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Abstract 

Background The involvement of the central nervous system is a frequent yet underestimated complication of 
diabetes mellitus. Visual evoked potentials (VEP) are a simple, sensitive, and noninvasive method for detecting early 
alterations in central optic pathways. The objective of this paralleled randomized controlled trial was to evaluate the 
impact of ozone therapy on visual pathways in diabetic patients.

Methods Sixty patients with type 2 diabetes visiting clinics of Baqiyatallah university in Tehran (Iran) hospital were 
randomly assigned to two experimental groups: Group 1 (N = 30) undergoing a cycle of 20 sessions of systemic 
oxygen‑ozone therapy in addition to standard therapy for metabolic control; Group 2 (N = 30)—serving as control—
receiving only standard therapy against diabetes. The primary study endpoints were two VEP parameters; P100 wave 
latency and P100 amplitude at 3 months. Moreover,  HbA1c levels were measured before the start of treatment and 
three months later as secondary study endpoint.

Results All 60 patients completed the clinical trial. P100 latency significantly reduced at 3 months since baseline. No 
correlation was found between repeated measures of P100 wave latency and  HbA1c (Pearson’s r = 0.169, p = 0.291). 
There was no significant difference between baseline values and repeated measures of P100 wave amplitude over 
time in either group. No adverse effects were recorded.

Conclusions Ozone therapy improved the conduction of impulses in optic pathways of diabetic patients. The 
improved glycemic control following ozone therpay may not fully explain the reduction of P100 wave latency though; 
other mechanistic effects of ozone may be involved.
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Background
Diabetes Mellitus (DM) encompasses a cluster of com-
mon metabolic disorders that cause hyperglycemia. The 
estimated worldwide prevalence of DM has increased 
substantially over the past three decades, from 30 million 
cases in 1985 to 425 million in 2017. The International 
Diabetes Federation has predicted that if the current 
trend continues more than 629 million people will devel-
ope diabetes by 2045 [1].

DM and its subsequent pathophysiologic changes 
affecting multiple organs place a heavy burden not only 
on patients but also on the entire health care systems [2]. 
Central nervous system disorders are frequent yet under-
estimated complications of DM [3–7] with diabetic neu-
ropathy being the most common sequela.

For years, retinopathy sustained by vascular pathol-
ogy was assumed to be the underlying cause of visual 
dysfunction in diabetic patients. However, diabetes also 
affects neuronal cells of the retina, resulting in dysfunc-
tion and degeneration of some retinal neurons [8].

The main causative factor for early functional changes 
in diabetic neuropathy and reduced nerve conduction 
velocity (NCV) is likely to be endoneurial hypoxia [9]. 
On the other hand, oxidation of elevated levels of intra-
cellular glucose increases the generation of reactive 
oxygen species (ROS) [10, 11]. Both latter mechanisms—
endoneurial hypoxia and ROS  generation—deter-
mines  excessive oxidative stress [12]. Oxidative stress, 
combined with derangements in vascular and metabolic 
pathways, contributes to the development of diabetic 
neuropathy [13].

In experimental studies, treatment with antioxidants 
[14] proved to restore normal blood flow in diabetic neu-
ropathy, improving NCV and retrieving impaired nerve 
function [15–21].

Although ozone molecule in large doses is a powerful 
oxidant and inhalation of ozone gas is very toxic for the 
lungs [22], recent studies have shown that administration 
of small doses of a gas mixture of 2%  O3 plus 98%  O2 via 
appropriate routes paradoxically induces an adaptive reac-
tion reducing the endogenous oxidative stress [23–26].

The upregulation of the anti-oxidant system induced 
by ozone therapy reportedly reduces chronic oxidative 
stress, thereby improving blood circulation, oxygen deliv-
ery to ischemic tissues, insulin secretion and efficacy, 
inducing also a state of euphoria and wellbeing [23]. For 
instance, ozone therapy in patients affected by diabetic 
foot induced normalisation of organic peroxides levels, 
activation of superoxide dismutase, prevention of oxi-
dative stress and improvement of glycemic control [27]. 
Furthermore, ozone treatment also reduced the oxida-
tive damage on proteins and lipids of patients affected by 
multiple sclerosis [28].

Visual evoked potentials (VEP) are electrical potential 
differences, generated in response to visual stimuli, that 
can be recorded from the human scalp. VEP are a simple, 
sensitive, non-invasive and harmless method for detect-
ing early alterations in central visual pathways. Since 
damage to the optic pathway reduces the amplitude and 
increases the latency of the response wave. VEPs have 
become a routine method to diagnose reversal patterns 
in several neurologic diseases affecting the optic pathway 
[29–31].

Several studies have found abnormalities of VEP 
parameters in diabetic patients, especially prolongation 
of P100 wave latency [29, 32–40]. VEP can detect pre-
clinical neuro-degenerative or micro-vascular changes 
within or downstream the retina, even in patients with-
out diabetic retinopathy [41]. These changes denote a loss 
of neuronal function even before the detection of ana-
tomical abnormalities [42].

In view of the above, this randomized controlled study 
aims to evaluate the effect of ozone therapy to imptove 
the function of visual pathways in diabetic patients 
treated at Baqiyatallah University of Medical Sciecnes in 
Tehran (Iran).

Methods
This was a single-centre, randomized, controlled, paral-
lel-group study enrolling 60 patients with type 2 diabe-
tes, conducted from May   2019 to February 2020 at the 
Ozone Complementary Research Center in Tehran, Iran.

In  absence of reference estimates, hypothesizing 
a 25% difference in P100 wave latency between patients 
treated with ozone as compared to those receiving stand-
ard of care for diabetes, assuming a two-sided test with a 
5% significance level and a desired 80% statistical power, 
at least 52 patients (26 patients treated with ozone versus 
26 controls) were required to achieve statistically signifi-
cant results. We therefore decided to slightly increase the 
latter numbers, recuiting 60 patients (30 per study arm).

SPSS software was used to assign participants to the 
two experimental groups with an allocation ratio of 1:1, 
by blind block randomization:

• Group 1 (treatment arm) underwent a cycle of sys-
temic oxygen-ozone therapy in addition to standard 
diabetes therapy for metabolic control.

• Group 2 (control arm) did not receive any treat-
ments other than standard diabetes therapy for meta-
bolic control.

Baseline clinical and demographic characteristics of 
patients, including height, weight and duration of dia-
betes, were recorded. Patients underwent baseline 
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ophthalmologic examination to classify their retinopathy 
status as follows:

• No apparent retinopathy,
• Mild non-proliferative diabetic retinopathy (NPDR),
• Moderate NPDR,
• Severe NPDR,
• Regressed Proliferative Diabetic Retinopathy (PDR),
• PDR.

VEP were recorded as primary endpoint, at baseline 
and after 1, 2 and 3  months.  HbA1c levels were used as 
the secondary outcome and measured at baseline and 
after 3 months.

No information on side effects was collected.
Exclusion criteria included:

• G6PD deficiency;
• Pregnancy;
• Nursing patients;
• Abnormal coagulation tests;
• Abnormal thyroid function tests;
• Hypersensitivity to ozone; and
• Reduced visual acuity not correctable by glasses.

Oxygen ozone therapy
Oxygen ozone therapy (major and minor autohemo-
therapy) was performed twice a week for 20 sessions, and 
10 weeks in total. The procedure was as follows

Major autohemotherapy
Blood was drawn (1.2  mL/kg) from an antecubital vein 
into a sterile glass bottle containing citrate sodium (3.8% 
10 mL per 100 mL of blood) as anticoagulant. After dis-
connecting the bottle, a saline infusion was used to keep 
the vein open. An oxygen-ozone mixture with ozone con-
centration of 25–30 µg/mL was then added to the blood 
bottle, which was gently rotated for 5 min to mix the gas 
blend  with blood. The hyper oxygenated and ozonated 
blood was thereafter reinfused via the same vein over the 
course of 20 min. The entire procedure required 40 min 
to complete.

Ozone was produced by Herrmann Medozon com-
pact (Germany). This device measures ozone concentra-
tion photometrically in real-time, in accordance with the 
rules of the International Ozone Association.

Minor autohemotherapy
Blood (10  mL) was removed i.v. and collected into a 
20 mL disposable syringe prefilled with the same amount 
of ozone-oxygen mixture (10  mL). The syringe was 
shaken for 30 s and slowly injected intramuscularly (i.m.).

Visual evoked potentials
Pattern-reversal VEP was selected as the type of visual 
stimuli for recording since it is less variable in timing 
and waveform than VEP elicited by other stimuli. The 
pattern-reversal stimulus consisted of a checkerboard 
with 8 × 8 black and white checks (medium-sized 0.5, 
30 min of arc) changing phase (from white to black and 
vice versa) abruptly with a frequency of twice per second 
(2/s). The patient, sitting comfortably, was placed in front 
of the checkerboard pattern, at 1  m distance between 
the eyes and the screen. Patients with refractive errors 
were tested with appropriate corrective glasses. Patients 
were asked to focus at the red coloured marker, located 
at the centre of the checkerboard pattern, with only one 
eye at time (monocular stimulation). Surface electrodes 
were employed to record the electrical impulses gener-
ated by the patient’s visual pathway in response to pattern 
alterations.

The surface electrodes were placed with electrode paste 
after proper skin preparation by cleansing, degreasing 
and abrading. According to the international 10/20 sys-
tem, surface electrodes were placed according to bony 
landmarks and size of the head [43, 44]. The active elec-
trode was placed on the scalp over the occiput and above 
the inion (Oz), at a distance to inion equal to 10% of the 
distance between inion (Oz) and nasion. The reference 
electrode was placed on the forehead at Fz, a point above 
nasion at a distance to nasion equal to 30% of the dis-
tance between nasion and inion. The ground electrode 
was attached to a nonspecific point, usually the fore-
head (Fpz). The subscript z indicates a midline position. 
The difference between impulses received by the active 
and reference electrodes was used for recording VEP 
(Oz–Fz).

VEP parameters recorded were P100 wave latency (in 
ms) and P100 wave amplitude (in µV). P100 wave ampli-
tude was calculated using the peak-to-peak amplitudes of 
waves N70-P100.

Statistical analyses
SPSS Version 25 was used to perform the statistical 
analyses.

VEP parameters of the subjects’s right eyes were used 
for statistical analysis.

Quantitative variables were expressed as mean ± stand-
ard deviation (SD), whereas.  categorical variables were 
expressed as number and percentages (%).

Independent samples t-Test were used to compare the 
baseline characteristics of ozone-treated patients  ver-
sus controls and against measurements  from 50 healthy 
individuals without diabetes. One-way ANOVA was 
used to assess the effect of retinopathy status as between-
subject factor on VEP parameters of the eye. Repeated 
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ANOVA tests were performed  over time (at base-
line, after one month, after two months, and at three 
months). The level of significance was set at 0.05.

Results
Diabetic patients were recuited from May through 
November 2019, and the clinical trial ended in February 
2020. All 60 patients completed the trial.

Baseline demographic and clinical characteristics 
of the studied population
As can be seen from Table 1, there was no difference in 
the baseline distribution of variables between the two 
patient groups. Patients’ age ranged between 42 and 
82  years, with a mean of 60.8 ± 9.2  years in the  treat-
ment arm against 61.7 ± 9.6 years in the control arm. The 
duration of DM ranged between < 7 days (for newly diag-
nosed cases) up to 31 years, for a mean of 14.2 ± 6.7 days 
in ozone-treated patients  versus 14.4 ± 6.9  days in con-
trols. The mean baseline   HbA1c was 9.04 ± 1.46  days in 
ozone  treated patients  against 8.96 ± 1.54  days in con-
trols; 90% of patients had  HbA1c > 53  mmol/mol (7.0%). 

The mean BMI was 27.7 ± 4.7  kg/m2 in patients treated 
with ozone against 27.6 ± 3.9 kg/m2 in controls.

There was no significant difference in baseline retin-
opathy status between the two patient groups. Of total 
60 right eyes, the percentage of retinopathy status was as 
follows:

• 16.7% no apparent retinopathy;
• 35% mild NPDR;
• 15% moderate NPDR;
• 6.7% severe NPDR; and
• 26.6% regressed PDR.

Baseline VEP measurements
Table  2 shows the reference data of VEP parameters 
obtained from 50 non-diabetic volunteers. As can be 
seen, compared to males, females had lower P100 latency 
values (p < 0.05). By contrast, no significant difference 
was found for P100 amplitude by sex in each group.

As can be seen from Table  2, compared to non-dia-
betic individuals, diabetic patients treated with ozone 
had significantly longer baseline P100 wave latency 

Table 1 Baseline clinical and demographic characteristics of the studied population

DM diabetes mellitus, N.S non significant

Baseline variables Treatment arm (N = 30) Control arm (N = 30) P-value

Age (years)

 Mean ± SD 60.8 ± 9.2 61.7 ± 9.6 N.S

 40–49 5 (16.7) 5 (16.7) N.S

 50–59 8 (26.67) 7 (23.3)

 60–69 11 (36.7) 12 (40)

 70–79 5 (16.7) 4 (13.3)

 80+ 1 (3.3) 2 (6.7)

Sex

 Male 17 (56.7) 16 (53.3)

 Female 13 (43.3) 14 (46.7)

Duration of DM (days)—(mean ± SD) 14.2 ± 6.7 14.4 ± 6.9 N.S

BMI (kg/m2)—(mean ± SD) 27.7 ± 4.7 27.6 ± 3.9 N.S

HbA1C (%)—(mean ± SD 9.04 ± 1.46 8.96 ± 1.54 N.S

Table 2 Baseline VEP parameters from 50 non‑diabetic subjects, diabetic patients treated with ozone and controls, by sex

Group VEP parameter Total (mean ± SD) Males (mean ± SD) Females (mean ± SD) P-value

Healthy subjects P100 wave latency (ms) 98.83 ± 4.48 101.22 ± 4.50 96.60 ± 4.45 0.002

P100 amplitude (μV) 7.08 ± 2.08 6.54 ± 2.02 7.67 ± 2.09 0.085

Treatment arm P100 wave latency (ms) 108.33 ± 5.36 111.82 ± 5.37 103.76 ± 5.32 0.001

P100 amplitude (μV) 4.03 ± 1.89 3.98 ± 1.90 4.09 ± 1.88 0.112

Control arm P100 wave latency (ms) 108.31 ± 5.29 111.53 ± 5.30 104.68 ± 5.22 0.001

P100 amplitude (μV) 4.02 ± 1.91 3.96 ± 1.91 4.08 ± 1.90 0.105
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(108.33 ± 5.36 vs. 98.83 ± 4.48 ms; p < 0.001) and lower P100 
wave amplitude (4.03 ± 1.89 vs. 7.08 ± 2.08  μV; p < 0.001). 
By contrast, there was no significant baseline difference in 
P100 wave latency and amplitude by study arm.

Table  3 shows number and percentage of  dia-
betic  patients with abnormal baseline VEP findings by 
study arm. VEP were considered altered when latency or 
amplitude of P100 wave differed from normal values by at 
least two standard deviations.

Correlation between baseline VEP parameters and HbA1C 
or duration of diabetes
There was no significant correlation between baseline 
measurements of VEP parameters and HbA1C or dura-
tion of diabetes.

Effect of retinopathy status on baseline VEP parameters
There was no significant correlation between retinopa-
thy status and baseline P100 wave latency [F(5; 54)=0.783; 
p = 0.566]  or  amplitude [F(5; 54)=1.76; p= 0.136) in both 
patient groups.

Comparison between groups over the time
Table  4 shows the variation of VEP parameters (P100 
latency and amplitude) as well as HbA1C from baseline 

to month 3, by patients group and between ozone-treated 
patients against non-diabetic individuals. Figures 1, 2 and 
3 show the trend over time of P100 Latency, P100 Ampli-
tude and HbA1C, respectively, by study arm.

P100 latency
As can be seen from Table  4, P100 latency decreased 
from 108.33 ± 5.36 ms  to 106.763 ± 5.27 ms  in patients 
treated with ozone, whereas it slightly increased 
from 108.31 ± 5.29 ms  to 108.434 ± 5.31 ms  in con-
trols. The difference in mean P100 latency at  3  months 
between treatment and control arm was statistically 
significant (p = 0.03).

As can be seen from Table 4, although the mean P100 
latency estimates decreased significantly at 3 months  in 
patients treated with ozone, they were still significantly 
higher than non-diabetic subjects (p < 0.001).

Since  the assumption of sphericity was vio-
lated  at  Mauchly’s test(χ2(5) = 392.701, p < 0.001), 
the  degrees of freedom were corrected using Green-
house–Geisser estimates of sphericity (ε = 0.387). Whilst 
the individual effect of time [F(1.16; 67.33)=3.24; p=007] 
or patient  group [F(1; 58)=0.53; p=0.47] was  not sig-
nificant,  there was a significant time × group interac-
tion [F(1.16; 67.33) = 3.84; p = 0.048] with an effect size 
f(U) = 0.20.

P100 amplitude
As can be seen from Table  4, P100 amplitude 
slightly  increased  from 4.03 ± 1.89 μV  to 4.05 ± 1.93 
μV  in diabetic  patients treated with ozone, wheres it 
remained stable (4.02 μV) in controls. However, the dif-
ference in mean P100 amplitude at 3  months between 
treatment and control arm was not significant

Since the  assumption of sphericity was  vio-
lated  at  Mauchly’s test (χ2(5) = 50.583, p < 0.001), 

Table 3 Number and percentage of diabetic patients with 
abnormal baseline VEP findings, by study arm

Parameter Patient group Number (%)

P100 wave latency (ms) Treatment arm 14 (46.6)

Control arm 14 (46.6)

P100 amplitude (μV) Treatment arm 6 (20)

Control arm 5 (16.6)

Table 4 Comparison of VEP measurements at baseline and after 3 months by patient group (ozone treated diabetic patients versus 
controls). Comparison of VEP measurements of ozone‑treated diabetic patients both at baseline and after 3 months 
against values from individuals without diabetes

N.S non significant

*Comparison of treatment versus control arm

**Comparison of ozone-treated patients with non-diabetic patients

VEP parameter Timeline Study arm P-value* Non-diabetic subjects P-value**

Treatment Control

P100 wave latency (ms) Baseline 108.33 ± 5.36 108.31 ± 5.29 N.S 98.83 ± 4.48 < 0.001

At 3 months 106.76 ± 5.27 108.43 ± 5.31 0.032 < 0.001

P100 amplitude (μV) Baseline 4.03 ± 1.89 4.02 ± 1.91 N.S 7.08 ± 2.08 < 0.001

At 3 months 4.05 ± 1.93 4.02 ± 1.90 N.S < 0.001

HbA1C (%) Baseline 9.04 ± 1.46 8.96 ± 1.54 N.S

At 3 months 8.69 ± 1.47 8.87 ± 1.63 0.041
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the  degrees of freedom were corrected using Green-
house–Geisser estimates of sphericity (ε = 0.715). Both 
the individual  effect of time [F(2.14; 124.41) = 1.16, 
p = 0.310] or patient  group [F(1; 58) = 0.004; 
p = 0.952] was non-significant. The interaction term 
of Time × Group was also  not significant [F(2.14; 
124.41) = 0.581; p = 0.572 with an effect size f(U) = 0.27.

There was no significant difference between baseline 
values of P100 amplitude and their  repeated measures 
over time in either study group (Fig. 2).

HbA1C
As can be seen from Table  4, in patients treated with 
ozone HbA1C decreased from 9.04 ± 1.46 % to 8.69 ± 1.47 
%  after 3  months. Among controls, HbA1C diminshed 
from 8.96 ± 1.54 % to 8.87 ± 1.63 % at month 3. Reduction 
of mean HbA1C at 3  months was significantly stronger 
in patients treated with ozone compared to controls 
(p = 0.041). Whilst there was a significant main effect 
of time [F(1; 58) = 23.16;  (p < 0.001], the effect of patient 
group was non-significant, [F(1.58)=0.022;  p = 0.882]. 
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However, a significant ime × group interaction could be 
appreciated [F(1; 58) = 7.54;  p = 0.008].

No correlation was observed between HbA1C meas-
urements and variaton of P100 wave latency over time 
(Pearson’s r = 0.169; p = 0.291).

Side effects
No relevant adverse effects were noted in either group.

Discussion
Key findings
In the present study conduction of impulses across optic 
pathways, in terms of reduction of P100 latency, signifi-
cantly improved 3  months since start of ozone therapy, 
entailing a cycle of 20 treatment sessions. However, 
no significant difference in P100 wave amplitude was 
observed from baseline through month 3.

No correlation was found between P100 wave latency 
or amplitude and duration of diabetes or HbA1 levels.

Finally, the degree of diabetic retinopathy did not cor-
relate with abnormal VEP in the present study.

Interpretation of findings
Stimulation of the central region of the visual field leads 
to generation of P100 waves, mostly occurring in the stri-
ate cortex [45]. The number of functional afferent fibres 
reaching the striate cortex determines the amplitude of 
VEP [46]. A reduction in baseline P100 wave amplitude 
of diabetic patients observed in our study is in line with 
the open literature [29, 47–49]. Although ozone therapy 

had a noticeable impact on P100 wave amplitude, the 
respective effect size was not significant, probably due to 
small number of treatment sessions or participants.

Albeit  ozone therapy was previously found to sig-
nificantly reduce fasting blood sugar (FBS) level in 
diabetic patients [50], the reduction in P100 wave laten-
cies observed in the present study could not be merely 
explained by the effects of the gas on glycemic control. 
Ozone in fact mitigates the oxidative stress mainly by 
shifting the balance of endogenous oxidant-antioxi-
dant systems towards anti-oxidantion, another poten-
tial mechanism for therapeutic effects of ozone [51]. As 
already mentioned above, oxidative stress enhances the 
risk of developing neuropathy in diabetic patients with 
micro-angiopathy [13]

Retinopathy was not associated with VEP abnormali-
ties in the present trial a finding in line with other stud-
ies [39, 52–55]. However, further investigations reported 
prolonged VEP latencies only in patients with prolifera-
tive retinopathy [56–59], Whilst most neurophysiologic 
changes in diabetic patients can be attributed to ischemic 
damage to retinal neurons and other structures induced 
by microangiopathy, other factors may also play an key 
role in diabetic neuropathy.

Several studies investigated the relationship between 
P100 latency changes and long-term glycemic control, 
with conflicting evidence though [33, 37, 40, 60, 61]. 
Whilst correlation between P100 latency changes and 
long-term glycemic control (expressed as HbA1C levels 
or glycaemia) was reported by a few studies [33, 34, 60], 
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several others did not confirm the latter association 
[29, 35, 38, 59, 62–66].

For instance, baseline P100 wave latencies of 30 newly 
diagnosed diabetic patients with mean HbA1C levels of 
79.2  mmol/mol were significantly longer than healthy 
age- and sex-matched  controls’ (p < 0.01), whereaes 
N75 to P100 amplitudes were similar between the two 
groups. Six months later, when all diabetic patients 
achieved glycemic control (mean  HbA1c = 55.2  mmol/
mol), all VEPs parameters were completely normalised 
[34].

By contrast, in a study on 18 non-insulin-dependent 
diabetic patients contrasted with 35 normal controls at 
baseline and after 4.6  years, VEP alterations remained 
stable over time (at least 4  years) without correlating 
with metabolic control during the  study period. Con-
versely, peripheral neurological disease progressed  in 
the latter study, correlating positively with metabolic 
control [32].

In another study on 12 diabetic patients with poor 
glycemic control, VEPs were recorded before and 3+ 
days after treatment with continuous subcutaneous 
insulin infusion leading almost to normoglycemia. 
Four diabetic patients (33.3%) had abnormal baseline 
VEPs. In comparison with controls, diabetic patients 
had longer mean  P100 wave latencies (p < 0.01). Three 
days after close control of blood glucose, leading to a 
significant fall in the mean level of blood glucose (from 
13.77 ± 2.2  mmol/L to 6.8 ± 1.2  mmol/L  p < 0.01), a 
significant reduction in the mean P100 wave latencies 
(112.5 ± 7.6  ms; p < 0.01) was observed. Nevertheless, 
compared with normal values, P100 wave latencies in 
diabetic patients were still significantly longer, with 
no correlation between VEPs improvement and fall in 
blood glucose [38]. Likewise, P100 wave latencies in 
diabetic patients were significantly longer than indi-
viduals’ without diabetes in the present study, a finding 
largely consistent with the open literature [4, 29, 44, 45, 
47].

By providing information on pathways distal from the 
optic nerve, pattern electroretinography (PERG) ena-
bles to distinguish VEP delays due to optic nerve dis-
orders from those arising from downstream pathways 
[67]. An index of neural conduction in the retinocorti-
cal pathway can be created by comparing peak implicit 
times of PERG and VEPs [68, 69]. In a study measuring 
both VEP and pattern electroretinogram, a proportion 
of diabetic patients showed abnormal VEP latencies in 
absence of fundoscopic findings of retinopathy, suggest-
ing impaired retinal function and in some cases optic 
neuropathy [70]. Given abnormal VEP parameters in dia-
betic patients could be due to retinal or optic tract disor-
ders or both, future research should use both PERG and 

VEP simultaneously, to better isolate the area on visual 
pathways targeted by ozone therapy.

Study limitations
A relatively short duration of follow-up was the main 
limitation of this study. Further studies with a larger sam-
ple size should be conducted to confirm whether ozone 
therapy can also increase the amplitude of the P100 wave. 
Extended follow-ups would enalble to clarify the timeline 
for P100 wave parameters to return to pre-treatment lev-
els since cessation of ozone therapy.

Furthermore, the present  study was conducted with a 
single electrode placed over the midline of occiput which 
is called a 1-channel VEP. This central electrode picks up 
signals from the combined hemispheres at the visual cor-
tex. Another option is to use three occipital electrodes 
for a 3-channel VEP. With 3-channel electrode place-
ment it is possible to detect optic nerve misrouting and 
determine whether a lesion is located at or posterior to 
the chiasm.

Conclusion
Ozone therapy reduced P100 wave latency and improved 
glycemic control in diabetic patients. Ozone therapy 
could be recommeded as a complementary treatment 
alongside standard therapy to improve the conduction of 
impulses in visual pathways of diabetic patients. A treat-
ment cycle of ozone therapy should probably entailed at 
least 20 sesssions.

The beneficial effect of ozone needs to be explored 
more in depth though, to understand potential further 
therapeutic  mechanims against diabetic neuropathy 
beyond glycemic control. Given abnormal VEP param-
eters in diabetic patients could be due to retinal or optic 
tract disorders or both, simultaneous PERG and VEP are 
recommended in future research studies, to isolate the 
area on visual pathways targeted by ozone therapy.

Acknowledgements
The assistance provided by Dr. Mohammad Isa Sarafzade, Neurologist at 
Guilan University of Medical Sciences, was greatly appreciated.

Author contributions
MI, MJ, AS, BE, SZ, NJJ, MSH, JHN and EN conceived and planned in design and 
draft the experiments. MI and AS carried out the experiments and contrib‑
uted to the interpretation of the results. MJ and AS took the lead in writing 
the manuscript as well as FF, ZV, SHS, HEGG, MF and ZE authors helped to 
draft and revise the manuscript. LC analyzed/interpreted the data and wrote 
the manuscript. All authors provided critical feedback and helped shape the 
research, analysis and manuscript.

Funding
Ozone Complementary Research Center of Baqiyatallah University of Medical 
Sciences supported this study. The study funder was involved in the design of 
the study; the collection, analysis, and interpretation of data and writing the 
report but did not impose any restrictions regarding the publication of the 
report.



Page 9 of 10Izadi et al. Diabetology & Metabolic Syndrome  2023, 15(1):140 

Data availability
The datasets generated during or analysed during the current study are avail‑
able from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Ethics Committee of Baqiyatallah University of Medical Sciences approved 
the study (Approval ID: IR.BMSU.REC.1398.043), and all methods in our study 
were carried out in accordance with the principles outlined in the Declaration 
of Helsinki. The trial protocol has been registered in Iranian Registry of Clinical 
Trials (IRCT). The registration reference is IRCT20191125045492N1.

Consent to publication
Regarding publication and data sharing, informed written consent was 
obtained from all patients. In addition, informed written consent was obtained 
from patients of group 1, with respect to oxygen‑ozone therapy.

Competing interests
The authors declare no competing interests.

Author details
1 Health Research Center, Baqiyatallah University of Medical Sciences, Tehran, 
Iran. 2 Nephrology and Urology Research Center, Clinical Science Institute, 
Baqiyatallah University of Medical Sciences, Tehran, Iran. 3 Department of Bio‑
statistics, Faculty of Medicine, Guilan University of Medical Sciences, Rasht, 
Iran. 4 Nephrology Department, Loghman Hakim Hospital, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. 5 Department of Pediatrics, School 
of Medicine, Hazrat‑E Ali. Asghar Pediatrics Hospital, Iran University of Medical 
Sciences, Tehran, Iran. 6 JC School of Public Health and Primary Care, Chinese 
University of Hong Kong, Hong Kong, China. 7 Health Research Center, Lifestyle 
Institute, Baqiyatallah University of Medical Sciences, Tehran, Iran. 8 Neurosci‑
ence Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran. 
9 Endocrinology and Metabolism Department, Baqiyatallah University of Medi‑
cal Sciences, Tehran, Iran. 10 Behavioral Sciences Research Center, Lifestyle 
Institute, Baqiyatallah University of Medical Sciences, Tehran, Iran. 11 Applied 
Virology Research Center, Baqiyatallah University of Medical Sciences, Tehran, 
Iran. 12 Ozone CRC, BMSU, Tehran, Iran. 13 Nephrology Research Center, Shariati 
Hospital, Tehran University of Medical Sciences, Tehran, Iran. 14 Department 
of Medical, Surgical & Health Sciences, University of Trieste, Trieste, Italy. 
15 Occupational Medicine Unit, University Health Agency Giuliano‑ISontina 
(ASUGI), Trieste, Italy. 

Received: 27 March 2023   Accepted: 16 June 2023
Published: 26 June 2023

References
 1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri 

S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright D, Williams R, 
IDF Diabetes Atlas Committee. Global and regional diabetes prevalence 
estimates for 2019 and projections for 2030 and 2045: results from the 
International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes 
Res Clin Pract. 2019;157: 107843.

 2. Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo DL, Loscalzo J. Har‑
rison’s principles of internal medicine 19th edition and Harrison’s manual 
of medicine 19th edition (EBook)VAL PAK. New York: McGraw‑Hill Educa‑
tion; 2017.

 3. Raman P, Sodani A, George B. A study of visual evoked potential changes 
in diabetes mellitus. Int J Diabetes Dev Ctries. 1997;17:69–73.

 4. Várkonyi TT, Petõ T, Dégi R, Keresztes K, Lengyel C, Janáky M, Kempler 
P, Lonovics J. Impairment of visual evoked potentials: an early central 
manifestation of diabetic neuropathy? Diabetes Care. 2002;25(9):1661–2.

 5. Goldenberg Z, Kucera P, Brezinova M, Kurca E, Barak L, Traubner P. Clini‑
cally unapparent central motor pathways lesion in patients with type I 
diabetes mellitus. A transcranial magnetic stimulation study. Bratisl Lek 
Listy. 2004;105(12):400–3.

 6. Suzuki C, Ozaki I, Tanosaki M, Suda T, Baba M, Matsunaga M. Peripheral 
and central conduction abnormalities in diabetes mellitus. Neurology. 
2000;54(10):1932–7.

 7. Mooradian AD. Central nervous system complications of diabetes 
mellitus—a perspective from the blood–brain barrier. Brain Res Brain Res 
Rev. 1997;23(3):210–8.

 8. Kern TS, Barber AJ. Retinal ganglion cells in diabetes. J Physiol. 
2008;586(18):4401–8.

 9. Cameron NE, Cotter MA. The relationship of vascular changes to meta‑
bolic factors in diabetes mellitus and their role in the development of 
peripheral nerve complications. Diabetes Metab Rev. 1994;10(3):189–224.

 10. Ceriello A. New insights on oxidative stress and diabetic complica‑
tions may lead to a “causal” antioxidant therapy. Diabetes Care. 
2003;26(5):1589–96.

 11. Brownlee M. The pathobiology of diabetic complications: a unifying 
mechanism. Diabetes. 2005;54(6):1615–25.

 12. Low PA, Lagerlund TD, McManis PG. Nerve blood flow and oxygen 
delivery in normal, diabetic, and ischemic neuropathy. Int Rev Neurobiol. 
1989;31:355–438.

 13. Figueroa‑Romero C, Sadidi M, Feldman EL. Mechanisms of disease: the 
oxidative stress theory of diabetic neuropathy. Rev Endocr Metab Disord. 
2008;9(4):301–14.

 14. Obrosova IG, Fathallah L, Stevens MJ. Taurine counteracts oxidative stress 
and nerve growth factor deficit in early experimental diabetic neuropa‑
thy. Exp Neurol. 2001;172(1):211–9.

 15. Cameron NE, Eaton SE, Cotter MA, Tesfaye S. Vascular factors and meta‑
bolic interactions in the pathogenesis of diabetic neuropathy. Diabetolo‑
gia. 2001;44(11):1973–88.

 16. Yagihashi S, Mizukami H, Sugimoto K. Mechanism of diabetic neuropathy: 
where are we now and where to go? J Diabetes Investig. 2011;2(1):18–32.

 17. Low PA, Nickander KK, Tritschler HJ. The roles of oxidative stress and 
antioxidant treatment in experimental diabetic neuropathy. Diabetes. 
1997;46(Suppl 2):S38‑42.

 18. Tomlinson DR. Future prevention and treatment of diabetic neuropathy. 
Diabetes Metab. 1998;24(Suppl 3):79–83.

 19. Cameron NE, Cotter MA. Metabolic and vascular factors in the pathogen‑
esis of diabetic neuropathy. Diabetes. 1997;46(Suppl 2):S31–7.

 20. Van Dam PS, Bravenboer B. Oxidative stress and antioxidant treatment in 
diabetic neuropathy. Neurosci Res Commun. 1997;21(1):41–8.

 21. Greene DA, Stevens MJ, Obrosova I, Feldman EL. Glucose‑induced 
oxidative stress and programmed cell death in diabetic neuropathy. Eur J 
Pharmacol. 1999;375(1–3):217–23.

 22. Hazucha MJ, Bates DV, Bromberg PA. Mechanism of action of ozone on 
the human lung. J Appl Physiol. 1989;67(4):1535–41.

 23. Bocci V, Borrelli E, Travagli V, Zanardi I. The ozone paradox: ozone is a 
strong oxidant as well as a medical drug. Med Res Rev. 2009;29(4):646–82.

 24. Bocci V, Zanardi I, Huijberts MS, Travagli V. Diabetes and chronic oxidative 
stress. A perspective based on the possible usefulness of ozone therapy. 
Diabetes Metab Syndr. 2011;5(1):45–9.

 25. Bocci V. Is it true that ozone is always toxic? The end of a dogma. Toxicol 
Appl Pharmacol. 2006;216(3):493–504.

 26. Izadi M, Cegolon L, Javanbakht M, Sarafzadeh A, Abolghasemi H, Alishiri 
G, Zhao S, Einollahi B, Kashaki M, Jonaidi‑Jafari N, Asadi M, Jafari R, Fathi S, 
Nikoueinejad H, Ebrahimi M, Imanizadeh S, Ghazale AH. Ozone therapy 
for the treatment of COVID‑19 pneumonia: a scoping review. Int Immu‑
nopharmacol. 2021;92: 107307.

 27. Martínez‑Sánchez G, Al‑Dalain SM, Menéndez S, et al. Therapeutic 
efficacy of ozone in patients with diabetic foot. Eur J Pharmacol. 
2005;523(1–3):151–61.

 28. Delgado‑Roche L, Riera‑Romo M, Mesta F, et al. Medical ozone promotes 
Nrf2 phosphorylation reducing oxidative stress and pro‑inflammatory 
cytokines in multiple sclerosis patients. Eur J Pharmacol. 2017;811:148–54.

 29. Algan M, Ziegler O, Gehin P, et al. Visual evoked potentials in diabetic 
patients. Diabetes Care. 1989;12(3):227–9.

 30. Wysocka‑Mincewicz M, Trippenbach‑Dulska H, Emeryk‑Szajewska B, 
Zakrzewska‑Pniewska B, Kochanek K, Pańkowska E. Co‑existence of 
abnormalities in the peripheral nervous system and in the auditory and 
visual evoked potentials in children with type 1 diabetes. Diabetologia 
Doswiadczalna i Kliniczna. 2007;7(1):44–49.



Page 10 of 10Izadi et al. Diabetology & Metabolic Syndrome  2023, 15(1):140

 31. Antal A, Kincses TZ, Nitsche MA, Bartfai O, Paulus W. Excitability changes 
induced in the human primary visual cortex by transcranial direct current 
stimulation: direct electrophysiological evidence. Invest Ophthalmol Vis 
Sci. 2004;45(2):702–7.

 32. Moreo G, Mariani E, Pizzamiglio G, Colucci GB. Visual evoked potentials in 
NIDDM: a longitudinal study. Diabetologia. 1995;38(5):573–6.

 33. Mariani E, Moreo G, Colucci GB. Study of visual evoked potentials in 
diabetics without retinopathy: correlations with clinical findings and 
polyneuropathy. Acta Neurol Scand. 1990;81(4):337–40.

 34. Verrotti A, Lobefalo L, Trotta D, et al. Visual evoked potentials in young 
persons with newly diagnosed diabetes: a long‑term follow‑up. Dev Med 
Child Neurol. 2000;42(4):240–4.

 35. Puvanendran K, Devathasan G, Wong PK. Visual evoked responses in 
diabetes. J Neurol Neurosurg Psychiatry. 1983;46(7):643–7.

 36. Seidl R, Birnbacher R, Hauser E, Bernert G, Freilinger M, Schober E. Brain‑
stem auditory evoked potentials and visually evoked potentials in young 
patients with IDDM. Diabetes Care. 1996;19(11):1220–4.

 37. Anastasi M, Lauricella M, Giordano C, Galluzzo A. Visual evoked potentials 
in insulin‑dependent diabetics. Acta Diabetol Lat. 1985;22(4):343–9.

 38. Ziegler O, Guerci B, Algan M, Lonchamp P, Weber M, Drouin P. Improved 
visual evoked potential latencies in poorly controlled diabetic 
patients after short‑term strict metabolic control. Diabetes Care. 
1994;17(10):1141–7.

 39. Khardori R, Soler NG, Good DC, DevlescHoward AB, Broughton D, Walbert 
J. Brainstem auditory and visual evoked potentials in type 1 (insulin‑
dependent) diabetic patients. Diabetologia. 1986;29(6):362–5.

 40. Yaltkaya K, Balkan S, Baysal AI. Visual evoked potentials in diabetes mel‑
litus. Acta Neurol Scand. 1988;77(3):239–41.

 41. Heravian J, Ehyaei A, Shoeibi N, et al. Pattern visual evoked poten‑
tials in patients with type II diabetes mellitus. J Ophthalmic Vis Res. 
2012;7(3):225–30.

 42. Pescosolido N, Barbato A, Stefanucci A, Buomprisco G. Role of electro‑
physiology in the early diagnosis and follow‑up of diabetic retinopathy. J 
Diabetes Res. 2015;2015: 319692.

 43. American Clinical Neurophysiology Society. Guideline 5: guidelines 
for standard electrode position nomenclature. J Clin Neurophysiol. 
2006;23(2):107–10.

 44. Klem GH, Lüders HO, Jasper HH, Elger C. The ten‑twenty electrode 
system of the International Federation. The International Federation of 
Clinical Neurophysiology. Electroencephalogr Clin Neurophysiol Suppl. 
1999;52:3–6.

 45. Walsh P, Kane N, Butler S. The clinical role of evoked potentials. J Neurol 
Neurosurg Psychiatry. 2005;76(Suppl 2):ii16–22.

 46. You Y, Klistorner A, Thie J, Gupta VK, Graham SL. Axonal loss in a rat model 
of optic neuritis is closely correlated with visual evoked potential ampli‑
tudes using electroencephalogram‑based scaling. Invest Ophthalmol Vis 
Sci. 2012;53(7):3662.

 47. Li P, Yang Y. Pattern reversal visual evoked potentials analysis in patients 
with noninsulin‑dependent diabetes mellitus. Hunan Yi Ke Da Xue Xue 
Bao. 2001;26(3):283–4.

 48. Atilla H, Tekeli O, Ornek K, Batioglu F, Elhan AH, Eryilmaz T. Pattern electro‑
retinography and visual evoked potentials in optic nerve diseases. J Clin 
Neurosci. 2006;13(1):55–9.

 49. Karlica D, Galetović D, Ivanisević M, Skrabić V, Znaor L, Jurisić D. Visual 
evoked potential can be used to detect a prediabetic form of diabetic 
retinopathy in patients with diabetes mellitus type I. Coll Antropol. 
2010;34(2):525–9.

 50. Izadi M, Kheirjou R, Mohammadpour R, et al. Efficacy of comprehensive 
ozone therapy in diabetic foot ulcer healing. Diabetes Metab Syndr. 
2019;13(1):822–5.

 51. Peralta C, León OS, Xaus C, et al. Protective effect of ozone treatment on 
the injury associated with hepatic ischemia‑reperfusion: antioxidant‑
prooxidant balance. Free Radic Res. 1999;31(3):191–6.

 52. Pozzessere G, Rizzo PA, Valle E, et al. A longitudinal study of multimodal 
evoked potentials in diabetes mellitus. Diabetes Res. 1989;10(1):17–20.

 53. Lanting P, Strijers RL, Bos JE, Faes TJ, Heimans JJ. The cause of increased 
pupillary light reflex latencies in diabetic patients: the relationship 
between pupillary light reflex and visual evoked potential latencies. 
Electroencephalogr Clin Neurophysiol. 1991;78(2):111–5.

 54. Bártek L, Gat’ková A, Rybka J, Kalita Z, Smecka Z. Zrakové evokované 
potenciály u diabetiků [Visual evoked potentials in diabetics]. Cesk Oftal‑
mol. 1989;45(3):192–6.

 55. Papakostopoulos D, Hart JC, Corrall RJ, Harney B. The scotopic electrore‑
tinogram to blue flashes and pattern reversal visual evoked potentials in 
insulin dependent diabetes. Int J Psychophysiol. 1996;21(1):33–43.

 56. Fierro B, Brighina F, Cardella F, et al. Multievoked potentials in type I dia‑
betic patients: one year follow‑up study. Electromyogr Clin Neurophysiol. 
1999;39(6):337–44.

 57. Gregori B, Galié E, Pro S, Clementi A, Accornero N. Luminance and chro‑
matic visual evoked potentials in type I and type II diabetes: relationships 
with peripheral neuropathy. Neurol Sci. 2006;27(5):323–7.

 58. Lopes de Faria JM, Katsumi O, Cagliero E, Nathan D, Hirose T. Neurovisual 
abnormalities preceding the retinopathy in patients with long‑term type 
1 diabetes mellitus. Graefes Arch Clin Exp Ophthalmol. 2001;239(9):643–8.

 59. Collier A, Mitchell JD, Clarke BF. Visual evoked potential and contrast 
sensitivity function in diabetic retinopathy. Br Med J (Clin Res Ed). 
1985;291(6490):248.

 60. Gürbüz G, Edizer S, Ünalp A, Nalbantoğlu Ö, Tunç S, et al. The evalua‑
tion of pattern‑reversal visual evoked potentials in children with type 1 
diabetes mellitus. Iran J Pediatr. 2019;29(1): e80278.

 61. Ponte F, Giuffrè G, Anastasi M, Lauricella M. Involvment of the visual 
evoked potentials in type I insulin‑dependent diabetes. Metab Pediatr 
Syst Ophthalmol. 1986;9(2–4):77–80.

 62. Martinelli V, Filippi I, Meschi F, Pozza G, Canal N, Comi GJ. Electrophysi‑
ological study of optic pathways in insulin dependent diabetes mellitus. 
Clin Vis Sci. 1991;6(6):437–43.

 63. Martinelli V, Piatti PM, Filippi M, et al. Effects of hyperglycaemia on visual 
evoked potentials in insulin‑dependent diabetic patients. Acta Diabetol. 
1992;29(1):34–7.

 64. Ponte F, Anastasi M, Lauricella M, Bompiani GD. Optic pathway conduc‑
tion in insulin‑dependent diabetics. Doc Ophthalmol. 1986;63(4):313–9.

 65. Sartucci F, Tognoni G, Guerrini V. Combined use of pattern electroretino‑
grams and visual evoked potentials in evaluation of early visual system 
involvement in type I diabetic children and adolescents. It J Clin Neuro‑
physiol. 1993;2:10–24.

 66. Parisi V, Uccioli L, Parisi L, et al. Neural conduction in visual pathways in 
newly‑diagnosed IDDM patients. Electroencephalogr Clin Neurophysiol. 
1998;108(5):490–6.

 67. Holder GE. The pattern electroretinogram in anterior visual pathway 
dysfunction and its relationship to the pattern visual evoked potential: a 
personal clinical review of 743 eyes. Eye (Lond). 1997;11(Pt 6):924–34.

 68. Celesia GG, Kaufman D, Cone SB. Simultaneous recording of pattern 
electroretinography and visual evoked potentials in multiple sclerosis. 
A method to separate demyelination from axonal damage to the optic 
nerve. Arch Neurol. 1986;43(12):1247–52.

 69. Celesia GG, Kaufman D. Pattern ERGs and visual evoked potentials in 
maculopathies and optic nerve diseases. Invest Ophthalmol Vis Sci. 
1985;26(5):726–35.

 70. Trick GL, Burde RM, Gordon MO, Kilo C, Santiago JV. Retinocortical con‑
duction time in diabetics with abnormal pattern reversal electroretino‑
grams and visual evoked potentials. Doc Ophthalmol. 1988;70(1):19–28.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Efficacy of ozone therapy on visual evoked potentials in diabetic patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Oxygen ozone therapy
	Major autohemotherapy
	Minor autohemotherapy

	Visual evoked potentials
	Statistical analyses

	Results
	Baseline demographic and clinical characteristics of the studied population
	Baseline VEP measurements
	Correlation between baseline VEP parameters and HbA1C or duration of diabetes
	Effect of retinopathy status on baseline VEP parameters

	Comparison between groups over the time
	P100 latency
	P100 amplitude
	HbA1C

	Side effects

	Discussion
	Key findings
	Interpretation of findings
	Study limitations

	Conclusion
	Acknowledgements
	References


