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Abstract: Background: Despite rising non-alcoholic fatty liver disease (NAFLD) prevalence and its impact on liver health, there’s a lack of
studies on grape seed extract’s (GSE) effect on oxidative stress and quality of life (QoL) in NAFLD patients. This study aims to fill this gap by the
potential benefits of GSE in reducing oxidative stress and improving QoL. Methods: In this randomized clinical trial study, fifty patients with
NAFLD were randomly assigned to receive either 2 tablets of GSE containing 250 mg of proanthocyanidins or placebo (25 participants in each
group) for two months. QoL was evaluated using the SF-36 questionnaire, and oxidative stress variables (TAC, MDA, SOD, GPx, CAT, and IL-6)
were measured at the beginning and end of the study. Results: Compared with the control group, the group supplemented with GSE
experienced greater reductions in IL-6 and MDA (3.14±1.43 pg/ml vs. 2.80±0.31 pg/ml; 4.16±2.09 μM vs. 4.59±1.19 μM, p for all <0.05), as well
as greater increases in TAC, SOD, and GPx levels (0.18±0.08 mM vs. –0.03±0.09 mM; 10.5±6.69 U/ml vs. 8.93±1.63 U/ml; 14.7±13.4 U/ml vs.
8.24±3.03 U/ml, p for all <0.05). Furthermore, the QoL questionnaire showed that physical limitations, general health, and total physical health
were significantly improved in the GSE group compared with the placebo (17.0±42.0 vs. –12.0±37.5; 3.80±14.8 vs. –3.92±9.55; 5.08 5.26 vs. –
7.01±13.7, p for all <0.05). Conclusions: GSE can be effective in improving oxidative stress and QoL in patients with NAFLD. More studies are
needed to confirm the results of this study.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is characterized
by fat accumulation in the liver and lack of other causes,
such as chronic alcohol use or medication side effects [1].
According to studies, the prevalence ofNAFLD in theworld
is approximately 32.4%, and in Asia, Iran has the highest
rate with a 40% prevalence [2]. Because of the increasing
prevalence of metabolic syndrome factors, NAFLD has
become one of the main causes of chronic liver disease
[3]. Oxidative stress, by disruptingmitochondrial oxidation
and increasing the release of inflammatory cytokines, can
increase lipid peroxidation, and liver inflammation induces
the progression of NAFLD to non-alcoholic steatohepatitis,
fibrosis, and cirrhosis [4]. Furthermore, in recent years,
there has been a growing interest in better understanding
the relationship betweenNAFLD and patient-reported out-
comes such as quality of life (QoL). Studies have shown that

patients with NAFLD have lower health-related QoL and
health utility scores than the general population [5]. The
association between NAFLD and QoL is complex and
multifactorial, with factors such as hepatic inflammation,
obesity, type 2 diabetes, and dyslipidemia negatively corre-
lated with QoL [6]. Furthermore, NAFLD patients may
experience fatigue and depression, which can further
impair their QoL [7]. Therefore, reducing oxidative stress
is necessary for the prevention and treatment of patients
with NAFLD and for improving their QoL. Grape seed
extract (GSE) is a natural polyphenolic compound with
antioxidant and anti-inflammatory properties [8, 9, 10].
GSE contains various beneficial compounds that are pre-
sent in different parts of grapes and have a high antioxidant
capacity [11]. Furthermore, GSE has been found to have an
antioxidant effect that corrects experimental autoimmune
encephalomyelitis behavioral dysfunctions, demyelination,
and glial activation [12]. Therefore, in this study, the
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hypothesis of a positive effect of GSE onNAFLDwas inves-
tigated, in contrast to its lack of effect on NAFLD. On the
other hand, regarding the key role of oxidative stress and
inflammation in the development of NAFLD and the
antioxidant and anti-inflammatory potential of GSE as well
as the limitednumberof randomizedclinical trial studieson
the effect of GSE on QoL and oxidative stress, the present
studywas conductedwith the aimof investigating the effect
of GSE on oxidative stress andQoL in patients withNAFLD
as a randomized clinical trial.

Material and methods

Study design and participants

The current study is a randomized double-blind placebo-
controlled clinical trial that was conductedwith the referral
of50patientswithNAFLDto theclinic of ShohadayeHindi-
janHospital fromSeptember2022 toMarch2023 (Figure 1).
Ultrasound was used to diagnose NAFLD. According to the
echogenicity of the liver, hepatorenal echogenicity, bright
gallbladder, and vessel walls, hepatic steatosis is defined
and divided into four categories: normal, mild, moderate,
and severe [13]. Randomization of patients in each of the
study groups (supplement or placebo) was done by “Ran-
dom allocation software” using the stratified block random
division method, and a sequentially numbered, opaque,
sealed envelope technique was used for allocation conceal-
ment [14]. In this technique, each patient was assigned a
sealed envelope containing a three-digit code (prepared
by the software), which was coded by someone outside
the study. The codes were recorded on cards and placed
in envelopes in a pre-determined order. The envelope sur-
faces were numbered in the same order as the random
sequence to maintain a consistent order. The envelopes
were then placed in a box to be opened in the order of the
arrival of eligible participants during the study registration.
When opened, the patient received a can of supplement
or placebo that corresponded to the 3-digit code on the
envelope. The researcher, clinician, and participants were
blinded to the treatment allocation.Patients in the interven-
tion group received 263mg tablets of Shari company’s GSE
for 2 months, twice daily (morning and evening), and the
placebo group took 2 tablets/day containing 263mg cellu-
lose, silicondioxide,magnesiumstearate,andstarch,which
areof similar color, shape, and size andproducedby the fac-
ulty of pharmacy, Ahvaz Jundishapur University ofMedical
Sciences, Iran. Before initiating the intervention, informed
consent was obtained from all study subjects. Grape (Vitis
vinifera) seed extract, obtained through hydroalcoholic
extraction by Shari Company in Iran, was used in this study.
Each tablet contains 250 mg of proanthocyanidin. The

duration of the study and the dosage of GSE were estab-
lished on the basis of prior studies [15, 16]. Once every
two weeks, a phone call was made to check the patients’
tablet consumption. The current study was conducted in
agreementwith the ethics committee of Ahvaz Jundishapur
University of Medical Sciences (IR.AJUMS.REC.1401.183)
and was registered in the Iranian Registry of Clinical Trials
(IRCT) as IRCT20190731044392N2.

Inclusion and exclusion criteria

Inclusion criteria
All patients with moderate to severe steatosis in the ultra-
sonography, willingness to participate in the research, age
20–60 years, no history of alcohol consumption, and BMI
between 25 and 35 kg/m2.

Exclusion criteria
Patients having diseases other than NAFLD (such as
chronic liver disease, diabetes, kidney failure, thyroid,
and anemia), consumption of food supplements, anti-
inflammatory and immunosuppressive drugs, following
special diets, smokers, pregnancy, and lactation.

Assessment of anthropometric indices,
food intake, and physical activity

Body weight was measured with light clothes and using a
Seca scale with an accuracy of 500 g, and height without
shoes was measured with an accuracy of 0.5 cm. The BMI
of the patients was calculated using the formula [weight
(kg)/height2 (m2)]. Waist circumference (WC) was mea-
sured at the smallest circumference between the edge of
the last rib and the iliac crest, and hip circumference was
measured with the largest diameter in the hip region with
an accuracy of0.5 cmwhile standing.WHRwas calculated
by dividing WC by HC. The assessment of anthropometric
indices before andafter the interventionwasdoneusing the
same standardized tools and measured by an experienced
nutritionist. In this study, to evaluate the diet of the patients
in terms of calories, macronutrients, andmicronutrients, at
the beginning of the study and the end of the 2months, a 3-
day food intake recall (one day off and two non-off days)
was completed through face-to-face interviews. The total
frequency of consumption for each food item was calcu-
lated by summing up the number of times it was reported
across the three days. To obtain the daily intake status,
the total frequency of consumption was divided by three
(as the data was collected over three days) to estimate the
average daily intake. This process was repeated for each
food item included in the questionnaire, allowing for the
conversion of frequency data into daily intake status.
After reviewing the questionnaires, the reported household
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quantitieswereconverted tograms, coded,andentered into
the N4 nutrition software (Nutritionist4). National food
composition tables were used as a reference [17]. The 3-
day food intake questionnaire is a practical and cost-effec-
tive approach that has beenused to identify habitual dietary
patterns in the Iranian population, such as “Western”,

“Healthy”, “Traditional”, and “Vegetarian” patterns [18].
Furthermore, in Iranian validation studies, the 3-day food
intake questionnaire and 24-h recalls are commonly used
as reference methods to assess dietary intake [19].

The physical activity of participants wasmeasured at the
beginning and end of the 2months by completing the valid

Recruited subjects (n = 74)

Providing informed consent form, tailoring questionnaire and subject information 

sheet, 3 day food diary and instruction to complete it

Excluded (n = 1)

Unwillingness to cooperate in the study 

(one patient)

Intervention group
(n = 25)

Randomization (n = 50)

Baseline visit

Assessing the food diary, anthropometric

indices, and blood collection

Baseline visit

Assessing the food diary, anthropometric 

indices, and blood collection

Excluded (n = 2)

Unwillingness to cooperate in the study 

(two patients)

Analysis with ITT (n = 25)

Assessing the food diary, anthropometric 

indices, and blood collection

Control group
(n = 25)

Excluded (n = 24)

-18 Not meeting criteria

-6 Declined to participate

Two tablets of 260 mg GSE/day, after 

meals for 2 months

Follow up

Two tablets of 260 mg placebo/day, after 

meals for 2 months

Enrollment

Allocation

Analysis

Analysis with ITT (n = 25)

Assessing the food diary, anthropometric 

indices, and blood collection

Figure 1. Stages of clinical trial progress.
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and reliable International Physical Activity Questionnaire
(IPAQ). IPAQ data were converted to MET-min/week
according to the IPAQ scoring protocol [20]. In addition,
the participants were asked not to change their physical
activity level or diet during the study.

Quality of life (QoL) questionnaire

The SF-36 questionnaire was used to evaluate QoL. This
tool has 36 questions and examines QoL in 8 domains of
health, including physical performance, physical limita-
tions, emotional limitations, energy and freshness, mental
health, social performance, physical pain, and general
health. Furthermore, the domains of physical pain, physical
performance, general health, and physical limitations con-
tribute to the total physical health score. Similarly, the
domains of emotional limitations, energy and freshness,
mental health, and social performance form the total men-
tal health score. Each of the eight SF-36 domains is scored
from zero to 100, with higher scores indicating better
QoL [21]. The theoretical model of the sf-36 assumes that
physical performance, physical limitations, physical pain,
and general health domains strongly correlate with the
physical component. In turn, the emotional limitations,
energy and freshness, mental health, and social perfor-
mance domains correlate more strongly with the mental
component and its summary measure [22].

QoL data were collected at the beginning and end of the
2-month intervention period. The participants received
thorough explanations of the content of the SF-36 question-
naire from an experienced expert. The expert then pro-
ceeded to ask questions to the patients. This was done to
ensure that the participants understood the questionnaire
well. In addition, the participants had the opportunity to
seek clarification from the expert if needed.

Biochemical variables

After 10–12 hours of fasting, 5 cc of blood was taken from all
participantsat thebeginningof thestudyandat theendof the
2 months. The samples were centrifuged for 10 minutes at
room temperature at a speed of 5000�g to separate their
serum.The separated serumwasplaced in 1.5-ccmicrotubes
tomeasurethedesiredbiochemical factorsandkept ina free-
zer at �80�C until the time of the experiments. The total
antioxidant capacity (TAC) was determined by enzyme-
linked immunosorbent assay (ELISA) using commercial kits
according to manufacturer’s instructions (ZellBio GmbH,
Germany). The assay sensitivity was 0.1mM, and the diag-
nostic rangewas (0.12–2mM).The final absorbancewasread
at 490 nm, and unit conversion was performed.

To measure malondialdehyde (MDA) concentration, an
MDA assay kit (Zell Bio, Germany) was used according to

the manufacturer’s protocol. This test is based on the reac-
tion betweenMDA and thiobarbituric acid (TBA) at boiling
temperature. The concentration of MDA (μmol) was calcu-
lated using a standard calibration curve. The absorbance of
MDAwasmeasured using anELISA reader at a wavelength
of 535 nm.

The activity of antioxidant enzymes [superoxide dismu-
tase (SOD), glutathione peroxidase (GPx), and catalase
(CAT)] in theserumwasmeasuredusingcommerciallyavail-
able assay kits (ZellBio GmbH, Germany, Cat No. ZB-96A)
according to the manufacturer’s instructions. The absor-
bances of SOD, GPx, and CAT were read with an ELISA
reader atwavelengthsof420,412, and405nm, respectively.
IL-6 was evaluated using an ELISA according to the manu-
facturer’s guidelines (Human IL-6 ELISA kit [LDN,
Germany]). In summary, the desired sample is added to
microplate wells containing immobilized primary Inter-
leukin 6 (IL-6) antibodies. After incubation for 60minutes,
the plate was washed to remove any unbound reagents. An
HRP substrate solution was then added for 15 minutes to
produce a colorimetric reaction proportional to the bound
IL-6 concentration. The color change of the chromogen is
read at a wavelength of 450 nm.

Follow-up

During the study, the participants underwentmonitoring at
the 4th and 8th weeks to ensure that their progress was
tracked effectively. To promote a healthy lifestyle, all par-
ticipants were initially provided with guidance on adopting
habits such asmaintaining a nutritious diet and engaging in
regular physical activity. In the fourth week, follow-up was
conducted, during which participants were contacted to
evaluate their adherence to the study protocol. Addition-
ally, at the conclusion of the study, adherencewas assessed
by examining the number of remaining pills that partici-
pants had in their possession. Notably, participants who
consumed less than90%of the supplementswereexcluded
from further analysis, ensuring the integrity and reliability
of the study outcomes.

Sample size and statistical analysis

According to theEvans et al. [23], study and considering the
95%CI, 90%power and 25% loss to follow-up, the sample
size was calculated 25 subjects in each group according to
the following formula. SOD was considered as the main
variable (σ1=0.07, σ2=1.21, μ1=1.59, μ2=1.65).

n ¼
Z1� α

2
þ Z1� β

� �2
ðσ12 þ σ22Þ

μ1 � μ2ð Þ2 :
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Statistical analysis of data was performed using SPSS soft-
ware version 23. The normality of the distribution of all
investigated variables was checked by the Kolmogorov–
Smirnov test. The independent t-test test was used to com-
pare averagedata between twogroups, and thePaired t-test
were used for intergroup analysis. In cases where the data
did not follow a normal distribution, appropriate non-para-
metric tests, such as the Mann-Whitney U test or the Wil-
coxon test, were employed to compare average data
between two groups or for intergroup analysis, respectively.
The analysis of covariance (ANCOVA) test was used to
adjust the results according to the baseline levels [24].
The chi-square test was used to compare qualitative vari-
ables between two groups. Also, intention-to-treat (ITT)
method was used to compensate the missing subjects. In
all statistical methods used, a significance level of P<0.05
was considered. In the present study, SOD was considered
as the primary outcome and other variables were consid-
ered as the secondary outcome.

Results

Participant characteristics

A total of 50 patients with NAFLD were included in the
study, meeting the inclusion criteria. They were divided
into two groups: the GSE group (15 women and 10 men)
and the placebo group (11 women and 14 men). During
the 2-month intervention period, one patient from the
GSE group and two patients from the placebo group
dropped out (unwillingness to cooperate in the study),
resulting in 25 patients analyzed in each group using the
intention-to-treat (ITT) method. No side effects were
observeddue to theconsumptionofGSEsupplementorpla-
cebo during the intervention period.

Baseline characteristics

Therewere no significant differences in basic demographic
andanthropometric characteristics between the twogroups
(P�0.05). The average age was 44.8±10.1 years in the con-
trol group and43.52±8.12 years in the interventiongroup. In
theGSEgroup,32%of theparticipantswereoverweight and
68%were obese, with an average BMI of 31.5±3.58 kg/m2.
Theplacebogrouphad42%overweight and58%obesepar-
ticipants, with an average BMI of 31.4±3.63 kg/m2. The
severity of hepatic steatosis and liver enzyme levels did
not significantly differ between the two groups at baseline
(P�0.05) (Table 1).

Nutritional intake

The mean±standard deviation of calorie intake, macronu-
trients, vitamin C, vitamin E, vitamin A, beta-carotene,
alpha-tocopherol, and selenium are shown in Table 2.
Intra-group and between-group tests did not show signifi-
cant differences in calorie intake, macronutrients, and
micronutrients (P�0.05).

GSE and QoL

Physical component summary
Due to the abnormal distribution of QoL-related data, the
Wilcoxon test was used to compare the intra-group and
the Mann-Whitney U test was used to compare between
groups. According to the supplementary table (ESM 1),
there was no significant difference in the basic levels of
the domains of QoL between the two groups (P�0.05).
The results of the present study showed that the scores of
physical performance and total physical health in the con-
trol group were significantly reduced, while these reduc-
tions were not seen in the grape seed intervention group
(55.0±28.6 vs. 62.6±31.8, P=0.001; 47.4±22.2 vs. 54.4
±24.8; P=0.01, respectively). The concepts of physical lim-
itations and total physical health were significantly
improved in the GSE group (Figure 2) (�12.0±37.6 vs. 17.0
±42.0, P=0.04; 5.08±16.2 vs. �7.01±13.7, P=0.001,
respectively).

Mental component summary
The results showed that emotional limitations, energy and
freshness, and social performance domains had no signifi-
cant differences compared with the baseline after two
months of intervention (P�0.05). However, mental health
and total mental health scores significantly improved (73.0
±33.8 vs. 64.8±12.9, P=0.04; 72.3±20.3 vs. 67.0±15.4,
P=0.002, respectively). Furthermore, none of the domains
related to mental component summary showed significant
changes comparedwith the control group after twomonths
of intervention (P�0.05).

GSE and oxidative stress biomarkers

Lipid peroxidation
In the GSE-supplemented group, MDA levels were consid-
erably lower than baseline values (15.5±2.55 vs. 17.0±1.95
μM) after 2months of GSE intervention. Additionally, both
before and after adjustment, the mean change in MDA
levels in the GSE group was notably lower than those in
the placebo group (�1.43±3.14 μM/L vs. 0.31±2.80 μM/L,
P=0.04, P=0.03, respectively).
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Total antioxidant capacity
The difference inmean serumTAC levels between theGSE
and placebo groups was significant both before and after
adjustment (0.08±0.18 vs. �0.03±0.09 mM, P=0.005,
P=0.001). Additionally, TAC in the intervention groupwith
GSE from0.48±0.08mMreached0.56±0.14mM(P=0.02)
(Table 2).

Antioxidant enzymes activity
Compared with baseline values, participants in the GSE
group had significantly higher SOD (55.0±6.49 U/ml vs.
48.3±7.95 U/mL of serum) and GPx (119±24.04 U/ml vs.
106±20.1 U/mL of serum) activities. Furthermore, there
was a significant increase in the level of SOD (6.69±10.5
U/ml vs. 6.69±10.5 U/ml, P<0.001) and GPx changes
(13.4±14.7 U/ml vs. 3.03±8.24 U/ml, P=0.003) in the GSE
group comparedwith the placebo group. These resultswere
not seen in the CAT levels (P�0.05).

IL-6
The level of IL-6 decreased significantly after 2 months of
intervention with GSE (27.9±3.85 pg/ml vs. 25.2±3.60 pg/
ml, P=0.01). In addition, the between-group results showed

that the levels of IL-6 in the intervention group with GSE
improved significantly compared to the control group
(�2.09±4.16 pg/ml vs. 1.19±4.59 pg/ml, P=0.01). After
adjusting for baseline levels of IL-6, the difference between
the two groups was significant, as presented in Table 3
(P=0.01).

Tolerance and side effects
Therewere no noticeable negative effects in either theGSE
or placebo groups during the study. Additionally, several
studies have suggested that GSE is well-received and safe
[25]. During the use of GSE supplements or the placebo,
no adverse effects were observed in the subjects.

Discussion

These findings indicate, for the first time, that GSE supple-
mentation improved some physical components among
patients with NAFLD, as determined by the SF-36 assess-
ment. Moreover, GSE supplements demonstrated benefi-
cial effects on markers related to inflammation and
oxidative stress in patients with NAFLD.

Table 1. The characteristics of subjects at baseline

Variables Control group (n=25) Intervention group (n=25) P-value*

Gender (n) (%) 0.25a

Female 11 (44) 15 (68)

Male 14 (56) 10 (32)

Age (years) 44.8±10.1 43.5±8.12 0.60

Height (cm) 168±9.77 166±8.14 0.44

Weight (kg) 87.7±5.77 87.4±5.77 0.84

BMI (kg/m2) 31.4±3.63 31.5±3.58 0.87

WC (cm) 108±9.21 110±6.38 0.25

HC (cm) 114±6.74 117±7.84 0.40

Race (n) (%)

Fars 19 (76) 21 (84) 0.75a

Lor 2 (8) 1 (4)

Arab 4 (16) 3 (12)

Education (n) (%)

Illiterate – elementary 6 (24) 1 (4) 0.13a

Middle – school 8 (32) 13 (52)

High – school 3 (12) 5 (20)

College 8 (32) 6 (24)

Job (n) (%)

Unemployed 0.92a

Labor 9 (36) 8 (32)

Housekeeper 11 (44) 11 (44)

Employee 5 (20) 6 (24)

Physical Activity (met-min/week) 354±169 334±130 0.63

Abbreviations: BMI: body mass index; WC: waist circumference; HC: hip circumference. Values are expressed as means±SD. P<0.05 was considered as
significant. *P<0.05 was considered as significant using independent t-test between the two groups at baseline. aP<0.05 was considered as significant using
Chi-square test.
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Studies indicate that NAFLD predominantly impacts
QoL concerning physical health [26]. This study showed
that GSE is helpful in improving functional limits, general
health, and total physical health, similar to other studies

suggesting benefits of grapes and their products for brain
function and all-round functioning [27]. Grape products,
including freeze-dried grape powder, GSE, and grape juice,
appear to improve brain function through antioxidant

Table 2. Mean±SD of energy, macronutrients, and micronutrients intake at baseline and post-intervention

Variables Baseline (n=25) Post-intervention (n=25) P-value**

Energy (kcal/d)

Control group 1995±161 2021±139 0.35

Intervention group 2061±172 2052±164 0.64

P-value* 0.17 0.72

Carbohydrate (g/d)

Control group 256±20.8 256±17.9 0.96

Intervention group 263±22.3 260±22.2 0.14

P-value* 0.25 0.60

Protein (g/d)

Control group 78.6±7.02 79.4±5.69 0.43

Intervention group 81.5±6.43 80.4±6.28 0.15

P-value* 0.12 0.57

Fat (g/d)

Control group 70.8±5.91 71.1±5.20 0.74

Intervention group 72.6±5.45 71.9±5.70 0.23

P-value* 0.26 0.49

Cholesterol (g/d)

Control group 167±26.1 163±21.6 0.73

Intervention group 136±24.1 125±34.3 0.81

P-value*

Vitamin A (mcg/d)

Control group 369±115 371±74.5 0.64

Intervention group 385±101 383±98.4 0.75

P-value* 0.19 0.35

Beta-Carotene (mcg/d)

Control group 4264±1631 4250±1132 0.89

Intervention group 4572±1738 4157±1147 0.37

P-value* 0.44 0.26

Selenium (mcg /d)

Control group 48.8±19.3 51.1±14.5 0.81

Intervention group 56.3±18.0 51.7±22.7 0.29

P-value* 0.16 0.90

Vitamin C (mg/d)

Control group 100±36.0 95.6±27.6 0.18

Intervention group 89.7±30.4 92.4±29.9 0.27

P-value* 0.28 0.45

α-tocopherol (mg/d)

Control group 7.25±1.70 7.37±1.41 0.29

Intervention group 6.70±1.90 7.55±2.21 0.12

P-value* 0.16 0.74

Vitamin E (mg/d)

Control group 2.32±0.67 2.27±0.55 0.11

Intervention group 2.26±0.61 2.25±0.52 0.16

P-value* 0.73 0.55

*P<0.05 was considered as significant at baseline and significant post-intervention using independent t-test between two groups. **P<0.05 was considered
as significant using paired t-test.

�2024 Hogrefe Int J Vitam Nutr Res (2024), 94 (5–6), 365–376

P. Ghanbari et al., Grape seed extract and non-alcoholic fatty liver disease 371



stress, enhancement of trophic factors, reduction in inflam-
matory factors, and vascular functions [28, 29].

According toLiuXianchu et al. [30], grape seed proantho-
cyanidin extract (GSPE) has a fatigue-reducing effect by
enhancing antioxidant capacity and resisting oxidative
stress. Furthermore, GSPE administration significantly sup-
pressed the activity of inflammatorymarkers, such as tumor
necrosis factor-α and interleukin-1β, suggesting its potential
protective role against fatigue induced by exhaustive exer-
cise through the inhibition of the inflammatory response
[30]. Thus, it appears that GSE is an ergogenic nutraceutical
that enhances exercise performance [31]. Contrary to our
study, in the studyofO’Connor et al. [32], therewasnoeffect
of grape consumption on the different domains of QoL. In
addition, in this study, factors related to physical perfor-
mance, such as arm muscle inflammation, pain, function
(isometric strength and range of motion), and VO2max, did
not change significantly. The effectiveness of grapes in
improving physical function may be influenced by the type
of intervention used because GSE contains more concen-
trated active compounds (proanthocyanidins) than whole
grapes, thus producing greater effects. Furthermore,
although the body can access the polyphenols in grape juice,
thesecompoundsmayundergotransformationsinto inactive
forms within the intestines or liver. Alternatively, they may
interact with other grape constituents, resulting in dimin-
ished efficacy [33]. Additionally, our study aimed to investi-
gate the effects of GSE supplementation on QoL related to
physical health domains in patientswithNAFLD, in contrast
to a previous study that focused on recreationally active
young adults. Prior research indicates that compared with
healthy individuals, NAFLD patients have a lower QoL [7].

Our findings indicated 12% improvement in mental
health and 7.8% improvement in total mental health after
supplementation with GSE compared to baseline. Grape
juices, both organic and conventional, modulate important
markers in brain tissue, such as neurotrophic factor, which

could help prevent brain diseases [34]. In addition, supple-
mentation with GSE has been shown to significantly alter
the total mental health, social function, and energy/fatigue
of patientswithmultiple sclerosis [27].However, a random-
ized, double-blind, placebo-controlled trial byBell et al. [35]
showed that grape seed polyphenol extract intake did not
appear to have a beneficial effect on cognitive functions in
healthy adults. Proanthocyanidins have bioactivities such
as antimicrobial, cardioprotective, and neuroprotective
effects, which contribute to overall health improvement
[36]. It is interesting to note that proanthocyanidin has pre-
biotic activities and may be effective in the microbiome-
gut-brain axis by stimulating the growth of Lactobacillus
and Bifidobacterium species as well as some butyrate-pro-
ducing bacteria in the large intestine [37]. However, we
did not find significant differences between the groups for
themental component summary after the intervention per-
iod. Mental health can vary significantly between individu-
als based on personality, life circumstances, and coping
mechanisms [38, 39]. This variability may have obscured
the smaller effects. In addition, disease-specific tools (mul-
tiple sclerosis quality of life-54) may be more sensitive to
changes than general instruments (SF-36) in measuring
mental health-related indicators.

Furthermore, our data showed that after 2 months of GSE
supplementation (520mg/day), the level of TAC increased by
16%, SOD by 13.8%, GPx by 12.7%, and MDA activities
decreased by 8.4%and IL-6 by 7.6%. Studies have shown that
patientswithNAFLDhavesignificantly lowerserumTAClevels
and higher levels ofMDA compared to healthy controls [40].

GSE helps induce the expression of certain genes that
control lipid oxidation in the liver, and PPARβ/δ is one of
the genes that plays a role in this process [8]. PPARβ/δ
shares several functions with PPARα in terms of improving
NAFLDby promoting fatty acid oxidation in various tissues
[41]. Numerous animal studies have shown a decrease in
MDA levels after supplementation with GSE [42, 43].

Figure 2. Comparison between the mean differences of QoL domains. Values are expressed as means±SD. *P<0.05 was considered as significant
using Mann-Whitney U test.
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Hasona et al. demonstrated that GSE at a dose of 200 and
400 mg/kg reversal of dexamethasone-induced lipid per-
oxidation [44]. However, Taghizadeh et al. showed that
GSE supplementation for 8 weeks increases GSH and
decreases MDA, but has no significant effect on TAC and
lipid profile [45]. Measuring TAC in serum provides a
comprehensive overview of how the body’s antioxidant
defenses work together to counteract oxidative stress
[46]. Our results corroborate the findings of the prior
meta-analysis conducted by Khorasani et al. [9], which
illustrated that polyphenol-rich grape products notably ele-
vated serumTAC.Notably, to the best of our knowledge, no
clinical trial had assessed the effects of GSE in reducing
oxidative stress markers, including MDA, TAC, SOD,
GPx, and CAT, in patients with NAFLD, making this study
the pioneering work in this area to date. The findings

showed that GSE improved antioxidant enzymes (SOD,
GPx) but had no significant effect on CAT. Evidence on
the effect of GSE supplementation on antioxidant enzymes
has shown inconsistent results. In a study conducted on
healthy individuals, organic grape juices increased the
activitiesofSODby 16.3%andGPxby7.3%[10].Therefore,
discrepancies between the present findings and a 2-month
GSE supplementation trial in adults aged 30–65 years may
potentially stem from variations in the flavonoid content
of GSE and differences in dosages [47]. Proanthocyanidin,
themain effective substance in our intervention, apart from
its ability to reduce oxidative stress by suppressing MAPK
pathway activity, has the potential to enhance antioxidant
enzyme levels through the involvement of ERK, JNK, and
p38 MAPK pathways [48]. However, CAT is an abundant
and stable enzyme [49], so a stronger or longer antioxidant

Table 3. Serum inflammatory and antioxidant factors at baseline and post-intervention

Variables Intervention group (n=25) Control group (n=25) P-value** P-value*** P-value****

IL-6 (pg/ml)

Baseline 27.3±1.87 26.7±1.96 0.25

After 2 months 25.2±3.60 27.9±3.85 0.01

P-value* 0.01 0.20

Difference �2.09±4.16 1.19±4.59 0.01 0.01

TAC (mM)

Baseline 0.48±0.08 0.50±0.08 0.28

After 2 months 0.56±0.14 0.46±0.03 0.001

P-value* 0.02 0.07

Difference 0.08±0.18 �0.03±0.09 0.005 0.001

MDA (μM)

Baseline 17.0±1.95 17.2±2.45 0.66

After 2 months 15.5±2.55 17.5±2.23 0.004

P-value* 0.03 0.57

Difference �1.43±3.14 0.31±2.80 0.04 0.003

SOD (U/ml)

Baseline 48.3±7.95 50.5±7.99 0.35

After 2 months 55.0±6.49 48.8±4.94 <0.001

P-value* 0.004 0.36

Difference 6.7±10.5 �1.63±8.93 0.004 <0.001

GPx (U/ml)

Baseline 106±20.1 111±20.1 0.38

After 2 months 119±24.0 114±15.6 0.34

P-value* <0.001 0.07

Difference 13.5±14.8 3.03±8.24 0.003 0.003

CAT (U/ml)

Baseline 8.37±1.20 8.61±1.21 0.48

After 2 months 8.65±1.60 8.76±1.07 0.78

P-value* 0.36 0.46

Difference 0.28±1.56 0.15±1.04 0.72 0.94

Abbreviations. IL-6: interleukin 6; TAC: total antioxidant capacity; MDA: malondialdehyde; SOD: superoxide dismutase; GPx: glutathione peroxidase; CAT:
catalase. Values are expressed as means±SD. *P<0.05 was considered as significant using Paired t-test. **P<0.05 was considered as significant using
independent t-test between the two groups at baseline and post-intervention. ***P<0.05 was considered as significant difference using independent t-test
between the two groups post-intervention. ****P<0.05 was considered as significant using analysis of covariance (ANCOVA) between the two groups post-
intervention after adjusting for confounding factors.
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interventionmay be needed to see the effects on its expres-
sion/activity. ThedoseordurationofGSE supplementation
may not have been sufficient to induce changes in CAT
levels. Furthermore, Hokayem et al. [50], showed that the
intake of grape polyphenols derived from red grape extract
had no significant effect on the antioxidant enzymes GPx,
SOD, CAT, and inflammatory factors such as IL-1α, IL-1β,
IL-6, and IL-42. The differences in antioxidant capacity
found in grape seeds [11, 51], as well as the sample size
and the short intervention period of previous studies, could
contribute to the variations in the results. Furthermore, our
results have shown that after 8weeks of GSE supplementa-
tion (526mg/d), the serumconcentration of IL-6, an impor-
tant inflammatory marker [52], showed a significant
decrease from 27.3 pg/ml to 25.2 pg/ml and was signifi-
cantly different from the placebo group. In this study, diet
and physical activity levels did not significantly change dur-
ing the study period. Therefore, the observed effects are
thought to be due specifically to GSE supplementation
rather than other lifestyle factors. Additionally, numerous
reports have advocated that GSE supplementation had a
significant effect on inflammatorymarkers inmany animal
settings [53, 54].

Overall, therewere some strengths and limitations to this
study. This study’s strength lies in its novelty, being the first
to investigate the potential impact of GSE on the QoL and
oxidative stress of NAFLD patients. Nevertheless, the limi-
tations of this study, including the small sample size and
duration, may have contributed to some unchanging fac-
tors. Additionally, while several potential confounding fac-
tors were controlled for through exclusion criteria and
collecting basic demographic data, the authors acknowl-
edge that other unmeasured factors could also influence
QOL. Variables such as socioeconomic status, social sup-
port, lifestyle factors, and comorbidities that were not
assessed could impact participants’ QOL scores. Future
studies would benefit from collecting a more comprehen-
sive set of covariates to better account for potential con-
founders. Nonetheless, this preliminary study provides
useful insights into the effects of GSE supplementation on
QOL in NAFLD patients. More robust research controlling
for additional variables is still warranted. Furthermore, it
can be said thatGSEcanbe effective in improving oxidative
stress in patients with NAFLD. Therefore, GSE can be con-
sidered as an adjuvant treatment to improve the condition
of NAFLD patients.

Electronic supplementary material

The following electronic supplementary material is avail-
able with this article at https://doi.org/10.1024/0300-
9831/a000805

ESM 1. The quality of life parameters at baseline and
post-intervention (Table E1).
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