
Ujjayi pranayama in systemic lupus women: randomized-controlled effect on 
cortisol, stress, depression, anxiety, and fatigue
doi: https://doi.org/10.5114/pq/170941

Ahmed Mohamed Abdelhalim Elfahl1 , Mariam Hossam El Ebrashy2 , Marwa Shafiek Mustafa Saleh3 ,  
Maha Abd El Monem4 

1 department of internal Medicine and Geriatrics, Faculty of Physical Therapy, Badr University in Cairo, Cairo, Egypt
2 department of Physical Therapy for Woman’s Health, Faculty of Physical Therapy, Badr University in Cairo, Cairo, Egypt
3 Basic Science department, Faculty of Physical Therapy, Cairo University, Giza, Egypt
4 department of Physical Therapy for Surgery, Faculty of Physical Therapy, Cairo University, Giza, Egypt

Abstract
Introduction. The aim of this study was to investigate the effects of ujjayi pranayama on non-lethal problems and cardiores-
piratory functions in women with systemic lupus erythematosus (SLE).
Methods. This randomized controlled trial involved a home-based training of ujjayi pranayama for 6 weeks. Forty SLE women 
were randomly assigned to either the ujjayi-pranayama group (n = 20), who performed 30 min of ujjayi pranayama daily (15 min 
in the morning and evening), or the waitlist control group (n = 20). Various measures, including State-Trait Anxiety inventory 
(STAi), cortisol, Stress Vulnerability Scale (SVS), Beck depression inventory ii (Bdi-ii), Fatigue Severity Scale (FSS), Pittsburgh 
Sleep Quality index (PSQi), pulse rate (Pul-r), respiratory rate (Res-r), systolic blood pressure (SBPr), and diastolic blood pressure 
(dBPr) were assessed.
Results. Significant reductions were observed via paired tests in Pul-r (75.95 ± 3.63 vs 72.95 ± 3.17; p < 0.001), Res-r (16.70 ± 
3.62 vs 14.80 ± 2.94; p < 0.001), SBPr (126.60 ± 4.75 vs 121.30 ± 4.30; p < 0.001), dBPr (82.15 ± 3.57 vs 78.05 ± 3.44; p < 0.001), 
PSQi (7.45 ± 1.27 vs 5.10 ± 1.20; p < 0.001), FSS (4.80 ± 1 vs 3.75 ± 1.11; p < 0.001), Bdi-ii (13.70 ± 2.77 vs 6.80 ± 1.50; p < 0.001), 
STAi (66.70 ± 4.72 vs 47.55 ± 6.15; p < 0.001), cortisol (8.51 ± 1.36 vs 6.34 ± 1.36; p < 0.001), and SVS (12.65 ± 1.78 vs 6.45 ± 1.57; 
p < 0.001) in the ujjayi pranayama group only.
Conclusions. Ujjayi pranayama significantly improved non-lethal problems and cardiorespiratory functions in women with 
lupus.
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Introduction

Although a combination of genetic, hormonal, immuno-
logic, and environmental variables is necessary for the devel-
opment of autoimmune disorders [1], stress plays a role in the 
onset of systemic lupus erythematosus (SLE), one of the 
most prevalent autoimmune diseases in women. SLE is as-
sociated with joint pain, high body temperature, skin rashes, 
and organ damage [2].

The sympathetic nervous system and hypothalamic-pi-
tuitary-adrenal (HPA) axis (stress axis), both engage in intri-
cate/reciprocal communication with immune-system cy-
tokines, hormones, and neurotransmitters. These pathways 
have been demonstrated to interact directly and/or indirectly 
with immune cell activity through chronic stress stimulation or 
repetitive stress exposure, potentially contributing to the de-
velopment of autoimmunity, immunological dysregulation, 
and recurrent flare-ups of autoimmune diseases, including 
SLE [3].

in addition to the traditional diagnostic criteria of SLE, 
which include joint inflammation/pain, skin lesions, photosen-
sitivity, and various organ-specific manifestations (renal, he-
patic, cardiac, etc.), patients with SLE are also more likely to 
experience symptoms such as exhaustion, vulnerability to 
stress and fatigue, generalized body pain, sadness, anxiety, 

and sleep disturbances. Unfortunately, these symptoms typi-
cally do not improve with immunosuppression or corticos-
teroid therapy, even with increased doses [4].

Patients with SLE have become increasingly interested 
in utilizing the profound effects of non-pharmacologic com-
plementary treatments over the past 20 years. Yoga is one 
such treatment that is considered safe and helpful for people 
with SLE [5]. Yoga has been shown to assist SLE patients with 
stress, sadness/depression, sleep patterns/disturbances, mus-
cle strength, and exhaustion or vulnerability to fatigue [6].

in addition to asanas (physical yogic postures) and dhyana 
(meditation techniques), pranayama (regulation/control of vital 
energy) is a key technique used in yogic training [7].

According to yogic teachings, ujjayi pranayama, which 
involves the regulation of the incoming and outgoing flow of 
breath with retention, has a profoundly calming and relaxing 
impact on the psychological level [8]. Ujjayi pranayama is 
a deep breathing technique where the epiglottis is gently con-
tracted, creating a soft hissing sound during inhalation and 
exhalation. The term “ujjayi” is derived from the Sanskrit word 
“ujj,” meaning to conquer or acquire by conquering [9].

Ujjayi pranayama, as commonly understood, involves more 
than just a relaxing breathing procedure. due to the connec-
tion between consciousness and breathing, ujjayi pranay-
ama stabilizes the body’s energy and consciousness. Accord-
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ing to traditional yoga teachings, this stabilization promotes 
the internalization of the five senses and offers mental con-
trol while aiding in their conquest [8].

Studies have reported various positive effects of practic-
ing ujjayi pranayama. it calms the mind, reduces anxiety, im-
proves attention [9], and alleviates mental fatigue [10] by relax-
ing the parasympathetic, respiratory, and cardiovascular 
systems [9, 11]. Additionally, as part of a yogic breathing regi-
men that includes various pranayama techniques, ujjayi pra-
nayama improves respiratory function [12], depression [11], 
fatigue [13], and sleep disturbances [14].

despite the reported benefits of ujjayi pranayama, its ef-
fects on stress, anxiety, depression, fatigue, sleep disturbanc-
es, and cardiorespiratory functions in SLE patients have not 
been studied in the lupus literature. Therefore, this complemen-
tary intervention study aims to investigate these effects.

Subjects and methods

design

This two-arm randomized controlled study was evalu-
ated as a pre-post comparison in lupus women (body mass 
index < 30 kg/m2). The detailed methodology (inclusion cri-
teria and interventions) of this single-blinded trial was reg-
istered on www.clinicaltrials.gov (NCT05748899).

Settings of recruitment

Cairo University hospitals.

inclusion criteria for women

Forty SLE females were randomly allocated to one of two 
clinical trial groups: 20 women in the experimental ujjayi-pra-
nayama group and 20 in the waitlist control group. According 

to the standards of the American College of Rheumatology, 
women with SLE were admitted [15].

Exclusion criteria

The following were the exclusion criteria for SLE women: 
(1) illiteracy; (2) inability to attend online pranayama sessions 
or adhere to authors’ recommendations; (3) administration of 
antipsychotics or antidepressants (to investigate the effect of 
ujjayi pranayama alone without any effect from supporting 
antipsychotics or antidepressants); (4) SLE comorbidities (car-
diovascular, systemic, renal, neurological, or respiratory co-
morbidities); (5) receiving complementary treatments in the 
3 months before starting our intervention (ujjayi pranayama); 
and (6) drug or alcohol abuse.

Randomization

The study’s design and methods were not disclosed to the 
person (physiotherapy assistant) who carried out the randomi-
zation (computer-generated randomization list) (Figure 1). The 
authors ensured that this person did not have a role in the 
other steps of this ujjayi-pranayama trial.

The ujjayi-pranayama group was supervised daily during 
the 6-week application of ujjayi pranayama. Meanwhile, the 
waitlist control lupus group was instructed not to alter their 
regular daily routine or use traditional prescriptions or new 
mobile applications for rest, relaxation, meditation, or sleep 
during the same period.

intervention (ujjayi pranayama)

The study was conducted from december 15, 2022, to 
March 15, 2023. The steps of the ujjayi pranayama procedure 
were as follows:

– in a sitting position with an erect spine and closed eyes, 
lupus women were asked to perform slow, deep breathing by 
maintaining an equal ratio of inspiration and expiration be-
tween both nostrils [16].

Figure 1. Consort flow chart of ujjayi pranayama 
training in lupus women
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– Lupus women were instructed to make a specific ocean-
wave-like sound (a faint hissing snoring sound) in their throat 
with a half-closed glottis during the inspiration phase of ujjayi 
pranayama [16].

– Slight tightening of the woman’s throat during inspira-
tion allowed air to pass through the glottis, creating the ocean 
wave-like sound [16].

– Exhalation was performed through both nostrils with-
out straining the neck area, producing the sound “HHHH-
HAAAA” [17].

– The glottis muscle and epiglottis were slightly under 
tension throughout the ujjayi pranayama procedure [16].

– Every 3–5 breathing cycles (one set of ujjayi pranayama), 
women were given a 1-min rest before starting the next set.

– For 30 min daily (15 min in the morning and 15 min in the 
evening), over 6 weeks, lupus women were instructed to per-
form the ujjayi-pranayama intervention at home. This was 
supervised online by the authors using Zoom video confer-
encing to ensure adherence. The first two days of the inter-
vention were conducted face-to-face to teach the correct 
steps, ensuring error-free performance during subsequent 
online sessions.

outcomes

Primary outcome

Cortisol

For the waitlist control or ujjayi-pranayama groups, ELiSA 
kits were used to assess cortisol levels in the morning of lupus 
women. This morning cortisol level was the primary outcome 
of this lupus study on ujjayi pranayama.

Secondary outcomes

The State-Trait Anxiety inventory (STAi)

STAi is a psychological self-reported inventory used to 
assess or differentiate between two forms of anxiety: general/
long-standing quality of anxiety (i.e., trait anxiety) and tempo-
rary quality of anxiety (i.e., state anxiety). Both forms were eval-
uated with a 40-item inventory (20 separate items for each 
form on a 4-point Likert scale). in this lupus study, because 
“trait anxiety” represents general/long-standing anxiety, the 
authors evaluated the response of “trait anxiety” to ujjayi pra-
nayama with a score ranging from 20–80 [18].

Stress Vulnerability Scale (SVS)

identifying vulnerabilities to stress was the main aim of this 
20-item scale. With a 5-point Likert scale for each item and 
a total score ranging from 20–100, lupus women were asked 
to assess the “vulnerability quotient” across three main areas 
of the scale (habitual, lifestyle, and basic needs). A score over 
50 denotes a serious vulnerability or susceptibility to stress [19].

Beck depression inventory ii (Bdi-ii)

Bdi-ii is not a diagnostic instrument for depression but 
is used to assess the depth of depression in any diagnosed 
illness with a score ranging from 0–63. instead of focusing on 
behavioral and physical features, the main aim of Bdi-ii is to 
evaluate cognitive features of depression with different cate-
gories (no, slight, moderate, or severe depression) [20].

Fatigue Severity Scale (FSS)

Examining the degree/severity of fatigue in various cir-
cumstances from the week preceding our evaluation was 
the aim of this 9-item self-reported questionnaire. Each item 
was evaluated with a score ranging from 1 to 7, where 1 de-
notes disagreement with the question (i.e., no fatigue) and 
7 denotes full agreement (i.e., severe fatigue). At the end of 
assessing FSS, the assessor can obtain a total score rep-
resenting the mean value of the total asked for nine self-re-
ported items [21].

Pittsburgh Sleep Quality index (PSQi)

Assessing sleep quality in many diseases, including SLE, 
was the aim of this 19-item questionnaire, PSQi. Seven dimen-
sions/features of sleep quality were covered during our eval-
uation: subjective sleep quality, latency of women’s sleep, sleep 
duration, habitual sleep efficiency of women, disturbances in 
lupus women’s sleep, consumption of sleeping medication, 
and lupus women’s daytime dysfunction. The possible total 
range of this evaluation in lupus women was 0–21 points [22].

Cardiorespiratory autonomic functions

Cardiorespiratory autonomic functions were considered 
during the evaluation of outcomes in women with SLE before 
and after the 6-week duration of this study. These functions 
included pulse rate (Pul-r), respiratory rate (Res-r), and blood 
pressure (systolic blood pressure, SBPr, and diastolic blood 
pressure, dBPr).

Blinding precautions

The authors took all possible blinding precautions during 
the pre- and post-evaluations of outcomes. The study’s pur-
pose or methods were not disclosed to the assessors who 
carried out the assessments of outcomes. Lupus women were 
instructed not to provide information about the study to the 
assessors during the pre- and post-evaluations of outcomes.

Sample size

Under the supervision of a Phd-holding statistician, 34 
lupus participants were the required sample size for this 6-week 
ujjayi-pranayama trial (settings of the G*power analysis were 
80% power, 1.02 cortisol effect size, and 16 pilot-test lupus 
women). To account for potential participant dropout (20%), 
the authors added six women to the initially determined sam-
ple size of 34 women from the G*power analysis.

details of statistical analysis

The measured demographic parameters (age, body mass 
index, waist circumference, and educational level) and med-
ical data (dose of corticosteroid therapies, duration of lupus 
disease, complement system, and anti-ndNA levels) of women 
were statistically analyzed between lupus groups using un-
paired t-tests before starting the 6-week ujjayi pranayama. 
Using SPSS 18 with p < 0.05, the significance of outcomes 
(Pul-r, Res-r, SBPr, dBPr, PSQi, FSS, Bdi-ii, STAi, cortisol, 
and SVS) was tested within and between groups using paired 
or unpaired t-tests, respectively. The Phd-holding statistician 
chose these tests due to the normal distribution of demo-
graphic parameters, medical data, and tested outcomes, as 
determined by Smirnov’s test.
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Table 1. Basic data of ujjayi-pranayama group and control group

Basic data
Basic data of ujjayi pranayama 

mean ± SD
Basic data of control group 

mean ± SD
p-value

Age, year 42.55 ± 8.29 45.05 ± 8.41 0.349

duration of disease (year) 8.85 ± 1.95 9.35 ± 1.34 0.350

Education levels (year) 10.20 ± 1.54 9.65 ± 1.18 0.212

Women’s body mass index (kg/m2) 24.26 ± 2.97 25.81 ± 3.23 0.122

Women’s waist circumference (cm) 94.75 ±17.83 95.70 ± 17.13 0.864

Lupus women’s anti-ndNA (iU/ml) 31.20 ± 3.30 30.25 ± 3.35 0.372

Cumulated dose of corticosteroid therapies (g) 38.65 ± 4.43 39.90 ± 3.61 0.334

Lupus women’s C3 (mg/dl) 98.95 ± 20.23 96.10 ± 19.64 0.653

Lupus women’s C4 (mg/dl) 21.20 ± 2.66 20.20 ± 2.54 0.231

All p-values of this table were non-significant before applying ujjayi pranayama.

Table 2. outcomes of both SLE groups after ujjayi pranayama

p-value  
(between groups)

Group B (control women group) 
mean ± SD

Group A (ujjayi-pranayama group) 
mean ± SD

Parameters of women

SVS

0.34613.15 ± 1.5312.65 ± 1.78base-line measurement

0.0001*13.30 ± 2.456.45 ± 1.57post-measurement

0.767< 0.001*p-value (within women group)

STAi (trait anxiety)

0.51965.45 ± 7.1866.70 ± 4.72base-line measurement

0.0001*65.75 ± 6.0147.55 ± 6.15post-measurement

0.759< 0.001*p-value (within women group)

Bdi-ii

0.84413.85 ± 1.9813.70 ± 2.77base-line measurement

0.0001*14.15 ± 3.016.80 ± 1.50post-measurement

0.659< 0.001*p-value (within women group)

Cortisol (mg/dl)

0.9038.46 ± 1.238.51 ± 1.36base-line measurement

0.0001*8.64 ± 1.466.34 ± 1.36post-measurement

0.427< 0.001*p-value (within women group)

Fatigue severity scale

0.8784.75 ± 1.064.80 ± 1base-line measurement

0.0006*5.10 ± 1.163.75 ± 1.11post-measurement

0.260< 0.001*p-value (within women group)

Pittsburgh Sleep Quality index

0.4717.15 ± 1.347.45 ± 1.27base-line measurement

0.0001*7.50 ± 1.505.10 ± 1.20post-measurement

0.635< 0.001*p-value (within women group)

SBPr (mm Hg)

0.457127.80 ± 5.35126.60 ± 4.75base-line measurement

0.0001*128.15 ± 5.27121.30 ± 4.30post-measurement

0.504< 0.001*p-value (within women group)

dBPr (mm Hg)

0.48083 ± 3.9782.15 ± 3.57base-line measurement

0.0001*83.20 ± 3.0378.05 ± 3.44post-measurement

0.761< 0.001*p-value (within women group)

Pul-r (beats/min)

0.07778.10 ± 3.8775.95 ± 3.63base-line measurement

0.0001*78.50 ± 4.3572.95 ± 3.17post-measurement

0.494< 0.001*p-value (within women group)

Res-r (beats/min)

0.44617.50 ± 2.9216.70 ± 3.62base-line measurement

0.002*17.65 ± 2.5314.80 ± 2.94post-measurement

0.711< 0.001*p-value (within women group)

SVS – Stress Vulnerability Scale, STAi – State-Trait Anxiety inventory (trait anxiety is the measured variable), Bdi – Beck depression 
inventory ii;   * p-value is significant
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Results

No statistically significant difference was affirmed between 
groups regarding the measured demographic parameters 
(age, body mass index, waist circumference, and educational 
level), medical data (dose of corticosteroid therapies, duration 
of lupus disease, complement system, and anti-ndNA levels) 
(Table 1), and assessed outcomes (Pul-r, Res-r, SBPr, dBPr, 
PSQi, FSS, Bdi-ii, STAi, cortisol, and SVS) (Table 2) before 
starting this 6-week ujjayi-pranayama clinical study.

The Phd-holding statistician found a significant differ-
ence/improvement between pre- and post-values of Pul-r, 
Res-r, SBPr, dBPr, PSQi, FSS, Bdi-ii, STAi, cortisol, and SVS 
within the ujjayi-pranayama group only, whereas the other 
group did not show such improvement. Additionally, in favor 
of the ujjayi-pranayama training, the Phd-holding statistician 
found a highly significant difference/improvement between 
post-values of both groups for Pul-r, Res-r, SBPr, dBPr, PSQi, 
FSS, Bdi-ii, STAi, cortisol, and SVS (Table 2).

Discussion

it has been proposed that SLE-related neuropsychiatric 
(depression and anxiety) and physical (fatigue) complaints 
are consequences of autoimmune system dysregulation/
dysfunction, repeated daily exposures to stress, which has 
been proposed to affect SLE symptoms and disease activ-
ity, and dysregulation/dysfunction of the HPA axis. dysreg-
ulation of the HPA axis may act as a biological setting event 
in SLE because it is an autoimmune condition, making indi-
viduals with SLE more vulnerable to neuropsychiatric and 
physical complaints [23].

The main component of yoga, pranayama, has not been 
specifically evaluated in SLE women [24]. our study was the 
first to report that performing 6 weeks of ujjayi pranayama (as 
a main yogic breathing technique) can improve SLE women’s 
Pul-r, Res-r, SBPr, dBPr, PSQi, FSS, Bdi-ii, STAi, cortisol, 
and SVS. However, the exact mechanism of these improve-
ments after ujjayi pranayama is difficult to explain.

Physical (fatigue) and neuropsychiatric (disrupted psycho-
social functioning) complaints are frequent untreated de-
mands [25, 26] that are shared by many chronic illness patients 
[27, 28], including SLE women. Yoga has demonstrated ef-
ficacy in reducing physical and neuropsychiatric symptoms of 
several chronic illnesses [23]. A systematic review conducted 
in 2006 on 82 clinical trials aimed to assess the efficacy of 
different meditation techniques in the treatment of medical 
conditions supported this point of view because it concluded 
that yogic meditation may be an effective complementary pro-
cedure in treating nonpsychotic mood disorders and anxiety 
disorders [29].

The reported significant reduction of state-trait anxiety 
among participants performing ujjayi pranayama [9] may be 
attributed to increased cardiac output, decreased Pul-r, re-
duced stress [30, 31], induced relaxation of the mind, and regu-
lated connectivity and activities/functions of brain areas (e.g., 
amygdala, anterior cingulate and insula, and prefrontal and 
ventrolateral cortex involved in negative affect and/or emotional 
processes), which are consequences of inhibiting the sym-
pathetic system and activating the parasympathetic system.

The adherence of patients with rheumatic diseases, includ-
ing SLE, to breathing exercises connected with progressive 
muscle relaxation training may be the cause of the improved 
health-related quality of life, reduced articular pain and ten-
derness, and improved muscle functions and strength of the 
lower extremities; hence, the highly reported fatigue in those 
patients improves [32].

Supporting the results of this SLE study, a new systematic 
review conducted by de orleans Casagrande et al. [33] re-
ported that yoga is an effective alternative tool in improving 
depression, anxiety, and sleep problems in rheumatic disease 
patients. Also, the 9-month follow-up to the stress-reduction 
program (biofeedback-assisted cognitive behavioral training) 
in SLE patients showed that this program was significantly 
effective in improving fatigue, depressive symptoms, self-
efficacy, and perceived stress of those sufferers [34].

Supporting our results, stress management (relaxation 
training and breathing exercises) as part of the 8-Week Fa-
tigue and Activity Management Education Program signifi-
cantly improved fatigue and activities of daily living in lupus 
patients [35]. in agreement with our results, mental quality of 
life and psychological symptoms (depression and anxiety) sig-
nificantly improved in response to an eight-session mindful-
ness training in lupus patients [36]. Again, illness perception, 
depression, and SLE-related pain improved following a mind-
fulness-based stress reduction protocol in lupus patients [4]. 
Also, a self-management program aimed at better health 
(exercise and coping strategies for pain, fatigue, and frustra-
tion) in lupus patients improved their pain, depression, and 
fatigue, but cortisol did not improve [37]. in allogeneic hemat-
opoietic stem cell transplantation patients, 6 weeks of relaxa-
tion breathing exercises significantly reduced the patients’ 
perceived fatigue [38]. Cancer-related fatigue is significantly 
improved after pranayama training for 6 weeks in breast can-
cer women [39]. Cortisol and reported stress, anxiety, depres-
sion, and sleep difficulties were improved after 8 weeks of 
relaxation breathing training in women who complained of 
functional dyspepsia [40]. Cortisol and reported stress, anxi-
ety, and depression were improved after one session of re-
laxation breathing training in men [41].

Ujjayi pranayama – practiced along with other pranay-
ama forms – is very helpful for improving sleep disturbance, 
anxiety, and mental quality of life among patients undergoing 
chemotherapy [14]. Niranjan and Balaram [9] supported our 
results, especially after their reported significant immediate 
effect of ujjayi pranayama on reducing stress and anxiety (as-
sessed by STAi) among university students. Similarly, a sig-
nificant improvement was recorded during the pre-to-post 
comparison of the comprehensive anxiety test (SCAT) after 
a 45-day training of ujjayi pranayama (performed 15 min in 
the evening) in healthy individuals [42]. Another study also 
reported that slow breathing practice improves comfort and 
pleasantness, alertness and confusion, arousal and vigor, 
anxiety and depression, and anger [43]. Similarly, the practice 
of diaphragmatic breathing exercises was also found to im-
prove healthy adults’ sustained attention, negative affect, and 
cortisol levels [44]. Following 1 week of detoxification manage-
ment in alcohol-dependent individuals, 2 weeks of ujjayi pra-
nayama in combination with other pranayama forms showed 
a significant reduction in individuals’ Bdi and cortisol [45].

Supporting our results, the practice of ujjayi pranayama 
without combining other pranayama forms can reduce weight-
lifters’ mental fatigue [10]. Also, ujjayi pranayama – practiced 
along with other pranayama forms – reduces depression in 
alcohol-dependent individuals [11] and physical fatigue in 
women in their third trimester of pregnancy [13].

Regarding improved lupus-related cardiovascular and res-
piratory autonomic functions, the suggested mechanism of 
improvement is related to the ability of regular ujjayi training 
to inhibit sympathetic activity, decrease resting Pul-r, increase 
heart muscle strength, increase efficacious transportation of 
oxygenated blood throughout the body, and decrease res-
piratory demand [46].
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in accordance with our lupus women’s results, healthy 
individuals’ Pul-r, Res-r, SBPr, and dBPr showed significant 
improvements after 6 months of ujjayi-pranayama training 
[11]. Also, ujjayi pranayama, along with yogic postures, de-
creased SBPr, dBPr, pulse pressure, mean arterial pressure, 
and rate pressure product [47]. Ujjayi pranayama – as part of 
a different-type pranayama program – in university-level kho-
kho players showed a significant decrease in SBPr, dBPr, 
Res-r, and Pul-r [48].

Contrary to our results, the effect of 6 weeks of ujjayi pra-
nayama on strengthening immunity did not support our view-
point due to the resultant non-significant difference between 
pre- and post-levels of white blood cells [49]. Also, dBPr and 
Pul-r did not significantly differ after involving healthy individu-
als in a 6-week ujjayi pranayama program [50]. despite the 
insignificant decrease in blood pressure and Res-r, the sig-
nificant decrease in Pul-r of participants (physical education 
females) who received an 8-week ujjayi pranayama support-
ed our results [31]. Also, Pul-r and Res-r showed significant 
improvement after ujjayi-pranayama training for 6 weeks 
(45 min of training daily), whereas SBPr and dBPr, despite 
the improvements, did not show the same significance [46]. 
Unlike our reported significant difference in between-group 
post-values of fatigue, Bal et al. [51] found a non-significant 
difference in post-values of muscle strength and endurance 
between girls who underwent long-term ujjayi pranayama 
and those who did not.

Limitations

The main limitation of this pranayama study was that it did 
not analyze the remission period/effect of the results (i.e., long-
term follow-up to ujjayi pranayama results including Pul-r, Res-
r, SBPr, dBPr, PSQi, FSS, Bdi-ii, STAi, cortisol, and SVS. The 
four authors recommend addressing this gap in future ujjayi 
pranayama studies in lupus women. Analyzing the response 
of the assessed outcomes to ujjayi pranayama versus stand-
ard respiratory/breathing exercises is recommended.

Conclusions

Lupus women’s Pul-r, Res-r, SBPr, dBPr, PSQi, FSS, 
Bdi-ii, STAi, cortisol, and SVS significantly improved after ad-
herence to 6-week ujjayi-pranayama training.
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