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Abstract

Background: Type-1 diabetes (T1D) is one of the most prevalent chronic autoimmune diseases, which is characterized
by the progressive destruction of insulin-secreting B cells. Evidence indicates that repeated or high-dose exposure
to Gadolinium-Based Contrast Agents (GBCAs) during MRI can result in long-term tissue deposition and increased
oxidative stress.

Objectives: This study aimed to estimate the oxidative effects of MRI exposure in patients with type-1 diabetes, before
and after gadolinium contrast, for different time intervals, using cyclic voltammetry (CV) as an electrochemical analysis
tool.

Materials and Methods: The study was performed at Ghazi Al-hariri Hospital in Baghdad, Iraq, from January to July
2025. It included (30) type-1 diabetic patients (15 males and 15 females), with ages ranging from (30-50) years. The
patients were divided into three groups: 10 patients were not injected with GBCAs and were exposed to MRI for (5-50)
minutes, 10 patients were injected with GBCAs and exposed to MRI for the same duration, and 10 patients were not
exposed to MRL.

Results: The results showed a difference in the oxidation current peak (AlIpa) suggesting that oxidative stress increased
as exposure to MRI increased. Furthermore, patients injected with gadolinium had double this effect. This increase in
Alpa occurred after 35 minutes of exposure. However, patients who were not exposed to MRI had no oxidative stress.

Conclusion: MRI exposure for a long time, particularly in patients who had type 1 diabetes and were injected with
gadolinium, will significantly increase oxidative stress.

Keywords: Magnetic resonance imaging, Type 1 diabetes, Gadolinium contrast, Oxidative stress, Cyclic voltammetry, Radio
frequency

1. Introduction magnetic resonance imaging, as it is a non-invasive
technique that produces high-resolution images [4],
but strong magnetic fields and radiofrequency waves
with the use of gadolinium may lead to oxidative and
reduction imbalances [5, 6] due to changes in the cel-
lular state resulting from exposure to electromagnetic

ype 1 diabetes mellitus (DMT1) is a chronic
disease characterized by insulin deficiency and
increased oxidative stress due to the destruction of
pancreatic beta cells by autoimmunity, leading to

chronic hyperglycemia [1, 2]. This condition arose fields (EMFs), although this result is still controversial

as a result of an imbalance between reactive oxygen dd ds1 1 the st th and durati ¢
species (ROS) and antioxidants [3]. In the diagnos- ?}I:e ﬁeipive[r;] S fargely on the strengih and duration o

tic context, although high accuracy is provided by
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Several studies have indicated that electromagnetic
fields may alter the redox balance, especially in dia-
betic patients [8], and in those with impaired kidney
function who already suffer from reduced oxidative
capacity [9-11]. Despite the ongoing debate about
the severity of these effects and their dependence
on the period of time, the need for precise moni-
toring techniques is highlighted. Cyclic voltammetry
is emerging as a method for analyzing oxidation-
reduction changes and monitoring peak current in
blood samples [12]. This technology has a high ability
to detect the electrical activity of biochemical reac-
tions instantly during the imaging process [13, 14].
The study purpose was to estimate the oxidative ef-
fects of MRI exposure in patients with type-1 diabetes,
before and after gadolinium contrast, for different
time intervals, using cyclic voltammetry (CV) as an
electrochemical analysis tool.

2. Patients and methods

2.1. Study design and patients

In this study, 30 type-1 diabetes patients, 15 males
and 15 females, aged (30-50) years, were examined by
MRI at Ghazi Hariri Hospital /Medical City Complex
in Baghdad, Iraq, from January to July 2025. The 30
patients were divided into three groups as follows:

Group A: 10 patients with type 1 diabetes (receiving
insulin injections) were exposed to magnetic fields
and radiofrequencies for different periods of time (5,
10, 15, 20, 25, 30, 35, 40, 45, and 50) minutes without
using the contrast medium.

Group B: 10 patients with type 1 diabetes (receiv-
ing insulin injections) were injected with 20 ml of
gadolinium and exposed to magnetic fields and ra-
diofrequencies for different periods of time (the same
as before).

Group C: 10 patients included the control group
without exposure to magnetic fields.

The study was a paired design with repeated mea-
sures, and the experimental protocol used in the study
involved collecting blood samples from the same pa-
tient at multiple times (at ten time intervals (5, 10,
... 50 minutes) during the MRI examination). To es-
tablish a clear correlation between MRI exposure and
chemical changes, a blood sample was taken from the
patient during MRI exposure; the patient was injected
with a gadolinium contrast agent (Group B). The pa-
tient was then exposed to MRI at a magnetic field
strength of 1.5 Tesla. During this time, a timer was
used to track the exposure time, and blood samples
were drawn at minutes 5, 10, 15, 20, 25, 30, 35, 40,
45, and 50. The patient remained inside the MRI ma-
chine at this time. Each sample was immediately sent

for electrochemical analysis to prevent any external
oxidation, and each sample was labeled to prevent
sample similarity. Therefore, any chemical changes,
specifically oxidation and reduction, that can occur in
the blood and within the same biological environment
were assessed.

The three groups of patients (except group C) were
examined in an MRI type Philips with 1.5 tesla us-
ing standardized clinical protocols. These protocols
consisted of T1 and T2-weighted (TSE) sequences.
The operating strength of the gradient system was
33 mT/m, with a variable rate of 120 T/m/s. To
monitor the biological effects of radiofrequency en-
ergy, the whole-body specific absorption rate (SAR)
was maintained below 2.0 W/kg. The SAR was re-
stricted to its normal operating state, in accordance
with the International Electrotechnical Commission
(IEC) guidelines. These parameters were maintained
to minimize thermal fluctuations and to standardize
energy deposition within the study. 10 ml of venous
blood was taken from each patient to be examined
by cyclic voltammetry. To ensure a comparison, sam-
ples were obtained from the control group (Group C)
and analyzed for the same time periods as the other
groups, from (5 — 50) minutes, but without injecting
the contrast agent or undergoing MRI. Several factors,
such as glycated hemoglobin (HbAlc) levels, kidney
function, and the duration of diabetes, that may in-
fluence oxidative stress were controlled by holding
these parameters constant during MRI scans using
a repeated-measures design across individuals. This
design neutralized clinical differences and long-term
medication history, allowing each individual to act as
a self-control. Patients with metabolic disorders and
significant renal impairment, as well as those taking
antioxidant supplements, were excluded to maintain
the homogeneity of the study group and to avoid in-
terventions that could affect oxidative stress levels.

2.2. Statistical analysis

The statistical analyses for the study were con-
ducted using SPSS software (Version 20). Quantitative
data were expressed as the mean and standard
deviation. Among the analyses used was a repeated-
measures ANOVA to compare the differences result-
ing from the peak current of the three groups over
time, in addition to calculating the effect size (partial
eta squared) with the observed power to show the
adequacy of the sample size. Non-linear regression
analysis was used to find the difference between the
time of exposure and the current change (Alpa). The
value of P <0.05 was considered to be statistically
significant.
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Table 1. Demographic distribution of patients (N = 30).

Demographical data  Ranking and Intervals ~ Frequency  Percentage %
Age (years) 30-35 7 23.4 %

3645 15 50.0 %

46-50 8 26.6 %

Total 30 100%
Gender Male 15 50 %

Female 15 50 %

Total 30 100%

Table 2. The relationships between levels of current peak among the experimental groups and time points.

Factors Mean square df F Sig Partial Eta Squared =~ Observed Power
Time 2497.161 10 658601.738  <0.001  1.000 1.000
Between Groups ~ 31146.655 2 6,394,865.5 <0.001  1.000 1.000
Time* Group 2498.225 20 658,882.348 <0.001  1.000 1.000

3. Results and discussion

The (30) study sample participants were evenly dis-
tributed between males and females 15 (50%) each.
The highest rate (50%) of patients was in the age
group (36—45) years, followed by (26.6%) in the age
group (46-50) years, then (23.4%) in the age group
(30-35) years. This distribution suggests that the sam-
ple primarily represented middle-aged adults, which
may influence the generalizability of the results to
other age groups, as shown in Table 1.

Table 2 demonstrates that the results were not a
coincidence because the results proved that the time
factor plays a role in increasing the peak current
level for the experimental groups. This indicates that
increasing exposure time leads to electrochemical
changes, meaning that time has a highly statistically
significant effect (F = 658,601.7, p <0.001), which
displays substantial fluctuations in current measure-
ments across the time points. It was also found that
there are significant differences between subjects’ ef-
fects (F = 6,394,865.5, P <0.001); this demonstrates that
the three groups have different and unequal current
levels.

This proves that the blood of the control group
has an electrical signal that differs from the signal
in the presence of TIDM, and adding the contrast
agent immediately changed the chemical state of the
blood, causing each group to start from a different
baseline level. Furthermore, the results showed a clear
statistical significance (P <0.001) between time and
groups, with an (F = 658,882.3). This suggests that the
oxidation current pattern was not uniform between
groups but rather resulted from the presence of the
contrast agent, which led to a deviation in the re-
sults compared with the control group. The adequacy
of the sample size was also assessed using post-hoc
power analysis, which revealed a maximum observed
power of 1.000 for all tests, in addition to a partial eta-

squared effect size of 1.000. These results demonstrate
a large effect size and full test power, indicating that
the sample size used (n = 10) was sufficient for the
test and ideal for identifying statistically significant
differences. Consequently, the results are reliable and
protected from the risk of statistical error.

The results showed that there are distinct contrast
patterns between the behavior of the blood sample
containing insulin without contrast (black line) and
the behavior of the blood sample with contrast (green
line) when exposed to magnetic resonance imaging
for specific time periods. This indicates that the elec-
tromagnetic properties of the blood samples change
in the presence of the contrast agent gadolinium, as
shown in (Figs. 1 to 3). The metabolic processes of the
human body are affected by electromagnetic waves,
as these fields cause a disruption in the chemical com-
position of tissues, thus causing changes in oxidation
and reduction levels within the body as a result of ex-
posure to electromagnetic waves for a period of time
[15].

The results showed a difference in peak oxida-
tive current (Alpa) between samples containing the
contrast agent gadolinium and those without. This
difference gradually increased with increasing expo-
sure time to electromagnetic waves, reaching a high of
Alpa of 18 at minute 50, as shown in (Table 3). Fig. 4
illustrates a non-linear relationship between Alpa and
time, suggesting that the electromagnetic waves used
in MRI may affect the electrochemical behavior of
blood, thereby increasing oxidative stress. This, in
turn, may impact blood characteristics in some pa-
tients, including those with type 1 diabetes [16].

The observed changes in the peak oxidative current
(Alpa) over time indicate that prolonged exposure to
MRI conditions alters electrochemical behavior. This
is consistent with the studies conducted by Simké &
Mattsson, 2019 and Okano, 2008 [17, 18], who demon-
strated that an increase in oxidative current is due to
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Fig. 1. Cyclic voltammogram of blood with insulin from a diabetic type 1 sample (black line) and with gadolinium contrast agent (green line) after 5 min.
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Fig. 2. Cyclic voltammogram of blood with insulin from a diabetic type 1 sample (black line) and with gadolinium contrast agent (green line) after 50
min. exposure to the magnetic field and radiofrequency of MRI.

Table 3. Relationship between different exposure time in the magnetic field and radiofrequency of MRI and effect of
oxidation current peak of diabetic blood samples of type 1 with and without contrast agent (gadolinium agent).

Time (Min)  Alpa (with contrast-without contrast) mean +SD  Time Range = Number of replicates

5 1 58+5.023  May-50 10
10 2

15 25

20 3

25 4

30 5

35 6

40 6.5

45 10

50 18
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Fig. 3. Electrochemical analysis of the enhancement of current peak of blood with insulin in a diabetic type 1 sample and with gadolinium contrast agent.
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Fig. 4. Plot the Alpa (with contrast-without contrast) against the exposed time of the magnetic field and the radiofrequency of MRI

increased exposure to electromagnetic waves, which
alters ion transport during redox and thus affects re-
dox reactions in biological systems. Oxidative stress
in blood cells, induced by radiofrequency fields from
MRI, was represented by increased Alpa values in the
study.

The results showed that an electrochemical reac-
tion occurred between blood samples with gadolin-
ium. These results were consistent with Rogosnitzky
& Branch [19], who found that gadolinium con-
trast agents have the strength to make interaction
molecules that cause changes in the redox state of
cells. In addition, Kanda et al. found that biochemical
changes can occur due to the remaining gadolin-

ium within tissues; this establishes that gadolinium
may alter the characterization of blood in the exam-
ination of MRI [20]. This is consistent with present
results, which found that the value of the oxidation
current Alpa increased when exposed to electromag-
netic waves for a certain period, especially after 35
minutes. Therefore, it is necessary to understand the
accumulation of gadolinium [21-23] and to conduct
more research on the effects resulting from the accu-
mulation of the contrast agent gadolinium in the body
and its effect on human life.

Finally, the study found that the electrochemical
properties, such as oxidation and reduction pro-
cesses, in type 1 diabetic patients’ blood were affected
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by electromagnetic waves resulting from magnetic
resonance imaging for a period of (5 to 50 minutes) es-
pecially when gadolinium is present in the blood.

4. Conclusion

The study demonstrated a strong correlation be-
tween increased MRI exposure time and oxidative
stress levels, as reflected in peak current measure-
ments. The study showed a high, statistically signif-
icant difference in oxidative stress over time; mean,
despite the small sample size, the mean was able to
detect this relationship. The study also indicated that
oxidative stress is significantly affected in the MRI
environment, particularly with the use of gadolin-
ium as a contrast agent. However, MRI cannot be
considered a definitive cause of increased oxida-
tive stress due to the absence of certain biomarkers,
such as glutathione, superoxide dismutase (SOD),
and malondialdehyde (MDA), which play a crucial
role in identifying biochemical pathways. Therefore,
future research incorporating these biomarkers is
recommended to monitor the pathophysiology of
MRI-induced oxidative stress and track peak current
levels in the clinical setting to confirm the diagnosis.
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