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Background: Previous studies have demonstrated the positive impact of yoga and deep breathing exercises on overall physical wellness. The effects of deep breathing
alone on metabolic rate, weight, and cholesterol management have not been studied well.

Objective: This study assessed changes in C-Reactive Protein (CRP) following a 60-day intervention of a 12-minute deep breathing program.

Methods: Sixty-six participants with a BMI >27 kg/m2 and 18 years - 70 years were enrolled in this study. Participants were assigned to either the control or intervention
group in a single-blind manner. The intervention group followed the novel deep breathing program, while the control group did not modify their lifestyle or exercise.
Anthropometric measurements and metabolic markers were evaluated and compared between the two groups after 60 days.

Results: After 60 days, the control group exhibited a mean increase change in CRP of 3.9%. The intervention group showed a mean reduction of CRP by 25%.

Conclusion: A guided daily 12-minute-deep breathing program can lead to reductions in inflammation marker CRP even without additional lifestyle modifications or
medication modifications. Further investigations are warranted to explore the effects of novel deep breathing programs on metabolic markers and elucidate the underlying

mechanisms of CRP reduction.

Introduction

C-Reactive Protein (CRP) is a protein biomarker that
elevates with acute and chronic inflammation. Normal levels
of CRP in healthy adults average 3 mg/L with levels of 8
mg/L to 10 mg/L considered high, and levels greater than 10
mg/L present an alarming pathological situation. Traditional
inflammatory management approaches typically involve
medications, modifications in dietary habits, physical activity,
and behavior [1]. However, exploring additional adjunctive
interventions, such as deep breathing exercises, to enhance
the reduction of inflammatory markers has gained scientific
interest. Deep breathing exercises are structured practices

aimed at promoting relaxation, reducing stress, and improving
overall well-being [2]. Deep breathing exercises are techniques
that involve taking slow, deep breaths. Some studies suggest
that practicing deep breathing exercises may promote weight
loss, relaxation, and feelings of well-being. Additionally,
some studies suggest that deep breathing exercises may help
increase oxygen flow and improve metabolism, which could
potentially aid in immune system efficiency. These programs
emphasize the power of conscious breathing and teach
individuals how to utilize their breath as a tool to manage their
physical and mental states effectively. Deep breathing has been
used for centuries in various cultures and is a fundamental
component of practices like yoga, meditation, and mindfulness
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[3]. Mindful meditation and deep breathing exercises have
been shown to improve the quality of life of individuals [4].
Deep breathing exercises encompass various techniques that
emphasize diaphragmatic breathing, leading to increased
oxygen intake and relaxation responses [5]. They have gained
significant attention as a complementary approach to promote
overall well-being and improve various aspects of health. The
fundamental principle behind deep breathing programs is to
engage in slow, deliberate, and controlled breaths, focusing
on the inhalation and exhalation processes. By breathing
deeply, individuals increase the intake of oxygen, which can
have a range of positive effects on the body and mind [6]. Deep
breathing stimulates the parasympathetic nervous system,
responsible for the body’s rest-and-digest response, leading
to a cascade of physiological changes that promote relaxation
and stress reduction [7].

Common deep breathing techniques that are often
incorporated into deep breathing programs include
diaphragmatic breathing, box breathing, and 4-7-8 breathing
among many other techniques [8-12]. Deep breathing
programs can be practiced in various settings and formats,
including individual sessions, group classes, online courses, or
guided meditation apps [13]. These programs typically provide
instructions on how to perform the techniques correctly and
offer guidance on incorporating deep breathing into daily
routines. They may also incorporate other elements such
as visualization, body scan exercises, or progressive muscle
relaxation to enhance the overall relaxation experience.

Deep breathing exercises, along with lifestyle modifications,
have been shown to reduce inflammatory markers, increase
basal metabolic rate, and promote weight loss. A novel breathing
program has been suggested to produce similar results without
modifications to lifestyle or diet. C-Reactive Protein (CRP) is
used as a standard marker to measure bodily inflammatory
response. Elevated CRP has been linked to chronic diseases
such as cardiovascular disease, diabetes, cancer, and obesity.
The conservative treatment for arthritis, diabetes, and obesity
is weight-bearing activities and exercises such as walking,
weightlifting, running, and swimming, etc. People who are
mobility impaired are unable to participate in these activities.
The objective of this study was to measure changes in CRP in
subjects participating in a total of 12 minutes of daily deep
breathing activities without incorporating exercises involving
walking, running, swimming, or other aerobic activities.

Methods/study design
Study design

A single-blind randomized controlled trial where
participants were assigned to either the control or intervention

group.
Participants

A total of 66 volunteers, 30 in an intervention group and 36
in a control group, were recruited for the study. Participants
who had a BMI greater than 27 and fell within the age range

of 18 years - 70 years were selected for the study. Exclusion
criteria included age below 18, BMI<27, participation in a
weight loss program over the past three months, weight
fluctuations over the past 3 months, participation in a weight
loss program within the last three months, and subjects with
pacemakers or taking Beta blocking medication.

Randomization

The participants were randomly assigned to either the
control group or the intervention group. A block randomization
process was employed to maintain balance and mitigate any
differences between the groups in terms of gender, age, and
BMI. This process involved dividing the participants into
blocks based on these variables. Within each block, an equal
number of participants were allocated to the intervention and
control groups. The allocation sequence was generated using a
computer-generated random number sequence.

Intervention

The control group did not change any lifestyle activities,
especially diet, activity, or medications. The intervention group
participated daily in 12 minutes of guided deep breathing
exercises that were administered through an application
that participants were required to log in to three times daily.
Participants were not allowed to modify their diet or exercise
behaviors during the trial period. Blood specimens for both
groups were collected on days 0, 10, 30, and day 60 to evaluate
CRP levels. Randomization: The participants were randomly
assigned to either the intervention group or the control group.
A block randomization process was employed to maintain
balance and mitigate any differences between the groups in
terms of gender, age, and BMI. This process involved dividing
the participants into blocks based on these variables. Within
each block, an equal number of participants were allocated to
the intervention and control groups. The allocation sequence
was generated using a computer-generated random number
sequence. Blinding: A blinding protocol was implemented to
ensure that the technicians performing measurements on
the subjects remained unaware of which subjects belonged
to the active group and which belonged to the control group.
This blinding aimed to minimize potential biases during the
measurement process. To maintain technician blinding, specific
procedures were followed. Separate stations were established
for subject check-in, which were physically separated from
the measurement stations. This separation helped prevent
the technicians from identifying the group allocation of the
subjects while performing measurements. Intervention:
The intervention group was instructed to participate in a
12-minute deep breathing program for the duration of 60 days.
The deep breathing exercises were administered through a
website, requiring participants to log in three times daily. The
participants were provided with guided breathing exercises to
follow during each session. The three sessions were divided
into morning (10 minutes), afternoon (1 minute), and evening
(1 minute). Specific times were dictated by everyone’s daily
routines and meals (breakfast, lunch, and dinner) and therefore
did not greatly interfere with daily routines.
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At the start of the program, the active group (intervention)
participants were provided login access to the website, which
contained the deep breathing videos. Each participant had an
individual account on the website used to intake initial survey
questions and subject data integral to the intervention program.
The website also logged the completed videos for each subject.
The website was also used by the participants to log their
water intake and provide input to additional survey questions
prompted by the website while viewing the daily videos. They
were instructed not to change other aspects of their lifestyle,
including nutrition, eating habits, exercise, or other physical
activities, to avoid confounding the benefits of the deep
breathing program. The control group did not participate in the
deep breathing program and maintained their usual lifestyle
without any modifications to their diet or exercise behaviors
during the trial period. Blood samples were collected on day
0 (baseline), day 10, and day 30 and analyses were conducted
to evaluate metabolite concentrations including human growth
hormone (HGH), total cholesterol, HDL, LDL, creatine, glucose,
C-Reactive Protein (CRP), White Blood Cell (WBC) count,
Hemoglobin (HGB), glycosylated hemoglobin A1C (HbAi1C),
blood CO, and mean corpuscular hemoglobin (MCHC).

Statistical analysis

All statistical analysis was carried out using R version 4.1.1,
with linear mixed modeling completed using the package Ime4
(v1.1-31, [14]), and post-hoc testing using package emmeans
(v1.8.5, [15]). Participants were categorized according to group
(intervention vs. control) and time point (baseline, ten days,
and thirty days following the intervention). Time was modeled
as a continuous variable (number of days), with three-time
points per participant. Covariates included participant age,
sex, and baseline BMI. Models included a random effect
of participants to correct for repeated measures and allow
intercept variability. The Variance Inflation Factor (VIF) was
calculated to ensure multicollinearity was negligible. For each
model, residuals were tested using the Kolmogorov-Smirnov
test for normality, as well as visually using QQ_plots. In each
outcome measure, outliers were removed at three standard
deviations beyond the mean on a per-trial basis. One model
was created per outcome measure, with FDR-adjusted p-values
reported to correct for multiple comparisons. Post-hoc testing
was completed using Tukey’s HSD to test the significance of
changes over time for each group in outcomes with a significant
group-by-time interaction. A p-value less than 0.05 was
considered significant.

Results

CRP levels significantly decreased, indicating a positive
response to the intervention.

The baseline CRP for the control and intervention groups
were 9.1 mg/L and 10.68 mg/L respectively. At 60 days, the
control group reported a net increase in CRP values of 0.36
mg/L, and the intervention group reported a net decrease in
CRP values of 2.67 mg/L.

Table 1 represents each group by time interactions in
outcome measures as significant, with post-hoc testing to
demonstrate the significance of changes over time in each
outcome for each group. Figure 1 graphically demonstrates the
continued decline in CRP over the entire intervention period
whereas, the control had no statistically significant change
over the same period.

Although not the focus of this paper, other measures of
metabolic activity were also significant such as the increase
in Human Growth Hormone, decrease in HgAic, decrease in
cholesterol, fasting glucose, and creatinine.

Discussion

This study suggests that 12 minutes of daily deep breathing
can promote a decrease in CRP Inflammatory markers in
clinically overweight/sedentary patients without regard to
lifestyle modifications. Recent studies have shown that deep
breathing positively affects inflammation and oxidative stress
in obesity [16-19]. Since deep breathing activities can be
done by mobility-impaired/sedentary individuals and do not
require weight-bearing, balancing, or strenuous activities, the
incorporation of a deep breathing program for the mobility-
impaired may decrease chronic inflammatory disease effects.
Elevated CRP levels have been indicated in decreased mobility
and may be used as a predictor of mobility decline [20-22].
Since many deep breathing programs are available free
for download off the internet, this intervention may prove
as an economical and non-medicinal intervention for the
treatment of inflammatory disease that is readily available and
appropriate for the mobility impaired. Further studies should
evaluate deep breathing programs on the infirmed, paralytic,
sedentary, and bedridden population. Since both groups did

Table 1: Represents each group by time interactions in outcome measures as
significant.

T o e

Change per Change per

Interaction month Significance month Significance
CRP F(1,108) = 6.39, 1(108) = -3.56, 1(108) =-0.02, p
-1.01 (0.01 -0.01 (0.01
mg/L p =0.026 ( ) p=0.001* ( ) =0.984

Significant post-hoc tests are indicated (*represents significant p < 0.05). Outcomes
with no significant interaction are not shown. Model-estimated change per month
(mean and standard error) is shown for each group in each measure.
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Figure 1: Interactions between group and time were significant, indicating changes

over time for each group.
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not change any lifestyle activities such as diet, schedules, and
exercise; the decrease in CRP for the intervention group can
only be attributed to the deep breathing activities. Elevated
CRP is indicative of many different underlying pathologies
[23-39]. It is therefore imperative that the underlying cause
of the elevated CRP be determined so as not to miss early
cancer, chronic bowel, acute infections, etc. This study did not
investigate the underlying mechanisms through which deep
breathing exercises affect CRP metabolism. Limitations of this
study include not stratifying age groups (young, middle-aged,
geriatric). Although efforts were made to blind the researchers,
it was not possible to blind the participants themselves. This
may have influenced their reporting of outcomes. Future
studies could include assessments of more specific biomarkers,
hormone levels, and physiological responses to provide a
deeper understanding of the mechanisms involved. Further
studies could also include pediatric, adolescent, and geriatric
subgroups to elucidate groups that have greater response or
need for incorporation of this type of intervention. Longitudinal
studies that look at the sustainability of the observed effects
and determine whether the benefits of the deep breathing
program persist over time, continued response to an endpoint,
duration of response, and the optimal amount of time per day
of deep breathing to elicit the beneficial effects should also be
conducted.

Conclusion

The results indicate that the deep breathing program had
positive outcomes, demonstrating its potential to decrease
markers of CRP in individuals. The intervention group, who
participated in the deep breathing program, experienced a
significant reduction in CRP over a 60-day period, while the
control group showed no significant change in CRP. This
study suggests that guided deep breathing exercises have the
potential to contribute to reduced inflammatory processes in
individuals, even in the absence of other lifestyle modifications.
Future studies should address the limitations of this research
by implementing a double-blind design, conducting longer-
term investigations, examining a broader range of sedentary
categories, and exploring the underlying mechanisms. By doing
so, the effects of deep breathing exercises on inflammatory
and immune responses can be better understood, paving the
way for more targeted and effective interventions in rheumatic
disease in the future.

This study was approved by the Touro University of Nevada
Institutional Research Board. IRB Protocol #: TUNIRB000185.

All subjects signed an informed consent and were monitored
for lifestyle and life event changes and compliance with the
intervention for the intervention group.
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