
ABSTRACT

Migraine is a common neurological disease correlated with oxidative stress and lipid profile 
disorders. The present study was designed to determine the effects of Coenzyme Q10 (Co-Q10) 
supplementation on oxidative status and lipid profile in migraine individuals. This clinical trial 
was conducted on 84 females aged 18–50 years, diagnosed for episodic migraine according 
to the International Headache Society. Subjects were randomized to receive either Co-Q10 
supplement (400 mg/day) or placebo for 12 weeks. Lipid profile and oxidative stress indices 
including malondialdehyde (MDA) and total antioxidant capacity (TAC) were measured before 
and after intervention in both groups. Also, anthropometric indices, dietary intakes, and 
clinical features were collected. Data analysis was conducted using SPSS version 16. Seventy-
seven of the participants, with mean age of 33.70 ± 7.75 years, completed the study. After 
12-week intervention, Co-Q10 led to a significant decrease in MDA levels compared to placebo 
(p = 0.009), with no effect on TAC levels (p = 0.106). A significant increase in serum Co-Q10 
concentration and high-density lipoprotein cholesterol (HDL-C) level in Co-Q10 group was 
observed, but no significant differences were found in other lipid profile variables (low-density 
lipoprotein cholesterol, triglycerides and total cholesterol). Among anthropometric variables, 
Co-Q10 only caused a significant reduction in body fat percentage (BFP), but we did not find 
any significant changes in others. A 12-week Co-Q10 supplementation led to significant 
improvement in clinical features, BFP, and HDL-C level among migraine individuals.
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INTRODUCTION

Migraine is a common neurovascular disorder that interferes with daily activity and impact on 
the quality of life and characterized by moderate or severe pulsing recurring type of headache 
that usually on one side of the head [1,2]. This frequent and debilitating headache is 
accompanied by photo-, phono- or osmophobia and nausea or vomiting [3]. Global migraine 
prevalence is 14.7% and 3 times common in females and usually begins in early ages [4]. 
The pathophysiology of migraine attacks is complex and not clearly understood, although 
these attacks caused by behavioral, environmental, dietary, and pharmacological reasons [5]. 
Results from previous studies suggest that high levels of serum lipids, free fatty acids, and 
oxidative stress may be the common denominator underlying migraine triggers [6].

Previous studies have shown an association between lipid profile impairment and severity and 
frequency of migraine [7,8], however, a one study have not shown this association [9]. It has 
also been shown that increased levels of oxidative stress are associated with migraines and 
cause migraine-related metabolic complications [10], and in general, almost all triggers of 
migraine symptoms can increase the level of oxidative stress [5]. Patients with migraine appear 
to have increased oxidative stress indices, and migraine attacks may also be a neuroprotective 
reply to increased levels of oxidative stress [11]. Therefore, it seems that finding a way that can 
reduce the level of oxidative stress and also regulate the lipid profile may reduce the severity 
and frequency of attacks and ultimately leading to control of migraine.

Pharmacological migraine treatment may be acute or prevention therapy. The choice of a 
prevention medication depends on effectiveness, side effects, contraindications, cost, and 
adoption of prophylaxis agent [12]. In recent years, the use of nutritional supplements as well 
as natural compounds to control migraine attacks such as the use of vitamins and minerals 
has been increased [2,13]. Coenzyme Q10 (Co-Q10) is a naturally vitamin-like compound 
that acts as an electron carrier from involved 1 and 2 to cytochrome C in the mitochondrial 
electron transport chain [12,14,15]. Co-Q10 possess antioxidant activity and has been 
extensively used for the treatment of mitochondrial disorders and migraine attacks with no 
identifiable side-effects in humans [16,17].

However, the effect of Co-Q10 on lipid profile and oxidative stress factors in migraine 
patients is not investigated. Therefore, this study was designed to investigate the prophylactic 
effect of oral Co-Q10 supplementation on nutritional status, migraine attacks and oxidative 
stress biomarkers in women with migraine.

MATERIALS AND METHODS

Study design and participants
The study was done as a randomized, double-blind placebo-controlled, trial with the registration 
number: IRCT201508265670N10 in the Iranian Registry of Clinical Trials (www.irct.ir).

Eighty-four individuals aged between 18 and 50 years, who were suffering from a headache and 
referred to the clinic of Tabriz University of Medical Sciences at Razi Hospital (Tabriz, Iran) 
from December 2015 to October 2016, were recruited for the present study. The diagnosis of 
migraine headache was performed based on International Headache Society criteria for episodic 
migraine (< 15 headache days/month) by a neurologist during the first visit. Patients with at least 
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2 attacks per month for more than one year were included in the trial. This study was approved 
by the Ethics Committee of Tabriz University of Medical Sciences (reference number TBZMED.
REC.1394.835), prior to the commencement. Patients who accepted to participate in the study 
gave informed written consent before trial beginning based on declaration of Helsinki [18].

Exclusion criteria include having other types of headache disorder or tension-type, experiencing 
the menopause, having stroke or heart problem such as myocardial infarction, suffering from 
a serious organic or inflammatory disease or psychiatric problem, using prophylactic drugs 
during the proceeding 6 month, taking of Co-Q10 or other supplementations containing 
antioxidants for at least 3 month prior to enrollment, use of non-steroidal anti-inflammatory 
drugs, smoking, pregnancy or intention of pregnancy, and lactation.

Trial protocol and intervention
Eighty-four eligible women were enrolled in the study based on the inclusion criteria. The 
trial duration was 4 months, including one-month run-in period before starting the 3-month 
treatment phase. All patients received an anticonvulsant and a tricyclic antidepressant as a 
prophylactic medication in their first visit by a neurologist in consideration of ethical issues.

After the first month, patients were randomly assigned to 2 groups. Intervention group 
received 400 mg of Co-Q10 supplements per day divided into 2 doses for 12 weeks after meal, 
while the other received placebo capsules containing wheat starch for the same duration.

The dose of Co-Q10 was calculated based on the previous study and in consideration of 
observed safe level [6]. Patients’ compliance was monitored for at least 4 weeks by counting 
the number of returned capsules at the follow-up visits.

Randomization and blinding
The allocation was carried out based on block randomization procedure in equal blocks of 
size 4 with a random number generator (http://www.randomizer.org) stratified by age (less 
or more than 35), history of prophylactic drug usage and years of migraine diagnosis (less 
or more than 5 years). All patients and researchers were blinded to the randomized group 
throughout the study. Patients were informed not to change their usual diet and physical 
activity during the study.

Variables assessment
Anthropometric data, including height, weight, waist and hip circumference (WC and HC), 
and body fat percentage (BFP), were obtained at baseline, at the middle of the study (6th 
weeks) and at the end of the study (12th weeks). Height was measured with a precision of 
0.1 cm. Weight was measured by a Seca scale to the nearest 0.1 kg, with light clothes and no 
shoes. WC was measured at the most lateral contour at the abdomen by a measuring tape, 
and HC was measured at the widest portion of the hips by a measuring tape. Body mass 
index (BMI) was calculated as follows: Weight (kg)/Height (m2). Physical activity levels were 
evaluated using the international physical activity questionnaire, and participants were 
categorized into 3 satges (high, moderate, and low) based on their physical activity level [19].

Blood samples (10 mL) were collected from patients after an overnight fast of 12 hours at the 
baseline and at the end of the study. Then whole blood samples were centrifugated at 3,500 
rpm for 10 minutes to separate serum. Serum samples were stored at −70ºC until the analyses 
were performed. Serum level of malondialdehyde (MDA) was determined by thiobarbituric 
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acid reactive substances method described by Bilici et al. [20]. Measurement of total 
antioxidant capacity (TAC) was performed using spectrophotometry method with Randox kit 
(Randox Laboratories, Ltd., Crumlin, UK).

Serum levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and 
triglycerides (TGs) were measured enzymatically in serum samples at baseline and after the 
study. The amount of low-density lipoprotein cholesterol (LDL-C) was calculated using the 
Friedewald formula: LDL (mg/dL) = TC − HDL − TG/5. In our previous work, the potential 
effects of Co-Q10 on migraine characteristics (frequency, severity, and duration of attacks 
and headache) were reported [6].

Statistical analyses
Statistical analyses were performed using SPSS for Windows version 16.0 (SPSS Inc., 
Chicago, IL, USA). In all the analyses, results with p < 0.05 was considered statistically 
significant. Kolmogorov-Smirnov test was used to check the normal distribution of the 
variables. Results were expressed as mean ± standard deviation or frequency and percentage. 
Independent samples t-test and χ2 tests were performed to assess the differences between 
groups at baseline in quantitative and categorical variables, respectively. Paired t-test and 
repeated measures analysis of variance with post hoc Sidak tests were used to explore within-
group differences before and after the intervention. Analysis of covariance (ANCOVA) was 
used to evaluate the effects of Co-Q10 on the serum levels of variables, considering the 
influence of potential confounders.

RESULTS

Thirty-nine patients in the Co-Q10 group and thirty-eight in the placebo group (total 
77 participants) completed the study (Figure 1). As presented in Table 1, no significant 
differences in baseline characteristics between the 2 groups were observed (p > 0.05). The 
results revealed no significant differences between the 2 groups for any of the measured 
serum TAC and MDA level at baseline (p > 0.05) (Table 2).
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Table 1. Baseline characteristics of participants
Variables Co-Q10 (n = 39) Placebo (n = 38) p value
Age (yr) 33.44 ± 7.30 33.97 ± 8.28 0.763
Marital status 0.391

Single 8 (20.5) 11 (28.9)
Married 31 (79.5) 27 (71.1)

Positive migraine family history* 24 (61.5) 26 (68.4) 0.527
Years with migraine 11.51 ± 7.47 9.07 ± 6.46 0.129
Migraine with aura* 11 (28.2) 11 (28.9) 0.943
Body mass index 25.78 ± 4.03 25.08 ± 3.84 0.436
Body fat percentage† 32.94 ± 5.84 31.07 ± 6.52 0.188
Waist circumference† 83.05 ± 8.86 81.24 ± 8.60 0.365
Hip circumference† 103.77 ± 7.61 101.82 ± 6.91 0.243
Physical activity level* 0.957

High 0 (0) 0 (0)
Moderate 7 (17.9) 7 (18.4)
Low 32 (82.1) 31 (81.6)

Values are presented as number (%) or mean ± standard deviation.
Co-Q10, Coenzyme Q10.
*The p value is reported based on the analysis of χ2 test.
†The p value is reported based on the analysis of independent sample t-test.

https://e-cnr.org
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At the end of the study, serum levels of TAC increased in the Co-Q10 group, whereas 
they decreased in the placebo group. Serum level of MDA increased in the placebo group 
but decreased in the Co-Q10 group. Results of ANCOVA adjusted for baseline values and 
confounder variables also showed a significant difference between the groups for MDA serum 
levels at the end of the study (p = 0.009) (Table 2).
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Randomized (n = 84)

Allocation

Follow-up

Analysis

Assessed for eligibility (n = 180)Enrollment

Excluded (n = 96)
· Not meeting inclusion criteria (n = 85)
· Declined to participate (n = 6)
· Other reasons (n = 5)

Allocated to placebo group (n = 42)
· Received allocated intervention (n = 42)
· Did not receive allocated intervention (n = 0)

Analysed (n = 39)
· Excluded from analysis (n = 0)

Lost to follow-up (n = 3)
· Did not return to clinic (n = 2)
· Failed to keep diary (n = 1)

Control group

Allocated to CO-Q10 group (n = 42)
· Received allocated intervention (n = 42)
· Did not receive allocated intervention (n = 0)

Analysed (n = 38)
· Excluded from analysis (n = 0)

Lost to follow-up (n = 4)
· Did not return to clinic (n = 3)
· Pregnancy (n = 1)

CO-Q10 group 

Figure 1. Flow diagram of study recruitment. 
Co-Q10, Coenzyme Q10.

Table 2. Oxidative stress markers at study baseline and 12-week after the intervention in patients who received 
either Co-Q10 or placebo
Variables Co-Q10 (n = 39) Placebo (n = 38) MD (95% CI), p value
TAC (mmol/L)

Before 1.52 ± 0.24 1.52 ± 0.27 −0.004 (−0.11, 0.12), 0.950†

After 1.57 ± 0.28 1.51 ± 0.28 −0.07 (−0.16, 0.02), 0.106‡

MD (95% CI) 0.05 (−0.01, 0.11) −0.01 (−0.07, 0.05)
p value* 0.087 0.683

MDA (nmol/mL)
Before 1.66 ± 0.57 1.63 ± 0.46 −0.03 (−0.26, 0.21), 0.818†

After 1.53 ± 0.50 1.79 ± 0.55 0.30 (0.08, 0.52), 0.009‡

MD (95% CI) −0.13 (−0.30, 0.03) 0.16 (−0.02, 0.33)
p value* 0.118 0.077

Data are expressed as mean ± standard deviation.
Co-Q10, Coenzyme Q10; MD, mean difference; CI, confidence interval; TAC, total antioxidant capacity; MDA, 
malondialdehyde.
*The p value is reported based on the analysis of paired t-test.
†Reported based on the analysis of independent sample t-test.
‡Reported based on the analysis of covariance adjusted for baseline values and also confounder variables 
(included age, years with migraine, changes in body mass index, body fat, physical activity and uptake of vitamin 
C and E and selenium).
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Results indicated no significant differences at baseline in TG, TC, LDL-C, and HDL-C 
between groups (p > 0.05). In the same pattern, between-group comparison based on 
ANCOVA adjusted for baseline values and confounder variables didn’t show a significant 
reduction in the serum levels of TG, TC, LDL-C, and HDL-C in Co-Q10 group compared to 
placebo group (p > 0.05). A significant increase in HDL-C was found in the Co-Q10 group 
after intervention (p = 0.012) (Table 3).

As illustrated in Table 4, differences in anthropometric parameters (BMI, BFP, WC, and HC) 
were not significant in baseline characteristics between the 2 groups (p > 0.05).

At the end of the study, 18 patients (78.3%) in the Co-Q10 group and 12 patients (54.5%) in 
the placebo group indicated a reduction in BFP, which resulted in a significant reduction in 
BFP in the Co-Q10 group (p < 0.001).

DISCUSSION

In the present study, the effect of oral Co-Q10 supplement on oxidative stress markers, 
anthropometric parameters and lipid profile in women with migraine were evaluated. Our 
findings revealed that Co-Q10 supplementation during 12-week in women with migraine 
was able to reduce oxidative stress levels by improving related markers (MDA and TAC). 
Additionally, HDL-C levels significantly increased in the intervention group compared with 
the control group, although it did not have a significant effect on other markers related to lipid 
profiles such as TG, TC, and LDL-C. Finally, our study showed that Co-Q10 supplementation 
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Table 3. Lipid profile parameters at study baseline and 12-week after the intervention in patients who received 
either Co-Q10 or placebo
Variables (mg/dL) Co-Q10 (n = 39) Placebo (n = 38) MD (95% CI), p value
TC

Before 171.97 ± 37.04 181.29 ± 34.42 9.32 (−6.93, 25.56), 0.257†

After 169.67 ± 32.25 184.26 ± 41.62 6.95 (−5.03, 18.93), 0.251‡

MD (95% CI) −2.31 (−9.40, 4.78) 2.97 (−6.00, 11.94)
p value* 0.514 0.506

LDL-c
Before 100.33 ± 29.74 104.00 ± 29.32 3.67 (−9.74, 17.08), 0.588†

After 93.62 ± 28.54 104.92 ± 33.53 9.38 (−1.35, 20.11), 0.086‡

MD (95% CI) −6.72 (−14.36, 0.92) 0.92 (−5.92, 7.77)
p value* 0.083 0.787

HDL-c
Before 50.77 ± 10.31 53.84 ± 11.27 3.07 (−1.83, 7.98), 0.216†

After 55.67 ± 10.10 55.39 ± 11.35 −3.67 (−8.15, 0.82), 0.108‡

MD (95% CI) 4.90 (1.16, 8.63) 1.55 (−1.50, 4.61)
p value* 0.012 0.31

TG
Before 104.15 ± 46.13 119.63 ± 51.17 15.48 (−6.63, 37.58), 0.167†

After 101.36 ± 42.36 119.11 ± 52.13 11.17 (−7.12, 29.45), 0.227‡

MD (95% CI) −2.80 (−16.35, 10.76) −0.53 (−13.18, 12.13)
p value* 0.679 0.933

Data are expressed as mean ± standard deviation.
Co-Q10, Coenzyme Q10; MD, mean difference; CI, confidence interval; TC, total cholesterol; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
*The p value for comparing the changes of serum markers within groups based on the analysis of paired t-test.
†Reported based on the analysis of independent sample t-test.
‡Reported based on the analysis of covariance adjusted for baseline values and also, confounder variables 
(included age, years with migraine, changes in body mass index, body fat, physical activity, and energy).
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reduced BFP but had no significant effect on other anthropometric indicators such as BMI, 
WC, and HC.

Oxidative stress describes the situation of imbalance between free radicals and antioxidants 
in the body, which can damage membrane lipids, proteins, nucleic acids and extracellular 
matrix components, including proteoglycans and collagens [21]. Various studies supported 
the hypothesis that oxidative stress and free radicals play a role in migraine pathogenesis by 
regulating cerebral blood flow and energy metabolism, therefore may constitute a trigger 
threshold for migraine attacks [22-24].

In a study that conducted by Boćkowski et al. [25], significant reductions in the MDA 
concentrations in serum and erythrocytes were observed in migraineurs compared to control 
group. Erol et al.’s study [26] showed that glutathione peroxidase and catalase activity in 
erythrocytes of children and adolescents with migraine was higher than the control group, 
but no significant difference was observed in superoxide dismutase activity.

So far, several studies have examined the association between oxidative stress and the Co-
Q10. Liu et al. [27], founded that oxidative stress and inflammatory markers decreased and 
antioxidant enzymes activities increased in hepatocellular carcinoma patients following 
surgery after consumption of 300 mg/day of Co-Q10 during 12 weeks. In another study, 
supplemented with Co-Q10 resulted in a decrease in formation of conjugated dienes and 
MDA which showed the antioxidant activity of Co-Q10 in the oxidation of LDL-C [28]. The 
results of these studies are in line with the findings of our study and indicate the antioxidant 
role of Co-Q10.
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Table 4. Comparisons of anthropometric indices of migraine patients at baseline, after 6 and 12 weeks of 
intervention between 2 groups
Variables Co-Q10 (n = 39) Placebo (n = 38) MD (95% CI), p value
BMI (kg/m2)

Baseline 25.78 ± 4.04 25.08 ± 3.84 −0.71 (−2.52, 1.09), 0.436†

6th wk 25.79 ± 4.02 25.05 ± 3.76 −0.44 (−0.24, 0.15), 0.661‡

12th wk 25.65 ± 4.00 25.10 ± 3.72 0.13 (−0.11, 0.36), 0.288‡

p value* 0.039 0.729
BFP (%)

Baseline 32.95 ± 5.84 31.07 ± 6.52 1.87 (−4.68, 0.94), 0.188†

6th wk 32.26 ± 5.91 30.86 ± 6.05 −0.37 (−0.32, 1.05), 0.288‡

12th wk 31.79 ± 5.51 31.17 ± 6.08 1.09 (0.38, 1.80), 0.003‡

p value* < 0.001 0.363
WC (cm)

Baseline 83.05 ± 8.86 81.24 ± 8.60 −1.81 (−5.78, 2.15), 0.365†

6th wk 82.97 ± 8.73 81.21 ± 8.43 0.01 (−0.54, 0.56), 0.982‡

12th wk 82.64 ± 8.79 81.47 ± 8.38 −1.95 (−5.26, 1.35), 0.243‡

p value* 0.036 0.353
HC (cm)

Baseline 103.77 ± 7.61 101.82 ± 6.92 −1.95 (−5.26, 1.35), 0.243†

6th wk 103.70 ± 7.50 101.79 ± 6.67 −0.11 (−0.42, 0.19), 0.467‡

12th wk 103.26 ± 7.18 101.89 ± 6.62 −0.48 (−0.04, 0.92), 0.330‡

p value* < 0.001 0.669
Data are expressed as mean ± standard deviation.
Co-Q10, Coenzyme Q10; MD, mean difference; CI, confidence interval; BMI, body mass index; BFP, body fat 
percentage; WC, waist circumference; HC, hip circumference.
*The p value is reported based on the analysis of repeated measurements of analysis of variance.
†Reported based on the analysis of independent sample t-test.
‡Reported based on the analysis of covariance adjusted for baseline values and also, confounder variables 
(included age, years with migraine, changes in body mass index, body fat, physical activity, and energy).
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Lee et al. [29] reported a significant increase in superoxide dismutase activity and a decrease 
in MDA level in multiple sclerosis patients after taking 500 mg/day of Co-Q10 for 12 weeks, 
although there was no effect on glutathione peroxidase levels. Supplementation of 100 mg/
day of Co-Q10 during 4-week led to a decrease in TAC level in patients with nonalcoholic 
fatty liver disease [30]. In our study, despite the increase in TAC level after intervention, the 
changes were not significant, which is probably due to differences in sample size and dose of 
supplement used.

In the current study, the effect of Co-Q10 on lipid profiles (TG, TC, HDL-C, and LDL-C) in 
migraine patients was evaluated. The results indicated a significant increase in serum HDL-C 
level in Co-Q10 group; however, no significant differences were found in other lipid profiles, 
either within or between the groups. Several studies have shown a correlation between 
migraine and changes in lipid profiles which are associated with the metabolic disorder. Bigal 
et al. [31] reported that migraine with and without aura is associated with cardiovascular 
disease (CVD) and high cholesterol as a risk factor for CVD.

In the Gruber and colleagues study, evaluation of the lipid profile in migraine patients 
indicated a significant increase in cholesterol, LDL-C and oxidized LDL-C in normal weight 
migraineurs in comparison with healthy control subjects. It was also stated increased 
oxidized LDL-C was associated with a 7.93-fold increased risk for migraine [32]. Saberi et al.’s 
study [33] showed that higher levels of TG, TC, and LDL-C in the migraine patients compared 
with control group. These results suggest that hypertriglyceridemia and hypercholesterolemia 
leads to 3.11 and 17.14 folds more chance for migraine coincidence respectively. Different 
studies demonstrated a negative correlation between Co-Q10 levels and lipid profiles. 
Evaluation the lipid profile in subjects with type 2 diabetes indicated a significant decrease in 
TG and HDL-C after 12 weeks of treatment with 150 mg/day of Co-Q10, however, increased 
level of LDL-C was observed [34]. Similar to our results, supplementation with 100 mg/day 
of Co-Q10 for 8 weeks did not affect the lipid profile in patients with metabolic syndrome 
[35]. In another study, supplementation of Co-Q10 in patients with renal insufficiency only 
reduced the level of HDL-C in a small amount [36]. Ritu and Manika’s study [37] showed that 
treatment with 100 mg/day of Co-Q10 for 60 days didn’t influence cholesterol, TG, LDL-C 
and lipoprotein A levels in patients with coronary diseases. The reasons for the difference in 
the results of these studies with our finding are probably due to the type of disease and the 
dose of Co-Q10 supplement that used.

According to our results, Co-Q10 supplementation only caused a significant reduction in 
BFP, with no effect on other anthropometric indices. Oral administration of Co-Q10 resulted 
in significant weight loss in mice [38]. The positive association between obesity and the 
incidence of migraine have been shown previously [39,40], and several studies have indicated 
that obesity may worsen the features of migraine attacks [40,41].

In the present study we asked participants not to change their physical activity and food 
intakes during the intervention. As a result, the weight loss and reduction in BFP, which 
observed at the end of the study, may be related to Co-Q10 supplementation. Carmona et al. 
[42] reported that Co-Q10 supplementation could prevent an increase in body weight and 
adiposity through increasing of lipid oxidation in adipose tissue and reducing lipid synthesis. 
However, the present study had several limitations. First, the add-on design of the research 
made it difficult to detect either the pure effect of the Co-Q10 on the oxidative stress indices 
and lipid profile markers or its synergistic effectiveness with the current prophylactic therapy. 
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Second, migraine symptoms such as nausea, vomiting, and photophobia were not assessed. 
Finally, longer duration study with larger sample size is required to obtain long-term and 
clearly effects of Co-Q10 on oxidative stress, lipid profile, and anthropometric indices.

The present study was the first to show that a dose of 400 mg/day of Co-Q10 for 12-week 
could significantly increase serum Co-Q10 concentration and led to a reduction in BFP. But it 
didn’t affect other anthropometric data. Moreover, at the end of the intervention, significant 
differences between groups were found in MDA levels. In addition, the positive effect of Co-
Q10 on serum level of HDL-C was observed without a significant effect on other lipid profile 
indices. These findings suggest that Co-Q10 probably has benefits for migraine patients. 
Nevertheless, further studies are needed to confirm our findings.
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