncRNAs (ENST00000505825, NONHSAT103134, 
NONHSAG017299, NON-HSAT078768, NONHSAT029028, ENST00000505825, NonHSAT103134, Non-HSAG017299, 
NonHSAT029028, ENST00000505825, NONHSAT103134, NON-HSAT101077, NONHSAG049179, NONHSAT031726, 
TCONS_l2_00010607, NON-HSAT131696) with aberrant expression verified by chip screening in peripheral blood mono
nuclear cells (PBMCs), were correlated to GAD onset, symptom presentation, treatment efficacy.29,30 However, to date, no 
existing studies have reported the diagnostic value of aberrant expressed lncRNAs in GAD and healthy people or the differential 
diagnosis value between GAD and MDD.

In summary, this study aimed to first prove the alteration of lncRNA expression levels in PBMCs of a larger GAD 
patient sample and, second, clarify the diagnostic value of lncRNAs in GAD and healthy people, and the differential 
diagnosis value for GAD and MDD by using a receiver operating characteristic (ROC) curve. This study provides new 
scientific data for accurate diagnosis and personalized treatment of GAD.

Materials and Methods
Participants
Study group. Eighty patients with GAD, 35 males and 45 females, aged 21–66 and 80 MDD patients, 36 males and 44 
females, aged 21–59 years old, were continuously enrolled using a convenience sampling method from January 2022 to 
December 2023.

Diagnosis of GAD and MDD, from the Chinese Han population, were first diagnosed by two well-trained clinical 
psychiatrists according to criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V).31 

Patients were included if they had no history of psychoactive substance abuse and blood transfusion within past 6 months 
and excluded if they used anxiolytic, antidepressants or had a history of neuropsychiatric disorder. Women who were 
pregnant or were breast feeding were excluded.

Control group. Eighty healthy volunteers, including 43 males and 37 females, aged 21–66 years, were recruited by 
convenience sampling from January 2022 to December 2023. The inclusion criteria were as follows: (1) Chinese Han 
nationality and (2) no previous disease or family history of GAD, MDD, or other mental disorders. Participants with severe 
neurological diseases or other physical diseases, including stroke, senile dementia, Parkinson’s disease, coronary athero
sclerotic heart disease, kidney failure, and a history of drug abuse or blood transfusion in the past six months were excluded.

The Clinical Trial Registration Number is ChiCTR-OOC-16007994.

Clinical Measures
The Hamilton Anxiety Rating Scale-14 (HARS-14), which includes 14 items that were assigned to two dimensions of 
psychic anxiety and somatic anxiety, was used for the GAD assessment, the individual with a score of HARS-14 higher 
than 29 indicated severe anxiety according to Chinese norm.32 All GAD patients in this study met the severe anxiety 
criteria. The HARS-14 with a Cronbach’s α of 0.893, scored on a five-point Likert-type scale ranging 0–4.

Hamilton Depression Scale (HAMD-17) was employed for assessment of depression level in MDD patients, the 
individual with a score of HAMD higher than 24 indicated severe depression according to Chinese norm.32 All MDD 
patients in this study met the severe depression criteria. Cronbach’s α of HAMD-24, which scored on a five-point Likert- 
type scale ranging 0–4 or 0–2, was 0.812 in this study.

Real-Time Quantitative Reverse Transcription PCR (qRT–PCR)
Based on the literature,29,30 ENST00000505825, NONHSAT103134, NONHSAG017299, NON-HSAT078768, 
NONHSAT029028, NONHSAT101077, NONHSAG049179, NON-HSAT031726, TCONS_l2_00010607, and 
NONHSAT131696) were selected for further validation using qRT-PCR in PBMCs from 80 GAD patients, 80 with MDD 
patients and 80 healthy controls. Total RNAs were isolated from PBMCs using TRIzol reagent (Invitrogen®) for quantitative 
detection of lncRNAs. Complementary DNA was synthesized using the Reverse Transcription TaqMan RNA Reverse 
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Transcription Kit (Applied Biosystems, Inc). According to the manufacturer’s protocol. Each RT reaction included 10 μL of total 
RNA, 3.0 μL TaqMan MicroRNA Assay, 4.16 μL nuclease free water, 0.19 μL RNase inhibitor, 1 μL Multiscribe Reverse 
Transcriptase, 0.15 μL dNTP, 1.5 μL 10×RT buffer, in a total volume of 15 μL. Reactions were performed under the following 
conditions: 30 min at 16°C, 30 min at 42°C, 5 min at 85°C, and 10 min at 4°C. Each sample was processed in duplicate for 
analysis and qRT-PCR was performed using an Applied Biosystems 7900HT Real-Time PCR System (Applied Biosystems, 
Inc.). Data were collected using SDS 2.3 software (Applied Biosystems, Inc.). Data were collected using the SDS 2.3 Software 
(Applied Biosystems, Inc.) and DataAssist v. 3.0. The expression levels of lncRNAs were calculated using the 2−ΔΔCt method 
after normalization to β-actin. This process was performed according to a standard detection program for lncRNA expression in 
PBMCs.33

Statistical Analysis
The ΔCt value, calculated as the threshold cycle difference between lncRNA and β-actin (ΔCt = CtlncRNA-Ctβ-actin), was 
used to represent the relative expression level of lncRNA; the higher ΔCt value indicated lncRNAs were down- 
regulated.33 The differences in ΔCt values between the case groups (GAD patients, MDD patients) and the control 
group were compared using the Mann–Whitney rank sum test. Spearman correlation was used to determine the 
relationship between lncRNA expression and anxiety symptoms. ROC curves for the GAD group and healthy controls, 
the GAD group, and the MDD group were established using ΔCt values of differentially expressed lncRNAs as test 
variables and health conditions (GAD or MDD patients and healthy controls) as the state variables. P < 0.05 (two-tailed) 
was considered statistically significant.

Results
Between-Group Comparisons of Demographic Characteristics
As shown in Table 1, there were no significant differences in gender or age between the MDD patients and healthy 
controls (P>0.05).

Comparison of lncRNA Expression Levels Between GAD Patients and Health Controls
The Mann–Whitney rank sum test between patients with GAD and healthy controls showed that the ΔCt values of 
ENST00000505825, NONHSAG017299, NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, 
and TCONS_l2_00010607 were significantly lower in patients with GAD than in the control group (P<0.05 or 0.01) (Table 2).

Correlation Analysis Between Anxiety Symptoms and lncRNA Expression in GAD 
Patients
Spearman correlation analysis showed that the HARS-14 score and somatic anxiety were negatively correlated with the 
ΔCt values of ENST00000505825, NONHSAG017299, NONHSAT078768, NONHSAT029028, NONHSAT101077, 
NONHSAT031726, and TCONS_l2_00010607 NONHSAT131696, and psychic anxiety was negatively correlated with 
the ΔCt value of ENST00000505825 (P < 0.01) (Table 3).

Table 1 Descriptive Statistics of Demographic Characteristics %=X � SD
� �

Variables GAD Group MDD Group Control Group χ2/F value p value

Gender

Male 35 36 43 1.905 0.342
Female 45 44 37

Age 45.01±12.09 43.46±9.03 42.38±13.08 1.058 0.349
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ROC Curve for Differentially Expressed lncRNAs Between GAD Patients and Control 
Group
ROC curves were established using differentially expressed lncRNAs (ENST00000505825, NONHSAG017299, 
NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, and TCONS_l2_00010607) as test 
variables and health conditions (GAD or healthy people) as state variables. The results suggested that the area under 
the curve (AUC) of the seven differentially expressed lncRNAs ranged from 0.600 to 0.730 (P<0.05 or 0.01), and the 
combined ROC curve of differentially expressed lncRNAs showed an AUC of 0.810 with a sensitivity and specificity of 
0.825 and 0.762, respectively (Figure 1A, B and Table 4).

ROC Curves for Differentially Expressed lncRNAs in GAD Patients and MDD Group
ROC curve analysis was used to test the accuracy of aberrantly expressed lncRNAs (ENST00000505825, 
NONHSAG017299, NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, 
TCONS_l2_00010607) in differentiating health conditions between GAD and MDD; the results showed AUCs of 
seven differentially expressed lncRNAs ranging from 0.666 to 0.795 (P < 0.05 or 0.01) and the combined ROC curves 
of differentially expressed lncRNAs found that AUC was 0.938 with sensitivity and specificity of 0.850 and 0.900, 
respectively (see Figure 2A, B and Table 5).

Table 2 Comparison of lncRNA Expression Levels Between GAD Patients and Health 
Controls (ΔCT Median, Mean Rank)

Seq Name GAD Patients (n=80) Control Group (n=80) Z P

ENST00000505825 69.09 91.91 −3.116 0.002

NONHSAT103134 72.66 86.34 −1.594 0.111

NONHSAG017299 69.75 91.25 −2.936 0.003
NONHSAT078768 62.15 98.85 −5.011 0.000

NONHSAT029028 62.08 98.93 −5.032 0.000

NONHSAT101077 64.11 96.89 −4.475 0.000
NONHSAG049179 73.83 87.18 −1.823 0.068

NONHSAT031726 72.46 88.54 −2.195 0.028
TCONS_l2_00010607 68.99 92.01 −3.144 0.002

NONHSAT131696 75.16 85.84 −1.458 0.145

Table 3 Correlation Analysis Between Anxiety Symptom and lncRNA 
Expression in GAD Patients (r)

Seq Name Psychic Anxiety Somatic Anxiety HARS-14

ENST00000505825 −0.307** −0.529** −0.533**
NONHSAT103134 0.074 −0.132 −0.104

NONHSAG017299 −0.198 −0.473** −0.450**

NONHSAT078768 −0.170 −0.438** −0.406**
NONHSAT029028 −0.171 −0.410** −0.404**

NONHSAT101077 −0.161 −0.403** −0.391**

NONHSAG049179 0.088 −0.092 0.066
NONHSAT031726 −0.106 −0.335** −0.321**

TCONS_l2_00010607 −0.070 −0.323** −0.291**

NONHSAT131696 −0.129 −0.364** −0.347**

Note: **Correlation was considered statistically significant at P<0.01.
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Discussion
Symptom severity and functional impairment in patients with GAD are linked to cultural background, growth experience, 
coping strategies, and social support. It was reported that there is a bidirectional relationship between GAD and various 
physical or mental disorders. In addition, anxiety experience, with large tolerance variation among different population 
groups, was widespread. Therefore, it was difficult for GAD diagnosis and precision therapy, and it would be an urgent 
mission to identify biomarkers for GAD diagnosis and differential diagnosis.

First, this study found that GAD patients had lower ΔCt values of ENST00000505825, NONHSAG017299, 
NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, TCONS_l2_00010607 and GAD symptoms 
of somatic anxiety, psychic anxiety strongly associated with ΔCt values of ENST00000505825, NONHSAG017299, 
NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, TCONS_l2_00010607 NONHSAT131696. 
These results indicated that lncRNA expression levels in PBMCs of patients with GAD were upregulated, and the more severe 
the GAD symptoms, the higher the lncRNA expression level. Anxiety experiences are common in daily life, and moderate 

Figure 1 ROC curve for lncRNAs between GAD patients and control group ((A) ROC curves for single lncRNAs; (B) Combined ROC curve of differentially expressed 
lncRNAs). Vertical Axis (HA), Horizontal Axis (HS) are sensitivity and 1-specificity, respectively.

Table 4 Results of ROC Curve About Aberrant Expression of lncRNAs in GAD Group and Healthy 
Controls

Test Variables AUC P Asymptotic 95% Confidence Interval Sensitivity Specificity

Lower Bound Upper Bound

ENST00000505825 0.643 0.002 0.558 0.728 0.700 0.550

NONHSAG017299 0.634 0.003 0.549 0.720 0.425 0.950
NONHSAT078768 0.729 0.000 0.652 0.807 0.438 0.838

NONHSAT029028 0.730 0.000 0.653 0.808 0.425 0.950

NONHSAT101077 0.705 0.000 0.625 0.784 0.663 0.650
NONHSAT031726 0.600 0.028 0.513 0.688 0.625 0.600

TCONS_l2_00010607 0.644 0.002 0.558 0.729 0.625 0.600
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anxiety levels are conducive to improving activity efficiency and adaptive ability. However, severe symptoms in patients with 
GAD induce distinct mental grief and functional impairment. Some individuals with individual traits are susceptible to GAD, and 
previous studies found that GAD patients experienced more childhood abuse with severe attachment anxiety, higher neuroticism, 
less extroversion, and had attention bias to environmental threats with attention fixation and escape or shifting difficulty; 
however, the visual search and further cognitive processes were slowed down for neutral or positive stimuli,34–36 so GAD 
patients may experience chronic stress for a long time before disease onset. In the absence of a single environmental or genetic 
theory that could perfectly elucidate the pathological process of GAD, the mediators between environmental stimuli and heredity 
have attracted great concern in recent years, chronic unpredictable mild stress during maternal pregnancy could lead to elevated 
activity in the hypothalamo-pituitary-adrenal (HPA) axis and elevated serum levels of IL-6 and TNF-α in the offspring, 
suggesting that their physiological arousal state and Gng3-related PI3K/Akt/NF-κB pathway activation affect the Th17/Treg 
balance and further induce aberrantly expressed mRNAs via the lncRNA-mRNA co-expression network,37,38 That is, chronic 
stress can regulate mRNA expression by the Gng3 signaling pathway in the immune system, and lncRNA expression is 

Figure 2 ROC curves for lncRNAS between GAD and MDD patients ((A) ROC curves for single lncRNAs; (B) Combined ROC curve of differentially expressed lncRNAs). 
Vertical Axis (HA), Horizontal Axis (HS) are sensitivity and 1-specificity, respectively.

Table 5 Results of ROC Curve Analysis About Aberrant Expressed lncRNAs in GAD Patients and MDD 
Group

Test Variables AUC P Asymptotic 95% Confidence Interval Sensitivity Specificity

Lower Bound Upper Bound

ENST00000505825 0.795 0.000 0.721 0.870 0.925 0.725

NONHSAG017299 0.666 0.000 0.578 0.754 0.900 0.500
NONHSAT078768 0.755 0.000 0.677 0.833 0.863 0.650

NONHSAT029028 0.749 0.000 0.671 0.828 0.813 0.650

NONHSAT101077 0.686 0.000 0.613 0.782 0.875 0.575
NONHSAT031726 0.697 0.000 0.677 0.831 0.900 0.600

TCONS_l2_00010607 0.754 0.000 0.715 0.862 0.788 0.750
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upregulated in GAD patients through the lncRNA-mRNA co-expression network. The increased expression level of lncRNA is 
also a protective response to nervous system inflammation.39 lncRNA was considered as critical regulator of gene expression and 
gene regulatory network in the brain, aberrant expressed lncRNAs would promote the expression of GAD susceptibility genes 
and initiate neurophysiological processes such as immune-biochemical response, HPA axis activation, neuroplasticity, stress 
response, and negative attention bias.40–44 It is ultimately associated with the onset, progression, and severity of GAD.

AUC of ROC curve exceeded 0.700 indicated differentiation degree was statistically significant, the larger the AUC 
value, the higher the prediction accuracy.45 In this study, using seven differentially expressed lncRNAs in GAD patients 
as test variables, health conditions (GAD vs healthy controls, GAD vs MDD) as state variables, this study preliminarily 
verified that the combined ROC curve of seven lncRNAs differentially expressed in GAD patients was effective to 
distinguish GAD from MDD or healthy people. lncRNAs, which are widely expressed in the brain, can regulate 
numerous gene expression and functional pathways, and lncRNAs with spatiotemporal and tissue specificity play 
a major role in the process of tissue differentiation and development and may present special expression profiles in 
brain tissue.46,47 In this study, lncRNAs may be specifically expressed in GAD-related brain regions that could modulate 
GAD-specific regulatory pathways or networks. Brain samples provide direct evidence of lncRNA dysregulation but are 
not readily accessible. In recent years, investigations of the pathophysiology and potential biomarkers of neuropsychiatric 
disease have increasingly relied upon blood-based expression profiling of lncRNAs for gene expression was similar in 
whole blood, and alterations in peripheral biomarkers may mirror pathological processes in the brain,48 additionally, the 
peripheral tissue samples can be obtained from living subjects with minimal invasion, and thus it was widely used in 
basis research field and clinical practice. The aberrantly expressed lncRNAs in PBMCs of patients with GAD may mirror 
the GAD-specific expression profile in the brain tissue; therefore, the combined curve of seven lncRNAs differentially 
expressed in patients with GAD could provide efficacious diagnostic and differential diagnostic values for GAD.

This study proved that differential expression of lncRNAs in peripheral blood can be used as a potential biomarker for 
clinical diagnosis of GAD, which can improve diagnostic accuracy and avoid misdiagnosis to a certain extent. It is also 
beneficial to personalized treatment for GAD, in clinical practice, benzodiazepines and antidepressants may singly or 
combined be used in the GAD treatment, existing studies reported benzodiazepines were superior to antidepressants in the 
somatic symptoms of GAD and there no significant difference between benzodiazepines and antidepressants in treatment 
efficacy on psychic anxiety symptoms (Beyer et al, 2024). The present study found that ENST00000505825, 
NONHSAG017299, NONHSAT078768, NONHSAT029028, NONHSAT101077, NONHSAT031726, and 
TCONS_l2_00010607 NONHSAT131696 were significantly associated with somatic anxiety symptoms only. Therapeutic 
drugs can be selected according to the lncRNA expression level in patients with GAD to improve treatment efficacy and 
prognosis. Peripheral blood collection is minimally invasive, highly efficient, and inexpensive, which is conducive to 
improving patient compliance. It is also believed that precise diagnosis and personalized treatment could indirectly reduce 
substance abuse, drug dependence, aggressive behavior, sexual promiscuity, sexually transmitted disease (STD), etc.49–51

This study has the following limitations need to note and future research directions: (1) The sample size is small, and 
it is necessary to conduct a multicenter, double-blind, randomized controlled study in the future to further verify the 
validity and reliability of the results in this study. (2) The lncRNA expression profile in peripheral blood and diagnostic 
value for GAD are preliminarily confirmed in this study. However, the regulatory pathways and networks of lncRNAs in 
the pathological process of GAD remain unclear and need to be further explored. (3) Based on full verification of the 
results in this study, a detection kit for differentially expressed lncRNAs in GAD can be prepared and applied to clinical 
diagnosis and efficacy evaluation in the future. Overall, these efforts can serve to identify genetic and epigenetic factors 
that may ultimately improve treatment response and reduce the socioeconomic burden of GAD.

Conclusion
In summary, this study found that seven lncRNAs (ENST00000505825, NON-HSAG017299, NONHSAT078768, 
NONHSAT029028, NONHSAT101077, NON-HSAT031726, TCONS_l2_00010607) in peripheral blood of GAD 
patients were upregulated and the combined ROC curve of these dysregulated lncRNAs could significantly distinguished 
GAD from MDD patients and health people. The upregulated lncRNAs in PBMCs of patients with GAD may serve as 
diagnostic biomarkers for their particular property of stability.
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