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ABSTRACT
Objective: Rhemercise is a novel mindfulness technique used 
to prevent relapse in opioid use disorder (OUD). Rhemercise is a 
quantifiable and intentional slow-breathing technique that could 
increase subjective well-being, which helps to prevent relapse in 
OUD by reducing craving, negative affect, and visceral reactivity. 
The objective of this study was to assess the efficacy of rhemercise 
as an adjunctive therapy in patients with OUD undergoing 
detoxification. 

Methods: This was a hospital-based, open-label, prospective, and 
exploratory study conducted between June 2018 and June 2019 
that included 126 male inpatients admitted for detoxification of 
OUD. Patients with OUD diagnosed according to ICD-10 criteria 
who were aged 18–65 years were included in the study. Patients 
with other psychiatric disorders were excluded. Participants 
were divided into 2 groups: group A (n = 63) comprised patients 
receiving treatment as usual + rhemercise, and group B (n = 63) 
received treatment as usual only. Assessment tools included 
the Clinical Opiate Withdrawal Scale, Brief Pain Inventory, and 
Subjective Well-Being Inventory. 

Results: Various domains of the Subjective Well-Being Inventory 
(general well-being–positive affect [P =  .02], confidence in 
coping [P = .007], inadequate mental mastery [P = .002]) improved 
significantly among OUD patients who received rhemercise 
treatment compared to treatment as usual. 

Conclusion: Rhemercise promoted general well-being and positive 
affect and decreased the opioid withdrawal symptoms, thereby 
potentially reducing the overall risk for relapse. Future studies are 
warranted with rhemercise to validate these promising findings.
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Those with opioid use disorder (OUD) face several 
challenges while trying to stop using opioids. Craving, 

negative affect (withdrawal), and visceral reactivity are 
major reasons for relapse as depicted in Figure 1.1

Pharmacologic management of opioid withdrawal 
usually consists of using opioid substitutes like methadone, 
buprenorphine, or clonidine and then tapering them down 
gradually along with symptomatic treatment. The key to 
successful management of OUD is not only adherence to 
treatment, but also a sustained motivation to refrain from 
using the substance again, and that is where the need for an 
adjunctive psychosocial therapy arises.

In this article, we propose a novel mindfulness 
intervention, rhemercise, to prevent relapse in OUD. 
Rhemercise is a quantifiable and intentional slow-
breathing technique intended for use in mindfulness-based 
intervention (MBI). Rhema is a Greek term that means 
“spoken word.” This mindfulness technique begins by slowly 
breathing out while smiling a Duchenne smile and speaking 
positive words, followed by slowly breathing in and yawning 
with the mouth closed as one meditates on what was just 
spoken. A Duchenne smile, also referred to as a “genuine” 
smile, is when both the zygomaticus major and orbicularis 
oculus muscles are activated bilaterally. Smiling, both with 
and without orbicularis oculus muscle activation, has been 
found to facilitate stress recovery, but a Duchenne smile has 
been found to be more advantageous.2 Yawning has been 
shown to be associated with a change in mental state, from 
being in a state of drowsiness to increased wakefulness 
and increased brain activity.3 Rhemercise is a mindfulness 
technique to alleviate the symptoms of various types of 
stress.4 The objective of this study was to assess the efficacy 
of rhemercise as an adjunctive therapy in OUD patients 
undergoing detoxification.

METHODS 

Study Design
This was a hospital-based, open-label, prospective, 

and exploratory study conducted between June 2018 and 
June 2019 with male inpatients admitted for OUD at Saket 
Hospital, Patiala, Punjab, India. A total of 197 psychiatric 
inpatients were screened for the study, of which only 147 
fulfilled the eligibility criteria. Six of 147 patients were 
referred to a tertiary center due to various complications, 
eg, seizures (n = 2), delirium (n = 1), high-grade fever (n = 1), 
and aggression (n = 2). Fifteen patients (9 in the treatment as 
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Figure 1. Model of Various Triggers That Cause Relapse in Opioid Use Disorder (OUD)a

aModel proposing a network of interacting circuits, disruptions that contribute to the complex set of stereotypic behaviors underlying 
opioid relapse: reward (nucleus accumbens, VTA,1 and PFC), conditioning/memory (amygdala, medial OFC for attribution of saliency, 
hippocampus, and dorsal striatum for habits), executive control (DLPFC, ACC,1inferior frontal cortex, and lateral OFC), motivation/drive 
(medial OFC for attribution of saliency, ventral ACC, VTA, dorsal striatum, and motor cortex), interoception (insula and ACC), and aversion/
avoidance (habenula). BDNF, SERT, CRF, DA, and GABA connect the circuits. Any disruption of these circuits due to various triggers (such 
as cravings, negative affect, and visceral axis) can result in opioid relapse. The study clearly demonstrated that rhemercise significantly 
improved all the domains of the Subjective Well-Being Inventory and substantially reduced pain among the OUD patients, thereby 
helping them develop a relapse prevention strategy.

Abbreviations: ACC = anterior cingulate cortex, BDNF = brain derivative neurotrophic factors, CRF = corticotropin-releasing factor, 
DA = dopamine, DLPFC = dorsolateral prefrontal cortex, GABA = γ-aminobutyric acid, OFC = orbital frontal cortex, PFC = prefrontal cortex, 
SERT = serotonin transport, VTA = ventral tegmental area.
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usual [pharmacotherapy; TAU] + rhemercise [R] group and 
6 in the TAU only group) did not complete the full 4 weeks 
of treatment. A total of 126 patients completed the study. 
Written informed consent was obtained from all participants. 
Institute ethics committee clearance was obtained before the 
study was initiated. Subjects were not paid for participation 
in the study.

Inclusion and Exclusion Criteria
Patients aged 18–65 years with OUD diagnosed according 

to ICD-10 criteria were included in the study. Patients with 
other psychiatric disorders such as psychosis, delirium, 
intellectual disability, serious medical comorbidities, and any 
other substance use disorders (SUDs) (other than tobacco 
use disorder) were excluded. Participants were divided into 
2 groups by using computer-generated random tables. Group 
A (n = 63) comprised patients receiving TAU + R, and group 
B (n = 63) received TAU only.

Patient Intervention
The following drugs were used in the TAU regimen: 

tramadol (50–400 mg/d), loperamide (2–6 mg/d), 

levocetirizine (10–30 mg/d), clonazepam (0.5–1.5 mg/d), 
ibuprofen (400–2,400 mg/d), clonidine (0.1–0.4 mg/d), 
pantoprazole (20–80 mg/d), and multivitamins dispensed 
as needed. No active intervention was done to induce 
withdrawal. Patients were admitted to the hospital under 
withdrawal, or we waited until the effects of the last intake 
of opioid had worn off and withdrawal symptoms were 
severe enough to start treatment. Baseline assessments 
were conducted before starting treatment at the time of 
admission when the patient was suffering from withdrawal. 
Follow-up assessments were carried out at 2 weeks and 4 
weeks. Rhemercise was initiated 48 hours after admission. 
Rhemercise was carried out daily at the Saket Deaddiction 
Center in group sessions with a maximum of 30 patients 
per session. Each session lasted an hour, usually between 
10 am and 11 am, and patients were taught and supervised 
by a team of 3 trained counselors. Videos and roleplay were 
used to train patients in the technique. A self-rated 2-item 
questionnaire was developed and distributed among patients 
for feedback regarding understanding and ability to perform 
rhemercise independently. Both the items were rated from 1 
to 10. It took 10 days for users to become adequately proficient 
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in the technique. If any patient found it difficult to learn, 
individual sessions were conducted until the patient became 
proficient. Patients were advised to practice rhemercise 1 
hour daily under supervision of a trained counselor, and 
the sessions were intended to be carried out throughout the 
patient’s stay. Sixty-three patients became proficient in the 
technique, completed a minimum of 30 sessions, and were 
included in the final analysis.

Rhemercise Technique
Rhemercise uses a simple hand fan on which a clock face 

is pasted with numerical hours from 1 to 12 and a big black 
dot in the center.

First breath. As one breathes out, one smiles and speaks 
“12 o’clock, 2 o’clock,” and so on with the nose pointing to 
these numbers rotating clockwise, while the eyes are fixed on 
the center black dot. As one breathes in, the nose is pointed 

to the numbers 10 o’clock, 8 o’clock, and so on and rotates 
anticlockwise as one reflects, muses, and meditates the same 
numbers. The facial expression as one breathes in is one of 
“awe and wonder,” similar to one yawning with the mouth 
closed.

Second breath. The nose swings as a pendulum from the 
right shoulder to the left shoulder with the nose pointing 
to 3 o’clock, 4 o’clock, 5 o’clock, and so on until 9 o’clock is 
reached, as one breathes out, smiles, and speaks the numbers 
aloud. As one breathes in, the nose swings from the left 
shoulder to the right shoulder, while one reflects, muses, 
and meditates the same words. The facial expression as one 
breathes in is one of awe and wonder similar to one yawning 
with the mouth closed.

The numbers are replaced by positive valence words 
such as “love now” said repeatedly as one rotates the nose 
clockwise while breathing out. As one breathes in, the same 

Table 1. Baseline Sociodemographic and Clinical Variablesa

Variable
Group A
(TAU+R)b

Group B
(TAU)b Total

P 
Value

t Test/
χ2

Age, y
≤ 30 41 (65.08) 35 (55.56) 76 (60.32) .014* 2.484
> 30 22 (34.92) 28 (44.44) 50 (39.68)

Marital status
Cohabitating 26 (41.27) 30 (47.62) 56 (44.44) .473 0.51
Noncohabitating 37 (58.73) 33 (52.38) 70 (55.56)

Education level
< 10th grade 29 (46.03) 29 (46.03) 58 (46.03) .858 0.03
> 10th or 12th grade 34 (53.97) 34 (53.97) 68 (53.97)

Employment status
Unemployed 21 (33.33) 22 (34.92) 43 (34.13) .482 3.54
Employed 28 (44.44) 24 (38.10) 52 (41.27)
Laborer/farmer 14 (22.22) 17 (26.98) 31 (24.60)

Current living arrangement
Joint family 21 (33.33) 23 (36.51) 44 (34.92) .709 0.14
Nuclear family 42 (66.67) 40 (63.49) 82 (65.08)

Locality
Rural 29 (46.03) 32 (50.79) 61 (48.41) .382 0.765
Urban 34 (53.97) 31 (49.21) 65 (51.59)

Type of opioid 1 month prior to admission
Bhukki (poppy husk) 5 (7.94) 10 (15.87) 15 (11.91) .085 3.519
Smack 19 (30.16) 17 (26.98) 36 (28.57)
Heroin 15 (23.81) 20 (31.75) 35 (27.78)
Tablets/capsules 6 (9.52) 5 (7.94) 11 (8.73)
Buprenorphine 3 (4.76) 3 (4.76) 6 (4.76)
Multiple opioids 15 (23.81) 8 (12.70) 23 (18.25)

Other substances used 1 month prior to 
admission not fulfilling SUD criteria
None 29 (46.03) 19 (30.16) 48 (38.10) .503 2.429
Alcohol 2 (3.17) 8 (12.70) 10 (7.94)
Cannabis 7 (11.11) 5 (7.94) 12 (9.52)
Benzodiazepine 3 (4.76) 3 (4.76) 6 (4.76)
Tobacco 8 (12.70) 8 (12.70) 16 (12.70)
Multiple 14 (22.22) 20 (31.75) 34 (26.98)

Route of administration of opioids
Oral/sublingual 13 (20.60) 22 (34.90) 35 (27.78) .272 1.205
Parenteral 17 (27.00) 15 (23.80) 32 (25.40)
Inhalational/sniffing 20 (31.70) 22 (34.90) 42 (33.33)
Multiple 13 (20.60) 4 (6.30) 17 (13.49)

Family history of opioid use
Yes 9 (14.29) 11 (17.46) 20 (15.87) .588 0.294
No 54 (85.71) 52 (82.54) 106 (84.13)

aData are presented as n (%) unless otherwise specified.
bN = 63.
*P < .05 (significant).
Abbreviations: R = rhemercise, SUD = substance use disorder, TAU = treatment as usual.
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Table 3. Comparison of Brief Pain Inventory Scores Between the 2 Groups at Each Assessment Period

Brief Pain  
Inventory Domain Group

Baseline 2 Weeks 4 Weeks
Mean ± SD P Value t Test Mean ± SD P Value t Test Mean ± SD P Value t Test

Pain severity  
score, mean

A 8.58 ± 0.93 .682 0.411 5.07 ± 1.11 .076 1.788 0.77 ± 0.38 .00028** 3.605
B 8.52 ± 0.86 5.43 ± 1.16 1.11 ± 0.64

Pain interference  
score, mean

A 8.57 ± 0.96 .949 0.064 5.07 ± 0.98 .073 1.811 1.04 ± 0.47 .021* 2.334
B 8.57 ± 0.87 5.43 ± 1.24 1.27 ± 0.63

*P < .05 (significant).
**P < .01 (highly significant).

Table 2. Comparison of COWS Mean Scores Between the 2 Groups at Periodic Time Intervals

COWS Item Group
Baseline 2 Weeks 4 Weeks

Mean ± SD P Value t Test Mean ± SD P Value t Test Mean ± SD P Value t Test
Resting pulse rate A 2.49 ± 0.9 .384 0.874 0.95 ± 0.33 .275 1.097 0.32 ± 0.47 1 0.000

B 2.63 ± 0.94 0.89 ± 0.32 0.32 ± 0.47
Sweating A 2.57 ± 0.86 .589 0.542 0.16 ± 0.37 .493 0.688 0.02 ± 0.13 .052 1.959

B 2.65 ± 0.79 0.21 ± 0.41 0.09 ± 0.3
Restlessness A 2.71 ± 1.07 .628 0.486 0.24 ± 0.43 1 0.000 0 ± 0 NA NA

B 2.62 ± 1.13 0.24 ± 0.43 0 ± 0
Pupil size A 2.43 ± 1.06 .805 0.247 0.71 ± 0.49 .074 1.799 0.24 ± 0.43 .671 0.425

B 2.48 ± 1.11 0.56 ± 0.5 0.21 ± 0.41
Bone/joint aches A 3.3 ± 0.96 .708 0.375 1.1 ± 0.64 .016* 2.433 0.35 ± 0.48 .032* 2.175

B 3.37 ± 0.94 1.37 ± 0.6 0.54 ± 0.5
Runny nose/tearing A 1.97 ± 0.18 .651 0.453 0.59 ± 0.56 .526 0.636 0 ± 0 NA NA

B 1.95 ± 0.21 0.52 ± 0.56 0 ± 0
Gastrointestinal upset A 2.03 ± 0.95 .281 1.083 0.1 ± 0.3 .195 1.302 0 ± 0 NA NA

B 2.22 ± 1.02 0.17 ± 0.38 0 ± 0
Tremor A 2.17 ± 0.68 .901 0.125 0.24 ± 0.43 .519 0.647 0 ± 0 NA NA

B 2.19 ± 0.74 0.19 ± 0.4 0 ± 0
Yawning A 1.56 ± 0.5 .473 0.720 0.06 ± 0.25 .407 0.832 0 ± 0 NA NA

B 1.62 ± 0.49 0.03 ± 0.18 0 ± 0
Anxiety/irritability A 2.38 ± 0.79 .642 0.466 0.87 ± 0.52 .141 1.482 0.38 ± 0.49 .212 1.255

B 2.32 ± 0.74 0.98 ± 0.28 0.49 ± 0.5
Gooseflesh skin A 1.24 ± 1.64 .823 0.224 0 ± 0 NA NA 0 ± 0 NA NA

B 1.17 ± 1.53 0 ± 0 0 ± 0
COWS total score A 24.86 ± 5.65 .714 0.367 5.02 ± 2.54 .742 0.330 1.3 ± 0.89 .056 1.932

B 25.22 ± 5.51 5.16 ± 2.31 1.65 ± 1.12
*P < .05 (significant).
Abbreviations: COWS = Clinical Opiate Withdrawal Scale, NA = not applicable.

words are reflected, mused, and meditated on as one rotates 
the nose counterclockwise. Other positive valence words that 
may be used are “joy now,” “peace now,” “calm now,” “rest 
now,” and “relax now.”

Rhemercise also employs a biofeedback method of feeling 
one’s own pulse in both the wrists. Clasping the hands, the 
left thumb feels the pulse on the right wrist, while the right 
thumb sticks up in front of the eyes, acting as the center 
of an imaginary clock face. The patient then rotates his/
her nose on the virtual clock face around the thumb. One 
breathes in with a facial expression of awe and wonder and 
thinking “calm, cool, quiet, and serene now” with 6 pulse 
counts. One breathes out with the expression of a progressive 
smile and audible self-talk repeating “calm, cool, quiet, and 
serene now” with 6 pulse counts. Thus, one calms down in 
1 breath lasting less than 15 seconds.

Tools for Data Collection
A semistructured proforma was used to gather the 

sociodemographic and clinical history of the patients 
including age, marital status, education level, employment 
status, living arrangement, type of opioid used, other 

substances used, route of administration of opioids, and 
family history of OUD.

Clinical Opiate Withdrawal Scale 
The Clinical Opiate Withdrawal Scale (COWS)5 is 

an 11-item scale with a total score of 48 designed to be 
administered by a clinician. The COWS has satisfactory 
validity, reliability (interrater and test-retest), sensitivity, 
and specificity indices. Scores are categorized as 5–12 
(mild withdrawal syndrome), 13–24 (moderate withdrawal 
syndrome), 25–36 (moderate to severe withdrawal 
syndrome), and > 36 (severe withdrawal syndrome).

Brief Pain Inventory 
The Brief Pain Inventory (BPI)6 is a short, self-

administered questionnaire. The BPI provides a pain severity 
score and pain interference in daily activities score. Test-
retest reliability has been assessed for malignant pain and 
shows good reliability for pain intensity (r = 0.8) and pain 
interference (r = 0.8). Internal consistency of the BPI is high 
for the severity scale (0.81 < α < 0.89) and interference scale 
(0.88 < α < 0.95).
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Subjective Well-Being Inventory 
The Subjective Well-Being Inventory (SUBI)7 measures 

feeling of well-being as experienced by an individual or a 
group of individuals in various day-to-day life concerns. 
It consists of 40 items with a score range of 0–3 under 11 
factors. Minimum and maximum scores are 40 and 120, 
respectively. The higher the score, the better the well-being.

Statistical Analysis
Frequency, mean, mean percentage, and standard 

deviation were calculated. A comparison of variables 
between the groups was performed using the independent 
t test for numeric variables and χ2 test for categorical data. 
The observations were statistically analyzed using Statistical 
Package for Social Sciences software version 25.0 for 
Windows. Paired t test, unpaired t test, and χ2 tests were used 
wherever applicable. P values < .05 and < .01 were considered 
significant and highly significant, respectively.

RESULTS

Most patients in both groups were < 30 years of age, 
single, and belonged to nuclear families; 34 (54%) patients in 
both groups had education above 10th grade. Also, 21 (33%) 
and 22 (35%) patients in groups A and B, respectively, were 
currently unemployed; 34 (54%) patients in group A were 
residing in an urban area, whereas only 31 (49%) in group B 
lived in an urban area. Smack was the most used opioid, with 
inhalation being the most preferred route of administration. 
These findings are summarized in Table 1.

Table 2 shows significant reduction in the severity of 
opioid withdrawal on all items and total mean ± SD COWS 

scores in groups A and B from baseline to 2 weeks and from 
2 to 4 weeks. No statistically significant difference was seen 
between the 2 groups on the items or total scores of the 
COWS at baseline, 2 weeks, or 4 weeks except for the item 
“bone and joint aches,” which showed 19% and 35% lower 
scores in group A compared to group B at 2 weeks and 4 
weeks, respectively. At 2 weeks, the mean ± SD bone and joint 
aches COWS score of group A (1.1 ± 0.64) was significantly 
lower compared to group B (1.37 ± 0.60, P = .016, t = 2.433). 
Also, at 4 weeks, the mean ± SD bone and joint aches score 
of group A (0.35 ± 0.48) was significantly lower compared to 
group B (0.54 ± 0.50, P = .032, t = 2.175).

Table 3 shows that in both groups, significant reductions 
in pain severity and interference in daily activities scores were 
found on the BPI at follow-up at 2 and 4 weeks compared 
to baseline. There was no statistically significant difference 
in pain severity and interference scores between the groups 
at baseline or at 2-week follow-up assessment. However, at 
4 weeks, a 31% and 18% significantly greater reduction in 
pain severity and interference score, respectively, was seen in 
group A compared to group B. The mean ± SD pain severity 
score in group A (0.77 ± 0.38) was lower than that of group 
B (1.11 ± 0.64, P = .00028, t = 3.605), and the mean ± SD pain 
interference score in group A (1.04 ± 0.47) was significantly 
lower than that of group B (1.27 ± 0.63, P = .021, t = 2.334) at 
4 weeks postintervention.

Table 4 shows that there were significant improvements 
in general well-being–positive affect, confidence in coping, 
primary group concern, inadequate mental mastery, 
perceived ill health, and general well-being–negative affect 
as well as in total SUBI score from baseline to 2 weeks and 
4 weeks in both groups. The rest of the domains showed 

Table 4. Comparison of Subjective Well-Being Inventory (SUBI) Scores Between the 2 Groups at Each 
Assessment Period

SUBI Domain Group
Baseline 2 Weeks 4 Weeks

Mean ± SD P Value t Test Mean ± SD P Value t Test Mean ± SD P Value t Test
General well-being–

positive affect
A 3.67 ± 0.84 .744 0.327 4.13 ± 0.91 .023* 2.302 4.33 ± 0.97 .02* 2.348
B 3.62 ± 0.79 3.78 ± 0.79 3.95 ± 0.85

Expectation achievement 
congruence

A 3.73 ± 1.19 .537 0.619 3.75 ± 1.18 .485 0.701 3.78 ± 1.17 .585 0.547
B 3.86 ± 1.11 3.89 ± 1.11 3.89 ± 1.11

Confidence in coping A 3.97 ± 0.98 .928 0.091 5.56 ± 1.33 .105 1.633 6.54 ± 1.51 .007** 2.732
B 3.98 ± 0.98 5.19 ± 1.18 5.87 ± 1.21

Transcendence A 3.71 ± 1.04 .174 1.367 3.71 ± 1.04 .174 1.367 3.71 ± 1.04 .174 1.367
B 3.48 ± 0.91 3.48 ± 0.91 3.48 ± 0.91

Family group support A 4.79 ± 1.15 .058 1.914 4.83 ± 1.14 .056 1.928 4.84 ± 1.12 .52 1.959
B 5.14 ± 0.88 5.17 ± 0.87 5.19 ± 0.86

Social support A 3.73 ± 0.94 .556 0.591 3.73 ± 0.94 .556 0.591 3.73 ± 0.94 .556 0.591
B 3.83 ± 0.87 3.83 ± 0.87 3.83 ± 0.87

Primary group concern A 3.4 ± 1.1 .368 0.903 3.95 ± 1.56 .71 0.372 4.29 ± 1.91 .793 0.262
B 3.56 ± 0.86 4.05 ± 1.3 4.21 ± 1.45

Inadequate mental 
mastery

A 11.38 ± 1.16 .266 1.117 14.02 ± 1.91 .002** 3.116 15.94 ± 2.64 .002** 3.126
B 11.13 ± 1.39 12.94 ± 1.97 14.51 ± 2.49

Perceived ill health A 9.32 ± 1.62 .101 1.652 13.38 ± 1.36 .024* 2.280 16.24 ± 0.87 .49 0.693
B 8.87 ± 1.39 12.83 ± 1.37 16.13 ± 0.92

Deficiency in social 
contacts

A 7.46 ± 1.25 .449 0.760 7.46 ± 1.25 .449 0.760 7.46 ± 1.25 .449 0.760
B 7.62 ± 1.08 7.62 ± 1.08 7.62 ± 1.08

General well-being–
negative affect

A 3.56 ± 0.71 .162 1.408 5.11 ± 1.09 .324 0.989 5.92 ± 1.21 .069 1.837
B 3.75 ± 0.80 4.92 ± 1.07 5.52 ± 1.22

Subjective well-being 
total

A 58.71 ± 6.63 .922 0.098 69.62 ± 8.11 .169 1.385 76.78 ± 9.01 .092 1.697
B 58.83 ± 6.13 67.68 ± 7.58 74.19 ± 8.07

*P < .05 (significant).
**P < .01 (highly significant).
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no significant improvement. At baseline, there was no 
significant difference between the groups in any domain 
or in general well-being. At 2-week follow-up, the mean 
± SD score of general well-being–positive affect was 9% 
significantly higher in group A (4.13 ± 0.91) compared to 
group B (3.78 ± 0.79, P = .023, t = 2.302). The mean ± SD score 
in the domain of inadequate mental mastery in group A was 
14.02 ± 1.91, which was 8% significantly greater compared to 
group B (12.94 ± 1.97, P = .002, t = 3.116). A 4% significantly 
greater score was seen in group A in the domain of perceived 
ill health when the mean ± SD score of 13.38 ± 1.36 in group 
A was compared with the score of 12.83 ± 1.37 in group B 
(P = .024, t = 2.280). At 4-week assessment, the mean ± SD 
score of general well-being–positive affect was significantly 
higher in group A (4.33 ± 0.97), indicating a 10% greater 
score compared to group B (3.95 ± 0.85, P = .02, t = 2.348). 
The mean ± SD score of confidence in coping for group A 
was 6.54 ± 1.51, which was 11% higher compared to group B 
(5.87 ± 1.21, P = .007, t = 2.732). A 10% significantly greater 
score was seen in group A in the domain of inadequate 
mental mastery when the mean ± SD score of 15.94 ± 2.64 
in group A was compared with the score of 14.51 ± 2.49 in 
group B (P = .002, t = 3.126).

DISCUSSION

Substantial alleviation of the severity of opioid withdrawal 
symptoms was seen in both groups (group A: TAU + R and 
group B: TAU), but a statistically significant difference 
between groups was seen only in the bone and joint aches 
item of the COWS at 2- and 4-week follow-up. The score 
of perceived ill health that measured subjective feelings 
of anxiety, giddiness, pain, palpitations, and general well-
being reflected a state at baseline. However, after rhemercise 
therapy, there was a significant reduction in all domains of 
the SUBI (general well-being–positive affect, confidence in 
coping, inadequate mental mastery). Significant reductions 
were seen in pain severity and interference in both groups. 
However, group A (TAU + R) showed a greater statistically 
significant reduction in pain severity and interference 
compared to group B at 4-week follow-up.

Mindfulness has been defined as paying attention in 
a particular way, on purpose, in the present moment, 
and nonjudgmentally.8 The prefrontal cortex (PFC) 
plays an important role in craving (preoccupation). The 
PFC modulates the relationship between brain-derived 
neurotrophic factor (BDNF) and the autonomous nervous 
system (ANS). Emerging evidence suggests that lower 
BDNF levels and poor PFC function modulate the ANS so as 
to maintain physiologic homeostasis in the central nervous 
system.9 Serum levels of BDNF have also been associated 
with craving in OUD.10 A positive correlation also exists 
between serum and cortical BDNF levels.11 Increased BDNF 
mRNA is associated with increased histone acetylation,12 
and global cellular DNA methylation is linked to opioid 
tolerance.13 Studies14 have shown that early life stress can 
also influence the prevalence of substance-induced mood 
disorder. People with active OUD display abnormal basal 
and induced levels of adrenocorticotropic hormone and 
cortisol, which become normalized during methadone 
treatment.15 It has also been shown that mice with an 
overexpression of corticotropin-releasing factor (CRF) are 
more easily sensitized to opioid administration and have 
worse withdrawal symptoms in comparison to wild mice. 
This upregulation is mainly due to the maladaptation of 
CRF receptors 1 and 2,16 implying that a similar disposition 
toward opioids caused by CRF receptor abnormalities could 
occur in humans as well.

MBI alleviates anxiety, possibly through manipulation 
of autonomic variables that reduce sympathetic activity 
and increase vagal tone.17 Top-down control is crucial 
in opposing the urges associated with cravings and is 
dependent on proper functioning of the PFC.1 Psychological 
disturbances, such as depression and anxiety, are very strong 
factors leading to relapse in SUD, and a poorly functioning 
PFC and low BDNF are associated with serotonergic 
and ANS compensation related to the pathologic onset 
of depression and anxiety disorders.9 MBI training may 
alleviate chronic pain by enhancing nonreactivity toward 
distressing thoughts and emotions. MBI promotes a shift 
from affective to sensory processing of pain sensations.7 
Mindfulness-oriented recovery enhancement (MORE) has 

Table 5. Hypothetical Illustration of Epigenetic Changes Underlying the Opioid 
Relapse and Their Reversal With Rhemercisea

Domain
Epigenetic 

Changes in BDNF Rhemercise Intervention Clinical Outcomes
Craving 

(preoccupation)
Histone acetylation Modulate BDNF, SERT, HRV Decrease preoccupation/

craving
Negative affect/

withdrawal
DNA methylation Modulate BDNF, CRF, opioid 

receptors (κ), GABA
Decrease anxiety/

neurovegetative symptoms
Visceral reactivity CRFR 1 and 2 

maladaptation
Modulate HRV Decrease intensity of visceral 

reactivity
aThe epigenetic changes implicated in opioid relapse include histone acetylation and DNA methylation 

of BDNF gene and, subsequently, CRFR 1 and 2 along with maladaptation of the autonomous nervous 
system in a stress system that plays a role in promoting risk for opioid craving, negative affect, and 
visceral reactivity.

Abbreviations: BDNF = brain derivative neurotrophic factor, CRF = corticotropin-releasing factor, 
CRFR = corticotropin-releasing factor receptor, GABA = γ-aminobutyric acid, HRV = heart rate variability, 
SERT = serotonin transport.
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therapeutic effects on ecological momentary assessment 
indices of pain mediated by 2 processes, (1) disengaging from 
negative emotional appraisals of somatic sensations and (2) 
reorientation of attention to interoceptive experience, and 
thus has less affective bias.18

Rhemercise is a form of alternative mindfulness-based 
therapy that includes humming, whistling, singing, or a 
combination of our favorite tunes as we move and dance 
during our activities of daily living.19 MBIs are known to 
enhance cognitive control capacities, are inversely associated 
with substance use and cravings, and are positively 
associated with the ability to disengage attention, facilitate 
pain attenuation, and increase the ability to return to more 
positive mental states, thereby improving overall subjective 
well-being.20,21 Thus, the space between stimulus and 
response might be developed through practices such as MBI.

Rhemercise helps patients shift their attention from pain 
by repetitively focusing on and vocalizing positive thoughts 
and emotions. The relaxing effect of rhemercise could be 
due to the deep, slow abdominal breathing exercise known 
as rhemercise yoha.4 It could modulate the ANS (decreases 
sympathetic tone and increases parasympathetic activity), 
which further decreases the heart rate by increasing 
baroreflex sensitivity and thus improves cardiovascular 
function by causing a widespread vasodilatation. This 
physiologic change can improve blood circulation in tissues, 
increase exercise tolerance, and provide improvement in the 
feeling of personal well-being.22,23

There is only 1 other similar study,24 which was conducted 
in China, that assessed the effectiveness of qigong therapy 
(a mindfulness-based therapy) in detoxification for chronic 
OUD patients over a 10-day intervention period. However, 
it was of short duration, and the effects on individual 
opioid withdrawal symptoms were not evaluated.25 Other 
studies26,27 have assessed the role of MORE in reducing 
chronic body aches as well as opioid cravings among habitual 
opioid abusers.

In a previous study25 conducted to understand the 
mechanisms by which mindfulness attenuates pain, of a 
total of 34 participants, 17 practiced mindfulness and 17 
were placed in a control group. None of the subjects had 
any psychological illness. Transcutaneous electrical stimuli 
of moderate intensity were administered, and brain images 
were acquired using 1.5-T symphony scanner. Visual rating 
scales were used to rate the stimulus intensity, unpleasantness, 
and anticipatory anxiety. Results showed that mindfulness 
reduced pain and anticipatory anxiety by 22% and 29%, 
respectively, which is similar to the findings of our study. The 
neural mechanism was an increase in activation of anterior 
cingulate cortex, ventromedial PFC, and posterior insula but 
a decrease in activation of the lateral PFC.25 Moreover, MBI 
increases activation in the anterior cingulate cortex, anterior 
insula (nociceptive pain regulation), and orbitofrontal 
cortex, while causing deactivation in the thalamic region 
for reducing unpleasant pain.26

The baseline subjective well-being scores on the SUBI in 
the present study were lower compared to those of the general 

Indian population. In a cross-sectional survey conducted 
in 881 Australian injection drug users using the Personal 
Well-Being Index consisting of 7 domains,28 injection drug 
users scored lower in all domains and in overall mean well-
being compared to the general population. In contrast, our 
study showed improvement in 6 of 11 domains as well as 
overall SUBI scores. However, similar to the Australian 
study,28 all domains of personal satisfaction on the SUBI 
showed improvement, whereas domains pertaining to 
social satisfaction did not show statistically significant 
improvement.

Another study29 reported a significantly greater 
improvement in momentary pain and positive affect 
in opioid-treated chronic pain patients participating in 
MORE compared to those in a support group. Additionally, 
positive affect regulation was more likely to occur in patients 
participating in MORE (odds ratio = 2.75) than in support 
group patients.29 Treatment with MBI + TAU has a positive 
affect regulation and develops a capacity to shift/maintain 
affect from moment to moment.30 Our study also showed 
improvement in general well-being–positive affect and 
decreases in opioid withdrawal symptoms by achieving 
feelings of joy, mastery of control, and improved confidence. 
Expectation achievement congruence was also reported. We 
hypothesize that rhemercise could modulate BDNF activity 
in the nucleus accumbens, PFC, and amygdala. Through this 
process, histone acetylation and DNA methylation could be 
regulated by rhemercise (Table 5).

A strength of the present study is that we were able to 
investigate the role of MBI in the detoxification phase of 
opioid withdrawal. Another strength is the large sample 
size (N = 126). A limitation is that the study comprised 
male inpatients only, so the effects of rhemercise cannot 
be extrapolated to women and the general population. 
This study was conducted in OUD patients undergoing 
detoxification. Some confounding factors, which include 
(1) duration of opioid use, (2) past abstinent attempts, and 
(3) family support, were missed during data collection. 
Furthermore, we did not include the data of dropout patients 
in the final analysis.

CONCLUSION 

This is the first study, to our knowledge, to assess the 
efficacy of MBI in reducing opioid withdrawal symptoms 
and pain and in improving subjective well-being in the 
detoxification phase of OUD. Longer follow-up studies are 
required to assess the effect of rhemercise in rehabilitation 
and relapse prevention including among women.
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