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Background: Patients with refractory symptoms of severe diseases frequently 
experience anxiety, depression, and an altered health-related quality of life 
(HRQOL). Some publications have described the beneficial effect of ozone 
therapy on several symptoms of this kind of patient. The aim of this study was 
to preliminarily evaluate, in patients treated because of refractory symptoms of 
cancer treatment and advanced nononcologic diseases, if ozone therapy has an 
additional impact on self-reported anxiety and depression.

Methods: Before and after ozone treatment, we assessed (i) anxiety and depression 
according to the Hospital Anxiety and Depression Scale (HADS); (ii) the HRQOL 
(according to the EQ-5D-5L questionnaire), which includes a dimension on 
anxiety and depression and a visual analog scale (VAS) measuring self-perceived 
general health.

Results: Before ozone therapy, 56% of patients were on anxiolytic and/or 
antidepressant treatment. Before and after ozone therapy, the anxiety and 
depression HADS subscales (i) significantly correlated with the anxiety/depression 
dimension of the EQ-5D-5L questionnaire and (ii) inversely correlated with the 
health status as measured by the VAS. After ozone therapy, we found a significant 
improvement in anxiety and depression measured by both the (i) HADS subscales 
and (ii) EQ-5D-5L questionnaire.
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Conclusion: The addition of ozone therapy for patients with refractory symptoms 
of cancer treatment and advanced chronic nononcologic diseases can decrease 
anxiety and depression severity levels. Additional, more focused studies are 
ongoing to provide the needed explanatory information for this finding.
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1. Introduction

Patients with refractory symptoms of cancer treatment and 
advanced nononcologic diseases frequently experience anxiety, 
depression, and an altered health-related quality of life (HRQOL). 
Fortunately, the improvements in diagnostics and treatments over the 
last decades have increased survival rates in patients with cancer or 
advanced chronic diseases. In the European Union (EU), the relative 
average number of cancer survivors was more than 50% within 5 years 
of diagnosis during 2000–2007 in both sexes (European Commission, 
2000) and the prevalence of depression is approximately 20% in cancer 
survivors (Boyes et al., 2013). In addition, the general population 
frequently reports chronic anxiety and depression (7.2%) (European 
Commission, 2023), with increased levels in patients with advanced 
chronic disease (DeJean et al., 2013; Li et al., 2019) or cancer (Greer 
et  al., 2011; Gotze et  al., 2020; Ji et  al., 2020). However, in these 
patients, anxiety and depression can be associated with an increased 
risk of all-cause mortality (Lloyd et  al., 2019), which relevantly 
impacts the results of symptom management and their HRQOL.

Anxiety and depression are associated with higher levels of 
oxidative stress markers and pro-inflammatory cytokines as well as 
with decreased levels of antioxidants (Ng et al., 2008; Maes et al., 2011; 
Leonard and Maes, 2012; Lindqvist et al., 2017). Furthermore, the 
success of antidepressant treatment is associated with changes in those 
parameters over the course of treatment (Lindqvist et  al., 2017). 
Interestingly, most of the scientific reports about ozone and anxiety 
and depression have been focused on “ozone inhalation” to induce 
oxidative stress as a mechanism of production of anxiety and 
depression (Gonzalez-Pina and Paz, 1997; Avila-Costa et al., 1999; 
Santiago-Lopez et al., 2010; Mokoena et al., 2015).

However, (i) medical ozone treatment (O3T) must specifically 
avoid the inhalation of ozone, and (ii) an appropriate ozone 
concentration and route of administration look for the induction of a 
controlled, limited and transient oxidative stress that can overregulate 
nuclear factor erythroid 2-related factor 2 (Nrf2), which is the key for 
a further enhancement of the antioxidant defenses in the body with 
further and favorable modulation of oxidative stress and inflammation 
(Re et al., 2014; Bocci and Valacchi, 2015; Galie et al., 2019; Viebahn-
Haensler and Leon Fernandez, 2021).

In cancer survivors with refractory symptoms, adjuvant O3T can 
reduce several chronic symptoms such as ischemic and metabolic 
issues (Clavo et al., 2011), pelvic pain (Clavo et al., 2021), radiation-
induced hematuria (Clavo et  al., 2005) or hemorrhagic proctitis 
(Clavo et  al., 2013, 2015), chemotherapy-induced peripheral 
neuropathy (Clavo et al., 2022), and lymphedema (Waked et al., 2013).

In a recent study of cancer survivors with chronic symptoms, 
we found that O3T could decrease the grade of toxicity secondary 
to cancer treatments as well as improve HRQOL using the 
EQ-5D-5L questionnaire, which includes an anxiety/depression 
dimension that also showed improvement after O3T (Clavo et al., 
2023). However, the EQ-5D-5L questionnaire assesses anxiety and 
depression with only one question and it seemed justified the 
evaluation with a specific questionnaire focused on anxiety 
and depression.

The aim of this study was to assess (in patients treated because of 
refractory symptoms of severe diseases) if O3T has an additional 
impact on self-reported anxiety and depression using a specifically 
focused questionnaire: the Hospital Anxiety and Depression Scale 
(HADS) (Zigmond and Snaith, 1983).

2. Materials and methods

2.1. Patients

This is a retrospective case series of 16 patients submitted to our 
Chronic Pain Unit between November 2019 and October 2022, with 
these inclusion criteria: (i) they were treated with O3T because of 
chronic and refractory symptoms of severe diseases and (ii) they had 
completed HADS questionnaires before and after O3T. They were 13 
cancer survivors with chronic side effects of cancer treatment (8 
because of chemotherapy-induced peripheral neuropathy and 5 
because of local toxicity induced by radiochemotherapy) and 3 
noncancer patients with chronic symptoms of advanced diseases 
(because of cardiopathy, cerebellar syndrome, and post-COVID-19 
syndrome). Informed written consent was obtained from all patients, 
according to the Declaration of Helsinki of 1975. The administration 
of O3T in our hospital was assessed by the Health Care Ethics 
Committee. This research study was approved by the Provincial 
Research Ethics Committee of Las Palmas, Spain (Ref 2019–288-1) on 
2 December 2022. Table 1 shows patient’s clinical characteristics.

2.2. Ozone therapy

O3T was administered on an outpatient basis, always avoiding the 
inhalation of ozone by patients or by staff. Ozone (an O3/O2 mixture) 
was obtained from clinical-grade oxygen using two medical ozone 
generators (Ozonosan Alpha-plus®, Dr. Hänsler GmbH, Iffezheim, 
Germany; Ozonobaric P®, Sedecal, Madrid, Spain).
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O3T was administered according to the symptoms of the patients. 
A total of 13 patients (81%) received systemic ozone treatment, 11 by 
rectal insufflation (1 with additional topical treatment), and 2 by 
autohemotherapy (1 with additional local treatment). Five patients 
(31%) received local O3T, three (19%) as an exclusive procedure, and 
two with additional systemic treatment. We have previously described 
the procedures followed for rectal insufflation (Clavo et al., 2013) and 
autohemotherapy (Clavo et al., 2013); the O3/O2 concentrations were 
progressively increased from 10 to 30 μg/mL and from 30 to 50 μg/mL, 
respectively. For topical administration, O3/O2 concentrations usually 
ranged between 10 and 40 μg/mL according to patient tolerance or 
based on the absence or presence of local infection. In cancer 
survivors, O3T was administered if evidence of tumor progression 
was lacking.

2.3. Anxiety and depression assessment

The aim of this study was the assessment of anxiety and 
depression using the Spanish version of the HADS (Zigmond and 

Snaith, 1983; Herrero et al., 2003; Quintana et al., 2003; Mitchell 
et  al., 2010). The HADS questionnaire includes 14 questions, 
which can be scored from 0 (best) to 3 (worst). It includes seven 
questions assessing for anxiety (HADS-A) and seven questions 
assessing for depression (HADS-D). The maximum score for each 
subscale is 21: 0–7, normal; 8–10, mild; 11–15, moderate; 
16–21, severe.

We also assessed the HRQOL with the Spanish version (v1.0, 
2009) of the EQ-5D-5L questionnaire. Their cultural adaptation was 
carried out following the methodology recommended by the EuroQol 
Group (Rabin et  al., 2014), and its validity for Spain and the 
United  Kingdom has been demonstrated in different studies 
(Herdman et al., 2011; Hernandez et al., 2018; Ramos-Goni et al., 
2018). The EQ-5D-5L assesses five different dimensions scored from 
1 (“I have no problems”) to 5 (“I have a lot of problems”): (i) mobility, 
(ii) self-care, (iii) activities of daily living, (iv) pain and discomfort, 
and (v) anxiety/depression. The EQ-5D-5L also includes a visual 
analog scale (VAS) measuring self-perceived general health status (EQ 
VAS), scored from “0” (worst health status) to “100” (best 
health status).

TABLE 1 Patient’s clinical characteristics.

# Age, years Sex O3T Anxio. Tx Depre. Tx Clinical characteristics

1 73 F S Yes No Uterine carcinoma: Surg. + CT + RT. O3T for CIPN.

Tx: Bromazepam, Pregabalin

2 56 M S Yes No Ischemic cardiopathy grade III. O3T for physical fatigue.

Tx: Diazepam

3 54 M L* No No Rectal Kaposi’s sarcoma: Surg. + CT + RT. O3T for wound dehiscence.

4 72 M S Yes No Unknown cerebellar syndrome. O3T for instability and movement disturbances.

Tx: Clonazepam, Pregabalin

5 67 F S + L No No Uterine cervical carcinoma: RT + CT. O3T for radiation-induced hematuria.

6 45 F S No No Ovarian carcinoma + uterine carcinoma: Surg. + RT. O3T for CIPN.

7 69 M S No No Head and neck carcinoma + cutaneous melanoma: Surg. + CT. O3T for CIPN.

8 65 F S + L No No Relapsed vaginal carcinoma: RT + CT. O3T for vulvar and vaginal wounds.

9 62 M S Yes Yes Colon carcinoma: Surg. + CT. O3T for CIPN.

Tx: Alprazolam

10 53 F S Yes Yes Non-Hodgkin lymphoma: Surg. + RT + CT. O3T for CIPN.

Tx: Pregabalin, Amitriptyline, Citalopram

11 53 F L* Yes Yes Relapsed carcinoma of uterine cervix and vagina: RT + CT. O3T for vulvar and 

vaginal wounds.

Tx: Pregabalin, Duloxetine

12 71 M S No Yes Pancoast carcinoma of the lung: CT + RT. O3T for CIPN + refractory post-herpetic 

neuralgia.

Tx: Duloxetine

13 68 M S No No Pancoast carcinoma of the lung: CT + RT. O3T for CIPN.

14 76 F S Yes No Uterine carcinosarcoma: Surg. + CT + RT. O3T for CIPN.

Tx: Alprazolam

15 69 F L* Yes Yes Rectum carcinoma: Surg. + CT + RT. O3T for wound dehiscence.

Tx: Clonazepam, Venlafaxine

16 49 M S No No COVID-19 disease: Prolonged hospital stay. O3T for secondary polyneuropathy.

#: Patients. O3T, ozone therapy; S, systemic ozone therapy; L, local ozone therapy; S+ L, systemic and local ozone therapy; Tx, treatment; Anxio. Tx, anxiolytic treatment; Depre. Tx., 
antidepressant treatment; CIPN, chemotherapy-induced peripheral neuropathy. All symptoms treated with ozone therapy were chronic and refractory symptoms. Surg., surgery; CT, 
chemotherapy; RT, radiotherapy. * “Local ozone administration alone” was used only for superficial wounds or wound dehiscences with localized symptoms.
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2.4. Statistical analysis

The SPSS software package (version 15 for Windows) was used for 
statistical analyses. All data are described as median (quartile 2) and 
quartiles 1 and 3 (Q1–Q3). The correlation between the grade of 
toxicity and EQ-5D-5L dimensions was assessed with Spearman’s rho. 
Paired comparisons (before/after O3T) were conducted with the exact 
(significance) Wilcoxon rank test. Unpaired comparisons (before/after 
O3T) were conducted with the exact (significance) Mann–Whitney 
U-test. Qualitative variables were compared with the exact 
(significance) McNemar’s test. Though more conservative than 
asymptotic tests, exact tests were used due to the small sample size. 
p-values of <0.05 were considered statistically significant.

3. Results

The sex distribution included eight men and eight women. The 
median age was 66 years (Q1–Q3 = 53.3–70.5). Symptoms treated with 
O3T were previously present for a median of 14.5 months (Q1–
Q3 = 8.3–20). Overall, the median number of systemic O3T sessions 
was 40 (Q1–Q3 = 40–40), and the number of local O3T sessions was 
40 (Q1–Q3 = 25–61.5). The median duration of O3T was 20 weeks 
(Q1–Q3 = 17–25).

Before the commencement of O3T, nine patients (56%) were 
taking anxiolytics (eight patients) or antidepressants (five patients), 
with four patients taking both therapies. Patients were treated with 
O3T because of chronic and refractory symptoms and treatment for 
anxiety and depression was not prescribed nor modified in our 
Chronic Pain Unit during O3T.

Anxiety assessed by the HADS-A did not show significant 
differences between the patients without or with anxiolytic treatment 
(i) before O3T, 4.5 (Q1–Q3 = 3–9.5) vs. 9.5 (Q1–Q3 = 6–13), p = 0.207 
or (ii) after O3T, 2.5 (Q1–Q3 = 1.8–4.5) vs. O3T, 7 (Q1–Q3 = 1.5–10.3), 
p = 0.204. Depression assessed by HADS-D did not show significant 

differences between the patients without or with antidepressant 
treatment: (i) before O3T, 3 (Q1–Q3 = 0.8–9.3) vs. 5 (Q1–Q3 = 2.5–9), 
p = 0.688 or (ii) after O3T, 3 (Q1–Q3 = 0.8–5.3) vs. O3T, 4 (Q1–
Q3 = 0–6.3), p = 0.826.

Overall, the median HADS-A score was 6.5 (Q1–Q3 = 3–10.8) 
before O3T and 3.5 (Q1-Q = 2–6.8) after O3T (p = 0.003). The median 
HADS-D was 4 (Q1–Q3 = 1.3–9) before O3T and 3.5 (Q1–Q3 = 0.3–5) 
after O3T (p = 0.022) (Figure 1). In the group of 13 cancer patients: (i) 
the median HADS-A was 5 (Q1–Q3: 3–10.5) before O3T and 3 (Q1–
Q3: 1.6–6.5) after O3T (p = 0.016); and (ii) the median HADS-D was 
4 (Q1–Q3: 1–9) before O3T and 3 (Q1–Q3: 0–4.5) after O3T 
(p = 0.070).

The HADS-A results showed mild or higher anxiety levels (values 
≥8) in eight (50%) patients before O3T and in three (18.8%) patients 
after O3T, (p = 0.063). The HADS-D results showed mild or higher 
depression levels in six patients (38%) before O3T and two patients 
(13%) after O3T (p = 0.125).

After O3T, the EQ-5D-5L questionnaire showed: *(i) a significant 
improvement (decreased values) in the anxiety/depression 
dimension, from a median value of 1.5 (Q1–Q3: 1–3) to 1 (Q1–Q3: 
1–2), p = 0.047; and (ii) a significant improvement (increased values) 
in the EQ VAS, from a median value of 52.5 (Q1–Q3: 43–78) to 75 
(Q1–Q3: 60–90), p = 0.015 (Figure  2). In the group of 13 cancer 
patients, the EQ-5D-5L questionnaire showed changes in: the 
anxiety/depression dimension from a median value of 1 (Q1–Q3: 
1–3) to 1 (Q1–Q3: 1–2), p = 0.188; and (ii) the EQ VAS, from a 
median value of 65 (Q1–Q3: 45–87.5) to 75 (Q1–Q3: 62.5–90), 
p = 0.033.

Before O3T, the HADS-A results showed a strong correlation with 
the anxiety/depression dimension of the EQ-5D-5L questionnaire 
(rho = 0.866, p < 0.001) and an inverse correlation with the EQ VAS 
(rho = −0.554, p = 0.026). Additionally, the HADS-D subscale results 
significantly correlated with age (rho = 0.521, p = 0.039) and the 
anxiety/depression dimension of the EQ-5D-5L (rho = 0.852, 
p < 0.001), and inversely with the EQ VAS (rho = −0.644, p = 0.007).

After O3T, the HADS-A results correlated with the anxiety/
depression dimension of the EQ-5D-5L questionnaire (rho = 0.874, 
p < 0.001) and inversely with the EQ VAS (rho = −0.627, p = 0.009). 
The HADS-D results correlated with the anxiety/depression 
dimensions of the EQ-5D-5L (rho = 0.673, p = 0.004), and inversely 
with the EQ VAS (rho = −0.812, p < 0.001).

Table 2 shows a summary of the main results of the study group.

4. Discussion

Anxiety and depression are frequent disorders experienced by 
patients with severe disease, especially in those with chronic or 
refractory symptoms, producing a relevant impact on their 
HRQOL. In our study, adjuvant treatment with O3T of chronic and 
refractory symptoms in cancer survivors and patients with advanced 
diseases was associated with improvement in anxiety and depression, 
assessed by the specific HADS subscales.

In a recent study, we found that O3T could improve HRQOL using 
the EQ-5D-5L questionnaire (Clavo et  al., 2023). However, the 
EQ-5D-5L questionnaire assesses the anxiety/depression dimension 
with only one question and it seemed justified to evaluate this 
dimension with a specific questionnaire focused on anxiety and 

FIGURE 1

Hospital anxiety and depression scale (HADS). After ozone therapy 
(O3T), we found a significant decrease in: (i) HADS-Anxiety (HADS-A) 
from 6.5 (Q1–Q3  =  3–10.8) to 3.5 (Q1-Q  =  2–6.8), p  =  0.003 and (ii) 
HADS-Depression (HADS-D) from 4 (Q1–Q3  =  1.3–9) to 3.5 (Q1–
Q3  =  0.3–5) after O3T (p  =  0.022). X: median value. Bars: interquartile 
range.
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depression. We  used the Spanish version of the HADS, which is 
frequently used in our Chronic Pain Unit. In patients with different 
diagnoses, the Spanish HADS version has showed: (i) high test–retest 
reliability, with correlation coefficients above 0.85; (ii) high internal 
consistency, with a Cronbach’s alpha of 0.85 for anxiety and above 0.84 
for depression; and (iii) high concurrent validity, with the Beck 
Depression Inventory and State–Trait Anxiety Inventory and with the 
mental domains of the Short-Form Health Survey (Herrero et al., 
2003; Quintana et al., 2003).

The prevalence of depression is approximately 20% in cancer 
survivors, although the prevalence of self-reported depression using 
the HADS-D subscale seems to be lower, at approximately 13% (Boyes 
et al., 2013). We previously described that 34.9% of patients submitted 
to our Chronic Pain Unit had been prescribed anxiolytic or 
antidepressants treatment. Of them, 24.2% were on anxiolytics only, 
40.2% were on antidepressants only, and 35.5% were on both 

treatments. In that review, no patient had an antidepressant 
prescription for pain management (usually duloxetine or 
amitriptyline) (Caramés et al., 2021). In our study group, before O3T, 
nine patients (56%) were on anxiolytic (38%) or antidepressant (38%) 
treatment, and three (19%) were on treatment for both disorders.

The treatment of anxiety and depression in cancer survivors and 
in patients with refractory symptoms of advanced diseases is similar 
to that of different patient populations, including pharmacologic 
treatment and cognitive behavioral therapy. However, the patient fears 
the formal diagnosis of anxiety and depression due to the social stigma 
surrounding mental illness. So, patients are hesitant to express a desire 
for psychiatric evaluation and consider that treatment is not essential 
or a priority (Kim et al., 2015). As such, in the EU, most patients 
reported neither provider discussions nor the use of professional 
psychosocial counseling or support groups (Forsythe et al., 2013). 
Additionally, anxiety and depression were not fully controlled in our 

FIGURE 2

Assessment with the EQ-5D-5L questionnaire. (Left) Results on the anxiety/depression dimensions of the EQ-5D-5L significantly decreased after 
ozone therapy (O3T) from 1.5 (Q1–Q3: 1–3) to 1 (Q1–Q3: 1–2), p  =  0.047. (Right) Visual analog scale results of self-perceived general health score 
significantly increased after O3T from 52.5 (Q1–Q3: 43–78) to 75 (Q1–Q3: 60–90), p  =  0.015. X: median value. Bars: interquartile range.

TABLE 2 Summary of the main results of the study group.

Before-O3T median 
(Q1–Q3)

After-O3T median (Q1–Q3) p-value

HADS-A (from 0 to 21) 6.5 (3–10.8) 3.5 (2–6.8) 0.003

HADS-D (from 0 to 21) 4 (1.3–9) 3.5 (0.3–5) 0.022

EQ-5D-5L: Anxiety/depression (from 1 to 5) 1.5 (1–3) 1 (1–2) 0.047

EQ-5D-5L: EQ VAS (from 0 to 100) 52.5 (43–78) 75 (60–90) 0.015

Before-O3T 
Correlations (rho)

After-O3T Correlations 
(rho)

p-value before/after

HADS-A-EQ-5D-5L Anxiety/Depression-EQ-5D-5L, EQ 

VAS
0.866, –0.554 0.874, –0.627

< 0.001/< 0.001

0.026/0.009

HADS-D-EQ-5D-5L Anxiety/Depression-EQ-5D-5L, EQ 

VAS
0.852, –0.644 0.673, –0.812

< 0.001/0.004

0.007/<0.001

O3T, ozone therapy; Q1–Q3: quartiles 1 and 3; HADS, Hospital Anxiety and Depression Scale; HADS-A, HADS-Anxiety; HADS-D, HADS-Depression; EQ VAS, EQ-5D-5L Visual Analog 
Scale self-perceived general health status.
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group of patients, and these symptoms remained despite half of the 
patients already being on anxiolytic and/or antidepressant treatment.

Affective disorders and depression are associated with high levels 
of oxidative stress markers [such as 8-hydroxydeoxyguanosine 
(8-OHdG)], proinflammatory cytokines (such as interleukins (IL) 
IL-1 and IL-6 and tumor necrosis factor alpha (TNFα)), as well as with 
decreased levels of antioxidants (such as coenzyme Q10, glutathione 
peroxidase, and zinc) (Ng et al., 2008; Maes et al., 2011; Leonard and 
Maes, 2012; Lindqvist et al., 2017). Additionally, oxidative stress is 
associated with low brain-derived neurotrophic factor (BDNF) and 
subsequent decreases in Nrf2 activity (Bouvier et al., 2017). Clinically, 
in comparison with healthy controls, patients with major depressive 
disorder have significantly higher levels of proinflammatory cytokines 
such as IL-6, TNFα, 8-OHdG, and F2-isoprostanes. Furthermore, 
those parameters are associated with the success of antidepressant 
treatment. Over the course of treatment, patients without response to 
selective serotonin reuptake inhibitors (SSRIs) showed an increase in 
8-OHdG levels, whereas patients showing a response to SSRIs showed 
a decrease in IL-6 levels (Lindqvist et al., 2017).

Several studies on the impact of oxidative stress on brain function 
have been based on experimental models of ozone “inhalation,” which 
described changes in brain neurotransmitters and increases in 
dopamine and noradrenaline (Gonzalez-Pina and Paz, 1997), oxidized 
dopamine species (Santiago-Lopez et al., 2010), memory alterations 
(Avila-Costa et al., 1999; Mokoena et al., 2015), anxiety, and depression, 
even with antidepressant treatment (Mokoena et al., 2015). Clinically, 
a detrimental effect of environmental ozone exposure has also been 
associated with increased psychiatric emergency services admissions 
(Bernardini et al., 2019), depression (Kioumourtzoglou et al., 2017), 
and other psychiatric disorders (Gladka et al., 2018). However, some 
systematic reviews with meta-analyses did not find a statistically 
significant association between the role of ozone and depression (Zhao 
et  al., 2018; Fan et  al., 2020; Borroni et  al., 2022). Further clinical 
studies in this field are required. Notably, we highlight that medical 
ozone administration must specifically avoid the inhalation of ozone, 
so, these studies would not apply to O3T.

Conversely, clinical O3T is based on appropriate: (i) routes of ozone 
administration (inhalation must be  avoided) and (ii) ozone 
concentrations. We  previously described the relationship between 
oxidative stress and inflammation and the toxicity of chemotherapy in 
detail (Clavo et  al., 2021, 2022). When low/moderate ozone 
concentrations are properly administered by systemic routes, a relevant 
part of ozone will be  removed by the antioxidant defenses of the 
medium (rectal mucosa when rectal insufflation is used or the blood 
when autohemotherapy is used). The remaining ozone will interact 
with biomolecules as polyunsaturated fatty acids from cell membranes 
or blood cells, or other components of rectal mucosa or plasma, to 
generate reactive species of oxygen, second messengers and lipid 
peroxides, which can reach distant tissues. This way, O3T produces a 
controlled and transient oxidative stress that indirectly will induce an 
adaptive response of the organism, with overregulation of Nrf2 (which 
leads to potentiation of antioxidant systems) and downregulation of 
NF-kβ and proinflammatory cytokines (Re et  al., 2014; Bocci and 
Valacchi, 2015; Galie et  al., 2019; Viebahn-Haensler and Leon 
Fernandez, 2021). These actions are in the opposite direction that those 
involved in the production of anxiety and depression that were 
described in the two previous paragraphs about “ozone inhalation.” 
Thus, the enhancement in Nrf2 levels and antioxidant systems by O3T 

may be of interest in the management of anxiety or depression, as 
supported by the described (i) antioxidant properties for some 
antidepressants such as desvenlafaxine, desipramine, and venlafaxine 
(Gaur and Kumar, 2010; Silva et al., 2016); (ii) decreased oxidative 
stress damage induced by chronic mild stress by the modulation of 
Nrf2 in the prefrontal cortex by antidepressants (Martin-Hernandez 
et al., 2016); and (iii) beneficial effect of O3T (avoiding inhalation) in 
experimental models on aging and neurodegenerative disorders (El-
Mehi and Faried, 2020; Scassellati et al., 2020) and a clinical study on 
depression in older patients (Coppola et al., 2010).

After O3T, the patients in our study showed a decrease in anxiety 
and depression in (i) the anxiety/depression dimension of the 
EQ-5D-5L questionnaire and (ii) the HADS-A and HADS-D 
subscales. Both HADS subscales showed: (i) a marked correlation with 
the anxiety/depression dimension of the EQ-5D-5L questionnaire, 
and (ii) the correlation was higher with anxiety than with depression. 
These results in our study agree with a previous larger study with 245 
patients comparing the same anxiety/depression dimension of the 
EQ-5D-3L questionnaire with the HADS subscales (Thayabaranathan 
et  al., 2022). HADS-A and HADS-D subscales also showed a 
significant correlation with the VAS self-perceived general health 
status. However, here, the correlation was higher with depression than 
with anxiety. These results agree with the findings of studies showing 
that a high prevalence of anxiety and depression predicts a low 
HRQOL in cancer patients, but also that depression has a more 
pervasive association with multiple other domains of HRQL (Brown 
et al., 2010). On the other hand, our results with O3T in patients with 
refractory symptoms of cancer treatment and advanced nononcologic 
diseases, agree with the results of O3T on anxiety and depression in 
three previous reports using systemic O3T in different kinds of 
patients: (i) in older patients with mild to moderate depression and 
mild cognitive impairment, assessed by the Hamilton and 
Montgomery scales (Coppola et  al., 2010), in patients with 
fibromyalgia assessed by the Beck Depression Inventory and the State 
and Trait Anxiety Inventory (Hidalgo-Tallon et al., 2013), and (ii) in 
patients with insomnia and coronary heart disease, assessed by the 
HADS questionnaire (Li et al., 2021).

Among the limitations of this study, we highlight the following: 
(i) This study had a small sample size. Currently, the assessment of 
anxiety and depression is a specific aim of our larger ongoing studies 
with O3T in cancer (NCT04299893) and noncancer (NCT05417737) 
patients. (ii) The improvement in anxiety and depression could have 
been partially related to the improvement in physical symptoms in 
most patients, especially in the three patients only treated with topical 
O3 administration. (iii) This is a nonrandomized clinical trial, so a 
potential placebo effect could not be completely ruled out, including 
the potential effect on anxiety and depression of closer follow-up 
during the ozone treatment period. However, two relevant aspects 
should be considered regarding the potential placebo effect in points 
(ii) and (iii): (a) patients in this study suffered advanced disease and 
chronic symptoms for many months before O3T; (b) as mentioned 
above, the role of oxidative stress in anxiety and depression has been 
well-described (Ng et al., 2008; Maes et al., 2011; Leonard and Maes, 
2012; Lindqvist et al., 2017). So, the well-described effect of O3T in 
modulating oxidative stress and inflammation overall (Re et al., 2014; 
Bocci and Valacchi, 2015; Galie et al., 2019; Viebahn-Haensler and 
Leon Fernandez, 2021) and at the brain level (Coppola et al., 2010; 
El-Mehi and Faried, 2020; Scassellati et al., 2020) probably played a 
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direct role in our patients, especially in those treated with systemic 
O3T (most of them). Finally, we would like to mention two additional 
limitations: (iv) the study was focused on patients with severe diseases 
treated with O3T because of refractory symptoms, but they were 
treated different cancer-related and noncancer-related symptoms and 
diagnosis, and (v) anxiety, depression, or treatment for anxiety and 
depression were not present in all patients. Results could 
be  conditioned by these clinical parameters. Further specifically 
addressed studies are required, and our ongoing studies will more 
thoroughly assess the role of O3T in anxiety and depression.

4.1. Conclusions

In this preliminary study, using the Hospital Anxiety and 
Depression Scale questionnaire, patients with refractory symptoms of 
cancer treatment and advanced disease showed decreased mild or 
higher levels of both anxiety and depression after ozone therapy. The 
effect of ozone therapy on the psychological field merits focused 
research, and related studies are ongoing.
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