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Introduction: Generalized anxiety disorder (GAD) is a common mental disorder that often begins in adolescence or early adulthood and is characterized by widespread and persistent anxiety. Partial sleep deprivation (PSD) is an important risk factor for GAD development and a common comorbidity. Adolescence is a period of rapid brain and nervous system development, and during this time, the occurrence of GAD can lead to neurocognitive deficits, such as impaired attention, cognitive control, and attention bias, that significantly affect cognitive function. However, relatively little research has been conducted on GAD comorbid with PSD in early adulthood compared with other psychiatric disorders. Clinical studies have demonstrated the effectiveness of acupuncture in treating GAD and sleep disorders, but the mechanism of how acupuncture modulates neurocognitive processing in patients with GAD comorbid with PSD has not been clarified.

Methods/design: In this randomized clinical trial, a total of 56 participants diagnosed with GAD comorbid with naturally occurring PSD and 28 healthy controls (HCs) will be recruited. The participants diagnosed with GAD comorbid with PSD will be randomly assigned to either the acupuncture group or the sham acupuncture group at a 1:1 ratio. The primary outcome measure is the Hamilton Anxiety Rating Scale (HAMA). Secondary outcome measures are the Sleep Deprivation Index (SDI), the Self-Assessment Scale for Anxiety (SAS), the Epworth Sleepiness Scale (ESS), and the State-Trait Anxiety Inventory (STAI). Additionally, three psychological paradigms (the attentional network test, psychomotor vigilance test, and emotional face Go/No-go) and event-related potential (ERP) data. Healthy volunteers will not undergo acupuncture but will instead participate in baseline assessments for the scales, mental paradigms, and ERP data. Acupuncture and sham acupuncture interventions will be conducted for 30 min, three times a week, over a 2-week period. Evaluations will be performed at zero weeks (baseline), 1 week, and 2 weeks, with the data enumerator, outcome assessor, and participant blinded to the treatment assignment.

Discussion: This study contributes to the exploration of the effects of acupuncture on improving anxiety symptoms and cognitive functions in individuals with comorbid GAD and PSD.

Trial registration: ClinicalTrials.gov, ChiCTR2400082221. Registered March 25, 2024.
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1 Introduction


1.1 Partial sleep deprivation leads to anxiety disorders in early adulthood

The National Sleep Foundation defines partial sleep deprivation (PSD) in early adulthood as sleeping < 6 h (1). Sleep and mood are closely related, and studies have shown that sleep deprivation is associated with increased physiological arousal, decreased ability to experience positive emotions, and increased sensitivity to negative emotional experiences (2). Sleep disorders are a major predictor of anxiety attacks (3), and they are also responsible for the onset of anxiety symptoms and the worsening of baseline anxiety states. A study of sleep conditions and anxiety states showed that naturally occurring partial sleep deprivation in school students led to increased levels of self-reported anxious arousal symptoms the next day (4). Naturalistic studies of the relationship between sleep and mood experiences in non-clinical samples have also shown that shorter sleep duration is typically associated with increased negative mood and anxiety and depressive symptoms the next day (5).

Generalized anxiety disorder (GAD) is characterized by widespread and persistent anxiety, accompanied by palpitations, sweating, tremors, dry mouth, sleep disturbances, irritability, poor concentration, and muscle tension, often starting in adolescence or early adulthood. GAD is often comorbid with other types of anxiety disorders and mood disorders, with sleep disorders or insomnia being one of the most predominant comorbidities (6). Sleep disorders are very common in individuals experiencing anxiety and are a defining criterion for many anxiety or anxiety-related disorders (7). Individuals suffering from anxiety often exhibit sleep disturbances, particularly sleep deprivation (8), that can trigger or further exacerbate anxiety symptoms (9). Psychobiological models suggest that a state of hyperarousal is a key factor in insomnia (10–12). Insomnia may be due to excessive cognitive dysfunction, maladaptive behaviors, physiological hyperarousal, and mental hyperarousal. Individuals suffering from insomnia often worry about sleep deprivation and the consequences of sleep deprivation; therefore, their anxiety-related beliefs, attitudes, and behaviors contribute to the persistence or worsening of sleep disturbances and severely shorten sleep duration (13). In summary, sleep deprivation is an important risk factor for generalized anxiety disorder and its common comorbidity, and there is an interactive relationship between the two.



1.2 Comorbidity of GAD and PSD is associated with cognitive dysfunction

It has been found that patients with anxiety disorders often have unconscious emotional processing deficits, working memory deficits, and attention and vigilance deficits. In addition, negative cognitive processing bias is one of the most important causes of the emergence, persistence, and development of anxiety (5). GAD in early adulthood is often accompanied by varying degrees of neurocognitive dysfunction that affects the ability to learn and remember, make behavioral decisions, and perceive and comprehend feelings. These lead to impairments in executive functioning, attention, memory, and information processing speed (14). These may manifest as procrastination, lack of confidence, indecisiveness, poor decision-making, distractibility, and memory loss, but the specific manifestations vary from person to person (15). Adolescence is a time of rapid brain development, and naturally occurring PSD during adolescence or early adulthood can lead to cognitive declines in learning and memory (16). Some studies have concluded (17) that insomnia in adolescents can affect their cognitive deficits directly or indirectly through the chain-mediated effects of fatigue, depression, and anxiety. In a study of college students, participants in the sleep deprivation group were deprived of sleep for 24 h, whereas participants in the non-sleep deprivation group were allowed to sleep in their beds for ~8 h under normal sleep conditions. Afterward, all participants completed cognitive tasks. Participants also provided self-assessment reports on their mood, effort, attention, performance estimates, and off-task cognition (18). Results indicated that participants in the sleep deprivation group performed significantly worse on the cognitive tasks compared with the non-sleep deprivation group. However, participants in the sleep deprivation group rated their attention, effort, and performance estimates higher than participants in the non-sleep deprivation group. This study suggests that college students may not be fully aware of the negative effects of sleep deprivation on their cognitive abilities. Investigating the neurobiological mechanisms underlying the comorbidity of GAD and early adult sleep disorders may help improve cognitive functioning in patients with GAD and may have important implications for the diagnosis, prevention, and treatment of GAD and related psychiatric disorders.



1.3 Acupuncture has favorable clinical efficacy in treating GAD and sleep disorders

Currently, the treatment of GAD involves medication and psychotherapy. Psychotherapy, while effective, typically lasts longer, requires a long-term commitment, and may not produce sustained symptom relief (19). If symptoms do not improve or only partially improve after a certain period of treatment, medication may be required. Medication primarily involves the use of benzodiazepines, 5-HT1A receptor partial agonists, and antidepressants with anxiolytic effects, such as SSRIs and SNRIs. Medication has been associated with a variety of side effects, including, but not limited to, addiction, medication tolerance, decreased attention to novel stimuli, memory loss, dizziness, nausea, diarrhea, decompensation, and weight gain (20). Currently, improvement rates with first-line treatment medications are typically 60%−70%. However, residual symptoms remain in 30%−60% of cases (21).

Acupuncture is an effective, safe, intervention with low side effects. Clinical studies have shown that acupuncture can significantly improve sleep quality and cognitive function in individuals with sleep deprivation (22) and rapidly reduce anxiety levels in patients with anxiety (23). Brain function research confirms that patients with anxiety and sleep disorders exhibit deficiencies in the default mode network. Repetitive negative thinking caused by poor sleep quality inhibits default mode network activation and internal functional connectivity, thereby reducing the ability to inhibit and regulate anxiety symptoms (24). There is a high degree of overlap between brain regions responsive to acupuncture and those within the default mode network (25). Research indicates that acupuncture can modulate functional connectivity within the default mode network (26–30), and increasing the number of acupuncture points or the intensity of stimulation can enhance regulation of the default mode network (31). However, the clinical efficacy and influence on cognitive processing pattern of acupuncture in patients with GAD comorbid with PSD remain unclear. Given this, the present study uses the General Anxiety Disorder-7 (GAD-7), the Self-Rating Anxiety Scale (SAS), the Hamilton Anxiety Rating Scale (HAMA), the State-Trait Anxiety Inventory (STAI) anxiety scales, the Sleep Deprivation Index (SDI), and the Epworth Sleepiness Scale (ESS) sleep scales to observe the clinical efficacy of acupuncture on patients with GAD comorbid with PSD. In addition, the event-related potentials (ERPs) in combination with the Go/No-go task, the attentional network test (ANT), and the psychomotor vigilance test (PVT) are used to observe the neurocognitive characteristics of PSD patients and the electrophysiological mechanism of acupuncture that affects the comorbidities of GAD and naturally occurring PSD to provide experimental evidence for the prevention and treatment of PSD in early adulthood.



1.4 Objectives

This study aims to observe participants with comorbid GAD and PSD to explore the intrinsic brain cognitive mechanisms associated with naturally occurring PSD in conjunction with GAD. Furthermore, the study seeks to investigate the clinical effects of acupuncture on improving both sleep deprivation and GAD symptoms in this comorbid population.




2 Methods/design


2.1 Study setting

This study will be a parallel randomized controlled clinical trial with the participants blinded to their groups. The research will be conducted in accordance with the principles outlined in the Consolidated Standards of Reporting Trials (CONSORT) and the Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA). A total of 56 participants diagnosed with GAD comorbid with naturally occurring PSD (i.e., nighttime sleep duration ≤ 6 h) will be recruited, and 28 healthy volunteers will also be recruited as a control group. Participants will be randomly assigned at a 1:1 ratio to either the acupuncture group or the sham acupuncture group. The establishment of the sham acupuncture group is intended to provide clearer evidence of the therapeutic effects of acupuncture and to compare these effects with the placebo effect of sham acupuncture. Both the acupuncture and sham acupuncture interventions will be conducted over a 2-week period, with sessions conducted three times a week. The study will be conducted at the Third Affiliated Hospital of Henan University of Chinese Medicine in Henan Province, China. The research will follow the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines (32). For the participant timeline, see Figure 1.
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FIGURE 1
 SPIRIT table of the schedule of enrollment, interventions, and assessments. PVT, Psychomotor Vigilance Test; ANT, Attention Network Test; ERPs, event-related potentials; HAMA, Hamilton Anxiety Rating Scale; GAD-7, General Anxiety Disorder-7; SAS, Self-Rating Anxiety Scale; SDI, Sleep Deprivation Index; STAI, State-Trait Anxiety Inventory; ESS, Epworth Sleepiness Scale; and GO/No-go, Go/No-go Emotional Detection Paradigm.




2.2 Recruitment

The study will enlist participants with GAD and comorbid naturally occurring PSD (nightly sleep duration ≤ 6 h) from Longzihu University City and the East Minglu Campus of Henan University of Chinese Medicine through poster placement and online recruitment. Participants who meet the inclusion criteria, do not meet any exclusion criteria, and agree to participate in this trial will be included, and they will sign an informed consent form.



2.3 Inclusion criteria

The inclusion criteria are as follows:

1) Between 18 and 25 years of age.

2) An average sleep duration equal to or < 6 h per night in the past 30 days.

3) A score of ≥5 points on the 7-item Generalized Anxiety Disorder Scale (GAD-7).

4) No anti-anxiety or insomnia-related medications taken or acupuncture treatments for anxiety or insomnia received in the most recent 30 days.

5) Willingness to participate in the clinical study and sign an informed consent form.



2.4 Exclusion criteria

Participants with any of the following conditions will be excluded:

1) Organic mental disorders, anxiety, or depression related to surgical history or psychoactive substances.

2) Family history of other mental illnesses, such as dementia, schizophrenia, mania, or addiction.

3) Cognitive impairments that make subjects unable to cooperate.

4) Pregnancy, preparing for pregnancy, or breastfeeding.

5) Skin lesions or skin diseases, severe diabetes, tumors, or severe cardiovascular, lung, liver, kidney, and hematopoietic system diseases.

6) Patients with contraindications to electroencephalography, as well as those with encephalitis, cerebrovascular diseases, or intracranial space-occupying lesions that affect the interpretation of EEG results.



2.5 Dropout criteria

Included subjects will be dropped from the study in the following cases:

1) Subjects with poor compliance who quit on their own during the treatment.

2) Those who use treatment methods prohibited by this plan or change the treatment method on their own.

3) Cases where serious adverse reactions or complications occur and are not suitable for continued treatment and the trial is terminated.

Dropped cases will be handled as follows:

1) After the subject drops out, the attending doctor will try to contact the subject to ask for the reason by visiting them after making an appointment by phone or letter, and they will then record the last treatment time and complete the assessable items.

2) For cases that quit the trial due to adverse reactions or ineffective treatment, the attending doctor will take appropriate measures according to the actual situation of the subjects.

3) The “Summary of Treatment Completion” and “Clinical Trial Completion” in the CRF will be filled in.

4) All excluded and dropped cases will be subjected to intention-to-treat analysis after the trial ends.



2.6 Randomization

Using a simple randomization method, we will input the estimated sample size into the SPSS 18.0 statistical software package, generate random seeds, generate random numbers, obtain the permutation order to get the grouping results, make random cards, and then place them into opaque envelopes and seal them. During clinical implementation, the order of qualified cases included in the trial corresponds to the order of the numbers on the envelopes. We will open the envelopes in this order and group subjects according to the prompts on the randomized cards.



2.7 Blinding

We will implement a three-way separation of efficacy evaluators, acupuncture operators, and statisticians. Because the control group uses sham acupuncture, it is possible to blind the subjects. Blinding will be assessed after the last treatment using a questionnaire that asks participants if they were in the real treatment group or the sham treatment group, with possible responses of “real treatment group,” “sham group,” or “do not know.”



2.8 Intervention

All practitioners in this trial are licensed traditional Chinese medicine acupuncture therapists with at least 5 years of clinical experience, and they will be trained to master the study protocol. The acupuncturist will be asked to administer the standard manipulation for treatment.



2.9 Treatment group

The acupuncture group acupoints used will be Baihui, Yintang, Hegu, Taichong, Neiguan, and Shenmen. After routine skin disinfection, the adhesive pad and plastic guide base of the Park acupuncture needle device will be attached to the skin surface. An acupuncture needle with a diameter of 0.35 mm and a length of 25 mm will be placed inside the plastic guide, and it will be inserted into the skin along the direction of the guide. There will be no lifting or twisting manipulations performed after the needle is inserted into the acupuncture point. The selection of acupuncture points will follow the standards outlined in the National Standard of the People's Republic of China, titled “Names and Locations of Acupoints” (GB/T 12346-2006).



2.10 Sham acupuncture group

The acupoints for the sham group will be the same as those in the acupuncture group. After routine skin disinfection, the adhesive pad and plastic guide base of the Park acupuncture needle device will be attached to the skin surface. An acupuncture needle with a diameter of 0.40 mm and a length of 25 mm will be placed inside the plastic guide. Light tapping or pressure techniques will be applied without penetrating the skin.



2.11 Health control group

Healthy controls and patients were included at a 1:2 ratio. The healthy control group will not receive any intervention. They will maintain normal work and rest times. During the baseline period, the same scales and cognitive function assessments were conducted as those performed on the patients. For the trial work plan, see Figure 2.
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FIGURE 2
 Trial work plan. The main outcome measure is HAMA. The remaining outcome measures are the secondary outcomes of the study.




2.12 Outcomes

Since the HAMA is essentially related to the purpose of the study, it is an observation index that can accurately reflect the effectiveness of acupuncture and is a recognized evaluation standard in anxiety research. Therefore, this trial adopted the HAMA as the primary outcome indicator. In order to evaluate the degree of anxiety and symptoms of the participants from multiple dimensions and analyze the differences between subjective and objective assessments, this study added secondary outcome indicators. When the primary outcome indicator has statistical significance, the statistical analysis results of the secondary outcome indicators are of reference value.


2.12.1 Primary outcome

The primary outcome measure will be the Hamilton Anxiety Rating Scale (HAMA). Developed by psychiatrist Max Hamilton in 1959, HAMA aims to provide a quantified and standardized method for assessing anxiety symptoms (33). It was one of the first scales in the field of mental health and continues to be widely utilized. HAMA consists of 14 items, each targeting different anxiety symptoms or signs. These items include emotional anxiety, somatic anxiety, insomnia, intellectual functioning, somatic symptoms, behavioral symptoms, fear of illness, psychological symptoms, reproductive symptoms, gastrointestinal symptoms, respiratory symptoms, cardiovascular symptoms, muscle symptoms, and sensory organ symptoms. Scores for each item range from 0 (no symptoms) to 4 (severe symptoms). The total score ranges from 0 to 56 points. Higher scores indicate more severe anxiety symptoms. A score > 17 indicates mild anxiety, while scores between 25 and 30 are considered moderate to severe anxiety (34). HAMA is used not only in clinical assessments, but also in research settings to evaluate the effectiveness of drug treatments, to monitor changes in anxiety symptoms, or to serve as a diagnostic tool. HAMA is thus a comprehensive and complex tool for assessing and monitoring anxiety symptoms in adults. The reliability and validity of HAMA are adequate (Cronbach's alpha is 0.921, and validity is 0.529–0.727) (35, 36). With wide applications in both clinical and research environments, it has become one of the standard tools in the field of mental health.



2.12.2 Secondary outcomes

The Sleep Deprivation Index (SDI) is used to assess the extent of sleep deprivation in patients. It is a useful tool for quantifying and evaluating a person's level of sleep deprivation. The SDI primarily collects data on the difference between average weekend sleep duration and average weekday sleep duration, represented numerically (37). The content of the SDI includes responses to the following questions: (a) In the past 2 weeks, how many hours did you sleep on average on weekdays? b) On weekends, if no one wakes you up, how many hours do you sleep on average? By collecting data on the Sleep Deprivation Index, the degree of sleep deprivation in participants can be observed to assess its correlation with anxiety status.

The Epworth Sleepiness Scale (ESS) is used to assess daytime sleepiness. The ESS is a widely used questionnaire developed by Australian sleep expert Dr. Murray Johns in 1991 (38). The ESS consists of eight items, each describing typical situations in daily life and requiring respondents to assess the likelihood of falling asleep in these situations. Each item is scored on a range from 0 to 3 points: 0, never doze; 1, slight chance of dozing; 2, moderate chance of dozing; 3, high chance of dozing. The total score ranges from 0 to 24, with higher scores indicating greater daytime sleepiness. The interpretation of total scores is as follows: 0–5, normal daytime alertness; 6–10, normal range of sleepiness; 11–12, mild sleepiness; 13–15, moderate sleepiness; 16–24, severe sleepiness (38). The ESS is mainly used for the diagnosis and assessment of disorders related to excessive daytime sleepiness, such as obstructive sleep apnea and narcolepsy. It can also be used to assess the effectiveness of treatments or as a research tool. The ESS's internal consistency is generally considered good, with Cronbach's alpha coefficients typically ranging from 0.7 to 0.9. Some studies have also found that the ESS has good test–retest reliability, indicating relative consistency in scores for the same respondent at different time points (39). The validity of the ESS is widely supported, as its items are based on common daily activities directly related to daytime sleepiness. The correlation between ESS scores and other measures of sleep quality and sleepiness (such as polysomnography) has been confirmed (39).

The State-Trait Anxiety Inventory (STAI) is a psychological measurement tool used to assess an individual's level of anxiety. Developed by American psychologist Charles Spielberger and his colleagues in the 1970s, it is widely used in clinical and research settings (40). The STAI consists of two independent scales, measuring state anxiety and trait anxiety. State anxiety refers to the level of anxiety an individual experiences at a specific moment or in a particular situation. It is a transient emotional experience related to a specific context. The state anxiety portion of the STAI includes 20 items that ask participants to describe their current feelings. Trait anxiety refers to an individual's general and stable tendency toward anxiety, reflecting their overall reaction to threats and dangers. The trait anxiety portion of the STAI also consists of 20 items, asking participants to describe their usual feelings. Each item on the STAI is scored on a four-point scale, ranging from “almost never” to “very much,” with varying degrees of consistency. The total score for each scale ranges from 20 to 80, with higher scores indicating a higher level of anxiety. The STAI can be used for individuals of different ages and backgrounds, including children, adolescents, and adults. It has widespread applications in clinical assessment, research, and educational environments, used for diagnosing anxiety disorders, evaluating treatment outcomes, and studying the relationship between anxiety and other variables (41). The internal consistency reliability of the STAI is typically high, with Cronbach's alpha values ranging from 0.86 to 0.95, indicating high consistency among questionnaire items. The test–retest reliability of the STAI has also been demonstrated to be reliable. Some studies have found that the test–retest reliability of the Trait Anxiety Scale ranges from 0.65 to 0.75, while that of the State Anxiety Scale ranges from 0.16 to 0.62. This suggests that the Trait Anxiety Scale has higher stability, while the State Anxiety Scale is more influenced by specific situations. The content validity of the STAI is widely recognized, as it covers multiple aspects of anxiety, including physiological, cognitive, and emotional components. Through factor analysis, researchers have demonstrated that the two STAI subscales (state and trait anxiety) are independent, supporting its structural validity (41). The STAI shows a high correlation with other anxiety measurement tools, such as the Taylor Manifest Anxiety Scale, further validating its standard effectiveness (42).

The Self-Rating Anxiety Scale (SAS) is a self-assessment tool designed to evaluate an individual's level of anxiety, with the aim of quantitatively assessing the patient's anxiety status in a clinical setting (43). The SAS employs a four-point scoring system, primarily assessing the frequency of symptom occurrence. Among the 20 items, 15 are framed with negative wording and scored on a scale from 1 to 4 as described above. The remaining five items (5, 9, 13, 17, 19) are presented with positive wording and scored in reverse order from 4 to 1. According to the standard scores based on Chinese norms, the cutoff values for SAS are set at 50 points, with scores ranging from 50 to 59 indicating mild anxiety, 60–69 indicating moderate anxiety, and scores above 70 indicating severe anxiety. Raw scale scores for the SAS range from 20 to 80, with satisfactory psychometric characteristics that include internal consistency (Cronbach's alpha = 0.82) and concurrent validity (r = 0.30 with the Taylor Manifest Anxiety Scale) (43, 44).

Event-Related Potentials (ERPs) will also be used as a secondary outcome. The study will employ the PVT, ANT, and Go/No-go emotional detection paradigm to observe differences in the P300, N100, N200, P200, and other EEG changes related to participants' psychomotor vigilance, attention network effects, and emotional attention bias.

The PVT is a neuropsychological test designed to measure an individual's vigilance and reaction time (45). It is widely used in research on and the assessment of cognitive function changes related to sleep deprivation, work stress, medications, and other factors. The PVT is typically a simple visual reaction time task where participants need to respond as quickly as possible to randomly presented visual stimuli, often a numerical timer starting from 0. The time from stimulus onset to the participant pressing a button is recorded as reaction time. The PVT can be used to measure various parameters, including average reaction time, fastest and slowest reaction time, standard deviation of reaction time, as well as errors, such as premature button presses or failures to respond. The PVT is an extensively used tool for measuring vigilance and reaction time, capturing the impact of various factors on cognitive function through a straightforward visual reaction task, providing a detailed assessment of participants' attention. PVT measures sustained attention and is used to assess the effect of drowsiness on brain operational efficiency. PVT performance is considered to reflect a person's arousal and attention state and is highly sensitive to drowsiness and sleep deprivation. When sleep deprivation occurs, the amplitude of the P300 wave decreases, and its latency increases. It has also been shown that the P300 latency increases with pre-sleep drowsiness (46). Research has demonstrated that PVT is an effective and reliable indicator that can quantify alertness changes related to sleep restriction over a period of 3 months (47).

The ANT is a cognitive test used to measure and evaluate the functionality of attention networks. Developed by Michael I. Posner and other researchers, the ANT is designed to study how people control attention and process information. The ANT combines measurements of different types of attention, including alerting, orienting, and executive control (48). The ANT is based on three main attention networks: alerting network, orienting network, and executive control network. It typically consists of a series of rapidly presented visual stimuli, requiring participants to respond as quickly and accurately as possible. The key components of the test include central arrows, peripheral arrows, and cue stimuli. By analyzing participants' reaction time and accuracy, the ANT can measure parameters such as alerting effects, orienting effects, and conflict effects. The ANT is a tool for measuring and understanding various aspects of attention and finds widespread applications in cognitive science, clinical psychology, developmental psychology, and other fields (49). Patients with anxiety often exhibit symptoms of decreased attention. Various prolonged workloads can deplete attentional resources. ERP studies on sustained attention and vigilance contribute to understanding the brain mechanisms that support and maintain prolonged attention and vigilance (50). The research on mental fatigue using various tasks generally shows that with extended performance, the amplitudes of multiple ERP components, including N100 and P300, decrease (51). In studies of sustained attention, N100 is associated with the early stages of selective attention to task stimuli, while P300 is an indicator of the later stages of conscious stimulus evaluation and classification (52). Relevant research indicates that the Attention Network Test (ANT) demonstrates high reliability in execution in clinical use but low reliability in alerting and orienting scores (48, 53).

In Go/No-go emotional detection, emotional attention bias refers to an individual's tendency when processing emotional information, especially when emotional information competes for attention with other non-emotional information (54). The Go/No-go emotional detection paradigm is an experimental method used to study emotional attention bias, and related ERPs provide insight into how the brain processes this information (55). In the Go/No-go task, participants are instructed to respond to specific types of stimuli (e.g., speech or faces with specific emotions) and withhold responses to other types of stimuli. This paradigm can be used to study attention and response control to different emotional stimuli. Patients with anxiety often exhibit impaired cognitive control and avoidance behaviors. Inhibitory control is an important component of the cognitive control system, and studies suggest that the inability to inhibit responses to negative stimuli is related to anxiety. The N2 component in emotion-related GO/No-go tasks is associated with conflict monitoring processes, while the P3 component is more related to conflict resolution and behavioral inhibition (56). In a previous study that involved an emotion-related GO/No-go task, anxious patients showed reduced amplitude differences at the N2 stage when required to inhibit facial stimuli. The GO/No-go amplitude for neutral faces predicted self-reported anxiety levels (57). These results suggest that dysfunctional inhibitory control may be a characteristic marker of anxiety related to a decreased conflict monitoring ability or decreased active inhibition capacity.




2.13 Adverse events

Common treatment-related adverse events include acupuncture breakage, fainting during needling, local hematoma, infection, and abscess, though other discomforts can also occur after acupuncture (referring to post-acupuncture symptoms such as post-needling pain, nausea, vomiting, palpitations, dizziness, headache, anorexia, and insomnia). During the implementation of the project, specific record forms will be created, and patients will be asked whether any of the above situations have occurred during each diagnosis and treatment session. If so, these situations will be recorded immediately. Adverse event data will include the occurrence, duration, and severity of adverse reactions (symptoms and signs), as well as how the events were resolved (or unresolved) during treatment. Any adverse events occurring in subjects during the trial, including laboratory test abnormalities, will be carefully inquired about and investigated. Abnormal laboratory values or examination results are only considered adverse events when they cause clinical symptoms or signs, are considered clinically significant, or require treatment. All adverse events will be assessed in terms of their nature, severity, and correlation with medication and strictly recorded in the case report form. In the event of a serious adverse reaction, the team leader's unit and the reporting unit will be notified within 24 h, and a serious adverse event form will be filled out in this case. The handling of serious adverse events is reported, managed, and followed up on according to Good Clinical Practice principles. Handling methods may include one or more of the following: taking no action (i.e., further observation only); adjusting/temporarily suspending research treatment; permanently stopping research treatment due to the adverse event; adding concomitant drug treatment; administering non-drug treatment; admitting the patient to the hospital; or extending the patient's hospital stay. The measures taken to handle adverse events will be recorded on the adverse event page of the CRF.



2.14 Follow-up

Follow-up will take place 2 weeks after completion of the treatment program. This time point was selected to assess the sustained long-term effectiveness of the intervention.



2.15 Sample size

According to the results of a pilot study (58), after 8 weeks of treatment, the HAMA scores were 9.00 ± 3.2 in the treatment group and 10.83 ± 3.06 in the control group. Sample size estimation using a two-tailed test for a study with a paired design for two-sample mean comparison, a significance level of α = 0.05 (two-tailed), and a power of 1–β = 0.90 was performed. Using PASS 15.0 to estimate the difference between the two groups' HAMA as 0.915, assuming a common standard deviation of 1.83, the sample size was estimated using a two-sample test assuming equal variances in PASS 15.0. The estimation formula (60) is:

[image: image]

Considering ~20% potential dropout during the observation period, the calculated sample size was calculated to be ~28 cases per group, and the total number of participants was determined to be 56.



2.16 Data management and monitoring

The case report form (CRF) includes observation time points, outcome measures, adverse events, and safety evaluations. The outcome assessors will be required to follow the requirements of the CRF and fill in the relevant information in a timely and accurate manner. Both paper documents and electronic records will be retained for at least 5 years after publication. In case of inquiries, readers are encouraged to reach out to the corresponding author for access to the original data. Protection of patient confidentiality is of paramount importance, encompassing details such as name, ID number, and telephone number. The research protocol will undergo scrutiny and refinement by experts in acupuncture, emergency procedures, methodology, and statistics. Adhering to a predetermined standard operating procedure, our approach incorporates patient screening, enhancement of relevant inspections, acupuncture administration, completion of CRFs, outcome assessments, and meticulous data management. Outcome assessments, CRF completion, and data management are maintained under rigorous supervision. The electronic data will be stored in the ResMan Research Manager repository. Anonymized trial data will be shared with other researchers at least 3 years after the article is published. If reviewers or readers have any questions regarding our published data, they can contact the corresponding author for access to the original data or visit ResMan (http://www.medresman.org/uc/project/projectadd.aspx). The Institutional Ethics Committee (IEC) at the Third Affiliated Hospital of Henan University of Chinese Medicine will oversee our activities independently of investigators and sponsors, conducting audits of trial conduct on a 12-month basis. Any alterations or corrections to operational procedures will be comprehensively documented through a breach report form, subject to monitoring, and submitted to the directors of the ethics committee and the China Clinical Trial Registration.



2.17 Data analysis

Data analysis will include case distribution, comparability analysis, efficacy analysis, analysis of factors affecting efficacy, and safety analysis. Statistical analyses will be conducted using PASS 18.0 statistical analysis software. First, a baseline analysis of the demographic characteristics of the cases in both groups will be conducted to assess the balance and comparability between the two groups. Subsequently, the efficacy and safety indicators of the two groups will be compared. For intra-group comparisons of quantitative data between the experimental and control groups, paired t-tests (or Wilcoxon signed-rank tests) will be used. Intergroup comparisons will use independent sample t-tests (or Mann–Whitney U-tests), and intragroup comparisons before and after treatment will use paired t-tests (or Wilcoxon paired signed-rank sum tests). Data obtained by performing repeated measurements at multiple time points will be analyzed using repeated measures ANOVA. Count data will be represented by proportions and rates, with intergroup comparisons of overall efficacy using chi-squared tests (or Fisher's exact test). Intergroup comparisons of proportions will use a 2 × C table chi-squared test. The generalized estimating equation (GEE) model will be used to assess how the primary outcome measures, HAMA, change over time across the two intervention groups. Covariates, such as demographic factors and other relevant variables, will be included in the model to account for potential confounding effects. The GEE model will also be used to examine the effects of the intervention on secondary outcome measures. The GEE model will estimate the average change in outcome measures over time within each intervention group and compare the differences in changes between the intervention and control groups. Interaction terms may be included in the model to examine whether the effects of the intervention vary over time or across different groups of participants. All statistical tests will be two-sided, with a significance level of α =0.05. A p-value of < 0.05 will be considered to indicate statistical significance. To better quantify actual changes, missing values will not be inputted. All significance tests will use pairwise missing values, with an alpha value of 0.05.



2.18 Ethics and dissemination

If candidates who consent to participate fulfill all inclusion criteria, they will be furnished with an informed consent form. This form provides a comprehensive understanding of the study's scope and potential risks. Participants retain the right to discontinue their involvement at any juncture. Data will be used solely in the aggregate form and will not contain any personally identifiable information. Within the consent form, participants will be prompted to indicate their consent for data usage should they choose to withdraw from the trial. This trial does not involve collecting biological specimens for storage. Moreover, participants will be asked to authorize the research team to share relevant data with personnel from associated regulatory bodies. It is important to note that the trial does not entail the collection of biological samples for storage. This study adheres to the principles of the Helsinki Declaration and has been approved by the Ethics Committee of the Third Affiliated Hospital of Henan University of Chinese Medicine (Approval No. 2023SH-147). The trial protocol has been registered with the Chinese Clinical Trial Registry (ChiCTR2400082221). Results will be disseminated through journal articles, master's theses, or conference presentations.




3 Discussion

There is an overlap between the brain networks involved in sleep and emotional regulation (61). Neuroimaging studies have shown that individuals with anxiety exhibit increased activation of the amygdala and insula in function magnetic resonance imaging, which is associated with responses to aversive stimuli and emotional regulation (62). The role of sleep in emotional regulation is based on paradigms of both total and partial sleep deprivation. Individuals exposed to aversive stimuli after total sleep deprivation show a 60% increase in amygdala activation and a threefold increase in the volume of amygdala activation (63). Sleep disturbances have been shown to worsen emotional vulnerability and exacerbate anxiety-related symptoms (9, 64, 65). Sleep deprivation also reduces the activity of the medial prefrontal cortex; increases the activity of limbic system regions such as the amygdala, insula, and anterior cingulate cortex; and decreases the connectivity between the medial prefrontal cortex and the amygdala (66). Sleep deprivation may impair the ability to distinguish between emotional stimuli, disrupting emotional responses and leading to a maladaptive loss of emotional neutrality that is a hallmark of anxiety (67, 68).

Experimental studies have revealed that naturally occurring consecutive sleep loss is associated with day-to-day trajectories of affective and physical wellbeing (69). Consecutive PSD can adversely impact next-day affect, perceived stressors, mindfulness, and cognitive functioning (70). Acupuncture, as a nontoxic, economical, and low-side-effect intervention, has a therapeutic effect on improving cognitive function, but its improvement of GAD with chronic sleep restriction is also worth exploring (59). The purpose of this trial is to observe the brain attention, cognition, and attention bias in the emotional cognitive processing mechanisms of acupuncture's clinical effect on improving GAD with natural PSD.

The inclusion of a healthy participant group in the trial is primarily used to explore the difference in cognitive function between subjects with comorbid GAD and PSD and normal individuals. Subjects and normal individuals will be screened through the Generalized Anxiety Disorder Scale and partial sleep deprivation index, and cognitive functions will be compared by recording EEG data to explore their intrinsic mechanisms. This trial does not set up a drug group and will analyze the indicators 1W and 2W after acupuncture by collecting data on the subjects' brain attention, cognition, and attention bias and conduct a superiority analysis with the sham acupuncture group to explore the clinical effect of acupuncture on improving GAD comorbid with PSD.

This study introduces the concept of naturalistic research to this subject area and observes individuals with comorbid GAD and naturally occurring PSD in a nonclinical sample. The objective is to investigate the biologically close relationship between naturally occurring PSD and the subsequent emergence of anxiety symptoms, as along with the underlying neurocognitive mechanisms in the brain. Applying the principles of naturalistic research to observing the relationship between naturally occurring PSD and negative emotions more closely approximates reality and yields results closer to real-life situations than designing and conducting PSD trials. In clinical observations, we have found that a 2-week intervention can improve the symptoms of sleep deprivation in patients. Choosing a 2-week treatment duration is conducive to further investigating the response time of acupuncture as an early intervention. Considering the long treatment period for GAD, acupuncture, as a low-side-effect treatment method, can aid patients in receiving long-term treatment. When combined with medication therapy, it can enhance treatment effectiveness, making it a recommended alternative therapy. This study focuses on the impact of early adulthood sleep deprivation on generalized anxiety, offering a new perspective for the prevention and treatment of GAD.

Although several measures have been taken to ensure the rigor of the trial, this study has some methodological limitations. The study employs the concept of naturalistic research to observe nonclinical samples with the aim of obtaining results that closely resemble real-life situations. However, due to budget constraints, the sample may not cover individuals from different countries, ethnicities, and races, which could potentially reduce the generalizability of the results. In future research, efforts will be made to expand the sample size to validate the universality of the findings. These limitations notwithstanding, we will use rigorous methods in this study, and we hope that this trial will help provide new insights into acupuncture for the treatment of comorbid GAD and PSD and provide ERP evidence on the execution of brain functions.



Ethics statement

The studies involving humans were approved by Third Affiliated Hospital of Henan University of Chinese Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

CS: Writing – original draft, Writing – review & editing. LW: Writing – original draft, Writing – review & editing. WF: Data curation, Writing – review & editing. JG: Data curation, Methodology, Writing – review & editing. HJ: Formal analysis, Methodology, Project administration, Writing – review & editing. MW: Formal analysis, Funding acquisition, Supervision, Validation, Writing – review & editing. XC: Conceptualization, Data curation, Supervision, Writing – review & editing, Methodology, Project administration, Resources, Validation.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This trial was funded by National Natural Science Foundation of China Funded project plan (No. 82305417), Construction Project of Chinese Medicine in Henan Province (No. HSRP-DFCTCM-2023-7-15), and Henan Province Science and Technology Project (No. 232102311217). The sponsor as well as the funder has not taken part in the study design, data collection and management, analysis, data interpretation, writing of the report, the decision to publish, and manuscript preparation. The funder does not have ultimate authority over any of these activities.



Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance during the preparation of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

GAD, Generalized anxiety disorder; PSD, partial sleep deprivation; ERPs, event-related potentials; HAMA, Hamilton Anxiety Rating Scale; SDI, Sleep Deprivation Index; STAI, State-Trait Anxiety Inventory; SAS, Self-Rating Anxiety Scale; ESS, Epworth Sleepiness Scale; PVT, Psychomotor Vigilance Test; ANT, Attention Network Test; RCT, Randomized controlled trial; CONSORT, Consolidated Standards of Reporting Trials; STRICTA, Standards for Reporting Interventions in Clinical Trials of Acupuncture; SPIRIT, Recommendations for Interventional Trials; GAD-7, Generalized Anxiety Disorder Scale; CRF, Case report form; IEC, Institutional Ethics Committee.



References

 1. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National Sleep Foundation's sleep time duration recommendations: methodology and results summary. Sleep Health. (2015) 1:40–3. doi: 10.1016/j.sleh.2014.12.010

 2. Bolin DJ. Sleep deprivation and its contribution to mood and performance deterioration in college athletes. Curr Sports Med Rep. (2019) 18:305–10. doi: 10.1249/JSR.0000000000000621

 3. Hertenstein E, Feige B, Gmeiner T, Kienzler C, Spiegelhalder K, Johann A, et al. Insomnia as a predictor of mental disorders: a systematic review and meta-analysis. Sleep Med Rev. (2019) 43:96–105. doi: 10.1016/j.smrv.2018.10.006

 4. Bean CAL, Ciesla JA. Naturalistic partial sleep deprivation leads to greater next-day anxiety: the moderating role of baseline anxiety and depression. Behav Ther. (2021) 52:861–73. doi: 10.1016/j.beth.2020.10.008

 5. Konjarski M, Murray G, Lee VV, Jackson ML. Reciprocal relationships between daily sleep and mood: a systematic review of naturalistic prospective studies. Sleep Med Rev. (2018) 42:47–58. doi: 10.1016/j.smrv.2018.05.005

 6. Blake MJ, Trinder JA, Allen NB. Mechanisms underlying the association between insomnia, anxiety, and depression in adolescence: implications for behavioral sleep interventions. Clin Psychol Rev. (2018) 63:25–40. doi: 10.1016/j.cpr.2018.05.006

 7. van Mill JG, Hoogendijk WJG, Vogelzangs N, van Dyck R, Penninx BWJH. Insomnia and sleep duration in a large cohort of patients with major depressive disorder and anxiety disorders. J Clin Psychiatry. (2010) 71:239–46. doi: 10.4088/JCP.09m05218gry

 8. Johnson EO, Roth T, Breslau N. The association of insomnia with anxiety disorders and depression: exploration of the direction of risk. J Psychiatr Res. (2006) 40:700–8. doi: 10.1016/j.jpsychires.2006.07.008

 9. Seo J, Pace-Schott EF, Milad MR, Song H, Germain A. Partial and total sleep deprivation interferes with neural correlates of consolidation of fear extinction memory. Biol Psychiatry Cogn Neurosci Neuroimaging. (2021) 6:299–309. doi: 10.1016/j.bpsc.2020.09.013

 10. Kalmbach DA, Cuamatzi-Castelan AS, Tonnu CV, Tran KM, Anderson JR, Roth T, et al. Hyperarousal and sleep reactivity in insomnia: current insights. Nat Sci Sleep. (2018) 10:193–201. doi: 10.2147/NSS.S138823

 11. Bonnet MH, Arand DL. Hyperarousal and insomnia: state of the science. Sleep Med Rev. (2010) 14:9–15. doi: 10.1016/j.smrv.2009.07.003

 12. Riemann D, Nissen C, Palagini L, Otte A, Perlis ML, Spiegelhalder K. The neurobiology, investigation, and treatment of chronic insomnia. Lancet Neurol. (2015) 14:547–58. doi: 10.1016/S1474-4422(15)00021-6

 13. Molen YF, Carvalho LBC, Prado LBF, Prado GF. Insomnia: psychological and neurobiological aspects and non-pharmacological treatments. Arq Neuropsiquiatr. (2014) 72:63–71. doi: 10.1590/0004-282X20130184

 14. McWhirter L, Ritchie C, Stone J, Carson A. Functional cognitive disorders: a systematic review. Lancet Psychiatry. (2020) 7:191–207. doi: 10.1016/S2215-0366(19)30405-5

 15. Piolino P, Bulteau C, Jambaqué I. Memory dysfunctions. Handb Clin Neurol. (2020) 174:93–110. doi: 10.1016/B978-0-444-64148-9.00008-9

 16. Uccella S, Cordani R, Salfi F, Gorgoni M, Scarpelli S, Gemignani A, et al. Sleep deprivation and insomnia in adolescence: implications for mental health. Brain Sci. (2023) 13:569. doi: 10.3390/brainsci13040569

 17. Lingfei C, Leilei W, Zhizhu W, Shuangzhu Z, Jinmeng L, Jingxu C. Chain-mediating effects of fatigue and depression and anxiety between insomnia and cognitive deficits in adolescents. Chin J Behav Med Brain Sci. (2022) 31:346–52. doi: 10.3760/cma.j.cn371468-20210928-00559

 18. Pilcher JJ, Walters AS. How sleep deprivation affects psychological variables related to college students' cognitive performance. J Am Coll Health. (1997) 46:121–6. doi: 10.1080/07448489709595597

 19. Tyrer P, Baldwin D. Generalised anxiety disorder. Lancet. (2006) 368:2156–66. doi: 10.1016/S0140-6736(06)69865-6

 20. Bandelow B, Allgulander C, Baldwin DS, Costa DLC, Denys D, Dilbaz N, et al. World Federation of Societies of Biological Psychiatry (WFSBP) guidelines for treatment of anxiety, obsessive-compulsive and posttraumatic stress disorders - version 3. Part I: anxiety disorders. World J Biol Psychiatry. (2023) 24:171–99. doi: 10.3109/15622970209150621

 21. Hershenberg R, Gros DF, Brawman-Mintzer O. Role of atypical antipsychotics in the treatment of generalized anxiety disorder. CNS Drugs. (2014) 28:519–33. doi: 10.1007/s40263-014-0162-6

 22. Yin X, Gou M, Xu J, Dong B, Yin P, Masquelin F, et al. Efficacy and safety of acupuncture treatment on primary insomnia: a randomized controlled trial. Sleep Med. (2017) 37:193–200. doi: 10.1016/j.sleep.2017.02.012

 23. Amorim D, Brito I, Caseiro A, Figueiredo JP, Pinto A, Macedo I, et al. Electroacupuncture and acupuncture in the treatment of anxiety - a double blinded randomized parallel clinical trial. Complement Ther Clin Pract. (2022) 46:101541. doi: 10.1016/j.ctcp.2022.101541

 24. Shen Z, Yang X, She T, Zhao G, Dou Z, Luo Y, et al. Deficits in brain default mode network connectivity mediate the relationship between poor sleep quality and anxiety severity. Sleep. (2024) 47:zsad296. doi: 10.1093/sleep/zsad296

 25. Chae Y, Chang D-S, Lee S-H, Jung W-M, Lee I-S, Jackson S, et al. Inserting needles into the body: a meta-analysis of brain activity associated with acupuncture needle stimulation. J Pain. (2013) 14:215–22. doi: 10.1016/j.jpain.2012.11.011

 26. Otti A, Noll-Hussong M. Acupuncture-induced pain relief and the human brain's default mode network - an extended view of central effects of acupuncture analgesia. Forsch Komplementmed. (2012) 19:197–201. doi: 10.1159/000341928

 27. Dhond RP, Yeh C, Park K, Kettner N, Napadow V. Acupuncture modulates resting state connectivity in default and sensorimotor brain networks. Pain. (2008) 136:407–18. doi: 10.1016/j.pain.2008.01.011

 28. Shi Y, Zhang S, Li Q, Liu Z, Guo S, Yang J, et al. A study of the brain functional network of Deqi via acupuncturing stimulation at BL40 by rs-fMRI. Complement Ther Med. (2016) 25:71–7. doi: 10.1016/j.ctim.2016.01.004

 29. Zyloney CE, Jensen K, Polich G, Loiotile RE, Cheetham A, LaViolette PS, et al. Imaging the functional connectivity of the Periaqueductal Gray during genuine and sham electroacupuncture treatment. Mol Pain. (2010) 6:80. doi: 10.1186/1744-8069-6-80

 30. Long X, Huang W, Napadow V, Liang F, Pleger B, Villringer A, et al. Sustained effects of acupuncture stimulation investigated with centrality mapping analysis. Front Hum Neurosci. (2016) 10:510. doi: 10.3389/fnhum.2016.00510

 31. Lin Y-J, Kung Y-Y, Kuo W-J, Niddam DM, Chou C-C, Cheng C-M, et al. Effect of acupuncture 'dose' on modulation of the default mode network of the brain. Acupunct Med. (2016) 34:425–32. doi: 10.1136/acupmed-2016-011071

 32. Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical trials. BMJ. (2013) 346:e7586. doi: 10.1136/bmj.e7586

 33. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. (1959) 32:50–5. doi: 10.1111/j.2044-8341.1959.tb00467.x

 34. Thompson E. Hamilton Rating Scale for Anxiety (HAM-A). Occup Med. (2015) 65:601. doi: 10.1093/occmed/kqv054

 35. Maier W, Buller R, Philipp M, Heuser I. The Hamilton Anxiety Scale: reliability, validity and sensitivity to change in anxiety and depressive disorders. J Affect Disord. (1988) 14:61–8. doi: 10.1016/0165-0327(88)90072-9

 36. Khan H, Srivastava R, Tripathi N, Uraiya D, Singh A, Verma R. Level of anxiety and depression among health-care professionals amidst of coronavirus disease: a web-based survey from India. J Educ Health Promot. (2021) 10:408. doi: 10.4103/jehp.jehp_162_21

 37. Perotta B, Arantes-Costa FM, Enns SC, Figueiro-Filho EA, Paro H, Santos IS, et al. Sleepiness, sleep deprivation, quality of life, mental symptoms and perception of academic environment in medical students. BMC Med Educ. (2021) 21:111. doi: 10.1186/s12909-021-02544-8

 38. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. (1991) 14:540–5. doi: 10.1093/sleep/14.6.540

 39. Johns MW. Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep. (1992) 15:376–81. doi: 10.1093/sleep/15.4.376

 40. Spielberger CD, Gorsuch RL, Lushene RE. Mannual for the State-Trait anxiety inventory STAI (Form). Palo Alto, CA: Palo Alto Ca Consulting Psychologists Press (1970).

 41. Julian LJ. Measures of anxiety: state-trait anxiety inventory (STAI), beck anxiety inventory (BAI), and hospital anxiety and depression scale-anxiety (HADS-A). Arthritis Care Res. (2011) 63:S467–72. doi: 10.1002/acr.20561

 42. Taylor JA. A personality scale of manifest anxiety. J Abnorm Psychol. (1953) 48:285–90. doi: 10.1037/h0056264

 43. Zung WW. A rating instrument for anxiety disorders. Psychosomatics. (1971) 12:371–9. doi: 10.1016/S0033-3182(71)71479-0

 44. Tanaka-Matsumi J, Kameoka VA. Reliabilities and concurrent validities of popular self-report measures of depression, anxiety, and social desirability. J Consult Clin Psychol. (1986) 54:328–33. doi: 10.1037//0022-006X.54.3.328

 45. Basner M, Dinges DF. Maximizing sensitivity of the psychomotor vigilance test (PVT) to sleep loss. Sleep. (2011) 34:581–91. doi: 10.1093/sleep/34.5.581

 46. Baker FC, Colrain IM. Daytime sleepiness, psychomotor performance, waking EEG spectra and evoked potentials in women with severe premenstrual syndrome. J Sleep Res. (2010) 19:214–27. doi: 10.1111/j.1365-2869.2009.00782.x

 47. Witkowski S, Trujillo LT, Sherman SM, Carter P, Matthews MD, Schnyer DM. An examination of the association between chronic sleep restriction and electrocortical arousal in college students. Clin Neurophysiol. (2015) 126:549–57. doi: 10.1016/j.clinph.2014.06.026

 48. Fan J, McCandliss BD, Sommer T, Raz A, Posner MI. Testing the efficiency and independence of attentional networks. J Cogn Neurosci. (2002) 14:340–7. doi: 10.1162/089892902317361886

 49. Posner MI, Petersen SE. The attention system of the human brain. Annu Rev Neurosci. (1990) 13:25–42. doi: 10.1146/annurev.ne.13.030190.000325

 50. Warm JS, Parasuraman R, Matthews G. Vigilance requires hard mental work and is stressful. Hum Factors. (2008) 50:433–41. doi: 10.1518/001872008X312152

 51. Arnau S, Brümmer T, Liegel N, Wascher E. Inverse effects of time-on-task in task-related and task-unrelated theta activity. Psychophysiology. (2021) 58:e13805. doi: 10.1111/psyp.13805

 52. Haubert A, Walsh M, Boyd R, Morris M, Wiedbusch M, Krusmark M, et al. Relationship of event-related potentials to the vigilance decrement. Front Psychol. (2018) 9:237. doi: 10.3389/fpsyg.2018.00237

 53. Kong Z, Chen J, Liu J, Zhou Y, Duan Y, Li H, et al. Test-retest reliability of the attention network test from the perspective of intrinsic network organization. Eur J Neurosci. (2024) 60:4453–68. doi: 10.22541/au.170993494.41512815/v1

 54. Pourtois G, Schettino A, Vuilleumier P. Brain mechanisms for emotional influences on perception and attention: what is magic and what is not. Biol Psychol. (2013) 92:492–512. doi: 10.1016/j.biopsycho.2012.02.007

 55. Eimer M. Effects of attention and stimulus probability on ERPs in a Go/Nogo task. Biol Psychol. (1993) 35:123–38. doi: 10.1016/0301-0511(93)90009-W

 56. Yu F, Zhu C, Zhang L, Chen X, Li D, Zhang L, et al. The neural substrates of response inhibition to negative information across explicit and implicit tasks in GAD patients: electrophysiological evidence from an ERP study. Front Psychol. (2015) 6:275. doi: 10.3389/fpsyg.2015.00275

 57. Hum KM, Manassis K, Lewis MD. Neural mechanisms of emotion regulation in childhood anxiety. J Child Psychol Psychiatry. (2013) 54:552–64. doi: 10.1111/j.1469-7610.2012.02609.x

 58. Yanyan M, Na Z, Chen X, Yueping B, Xuqiu S, Wenjia Y, et al. Efficacy of acupuncture in the treatment of delayed sleep-wake phase disorder and its effects on sleep, mood and plasma melatonin levels. Shanghai J Acupunct. (2023) 42:466–71. doi: 10.13460/j.issn.1005-0957.2023.05.0466

 59. Jingpu S. Methods for estimating sample size in clinical research. Chin Clin Rehabil. (2003) 7:1569–71. doi: 10.3321/j.issn:1673-8225.2003.10.040

 60. Chellappa SL, Aeschbach D. Sleep and anxiety: from mechanisms to interventions. Sleep Med Rev. (2022) 61:101583. doi: 10.1016/j.smrv.2021.101583

 61. Etkin A, Wager TD. Functional neuroimaging of anxiety: a meta-analysis of emotional processing in PTSD, social anxiety disorder, and specific phobia. Am J Psychiatry. (2007) 164:1476–88. doi: 10.1176/appi.ajp.2007.07030504

 62. Yoo S-S, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional brain without sleep–a prefrontal amygdala disconnect. Curr Biol. (2007) 17:R877–8. doi: 10.1016/j.cub.2007.08.007

 63. Chellappa SL. Circadian misalignment: a biological basis for mood vulnerability in shift work. Eur J Neurosci. (2020) 52:3846–50. doi: 10.1111/ejn.14871

 64. Chellappa SL, Morris CJ, Scheer FAJL. Circadian misalignment increases mood vulnerability in simulated shift work. Sci Rep. (2020) 10:18614. doi: 10.1038/s41598-020-75245-9

 65. Bishop S, Duncan J, Brett M, Lawrence AD. Prefrontal cortical function and anxiety: controlling attention to threat-related stimuli. Nat Neurosci. (2004) 7:184–8. doi: 10.1038/nn1173

 66. Simon EB, Oren N, Sharon H, Kirschner A, Goldway N, Okon-Singer H, et al. Losing neutrality: the neural basis of impaired emotional control without sleep. J Neurosci. (2015) 35:13194–205. doi: 10.1523/JNEUROSCI.1314-15.2015

 67. Gujar N, Yoo S-S, Hu P, Walker MP. Sleep deprivation amplifies reactivity of brain reward networks, biasing the appraisal of positive emotional experiences. J Neurosci. (2011) 31:4466–74. doi: 10.1523/JNEUROSCI.3220-10.2011

 68. Lee S. Naturally occurring consecutive sleep loss and day-to-day trajectories of affective and physical well-being. Ann Behav Med. (2022) 56:393–404. doi: 10.1093/abm/kaab055

 69. Lee S, Buxton OM, Andel R, Almeida DM. Bidirectional associations of sleep with cognitive interference in employees' work days. Sleep Health. (2019) 5:298–308. doi: 10.1016/j.sleh.2019.01.007

 70. Su X-T, Wang L-Q, Li J-L, Zhang N, Wang L, Shi G-X, et al. Acupuncture therapy for cognitive impairment: a delphi expert consensus survey. Front Aging Neurosci. (2020) 12:596081. doi: 10.3389/fnagi.2020.596081

Copyright
 © 2024 Shi, Wu, Fu, Gao, Jiang, Wang and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_1.gif
) o2
2 (ta + 1)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mechanism of cognitive processing for acupuncture action on generalized anxiety with naturally occurring consecutive partial sleep deprivation in early adulthood: a randomized controlled study and evaluation of event-related potentials



		1 Introduction



		1.1 Partial sleep deprivation leads to anxiety disorders in early adulthood



		1.2 Comorbidity of GAD and PSD is associated with cognitive dysfunction



		1.3 Acupuncture has favorable clinical efficacy in treating GAD and sleep disorders



		1.4 Objectives







		2 Methods/design



		2.1 Study setting



		2.2 Recruitment



		2.3 Inclusion criteria



		2.4 Exclusion criteria



		2.5 Dropout criteria



		2.6 Randomization



		2.7 Blinding



		2.8 Intervention



		2.9 Treatment group



		2.10 Sham acupuncture group



		2.11 Health control group



		2.12 Outcomes



		2.12.1 Primary outcome



		2.12.2 Secondary outcomes









		2.13 Adverse events



		2.14 Follow-up



		2.15 Sample size



		2.16 Data management and monitoring



		2.17 Data analysis



		2.18 Ethics and dissemination







		3 Discussion



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Abbreviations



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Mechanism of cognitive
processing for acupuncture
action on generalized anxiety
with naturally occurring
consecutive partial sleep
deprivation in early adulthood: a
randomized controlled study and
evaluation of event-related
potentials





OPS/images/fpubh-12-1420299-g001.gif
TRERGNTOD

pr—

Fuscesocow)

sscssuens:

EHE N A
il ! R RRER
I .

§






OPS/images/fpubh-12-1420299-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







