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Abstract:

Objective: Ozone is an inorganic gas utilized for medical purposes. Ozone therapy has gained increasing
popularity in recent years and is employed in the treatment of chronic diseases associated with inflammation.
The red cell distribution width/albumin ratio (RAR) has recently emerged as an inflammatory marker. The aim
of this study was to evaluate the efficacy of ozone therapy in patients with spinal pain and to investigate the
effect of ozone therapy on inflammation through changes in the RAR value.

Methods: This prospective pilot study was conducted in a pre- and post-treatment design on patients with
spinal pain. In addition to demographic data, visual analog scale (VAS) scores and RAR values were recorded
before and after ozone therapy. All patients underwent major ozone autohemotherapy. Data were analyzed
using the SPSS software.

Results: During the study period, 93 patients presented to the ozone therapy unit. After applying the exclusion
criteria, 66 patients were included in the analysis. The mean pre-treatment VAS score was 6.74+1.53, while
the mean post-treatment VAS score was 4.08+1.54 (P<0.05). The mean pre-treatment RAR value was
3.37+0.64, which decreased to 3.14+0.50 following ozone therapy (P<0.05).

Conclusion: Our findings demonstrate that major ozone autohemotherapy is effective in alleviating spinal
pain. Furthermore, the reduction in RAR values before and after treatment indicates that major ozone
autohemotherapy exerts an anti-inflammatory effect.
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is an allotrope of oxygen, with lower stability

compared to diatomic dioxygen (O2) [1].
Ozone has been used for medical purposes for more
than a century [2]. Medically, ozone is employed as a
therapeutic agent in pathologies such as chronic
hypoxia, inflammation, and redox imbalance [3].
Ozone therapy is an innovative method that has
attracted increasing interest in medical science. With

Ozone (03), or trioxygen, is an inorganic gas that

its versatile therapeutic potential, ozone therapy has
been utilized across various medical fields. The
fundamental principle of ozone therapy is to enhance
tissue oxygenation, thereby improving oxygen
delivery to hypoxic tissues, which creates optimal
conditions for metabolic and reparative processes [4].

Ozone therapy has been shown to be effective in
a range of diseases associated with chronic oxidative
stress and inflammation, including chronic pain
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syndromes. Administration of ozone initiates a
controlled and safe process of “micro-oxidation,”
which modulates multiple cellular antioxidant and
inflammatory systems [3]. In addition to improving
tissue hyperoxygenation, ozone therapy has notable
anti-inflammatory and analgesic properties, making it
an effective treatment option for painful syndromes
affecting muscles, tendons, and joints [5]. The
mechanisms underlying the analgesic effects of ozone
therapy in musculoskeletal disorders have been
previously described. Among them, the most
prominent is its ability to reduce inflammation via
modulation of arachidonic acid metabolism. Ozone
decreases the breakdown of arachidonic acid into pro-
inflammatory prostaglandins, thereby reducing
inflammatory mediators and alleviating pain. Other
proposed mechanisms include: (i) enhancement of
hyperoxygenation, improving oxygen delivery in
conditions such as vasospasm and disc herniation
where blood flow is compromised; (ii) reduction of
water retention in the nucleus pulposus by degrading
glycosaminoglycan chains, thereby decreasing disc
volume and contributing to pain relief; and (iii)
stimulation of fibroblastic activity, promoting collagen
deposition and tissue repair, which further supports
pain reduction [6-9].

The red cell distribution width (RDW) /albumin
ratio (RAR), defined as the ratio of RDW to serum
albumin, is a novel inflammatory marker. An elevated
RAR, reflecting increased RDW and decreased
albumin levels, may predict severe inflammation [10].
RAR has been reported to be elevated in numerous
inflammation-associated diseases and serves as a
prognostic indicator in conditions such as sepsis,
cancer, diabetic ketoacidosis, and acute respiratory
distress syndrome [11].

The aim of our study was to investigate the efficacy
of ozone therapy in reducing spinal pain. In addition,
we sought to evaluate the therapeutic effect of ozone
therapy using simple, inexpensive, and readily
accessible biochemical and hematological parameters.
Our objective was not only to demonstrate the clinical
effectiveness of ozone therapy, but also to support it
with laboratory-based evidence. While various markers
have previously been studied to assess the efficacy of
ozone therapy, in our study we aimed to evaluate its
effect using RAR, a simple, cost-effective, easily
obtainable, objective, and sensitive indicator.

METHODS
Study Design and Participants

This prospective, pre—post pilot study included
patients presenting with spinal pain who applied to the
ozone therapy unit of Balikesir Atatiirk City Hospital.
Patients admitted for ozone therapy between October
1, 2024, and July 31, 2025, were enrolled.

Participation in the study was voluntary, and
written informed consent was obtained from all
patients. For each participant, a dedicated study form
was completed by the same physician, who both
created the forms and conducted face-to-face
interviews with the patients. The study form included
demographic data (age, sex, marital status, residence
[classified as urban or rural], educational level [high
school or below, undergraduate and above],
employment status, smoking status, body mass index),
pain scores (measured using the Visual Analog Scale
[VAS] immediately before initiation of ozone therapy
and on the third day after completion of treatment)
[12], The VAS scale used was a 10-point horizontal
line ranging from 0 (no pain) to 10 (the most severe
pain imaginable), the number and dosage of ozone
therapy sessions (mg), side effects, and laboratory data
obtained on the day ozone therapy was initiated and
three days after its completion (RDW-CV [%],
albumin [g/dL], and the RDW/albumin ratio [RAR]).

All patients were instructed on the use of the VAS
to grade their pain from 0 (no pain) to 10 (worst
imaginable pain) [13]. Data were obtained by
recording all variables in patient-specific study forms.
Patients were advised to avoid intense physical
activity three days before laboratory testing. During
the study period, patients did not receive
physiotherapy, and no new medications were
prescribed, although continuation of their existing
treatments was allowed.

The minimum sample size was calculated using
G*Power 3.1. To detect a mean difference in VAS
scores in a paired design, with a 95% confidence
interval, 90% power, and Cohen’s d = 0.5, at least 49
patients were required. In our clinic, only major ozone
autohemotherapy (MAH) 1is performed; other
techniques (e.g., bagging, trigger point injection,
intradiscal injection) are not applied.

Inclusion criteria [14]:
*Discogenic pain [15]
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*Patients with spinal stenosis not considered
candidates for surgery

*Patients with radicular compression

*Pain lasting more than 6 weeks

*VAS score > 4

Exclusion criteria:

Patients refusing participation

*Patients unable to tolerate or complete the
procedure

Patients discontinuing ozone therapy or failing to
complete the treatment protocol

*Incomplete or incorrect data records

*Pregnancy or breastfeeding

*Known coagulation disorders or current use of
oral anticoagulants

*Glucose-6-phosphate dehydrogenase deficiency

*Local skin infection at the injection site

*Active systemic infection

*History of steroid therapy within the past 3 months

*Cancer

*Recent surgery

*Physiotherapy within the past 3 months prior to
ozone therapy

*Chronic inflammatory diseases (e.g., rheumatoid
arthritis, SLE, Sjogren’s syndrome)

*[ron deficiency anemia

*Chronic liver disease

*Renal failure

*Bone marrow disorders

Procedure

Data were obtained from the completed patient
study forms. Ozone therapy was performed by a
family physician specialist certified by the Turkish
Ministry of Health for ozone therapy application. All
procedures were conducted by the same physician
using an identical protocol. Patients were fully
informed about the ozone therapy procedure before
initiation. VAS scores were recorded before the first
session and three days after the final session.

Ozone therapy was performed according to protocols
previously described in the literature [16—19]. All
patients underwent MAH, with ozone generated using
a SALUTEM (Turkey) medical device. Disposable
ozone-resistant medical materials were used, including
a glass ozone bottle, 19/21 G stainless steel transfusion

needles, ozone-resistant blood transfusion sets, ozone-
resistant tubing, butterfly needles, bacterial filters, and
50 mL siliconized syringes (Medipac Medical®,
Germany; Bexen Medical®, Spain).

Each patient received 10 MAH sessions, three
times per week, in accordance with the Italian
Scientific Society of Oxygen—Ozone Therapy
(SIOOT) protocols. The procedure began with both
the ozone and blood transfer sets closed. After venous
access was established, 100 mL of blood was
withdrawn into the glass bottle. Ozone was then
introduced at a concentration of 30 pg/mL using 50
mL syringes, repeated twice to ensure equal volumes
of blood and the oxygen—ozone mixture. The oxygen
(95-100%) and ozone (1-5%) mixture was delivered
at a flow rate of 0.43 L/min, with final gas pressure
maintained at atmospheric levels.

The collected blood was mixed with ozone for 5
minutes to achieve homogeneous distribution and
maximize therapeutic efficacy. Sodium citrate (3.13%)
was used as an anticoagulant, in line with the
recommendations of the World Federation of Ozone
Therapy. The ozonated blood was reinfused into the
patient’s circulation within 10—15 minutes.

Ethical approval was obtained from the local
ethics committee, and the study was conducted in
accordance with the Declaration of Helsinki (Balikesir
Atatiirk City Hospital Ethics Committee, Date:
19.09.2024, Decision No: 2024/09/49).

Statistical Analysis

Data were analyzed using SPSS version 23.0.
Results were expressed as mean, standard deviation,
median, minimum, maximum, percentage, and
frequency. The Shapiro—Wilk and Kolmogorov—
Smirnov tests were used to evaluate the normality of
continuous variables. Normally distributed continuous
variables were compared between independent groups
using the independent-samples t-test, while non-
normally distributed variables were compared using
the Mann—Whitney U test. Categorical variables were
analyzed using the chi-square or Fisher’s exact tests.
For within-group comparisons, the paired-samples t-
test was applied for normally distributed variables, and
the Wilcoxon signed-rank test was used for non-
normally distributed variables. A P-value of <0.05 was
considered statistically significant.
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RESULTS

During the study period, 93 patients who met the
inclusion criteria applied to the ozone therapy unit of
our hospital. When the exclusion criteria were applied,
27 patients were excluded from the study. Ultimately,
the study was completed with 66 patients. The flow
chart is presented in Figure 1.

The age of the included patients ranged from 26
to 64 years, with a mean age of 43.05+8.84 years. Of
the participants, 42 (63.6%) were female. A total of 49
(74.2%) patients were married, and 61 (92.4%)
patients resided in urban or district centers. Twenty-
five (37.9%) patients had an education level of high
school or below. Fifty-one (77.3%) patients were
employed, and 37 (56.1%) patients were smokers.

Patient height ranged from 155 to 181 cm, with a
mean of 168.32+6.96 cm, while body weight ranged
from 53 to 98 kg, with a mean of 71.55+10.99 kg. The
mean body mass index (BMI) was 25.154+2.70, with a
minimum of 20.1 and a maximum of 31.3. Only one
patient experienced transient palpitations following
the procedure, which resolved spontaneously within a
short time and did not recur; this patient successfully
completed all sessions without further complications.
No other adverse effects were reported in any patient.

Pre- and post-treatment VAS scores, RDW values,
albumin levels, and RAR wvalues of the study
population are summarized in Table 1.

DISCUSSION

Interest in ozone as an adjunctive treatment in
medicine has increased steadily over the past two
decades. While approximately 120 scientific articles
were published in 2001, this number rose to 309 by
2021. According to Google Trends data, global interest
in the medical use of ozone has expanded to include
more countries since 2004. It is evident that the
clinical use of ozone represents a significant
opportunity for clinicians. As a contemporary subject,
many researchers are attempting to elucidate the role
of ozone in medicine [20]. In our study, we
investigated the use of ozone therapy, and its benefits
were demonstrated through objective biochemical and
hematological inflammatory markers. Notably, our
findings revealed a reduction in the commonly used
inflammatory marker RAR following ozone therapy.

Ozone therapy has been known for more than 150
years, and its beneficial effects have been reported in
various studies. Due to its potent, low-cost, and non-
pharmacological effects, ozone has been widely
utilized in the management of more than 50
pathological conditions, including degenerative
disorders, neurological, orthopedic, and genitourinary
diseases. It has been suggested that ozone contributes
to the treatment of these disorders by modulating
oxidative—antioxidative mechanisms [18].

Ozone therapy can generally be administered

|

93 Patients |

3 patientsexluded for did not agree to participatein the study ‘

2 patientsexluded for could not successfully applythe procedure ‘

7 patientsexluded for did not complete the treatment protocol ‘

1 patientsexluded for incorrect data recording ‘

1 patientsexluded for oral anticoagulant use ‘

NS

1 patientexluded for received steroid treatment in the last three months ‘

4*‘ 11 patientexluded for received physical therapy in the last three months |

4>‘ 1 patientexluded for has rheumatoid arthritis ‘

4-‘ Finally the study was completed with 66 patients ‘

FIGURE 1. Flowchart of Study.
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TABLE 1. Pre- and Post-Treatment VAS Scores, RDW, Albumin, and RAR Values

Variable Mean Minimum Maximum P-value
VAS! 6.74+1.53 5 10 <0.001
VAS? 4.08+1.54 1 7 <0.001
RDW! (%) 14.06£1.56 12.2 18.9 <0.001
RDW? (%) 13.37+1.15 11.9 17.1 <0.001
Albumin' (g/dL) 4.20+0.36 3 4.9 <0.001
Albumin? (g/dL) 4.29+0.36 3.1 5.14 <0.001
RAR' (%/g/dL) 3.37+0.64 2.54 5.9 <0.001
RAR? (%/g/dL) 3.14+0.5 2.45 5.16 <0.001

Data are shown as meantstandard deviation or minimum-maximum.
VAS, visual analog scale; RDW, red cell distribution width; RAR, red cell distribution width/albumin ratio.
'before ozone therapy, 2after ozone therapy, *the independent-samples t-test

Statistically significant P-values are shown in bold.

either locally or systemically. Locally, it may be
applied to spinal muscles or tendons, or directly to
open wounds via sealed bags preventing air leakage.
Systemically, it can be performed using an ozone-
generating device, where blood withdrawn from the
patient is ozonated and subsequently reinfused into the
patient. This systemic method is also known as major
ozone therapy, and it should only be performed by
highly qualified experts and professionals. Major
ozone therapy has been employed in the treatment of
inflammatory musculoskeletal disorders, infected
postoperative or traumatic wounds, and numerous
other inflammatory pathologies [20]. In our study, we
utilized major ozone therapy. While much of the
literature focuses on local ozone applications, systemic
use of major ozone therapy has been relatively rare in
clinical studies, making our work an important
contribution to the field.

In a study by Eldemrdash et al. [12] investigating
the efficacy of medical ozone for the treatment of
chronic musculoskeletal pain, three groups were
formed: Group A received only medical ozone, Group
B received dexamethasone, and Group C received
both medical ozone and dexamethasone. Based on
VAS scores one week after intervention, Groups A and
C reported lower VAS scores compared to Group B
[12]. Similarly, Chirumbolo et al. [21] observed
improvement in musculoskeletal pain in patients with
myalgic encephalomyelitis/chronic fatigue syndrome
following major ozone therapy. Their results indicated

that major ozone therapy was beneficial for
musculoskeletal pain [21]. Consistent with these
findings, our study also demonstrated a reduction in
pain with major ozone therapy.

RDW reflects anisocytosis among red blood cells,
which is often a consequence of inflammation.
Elevated RDW indicates increased erythrocyte
destruction, ineffective erythropoiesis, and/or
shortened erythrocyte lifespan [10]. Albumin, a
negative acute-phase protein, possesses physiological
properties including anti-inflammatory, antioxidant,
anticoagulant, and antiplatelet aggregation activities,
in addition to its colloid osmotic effects [11, 22].
Under conditions of oxidative stress and chronic
inflammation, albumin undergoes oxidation, leading
to hypoalbuminemia; this explains why decreased
albumin levels are frequently observed in
inflammatory diseases [23].

Both RDW and albumin concentration have been
proposed as integrative biomarkers of the
multidimensional dysfunctional physiological state
associated with inflammation, oxidative stress, and
nutrition. Since these markers represent different
aspects of pathological processes, their integration is
considered more valuable [22]. To obtain more
sensitive data in our study, we used the RDW-to-
albumin ratio (RAR).

RAR is a novel, reliable, inexpensive, and easily
obtainable inflammatory marker derived from routine
laboratory tests. A strong inflammatory response can
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lead to a significant increase in RAR [10, 24]. In a
cohort study, Hao et al. [22] demonstrated that
elevated RAR values were strongly and independently
associated with an increased risk of all-cause
mortality, including deaths due to malignancies,
cardiovascular disease, cerebrovascular disease,
respiratory illness, diabetes, and other causes.
Although the underlying biological mechanisms
remain unclear, this association is most likely related
to chronic inflammation. Therefore, RAR, as a marker
of chronic inflammation, is thought to be directly
linked to mortality [22].

In a study of 3,381 cancer patients, Lu et al. [24]
investigated all-cause mortality and identified a cut-
off value for RAR of 5.51. Patients with RAR values
above this threshold had higher mortality rates, which
the authors attributed to the role of systemic
inflammation in cancer progression [24]. Similarly,
Qiu et al. [23], in their study of 1,174 patients with
chronic obstructive pulmonary disease, reported a cut-
off value of 5.315. Patients above this threshold had
higher in-hospital mortality and longer hospital stays,
findings attributed to increased inflammation. Xu et
al. [11], in a retrospective study including 14,639
patients with sepsis, reported that patients with
elevated RAR had significantly higher 28-day and 90-
day mortality rates.

In line with these findings, our study
demonstrated that RAR values decreased following
ozone therapy, supporting the conclusion that ozone
therapy exerts anti-inflammatory effects.

Strengths and Limitations

Our study is one of the few studies on ozone
therapy conducted in our country. Furthermore, our
prospective study makes a significant contribution to
the literature. The limitation of our study is that it is a
single-center study. More prospective studies with a
larger number of patients should be conducted on
ozone therapy.

CONCLUSION

In conclusion, ozone therapy was found to reduce
spinal pain and thereby decrease patient morbidity.
Furthermore, by comparing pre- and post-treatment
RAR values, our study demonstrated that ozone

therapy contributes to the reduction of chronic
inflammation. Ozone therapy may therefore be
considered as an adjunctive treatment to mitigate
inflammation in chronic diseases. However, further
studies are warranted to clarify and strengthen the role
of ozone therapy in the management of chronic
inflammatory  conditions. Further large-scale
randomized controlled trials are needed to improve
upon the results of our study.

Ethics Approval and Consent to Participate

This study was approved by the Balikesir Atatiirk
City Hospital Scientific Research Ethics Committee.
(Decision No: 2024/09/09; date: 19/09/2024). All
procedures were conducted in accordance with the
ethical standards of the institutional and national
research committee and with the 1964 Helsinki
Declaration and its later amendments. Written
informed consent was obtained from all individual
participants included in the study.

Data Availability

All data generated or analyzed during this study
are included in this published article. The data that
support the findings of this study are available on
request from the corresponding author, upon
reasonable request.

Authors’ Contribution

Study Conception: MBK, MAN, IBYK; Study
Design: MBK, MAN, IBYK; Supervision: MBK,
IBYK; Funding: MBK, MAN; Materials: MBK,
MAN; Data Collection and/or Processing: MBK,
IBYK; Statistical Analysis and/or Data Interpretation:
MBK, MAN, IBYK; Literature Review: MBK, IBYK;
Manuscript Preparation: MBK, MAN; and Critical
Review: MBK, MAN.

Conflict of Interest
The author(s) disclosed no conflict of interest
during the preparation or publication of this manuscript.

Financing
The author(s) disclosed that they did not receive
any grant during the conduction or writing of this study.

Acknowledgments
We would like to thank the staff of the Traditional

The European Research Journal



Eur Res J. 2026

Betos Kogak et al

and Complementary Medicine Center at Balikesir
Atatiirk City Hospital.

Generative Artificial Intelligence Statement

The author(s) declare that no artificial
intelligence-based tools or applications were used
during the preparation process of this manuscript. The
all content of the study was produced by the author(s)
in accordance with scientific research methods and
academic ethical principles.

Editor's Note

All statements made in this article are solely those
of the authors and do not represent the views of their
affiliates or the publisher, editors, or reviewers. Any
claims made by any product or manufacturer that may
be evaluated in this article are not guaranteed or
endorsed by the publisher.

REFERENCES

1. Sconza C, Leonardi G, Kon E, et al. Oxygen-ozone therapy
for the treatment of low back pain: a systematic review of
randomized controlled trials. Eur Rev Med Pharmacol Sci.
2021;25(19):6034-6046. doi: 10.26355/eurrev_202110 26881.
2. Rowen RJ, Robins H. Ozone Therapy for Complex Regional
Pain Syndrome: Review and Case Report. Curr Pain Headache
Rep. 2019 May 6;23(6):41. doi: 10.1007/s11916-019-0776-y.

3. Hidalgo-Tallon FJ, Torres-Morera LM, Baeza-Noci J, Carrillo-
Izquierdo MD, Pinto-Bonilla R. Updated Review on Ozone
Therapy in Pain Medicine. Front Physiol. 2022;13:840623. doi:
10.3389/fphys.2022.840623.

4. Jeyaraman M, Jeyaraman N, Ramasubramanian S, et al. Ozone
therapy in musculoskeletal medicine: a comprehensive review. Eur
JMed Res. 2024;29(1):398. doi: 10.1186/s40001-024-01976-4.
5. Seyam O, Smith NL, Reid I, Gandhi J, Jiang W, Khan SA.
Clinical utility of ozone therapy for musculoskeletal disorders.
Med Gas Res. 2018;8(3):103-110. doi: 10.4103/2045-
9912.241075.

6. Rahimi-Movaghar V, Eslami V. The major efficient
mechanisms of ozone therapy are obtained in intradiscal
procedures. Pain Physician. 2012;15(6):E1007-E1008.

7. Magalhaes FN, Dotta L, Sasse A, Teixera MJ, Fonoff ET.
Ozone therapy as a treatment for low back pain secondary to
herniated disc: a systematic review and meta-analysis of
randomized controlled trials. Pain Physician. 2012;15(2):E115-
E129.

8. Sagai M, Bocci V. Mechanisms of action involved in ozone
therapy: Is healing induced via a mild oxidative stress? Med Gas
Res 2011;1:29. doi: 10.1186/2045-9912-1-29.

9. Borrelli E. Mechanism of action of oxygen ozone therapy in
the treatment of disc herniation and low back pain. Acta

Neurochir Suppl. 2011;108:123-125 doi: 10.1007/978-3-211-
99370-5 19.

10. Ertekin B, Acar T. The Relationship Between Prognosis and
Red Cell Distribution Width (RDW) and RDW-Albumin Ratio
(RAR) in Patients with Severe COVID-19 Disease. Int J Gen
Med. 2022;15:8637-8645. doi: 10.2147/IIGM.S392453.

11. Xu W, Huo J, Chen G, et al. Association between red blood
cell distribution width to albumin ratio and prognosis of patients
with sepsis: A retrospective cohort study. Front Nutr.
2022;9:1019502. doi: 10.3389/fnut.2022.1019502.

12. Eldemrdash A, Tairy T, Sabry L, Aelmulla A, Kamel M,
Yousry E. Efficacy of Medical Ozone for Treatment of Chronic
Musculoskeletal Pain with Abnormal Mitochondrial Redox State:
Prospective Randomized Clinical Trial. Pain Physician.
2024;27(4):E371-E382.

13. Ibrahim DA, Abdulrahem HA. Cervical region trigger point
injection with dry needling versus wet needling by lidocaine in
geriatric population: A comparative study. Ain-Shams J
Anesthesiol. 2019;11:16. doi: 10.1186/s42077-019-0026-x.

14. Ucar D, Ugar S, Ozcan C, Polat O, Cacan MA, Ucar BY.
Retrospective observational study of intramuscular oxygen-ozone
therapy for the treatment of neck pain: cervical paravertebral
injection. Med Gas Res. 2020;10(4):170-173. doi: 10.4103/2045-
9912.286980.

15. Fujii K, Yamazaki M, Kang JD, et al. Discogenic Back Pain:
Literature Review of Definition, Diagnosis, and Treatment.
JBMR Plus. 2019 ;3(5):e10180. doi: 10.1002/jbm4.10180.

16. Mehraban F, Seyedarabi A, Ahmadian S, Mirzaaghaei V,
Moosavi-Movahedi AA. Personalizing the safe, appropriate and
effective concentration(s) of ozone for a non-diabetic individual
and four type II diabetic patients in autohemotherapy through
blood hemoglobin analysis. J Transl Med. 2019;17(1):227. doi:
10.1186/s12967-019-1973-5.

17. WFOT Scientific Advisory Committee. WFOT’s Review on
Evidence Based Ozone Therapy. 2015. https://ateramex.com.mx/wp-
content/uploads/2023/02/WFOTs-Review-on-Evidence-Based-Ozo
ne-Therapy.pdf. Access Date: May 4, 2026.

18. Colak S, Gen¢ Yavuz B, Yavuz M, et al. Effectiveness of
ozone therapy in addition to conventional treatment on mortality
in patients with COVID-19. Int J Clin Pract. 2021;75(8):e14321.
doi: 10.1111/ijep.14321.

19. Usen A, Ozcan DS, Agirman M, Giiner H, Kocyigit BF.
Short- and Medium-Term effects of major Ozone therapy on
disease parameters in fibromyalgia syndrome: A retrospective
study. Rheumatol Int. 2025;45(4):72. doi: 10.1007/s00296-025-
05827-1.

20. Chirumbolo S, Valdenassi L, Tirelli U, et al. The Oxygen-
Ozone Adjunct Medical Treatment According to the Protocols
from the Italian Scientific Society of Oxygen-Ozone Therapy:
How Ozone Applications in the Blood Can Influence Clinical
Therapy Success via the Modulation of Cell Biology and
Immunity. Biology (Basel). 2023;12(12):1512. doi:
10.3390/biology12121512.

21. Chirumbolo S, Valdenassi L, Franzini M, Pandolfi S, Ricevuti
G, Tirelli U. Male vs. Female Differences in Responding to
Oxygen-Ozone Autohemotherapy (O2-O3-AHT) in Patients with
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS).

The European Research Journal


https://doi.org/10.26355/eurrev_202110_26881
https://doi.org/10.1007/s11916-019-0776-y
https://doi.org/10.3389/fphys.2022.840623
https://doi.org/10.3389/fphys.2022.840623
https://doi.org/10.3389/fphys.2022.840623
https://doi.org/10.1186/s40001-024-01976-4
https://doi.org/10.4103/2045-9912.241075
https://doi.org/10.4103/2045-9912.241075
https://doi.org/10.1186/2045-9912-1-29
https://doi.org/10.1007/978-3-211-99370-5_19
https://doi.org/10.1007/978-3-211-99370-5_19
https://doi.org/10.2147/ijgm.s392453
https://doi.org/10.3389/fnut.2022.1019502
https://doi.org/10.1186/s42077-019-0026-x
https://doi.org/10.4103/2045-9912.286980
https://doi.org/10.4103/2045-9912.286980
https://doi.org/10.1002/jbm4.10180
https://doi.org/10.1186/s12967-019-1973-5
https://doi.org/10.1186/s12967-019-1973-5
https://doi.org/10.1186/s12967-019-1973-5
https://ateramex.com.mx/wp-content/uploads/2023/02/WFOTs-Review-on-Evidence-Based-Ozone-Therapy.pdf
https://ateramex.com.mx/wp-content/uploads/2023/02/WFOTs-Review-on-Evidence-Based-Ozone-Therapy.pdf
https://ateramex.com.mx/wp-content/uploads/2023/02/WFOTs-Review-on-Evidence-Based-Ozone-Therapy.pdf
https://doi.org/10.1111/ijcp.14321
https://doi.org/10.1007/s00296-025-05827-1
https://doi.org/10.1007/s00296-025-05827-1
https://doi.org/10.3390/biology12121512
https://doi.org/10.3390/biology12121512
https://doi.org/10.3390/biology12121512

Eur Res J. 2026

Ozone Therapy and RDW/Albumin Ratio

J Clin Med. 2021;11(1):173. doi: 10.3390/jcm11010173.

22. Hao M, Jiang S, Tang J, et al. Ratio of Red Blood Cell
Distribution Width to Albumin Level and Risk of Mortality.
JAMA Netw Open. 2024;7(5):e2413213. doi: 10.1001/
jamanetworkopen.2024.13213.

23. Qiu Y, Wang Y, Shen N, et al. Association Between Red
Blood Cell Distribution Width-Albumin Ratio and Hospital
Mortality in Chronic Obstructive Pulmonary Disease Patients

Admitted to the Intensive Care Unit: A Retrospective Study. Int
J Chron Obstruct Pulmon Dis. 2022;17:1797-1809. doi:
10.2147/COPD.S371765.

24. Lu C, Long J, Liu H, et al. Red blood cell distribution width-
to-albumin ratio is associated with all-cause mortality in cancer
patients. J Clin Lab Anal. 2022;36(5):e24423. doi:
10.1002/jcla.24423.

The European Research Journal


https://doi.org/10.3390/jcm11010173
https://doi.org/10.1001/jamanetworkopen.2024.13213
https://doi.org/10.1001/jamanetworkopen.2024.13213
https://doi.org/10.1001/jamanetworkopen.2024.13213
https://doi.org/10.2147/copd.s371765
https://doi.org/10.2147/copd.s371765
https://doi.org/10.2147/copd.s371765
https://doi.org/10.1002/jcla.24423
https://doi.org/10.1002/jcla.24423
https://doi.org/10.1002/jcla.24423

