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Computerized relaxation training has been suggested as an effective and easily accessible intervention for individuals with psychological distress. To better elucidate the neural mechanism that underpins the effects of relaxation training, we investigated whether a 10-session computerized relaxation training program changed prefrontal gamma-aminobutyric acid (GABA) levels and cerebral blood flow (CBF) in women with psychological distress. We specifically focused on women since they were reported to be more vulnerable to develop stress-related disorders than men. Nineteen women with psychological distress but without a diagnosis of psychiatric disorders received the 10-day computerized relaxation training program that consisted of 30-min cognitive-relaxation training and 10-min breathing-relaxation training per day. At baseline and post-intervention, perceived stress levels, anxiety, fatigue, and sleep quality were assessed by self-report questionnaires. Brain magnetic resonance spectroscopy and arterial spin labeling scans were also performed before and after the intervention to evaluate GABA levels and relative CBF in the prefrontal region. Levels of perceived stress (t = 4.02, P < 0.001), anxiety (z = 2.33, P = 0.02), fatigue (t = 3.35, P = 0.004), and sleep quality (t = 4.14, P < 0.001) improved following 10 sessions of computerized relaxation training, resulting in a significant relief in composite scores of stress-related symptoms (t = −5.25, P < 0.001). The prefrontal GABA levels decreased (t = 2.53, P = 0.02), while relative CBF increased (t = −3.32, P = 0.004) after the intervention. In addition, a greater increase in relative prefrontal CBF was associated with better composite scores of stress-related symptoms following the intervention (t = 2.22, P = 0.04). The current findings suggest that computerized relaxation training may improve stress-related symptoms through modulating the prefrontal GABA levels and CBF in women with psychological distress.

Keywords: stress, relaxation training, prefrontal cortex, gamma-aminobutyric acid, cerebral blood flow


INTRODUCTION

Relaxation training has been reported to improve various stress-related symptoms (Bastani et al., 2005; Rausch et al., 2006). Keeping pace with recent technological advancement, several computerized relaxation training programs have been developed for mild to moderate psychological distress (Andrews et al., 2010; Mourad et al., 2016) with the advantages of accessibility, cost-effectiveness, and highly standardized contents (Mourad et al., 2016; Lyoo et al., 2019). The computerized relaxation training programs may be more relevant to the rapidly growing group of individuals with psychological distress who does not meet the diagnostic criteria of psychiatric disorders (Hidaka, 2012; Craske and Stein, 2016) as this group may prefer to use easily accessible programs rather than seeking psychological therapy or interventions. Despite its increasing usage and reported therapeutic efficacy in mild psychological distress (Poirier-Bisson et al., 2013; Kisely et al., 2015), the underlying neurobiological mechanisms of relaxation training need further investigations.

Changes in the prefrontal region may be related to the efficacy of relaxation training since dysfunctional top-down emotional regulation of the prefrontal region has been reported in psychological distress conditions (Hains and Arnsten, 2008; Ghosal et al., 2017). Specifically, previous studies suggested that the prefrontal gamma-aminobutyric acid (GABA) levels and cerebral blood flow (CBF) could be altered in individuals with psychological distress (Wang et al., 2005; Ghosal et al., 2017). The GABA levels and CBF were also recovered in relation to improved emotional regulation after cognitive-behavioral training in individuals with psychological distress (Guglietti et al., 2013; Tang et al., 2015, 2016; Ghosal et al., 2017), suggesting a close association with stress-related symptoms. As such, we assumed that the GABA levels and CBF might be neural correlates underlying the effects of relaxation training in psychological distress.

In the current study, we focused on the GABA levels since GABA has been known as a key inhibitory neurotransmitter in the brain that modulates interneuron activities and CBF, subsequently resulting in changes in stress reactivity (McQuail et al., 2015; Schür et al., 2016). In addition, we specifically applied the computerized relaxation training program on women with psychological distress since stress-related symptoms and disorders are more prevalent in women (Shansky et al., 2004; Cosgrove et al., 2007). We investigated whether the 10 daily sessions of computerized relaxation training program changed the prefrontal GABA and CBF as well as stress-related symptoms in women with psychological distress.



METHODS


Participants

The participants were 19 young women aged between 19 and 45 years with subclinical psychological distress that lasted at least 1 month. Exclusion criteria were as follows: (1) symptoms met the criteria for current or lifetime axis one psychiatric disorders using the Structured Clinical Interview for Diagnostic and Statistical manual, fourth edition (SCID-IV) as assessed by an experienced clinician (First and Gibbon, 2004); (2) a history of traumatic brain injury with loss of consciousness; (3) presence of clinically significant medical or neurological disorders; or (4) any contraindications to brain magnetic resonance imaging (MRI). The study protocol was approved by the Institutional Review Board of Ewha W. University. Written informed consent was obtained from all the participants prior to enrollment.



Interventions

The participants received 10 daily sessions of computerized relaxation training program during week days for 2 weeks. One daily session consisted of 30-min cognitive-relaxation and 10-min breathing-relaxation training. The clinician supervised and ensured that each of the participants attended to and completed all parts of the training. All training sessions were closely monitored and supervised by the clinician. The clinician asked every participant to self-report the level of concentration and write down any comments for each training session. The study was designed to exclude the data in which the self-rating for concentration on each session of the relaxation therapy was lower than 80%. Since all the ratings of the concentration provided by the participants for each treatment session were higher than 80%, indicating satisfactory compliance of the training, no data were excluded from the final analysis.

The 30-min cognitive-relaxation training is a computer-based interactive program that was developed and accordingly modified based on the standard cognitive behavioral therapy (Jonsbu et al., 2011, 2013). This program consists of the three subsections: brief education about causes and mechanisms of psychological distress, cognitive restructuring training for each automatic thinking, and relaxation training including progressive muscle relaxation and breathing techniques. The second 10-min breathing-relaxation training program instructs participants to clear their minds of thoughts with deep breathing and relaxation by focusing on their inhalation and exhalation.



Outcome Measures: Stress-Related Symptoms

Composite scores of stress-related symptoms were assessed at baseline and post-intervention, including the following suggested as representative and interrelated domains of subclinical stress-related symptoms (Tang et al., 2007, 2015, 2016): perceived stress levels, anxiety, fatigue, and sleep quality. The Perceived Stress Scale (PSS-10), a 10-item self-report with a four-point scale, was used to measure subjective level of stress perception over the past month. The higher total scores of the PSS-10 indicate a higher level of perceived stress (Cohen et al., 1983; Roberti et al., 2006). The anxiety symptoms were assessed using the Beck Anxiety Inventory (BAI), a 21-item inventory with a three-point scale (Ulusoy et al., 1998). The total scores of the BAI were used for the level of anxiety, with a higher score indicating greater anxiety (Ulusoy et al., 1998). The Brief Fatigue-Inventory (BFI), a nine-item self-report with a 10-point scale, was used to assess excessive fatigue over the past week as well as fatigue severity over the past day (Yun et al., 2005). Finally, sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989). The PSQI is a 10-item self-report scale with a three-point scale for measurement of global sleep quality over the past month (Buysse et al., 1989), with a higher score indicating more sleep-related problems (Buysse et al., 1989).

The standardized z scores of the PSS-10, BAI, BFI, and PSQI for baseline and post-intervention were calculated using the means and standard deviations (SD) of the respective baseline scale scores and reversed to indicate lower stress-related symptoms with a positive value. Composite scores for the stress-related symptoms were calculated by averaging z scores of the PSS-10, BAI, BFI, and PSQI at baseline and post-intervention, respectively. The composite scores encompassing perceived stress, anxiety, fatigue, and sleep problem were used to indicate subclinical stress-related symptoms that can generally manifest in various ways.



Outcome Measures: Prefrontal GABA and Relative CBF

Prefrontal GABA levels and relative CBF were assessed using proton magnetic resonance spectroscopy (MRS) and arterial spin labeling (ASL) perfusion imaging, respectively, at baseline and after the completion of the 10-days training program. Brain MRI and MRS data were acquired using a 3.0-T Philips Magnetic Resonance scanner system (Philips Healthcare, Best, the Netherlands) equipped with a 32-channel head coil.

High-resolution three-dimensional T1-weighted images were obtained using a magnetization-prepared rapid gradient echo imaging sequence with the following parameters: echo time (TE) = 3.4 ms, repetition time (TR) = 7.4 ms, flip angle = 8°, number of excitation (NEX) = 1, field of view (FOV) = 224 × 224 mm2, voxel size = 1 × 1 mm2, slice thickness = 1 mm, and contiguous sagittal slices = 180. The T1-weighted images were used for spectroscopic voxel localization, tissue segmentation, and coregistration.

Prefrontal GABA levels were measured using the Mescher–Garwood point-resolved spectroscopy (MEGA-PRESS) sequence as the simultaneous spectral editing technique. The voxel-of-interest (VOI, 3 × 3 × 3 cm3) was centered on the medial prefrontal region including mostly gray matter (GM) (Figure 1). The VOI was placed anterior to the genu of the corpus callosum and oriented along the bicommisural line in the sagittal plane as well as centered on the interhemispheric fissure in the coronal and axial planes of the T1-weighted images. The VOI at follow-up scan was placed based on the gyral pattern and location of the spectroscopic voxel based on the respective baseline prescription, in order to ensure the intrasubject reliability of voxel placement. The acquisition parameters for the MEGA-PRESS sequence were as follows: TE = 80 ms, TR = 2,000 ms, water suppression = multiply optimized insensitive suppression train (MOIST), pulse duration = 20 ms, number of signals averaged (NSA) = 2, phase cycle = 16, and dynamic scans = 160, with frequency stabilization. To reduce field inhomogeneities, second-order shim currents were adjusted with an automated shimming. The water suppression band is applied at a frequency of 4.68 ppm. Gaussian editing pulses are alternatively applied at 1.9 ppm (ON) and 1.5 ppm (OFF) in even- and odd-numbered acquisitions, respectively. The difference of the ON and OFF spectra provided a macromolecule-suppressed edited spectrum of GABA, detected at 3.0 ppm (Edden et al., 2014).
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FIGURE 1. Changes in prefrontal GABA levels after the relaxation training. (A) Prefrontal GABA level decreased (t = 2.53, P = 0.02) following 10 daily sessions of the computerized relaxation training. (B) The location of the prefrontal region as voxel-of-interest of the study (3 × 3 × 3 cm3) is overlaid on the T1-weighted image of a representative study participant. GABA, gamma-aminobutyric acid.


Prefrontal CBF was measured using pseudocontinuous ASL (pCASL) with a three-dimensional single-shot gradient and spin echo (3D-GRASE) sequence with the following parameters: TE = 12 ms, TR = 3,772 ms, FOV = 220 × 220 mm2, voxel size = 2.75 × 2.75 mm2, slice thickness = 6 mm, axial slices = 22, NSA = 1, post-labeling delay = 1,600 ms, and labeling duration = 1,800 ms, with background suppression. The mean equilibrium magnetization (M0) image was acquired using the same readout and TR but without labeling and background suppression. The labeling plane was positioned 96 mm inferior to the center of acquisition volume perpendicular to the internal carotid and basilar arteries, while avoiding branches and bifurcation (Aslan et al., 2010). We used the pCASL technique which has advantages of more direct and sole quantification of CBF in absolute units (ml blood/100 g tissue/min). Using the pCASL technique, water protons of the arterial blood are magnetically labeled and unlabeled in an alternating sequence at the labeling plane of the carotid vessels. The labeled and control images are generated after a short period of post-labeling delay in which the labeled or unlabeled blood protons travel upstream through the blood vessels and reach the field-of-view. Perfusion weighted images were then generated from the difference between labeled and unlabeled images (Zhou et al., 2015). In contrast, the blood-oxygen level-dependent (BOLD) functional magnetic resonance imaging (fMRI) measures changes in relaxation time of blood and tissue water secondary to changes in the ratio of deoxyhemoglobin and oxyhemoglobin (Ogawa et al., 1993). It is suggested that BOLD signal is a combination of the CBF, cerebral blood volume, and oxygen consumptions. To screen for the presence of neuroradiological abnormalities, fluid-attenuated inversion recovery axial images were also acquired with the following acquisition parameters: TE = shortest, 275–279 ms; TR = 4,800 ms; inverse time (TI) = 1,650 ms; FOV = 240 × 240 mm2; voxel size = 1 × 1 mm2; and slice thickness = 0.56 mm.



MRS Data Processing

Quantification of GABA signal was performed using the Gannet 3.0, a MATLAB-based batch-processing toolkit for analyzing GABA-edited MRS spectra (Edden et al., 2014). Gannet processing consists of several modules: GannetLoad, GannetFit, GannetCoRegister, and GannetSegment. The time domain of proton MRS data was processed into a frequency-domain GABA-edited spectrum using the GannetLoad function that filters unsuppressed water and spectroscopy data with an exponential line broadening of 3 Hz. To maximize the quality of the edited spectrum, the prefrontal GABA levels were normalized using water signal as a reference compound, along with default parameters of spectral registration including frequency and phase corrections (Near et al., 2014). Subsequently, GABA signal from the spectral differences was fit to the edited GABA peak at 3 ppm using non-linear least-squares fitting from GannetFit, with N-acetyl-L-aspartate (NAA) as an internal standard for GABA quantification. The estimated GABA concentration was then registered to the respective T1-weighted image using GannetCoRegister, creating the binary mask of the VOI that uses the same geometry as the T1-weighted image. The VOI of each T1-weighted image was segmented according to fractions of GM, white matter (WM), and CSF using GannetSegment implemented by statistical parametric mapping (SPM), as to provide tissue-corrected GABA quantification. Adequate spectra were confirmed by visual inspection as well as using fitting errors shown in the Gannet toolkit. One participant with the spectrum with normalized residual fitting error above 10 at pre-intervention and the intervention-related changes in GABA/NAA ratio above 2 SD of the group mean was excluded from further analysis of prefrontal GABA levels. The current study used the GABA/NAA ratio as the measure of GABA level throughout all analyses.



ASL Data Processing

All volumes of the ASL were first realigned to minimize motion-related artifacts. The absolute CBF maps of each participant were reconstructed after pairwise subtraction of control and label images and calibration in reference to the M0 image. The FMRIB Software Library (FSL) tools (https://fsl.fmrib.ox.ac.uk/fsl) were used to process ASL images as well as to quantify absolute CBF in the prefrontal region and whole-brain GM. The absolute CBF maps were first denoised in reference to binary mask of M0 images that were separated and skull-stripped from the four-dimensional ASL images.

The CBF values from the prefrontal VOI were extracted in ASL native space with the following process. Individual denoised CBF maps in ASL space were coregistered to the corresponding skull-stripped T1-weighted images using linear transformation. In parallel, high-resolution T1-weighted images were segmented using the FMRIB's Automated Segmentation Tool of FSL (Zhang et al., 2001) to create GM partial volume images. Subject-level GM masks were created with a threshold of 0.8 and used to extract resting CBF predominantly within GM of the brain. Individual GM binary masks in T1 space were then registered to the corresponding denoised ASL images using the inverse transformation matrix of the abovementioned registration of ASL to T1 images in the native space. The prefrontal VOI for measurement of GABA levels in T1 space was also registered to the corresponding denoised ASL images using the inverse transformation matrix of the abovementioned registration. Absolute CBF values within the prefrontal VOI were normalized as a ratio to the mean absolute CBF value of the whole-brain GM in order to account for the subject-level differences. The prefrontal CBF to global CBF ratios were then used in the final analysis.



Statistical Analysis

Changes in stress-related symptoms after the relaxation training were evaluated using paired t tests and a Wilcoxon signed-rank test for variables with or without a normal distribution, respectively. In addition, changes in prefrontal GABA levels and relative CBF were also assessed using paired t tests. We also examined whether changes in prefrontal GABA and relative CBF might be associated with the improvement of stress-related symptom after the 10-session intervention, using regression models including the following variables: changes in prefrontal GABA level or relative CBF as an independent variable and composite stress-related symptom scores after the intervention as a dependent variable of perceived stress level, anxiety, fatigue, and sleep quality. Two-tailed significance of P < 0.05 was considered to be statistically significant. Statistical tests were performed using Stata SE version 13.1 (StataCorp LP, College Station, Texas).




RESULTS


Participant Characteristics

Nineteen women (mean ± SD, 28.0 ± 2.76 years) with subclinical psychological distress reported perceived stress level ranging from minimal to severe degrees (mean ± SD, 19.8 ± 8.17, range 7–33) (Cohen et al., 1983; Roberti et al., 2006), despite that all the participants did not meet the criteria for current or lifetime axis 1 psychiatric disorders according to the SCID-IV, including stress-related psychiatric disorders. In contrast, anxiety was minimal to mild degrees (mean ± SD, 5.42 ± 4.62, range 0–15) as well as fatigue (mean ± SD, 4.05 ± 2.28, range 0.44–8) and poor sleep quality (mean ± SD, 5.47 ± 1.98, range 3–10) were minimal to moderate degrees (Buysse et al., 1989; Ulusoy et al., 1998; Yun et al., 2005). Education levels were 18.3 ± 1.50 years.



Effects of Relaxation Training on Stress-Related Symptoms and Prefrontal GABA and CBF

The participants showed significant improvement in the composite scores of stress-related symptoms after receiving 10 daily sessions of the computerized relaxation training program (t = −5.25, P < 0.001, df = 18) (Table 1). Perceived stress levels (t = 4.02, P < 0.001, df = 18), anxiety (z = 2.33, P = 0.02, df = 18), fatigue (t = 3.35, P = 0.004, df = 18), and sleep quality (t = 4.14, P < 0.001, df = 18) all showed improvement following the intervention (Table 1).


Table 1. Changes in clinical outcome measures after the relaxation training.
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The prefrontal GABA levels decreased (t = 2.53, P = 0.02, df = 17) after the 10-day relaxation training program (Figure 1), while the relative prefrontal CBF increased (t = −3.32, P = 0.004, df = 18) in relation to the 10 daily sessions of the computerized relaxation training (Figure 2).


[image: Figure 2]
FIGURE 2. Changes in relative prefrontal CBF after the relaxation training. (A) The relative CBF within the medial prefrontal region increased (t = −3.32, P = 0.004) in relation to the 10 daily sessions of the computerized relaxation training program. (B) Anatomical localization of the prefrontal VOI and the gray matter within the VOI of the study are presented as violet-colored box and violet-colored binary map on the brain template, respectively. The relative CBF map within the prefrontal VOI was overlaid on the brain template for at baseline (C) and after the intervention (D). The red color indicates higher relative CBF, while the blue color indicates lower relative CBF as indicated in the vertical color bar. CBF, cerebral blood flow; GM, gray matter; VOI, voxel-of-interest.


A greater magnitude of relative CBF increase in the prefrontal region was associated with better stress-related composite scores following the intervention (t = 2.22, P = 0.04, df = 18) (Figure 3). In contrast, a decrease in the prefrontal GABA level was not associated with the composite stress-related scores at post-intervention (t = 0.54, P = 0.60, df = 17). Changes in the prefrontal GABA level and prefrontal CBF after the relaxation training were not associated (t = 1.53, P = 0.15, df = 17).


[image: Figure 3]
FIGURE 3. Relationship between changes in relative prefrontal CBF and stress-related symptoms at post-intervention. A greater magnitude of relative CBF increase in the prefrontal region was associated with better stress-related composite scores following the intervention (t = 2.22, P = 0.04). The relationship was tested using a robust regression model that included the following variables: changes in relative prefrontal CBF as an independent variable, and the stress-related symptoms at post-intervention as a dependent variable. The regression line is indicated in a solid line. CBF, cerebral blood flow.





DISCUSSION

In the current study, we report that computerized relaxation training may induce GABA level and CBF changes in the prefrontal region of the brain in women with psychological distress. These finding may suggest that prefrontal GABA and CBF are neurobiologically relevant correlates that underlie the effects of relaxation training. To the best of our knowledge, the present study is the first to investigate prefrontal GABA and perfusion changes simultaneously using multimodal neuroimaging in relation to the relaxation training. We cautiously infer that decreased prefrontal GABA levels, as induced by the relaxation training, may increase the prefrontal perfusion. Consequently, changes in the prefrontal GABA levels and perfusion may have enhanced the cognitive control of psychological distress as well as improve stress-related symptoms.

Recent evidence highlights the clinical significance of GABA inhibitory control with regard to stress-related symptoms as well as extrasynaptic GABA receptors as a key modulator of major cortical neuronal activities (McQuail et al., 2015; Schür et al., 2016). Prefrontal neurotransmission through GABAergic receptors may undergo dynamic alterations in response to psychological distress (Hasler et al., 2010; Schür et al., 2016). These alterations in prefrontal GABAergic inhibition were suggested to play a putative role in subsequent development (Hasler et al., 2007, 2010) or recovery (Sanacora et al., 2006; Bhagwagar et al., 2008) of stress-related symptoms. Lower inhibitory GABA levels may have activated the prefrontal regions critically involved in stress and sleep regulation (Depue et al., 2007; Ghosal et al., 2017). This is supported by the previously reported negative associations between GABA levels and activation within the prefrontal regions (Michels et al., 2012; Hu et al., 2013).

Clinical improvement in perceived stress, anxiety, fatigue, and sleep quality found in this study is in alignment with previous reports on the effects of relaxation training on stress-related symptoms (Jonsbu et al., 2013; Van Beek et al., 2013) and sleep disturbances (Morin, 2004; Cheng and Dizon, 2012) that highly co-occur given their shared neurobiological mechanisms (Voelker, 2004). The current finding also provides supportive evidence regarding the crucial involvement of increased prefrontal activity in stress regulation. Increased prefrontal activity has been reported in associations with improved psychological distress such as anxiety and fatigue after the short-term integrative body–mind training (Tang et al., 2007, 2015) and meditation (Davidson et al., 2003). Moreover, increased prefrontal activation was related to responsiveness to CBT for stress-related psychiatric disorders (Maslowsky et al., 2010; Goldin et al., 2013).

The medial prefrontal cortex where we measured the GABA levels and CBF in this study is a highly connected hub region within the default mode network (Papez, 1995; Rothbart et al., 2011). This region is known to regulate arousal and sleep–wake cycles that underlie a broad range of stress-related conditions through top-down control of the limbic structures as well as modulations of functional balance between brain networks (Lyoo et al., 2012; Ha et al., 2019). Increased perfusion in the medial prefrontal region as a major hub of the default mode network may suggest a strengthened top-down cognitive control of the emotional distress through indirect inhibitory connections mediated by GABA (Hariri et al., 2003). This is also corroborated by the previous findings on enhanced connectivity and network efficiency of the prefrontal cortex (Tang et al., 2013, 2016) as well as increased prefrontal and decreased limbic activities (Phan et al., 2005; Wager et al., 2008) in associations with better stress regulation after interventions. In addition, previously reported negative associations between prefrontal GABA levels and activation (Michels et al., 2012; Hu et al., 2013; Tang et al., 2013) suggest that prefrontal GABAergic receptors and inhibitory interneurons may undergo the intervention-related changes. These changes were also associated with the modification in binding affinity (Brickley and Mody, 2012; McQuail et al., 2015) that is potentially related to increased prefrontal CBF and improved stress-related symptoms by modulating the activation–inhibition network and sleep–wake cycle (Muzur et al., 2002; Wager et al., 2008).

The following limitations should be considered in interpreting the results of the current study. Given higher prevalence of female depression, the study participants included only women with psychological distress to minimize potential cofounding effects due to sex differences. Future larger studies including both women and men with chronic stress-related conditions are needed to generalize the current findings. Moreover, studies with the control group are warranted to test potential placebo effects of the relaxation training on the prefrontal GABA and CBF underlying improved stress regulation as well as between-group differences in brain and clinical measures. We used a relatively lower resolution of 3 × 3 × 3 cm3 to precisely measure the GABA levels, as being separated from Glx level, using MEGA-PRESS sequence, rather than measuring Glx levels with higher resolution sequence. The prefrontal cortex was predefined as the region-of-interest, considering its critical involvement in emotional regulation of psychological stress. Further study that assesses the effects of relaxation training on subclinical stress needs to use depression scales and the whole-brain approach in neuroimaging to broaden perspectives on stress-related brain mechanisms.
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Stress-related symptoms
PSS-10, total scores 19.8 817 156 7.52 <0.001
BAV, total scores 5.42 4.62 358 352 0.02
BFI, total scores. 4.05 228 292 1.63 0.004
PSQ, total scores 5.47 1.98 447 174 <0.001
Composite z scores* 0.00 0.79 0.48 058 <0.001

Stress-related symptoms were compared between the baseline and post-ntervention using paired t tests or a Wiicoxon signed-ran test in the variables with or without normal
distribution, respectively.

BAI, Beck Anxiety Inventory; BF, Brief Fatigue Inventory; PSS-10, Perceived Stress Scele—10; PSQ, Pittsburgh Sleep Qualty Index; SD, stendard deviation.

*The composite z scores of the stress-related symptoms are generated from the Perceived Stress Scale-10, Beck Anxiety Inventory, Brief Fatigue Inventory, and Pittsburgh Sieep Quality
Index. Positive values in the composite z scores indicate improved symptom scores after the intervention.
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