
Research Article
Sesame Oil Ameliorates Alanine Aminotransferase, Aspartate
Aminotransferase, and Fatty Liver Grade in Women with
Nonalcoholic Fatty Liver Disease Undergoing Low-Calorie Diet: A
Randomized Double-Blind Controlled Trial

Masoumeh Atefi ,1 Mohammad Hassan Entezari ,2 Hamid Vahedi ,3

and Akbar Hassanzadeh 4

1Department of Clinical Nutrition, School of Nutrition and Food Science, Isfahan University of Medical Sciences, Isfahan, Iran
2Food Security Research Centre and Department of Clinical Nutrition, School of Nutrition and Food Science,
Isfahan University of Medical Sciences, Isfahan, Iran
3Department of Gastroenterology, School of Medicine, Shahroud University of Medical Sciences, Shahroud, Iran
4Department of Epidemiology and Biostatistics, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran

Correspondence should be addressed to Mohammad Hassan Entezari; entezari@hlth.mui.ac.ir

Received 20 October 2021; Accepted 29 November 2021; Published 31 January 2022

Academic Editor: Marta Laranjo

Copyright © 2022 Masoumeh Atefi et al. )is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. )e type and amount of dietary fats play an important role in fat accumulation in the liver. Sesame oil (SO) is a good
source of monounsaturated acids (MUFAs) and polyunsaturated fatty acids (PUFAs).Objective. )is trial aimed at examining the
effect of SO consumption on the levels of liver enzymes and the severity of fatty liver in women with nonalcoholic fatty liver
disease (NAFLD) undergoing a weight loss diet. Methods. )is randomized, double-blind, controlled trial was carried out on 60
women with NAFLD. Subjects were randomly assigned to the SO group (n� 30) and sunflower oil (SFO) group (n� 30), each
person consuming 30 grams of oil per day for 12 weeks. All the participants received a hypocaloric diet (−500 kcal/day) during the
study. Fatty liver grade and liver enzymes were assessed at pre- and postintervention phases. Results. 53 patients completed the
study. Significant reductions in body weight, body mass index (BMI), waist circumference (WC), and fatty liver grade were
observed in both groups (P< 0.05). Following SO, significant decreases in serum aspartate and alanine aminotransferases (AST
and ALT) were observed. After adjusting for confounders, ALT, AST, and fatty liver grade of the SO group were significantly
reduced compared to the SFO group (P< 0.05). However, the changes in serum alkaline phosphatase (ALP) were not significant
(P> 0.05). Conclusions. )e desired effects of weight loss were reinforced by the consumption of SO through improving fatty liver
severity and serum ALT and AST levels in NAFLD patients. Moreover, low-calorie diets may lead to favorable outcomes for
NAFLD patients through mitigation of obesity and fatty liver grade.

1. Introduction

NAFLD is one of the most common liver diseases that are
characterized by the accumulation of fat more than 5% of
hepatocytes in the liver in the absence of alcohol con-
sumption. If NAFLD is left untreated, it may lead to liver
damages such as cirrhosis and hepatocellular carcinoma
[1, 2]. NAFLD is known as the leading cause of death in

patients associated with liver disease [3]. NAFLD is affecting
many extrahepatic organs, including kidney, heart, and
vessels, leading to notable morbidity and mortality [4].
Studies indicated that ALT predicts cardiovascular diseases
(CVD), and individuals with NAFLD had a higher risk of
heart disease than those without NAFLD [5, 6].

)e prevalence of NAFLD is about 25% in the world and
33.9% in Iran [7, 8]. Diagnosis of NAFLD requires evidence
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of hepatic steatosis. Ultrasonography has been accepted as
the first and best diagnostic method in investigations [9].
Also, the increase in the levels of liver enzymes including
ALT, AST, and ALP is the key element in the diagnosis of
NAFLD [10].

To date, pharmacological treatments have not been ef-
fective in controlling and improving NAFLD. )e best
treatment and strategy for these patients is lifestyle modi-
fication (having physical activity and a healthy diet) that can
prevent the occurrence and progression of NAFLD
[3, 11, 12]. )e modification in the type and amount of
dietary fat can affect lipid metabolism and fat accumulation
in the liver [13, 14]. High-fat diet is well known as a major
factor in the development of hepatic steatosis [15]. In
contrast, the normal range of fat consumption containing
MUFAs and PUFAs can have beneficial effects on the
NAFLD [16].

SO is widely used as one of the health-promoting natural
foods in Asian countries [17, 18], which is extracted from the
seeds of Sesamum indicum L., belongs to the Pedaliaceae
family [19], and is a good source of MUFAs (40%) and
PUFAs (43%). Moreover, it contains vitamins B6, B12, and
E, phenolic compounds such as phenols and flavonoids,
lignans such as sesamin, sesamolin, and sesamol, and
minerals such as calcium, iron, magnesium, copper, and
phosphorus, which have several health-promoting effects
leading to several physiological responses [17, 18, 20]. )e
physiological functions include the following: (1) increasing
the antioxidant content and bioavailability of gamma-to-
copherol; (2) lowering blood lipids and arachidonic acid;
and (3) having hypocholesterolemic, anti-inflammatory,
antihypertensive, and hepatoprotective properties [18, 21]. A
study showed that SO, by increasing enzymatic and non-
enzymatic antioxidants, has better protective effects against
hyperlipidemia and lipid peroxidation in comparison with
SFO [20].

It has been shown that sesamin in SO has hep-
atoprotective effects in animal studies. It can improve
steatosis in steatohepatitis by regulating lipidmetabolism. To
be more specific, this process is done by reducing the mRNA
expression of lipogenic enzymes, increasing the expression
of enzymes involved in fatty acid oxidation in the liver, and
increasing antioxidant capacity [22–24]. A study on rats
showed that SO reduces liver enzymes and stated that its
protective effects are due to its antioxidant components
(phytates, lignans, and vitamin E) that may prevent the
formation of free radicals [25]. In addition, it increases the
antioxidant activity of liver enzymes [26]. Animal studies
have shown that daily supplementation with SO significantly
reduces the fat content of the liver and serum and the liver
damage caused by oxidative stress [18, 19, 27].

To the best of our knowledge, no human study has been
examined so far for the effect of SO on the severity of steatosis
and serum liver enzymes in patients withNAFLD.With the high
prevalence of NAFLD and by assuming that SO reverses or at
least reduces hepatic steatosis, we investigated the effect of
replacing regular oil (SFO) with SO on hepatic steatosis and
serum liver enzymes in patients with NAFLD on a weight loss
diet in a double-blind clinical trial study.

2. Materials and Methods

A total of 60 women with NAFLD were recruited in this
randomized, double-blind, parallel, and controlled trial in
Shahroud, Iran. )e current study aimed at assessing the
effects of SO on serum liver enzymes, and ultrasonographic
indices of hepatic steatosis in women with NAFLD. SPIRIT
(Standard Protocol Items: Recommendations for Interven-
tional Trials) was used as a framework for reporting the
present protocol [28]. )e ethical approval of this trial was
obtained from the Ethics Committee of Isfahan University of
Medical Sciences on November 9, 2020, with a reference
number of IR.MUI.RESEARCH.REC.1399.548, and this trial
was registered in the Iranian Registry of Clinical trials
(https:/www.irct.ir) with the registration code of
IRCT20140208016529N6 on December 12, 2020.

2.1. Subjects. A total of 60 women with NAFLD were
recruited from patients from the liver and gastrointestinal
clinics in Shahroud, Iran.)emean age was 39 years, and the
mean BMI was 31.3 kg/m2.

Female participants being 20 to 50 years old, having
NAFLD by examining ultrasonography, consuming SFO as
the routine oil, and having BMI between 25 and 40 were
included in the study (inclusion criteria).

)e exclusion criteria applied to the potential partici-
pants were as follows: having been smokers, alcohol con-
suming, menopausal, pregnant, breastfeeding; having
undergone insulin therapy throughout the study period;
having hormone-dependent cysts and allergies, history of
breast cancer, sclerosing cholangitis, renal failure, autoim-
munity, malignancies, celiac disease, hereditary hemo-
chromatosis (transferrin saturation greater than 45%),
Wilson’s disease, liver diseases (cirrhosis, alcoholic liver
disease, viral hepatitis, hepatitis, primary biliary cirrhosis,
biliary obstruction, and liver damage induced by hereditary
hemochromatosis drugs); have consumed hepatotoxicity
drugs such as tamoxifen and lithium, drugs affecting the
levels of liver enzymes ALP, AST, and ALT including val-
proic acid, 3-hydroxy-3-methylglutaryl coenzyme A re-
ductase inhibitors, acetaminophen, salicylates, phenytoin,
benzodiazepines, drugs causing fatty liver such as metho-
trexate, tamoxifen, and valproate, drugs such as cortico-
steroids, amiodarone, perhexiline, aspirin, hydralazine,
contraceptives, estrogen; have participated in other studies
in the last 6 months; having any weight loss diet or special
diet in the last three months; and consuming multivitamin
mineral and omega-3 supplements three months prior the
trial.

)e participants who lost to follow up the study for any
reason or had improper adherence were excluded from the
analysis (dropout criteria).

2.2. Study Design. )e study was a randomized, double-
blind, parallel, controlled trial. 60 individuals were randomly
divided into two groups receiving either SO (intervention
group) or SFO (control group) using permuted block ran-
domization method with block sizes of four. SFO is widely
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produced and distributed in Iran and is well known as the
main type of oil consumed by Iranians [17]. )e types of oils
used for the trial and the study objectives were blinded by a
person out of this study. )e refined, odorless oils were
placed in similar, opaque bottles with A and B labels. As a
result, participants, facilitators, and researchers became
blind to the types of oils being consumed.

At the first visit, all study protocols were explained to the
participants, and written consents, demographic informa-
tion, and their medical histories were obtained. During the
run-in, participants used routine oil (SFO) and healthy
eating recommendations. After two weeks of run-in, par-
ticipants were divided into two groups by using random
allocation method by a third party who did not know about
the study and its objectives: (1) 30 individuals in group A
received 30 grams per day of SO and hypocaloric diet and (2)
30 individuals in group B received 30 grams per day of SFO
and hypocaloric diet. )en, the intervention was performed
for 12 weeks.

2.3. Design for the Diet. )e estimated energy requirement
(EER) for each individual was calculated, using the Mif-
flin–St Jeor equation [29], and 500 calories were deducted.
)e energy distributions consisted of 50–55% carbohydrates,
14–18% protein, and 27–32% fat. Food groups and the food-
exchanging were explained to the participants. Half of the oil
containers were given to the participants at the beginning of
the trial for the first 6 weeks of the study and the rest were
given after the 6-week period. Calibrated cups were given to
individuals to consume the exact amount of 30 grams of oil
per day on their cooked foods or salads for 12 weeks. )e
patients who were determined to be adherent to the trial
were identified by the number of containers they returned
and also consumed more than 90 percent of oils.

Four clinical visits were performed at the beginning of
run-in and at the beginning, middle, and end of the in-
tervention. Participants were asked not to change their
recommended diet, physical activity, and medications
during the study. Furthermore, they were asked to report
any changes and were followed up by telephone each
week.

2.4. Measurements

2.4.1. Anthropometric Measurements. Body weight was
measured using a digital calibrated scale (mode BG 51XXL,
Seca, Germany) with light clothes and an accuracy of 0.1 kg.
Height was measured in the standing position without shoes
while leaning against the wall and shoulders being in normal
condition with an accuracy of 0.5 cm using a tape measure
mounted on the wall. BMI was calculated based on body
weight (kg) divided by height squared (m2). WC was
measured in the middle area between the lowest rib and the
upper iliac bone with a nonstretchable measuring tape at the
end of a normal exhalation. To eliminate measurement
errors, all measurements are performed by a trained person,
three times per visit.

2.4.2. Dietary Intake Assessment. To assess the diet, par-
ticipants were instructed in a public session by a nutritionist
on how to fill out the food records (the type and amount of
all consumed foods and beverages). Participants completed
the three-day weighted food record forms (two weekdays
and one weekend day) at the beginning, middle, and end of
the intervention to measure dietary nutrients intake, in-
cluding energy, macronutrients, and micronutrients intake.
A total of nine food records for each individual were ana-
lyzed using Nutritionist IV software modified for Iranian
foods (version 3.5.2, Axxya Systems, Redmond,Washington,
DC, USA).

2.4.3. Physical Activity Assessment. A three-day self-report
record (two weekdays and one weekend day) was used to
assess physical activity at the beginning, middle, and end of
the intervention. A total of nine physical activity records
were obtained for each individual. )e participants were
asked to maintain their usual physical activity patterns
throughout the study. Physical activity data were converted
to metabolic equivalent (MET) hour/day, using the updated
compendium of physical activities [30].

2.4.4. Chemical Analysis of SO and SFO. Fatty acid com-
position of SO and SFO (Kamjed Company, Shahroud, Iran)
was evaluated using high-performance gas chromatography
at the reference food chemistry laboratory (ViroMed Spe-
cialized Laboratories, Tehran, Iran). )e percentages of
PUFAs, MUFAs, and saturated fatty acids (SFAs) were
52.57%, 35.83%, and 11.6% in the SFO and were 46.57%,
38.25%, and 15.18% in the SO, respectively. )e concen-
trations of n− 3 and n− 6 fatty acids were 0.16% and 52.41%
in SFO and 0.26% and 46.31% in SO, respectively. )e fatty
acid profiles of both types of oils are shown in Table 1.

2.4.5. Blood Marker Assessment. At the beginning and the
end of the intervention, 10ml of venous blood from the
participants’ left arm was taken after an overnight fast (12
hours) between 7 AM and 10 AM. )e blood samples were
taken in the sitting position, at the laboratory of Razavi
clinic, Shahroud, Iran. It was centrifuged at 3000 rpm for
5minutes, and after serum separation, it was kept at −80°C
until the analysis. ALP, AST, and ALT hepatic enzymes were
measured using the enzymatic colorimetric method.

2.4.6. Ultrasound Imaging of the Liver. At the beginning and
the end of the study, a liver ultrasound was performed to
assess the severity of the steatosis by a radiologist blinded to
the trial details. )e liver ultrasound device was LOGIQ S8
(United States). After 8 hours of fasting in the afternoon, the
patient was placed in an open position, and the right and left
lobes were examined from the upper to the lower surface.
Hepatic steatosis was reported semiquantitatively based on
liver echo-texture parameters, brightness of the liver, con-
trast ratio of the liver-to kidney, and blurred
vessels, with three degrees, namely, “mild,” “moderate,” and
“severe” [31].
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2.5. Statistical Analyses. Shapiro–Wilk’s W test was used to
assess the normality of quantitative data distribution.
Qualitative and quantitative variables were expressed as
frequency report (percentage) and mean± standard devia-
tion, respectively. For the intragroup analyses, paired sample
t-test (variables with normal distribution) andWilcoxon test
(variables without normal distribution and qualitative var-
iables) were used for comparing the mean of variables. For
the intergroup analyses, independent sample t-test and
Mann–Whitney test were used to examine the mean of
quantitative variables with and without normal distribution,
respectively. However, chi-square test was used for quali-
tative variables. Analysis of covariance (ANCOVA and
nonparametric ANCOVA) was used to compare the changes
of quantitative variables between two groups in the presence
of confounders. However, binary logistic regression was
used for steatosis improvement (qualitative variable). )e
potential confounders of baseline BMI, physical activity
changes, energy intake changes, and baseline values of the
variables were included as covariates in the univariate-ad-
justed model. P value< 0.05 was considered statistically
significant. SPSS software (version 25, SPSS Inc., Chicago,
IL, USA) was used for data analyses.

)e sample size was calculated for parallel clinical trial
studies containing an intervention and a control groups.
According the standard formula for clinical trials [32], a
sample size of 30 patients in each group was determined
based on the changes in mean of fatty liver grade as the
primary outcome (0.46) and standard deviations (SD1� 0.45
and SD2� 0.46) as reported by Rezaei et al. [33] with the
assumptions of the type I error (α) of 0.01, type II error (β)
of 0.2 (power� 80%), and around 20% dropouts.

3. Results

Of the total 110 patients with NAFLD assessed for eligibility,
50 patients were excluded based on the exclusion criteria,
and 60 participants enrolled, gave their informed written
consents, and participated in the trial. )ey were randomly
divided into either the SO group as the intervention group
(n� 30) or the SFO group as the control group (n� 30).
)ree subjects from the intervention group and four subjects
from the control group dropped out during the intervention:
adhered improperly (n� 2), moved to another city (n� 2),

and did not intend to continue (n� 3). In total, 53 subjects
completed this trial and were included in the analysis
(Figure 1). No side effects were observed from oil con-
sumption during the intervention period.

)ere were no significant differences in physical activity
and dietary intake (Table 2), age, education level, body
weight, BMI, WC, serum AST, ALP, and ALT levels, and
fatty liver grade (Table 3) between the two groups at the
beginning.

)e averages of mid- and postintervention values for
dietary intake and physical activity of each group are pre-
sented in Table 2.)ere was a significant decrease in levels of
total energy, carbohydrates, proteins, fat, PUFAs, MUFAs,
and SFAs in each group after the intervention. At the end of
the intervention, the level of MUFAs in the SO group was
significantly higher than that in the control group (P< 0.05),
and the level of PUFAs in the control group was significantly
higher than that in the SO group (P< 0.001). Physical ac-
tivity remained unchanged throughout the study period in
both groups. After the intervention, no significant differ-
ences between the two groups were observed for total energy
and macronutrient and micronutrient intake except for
vitamin E (P< 0.05). Vitamin E increased significantly in the
SO group compared to the SFO group.

By giving a weight loss diet at the beginning of the study,
a significant body weight reduction was observed in the SO
group (−4.59 kg) and the control group (−3.97 kg) after the
intervention (P< 0.001) (Table 4). At the end of the study,
fatty liver grade significantly decreased in both groups
(Figure 2). )e reduction in the SO group was much more
than that in the control group (89.9% vs. 57.7%), which led
to a significant difference between the two groups in both
unadjusted and adjusted models (P< 0.05).

)e analyses of liver function values such as ALP, ALT,
and ASTare shown in Figure 3.)e intragroup assessment of
liver enzymes revealed an improvement in serum ALT and
AST levels in the SO group (P< 0.05). Furthermore, at the
end of the study, significant decreases were observed in the
serum ALTand AST levels in the SO group compared to the
control group (<0.05). No significant change in the serum
ALP level was observed in the intragroup and intergroup
analyses at the end of the study.

4. Discussion

To the best of our knowledge, the present study is the first
randomized controlled trial examining the effect of SO in the
context of a weight loss program with normal fat content
(27%–32%) on serum liver enzymes and hepatic steatosis in
patients with NAFLD. In addition, the present study showed
that the consumption of 30 g of SO for 12 weeks significantly
reduced fatty liver grade. Similarly, this reduction was
significant in the control group, but the improvement was
significantly much higher in the SO group than in the
control group. In addition, consumption of SO significantly
reduced ALT and AST, which were significantly higher
compared to the control group.

)e assessment of dietary intake after the intervention
showed that vitamin E intake was significantly increased in

Table 1: Fatty acid composition of sunflower and sesame oils.

Fatty acids Sesame oil Sunflower oil
C16 : 0 9.58 6.33
C18 : 0 4.92 4.25
C20 : 0 0.5 0.31
C22 : 0 0.18 0.71
C18 :1 38.25 35.83
C18 : 2 46.31 52.41
C18 : 3 0.26 0.16
􏽐SFA 15.18 11.6
􏽐MUFA 38.25 35.83
􏽐PUFA 46.57 52.57
All values are percentage of total fatty acids. SFAs: saturated fatty acids;
MUFAs: monounsaturated fatty acids; PUFAs: polyunsaturated fatty acids.
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the SO group compared to the control group. Also, MUFAs
in the SO group were significantly higher than those in the
control group, and PUFAs in the control group were sig-
nificantly higher than those in the SO group.

4.1. Fatty Liver. Our study showed hepatic steatosis im-
provement in the SO group was more than that in the
control group. Weight loss, another factor in the first line of
treatment in patients with NAFLD, can effectively improve
steatosis [34]. Body weight significantly reduced in both
groups at the end of our study, and some studies have
observed this effect [35, 36].

)ere are no human studies that examined the effect of
SO on hepatic steatosis in NAFLD patients. Several animal
studies investigated the effect of SO on hepatic steatosis and
showed promising results [3, 19, 20, 22, 37]. Yang et al.
reported that the SO consumption for 8 weeks ameliorated
hepatic lipid accumulation in mice with NAFLD [22].
Periasamy et al.’s study showed supplementation of 4ml/day

of SO for 35 days protected mice against fibrosing steato-
hepatitis by inhibiting matrix metalloproteinases-2, 9 ac-
tivities and upregulating PPAR-c expression [20].

)e type and amount of dietary fats play an important
role in fat accumulation in the liver and are responsible for
15% of the liver fat content [38]. SO contains a high pro-
portion of oleic acid [19]. High-speed oxidation of MUFAs
compared to SFAs can have beneficial effects on the hepatic
fat content [39]. MUFAs are deposited more in adipose
tissue than in the liver, and a diet rich inMUFAsmay help to
prevent fat deposition in the liver [38].

)e antioxidative capacity of SO can scavenge the free
radicals and reduce the damage to liver cells and protect liver
mitochondria [40]. Sankar et al. reported that SO is a good
source of antioxidants such as phenols, sesamin, and vitamin
E that has better protective effects against hyperlipidemia
and lipid peroxidation by increasing enzymatic and non-
enzymatic antioxidants compared to SFO [41]. Our study
showed that SO consumption is better than SFO con-
sumption in improving hepatic steatosis.
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• Menopausal (n=3)
• Having hormone-
dependent cysts (n=5)
• Consuming
hepatotoxicity drug
(n=10)
• Having a weight loss
diet and special diets
in the last three
months (n=5)
• Consuming multivitamin
mineral (n=4)
• Declined to
participate (n=21)

Randomized (n=60)

Sunflower oil as
control (n=30) 

Lost to follow-up (n=3):
• Move to another city (n=1)
• Improper adherence (n=1)
• Did not intend to continue (n=1)

Lost to follow-up (n=4):
• Move to another city (n=1)
• Improper adherence (n=1)
• Did not intend to continue (n=2)

Analyzed (n=26)Analyzed (n=27)

Two weeks run-in period

12 weeks intervention

Figure 1: Flowchart of patient recruitment for the clinical trial.
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)e phytochemicals such as sesamin, sesamolin, and
sesamol in SO can improve steatosis in the liver by reg-
ulating lipid metabolism and increasing antioxidant ca-
pacity [22]. Some studies have shown that they reduce the
mRNA expression of lipogenic enzymes in the liver such
as fatty acid synthase, pyruvate kinase, glucose 6-phos-
phate dehydrogenase, and ATP citrate lyase and increase
the mRNA expression of enzymes involved in fatty acid
oxidation such as carnitine palmitoyltransferase, acyl-

CoA dehydrogenases, acyl-CoA oxidase, 3-hydroxyacyl-
CoA dehydrogenase, enoyl-CoA hydratase, and
3-ketoacyl-CoA thiolase. Also, SO can reduce the action of
phosphatidate phosphohydrolase enzyme, thereby re-
ducing the synthesis of triglycerides and the risk of fatty
liver in hypercholesterolemic diets [23, 24]. Sesamin
lignan in SO inhibits the delta-5 desaturases enzyme
that catalyzes the desaturation of gamma-linolenic acid
(20 : 3n : 6) to arachidonic acid (20 : 4n : 6) [42].

Table 2: Physical activity and dietary intake of study participants at baseline and after intervention.

Sesame oil (n� 27) Sunflower oil (n� 26)
P value∗∗

Variable Status Mean± std. deviation Mean± std. deviation

Energy (kcal/day)
Before 2166.82± 576.94 2258.53± 529.81 0.423
After 1590.83± 261.87 1702.95± 322.94 0.294

P value∗ <0.001 <0.001

Physical activity (MET hour/day)
Before 33.55± 3.65 33.22± 3.54 0.734
After 33.58± 3.57 33.42± 2.90 0.858

P value∗ 0.883 0.562

Protein (g/day)
Before 78.30± 17.31 80.69± 25.09 0.687
After 70.48± 13.02 69.63± 11.43 0.803

P value∗ 0.035 0.028

Carbohydrates (g/day)
Before 290.75± 115.57 307.33± 95.64 0.311
After 207.01± 44.40 226.85± 50.41 0.160

P value∗ 0.001 <0.001

Fat (g/day)
Before 81.68± 15.97 88.80± 16.20 0.070
After 57.47± 7.37 61.55± 12.59 0.393

P value∗ <0.001 <0.001

SFAs (g/day)
Before 24.36± 8.06 26.10± 7.28 0.286
After 15.25± 3.39 15.38± 4.45 0.709

P value∗ <0.001 <0.001

MUFAs (g/day)
Before 24.83± 4.57 26.19± 4.46 0.122
After 19.65± 2.33 18.85± 3.49 0.041

P value∗ <0.001 <0.001

PUFAs (g/day)
Before 27.07± 5.29 28.99± 6.55 0.247
After 19.81± 2.57 23.84± 5.87 <0.001

P value∗ <0.001 0.001

Fiber (g/day)
Before 7.74± 3.23 8.10± 2.93 0.569
After 6.63± 1.98 6.87± 1.45 0.615

P value∗ 0.077 0.066

Beta-carotene (μg/d)
Before 987.77± 2199.16 1012.47± 1208.32 0.233
After 634.86± 857.30 934.50± 987.35 0.075

P value∗ 0.701 0.657

Vitamin E (mg/day)
Before 2.63± 1.60 3.64± 2.25 0.089
After 11.34± 1.14 2.65± 1.06 <0.001

P value∗ <0.001 0.038

Vitamin C (mg/day)
Before 85.96± 45.06 112.10± 113.81 0.817
After 68.68± 35.34 105.34± 74.29 0.311

P value∗ 0.097 0.909

Selenium (mg/day)
Before 0.003± 0.008 0.003± 0.007 0.765
After 0.002± 0.004 0.001± 0.003 0.484

P value∗ 0.173 0.645

Zinc (mg/day)
Before 10.25± 3.05 10.48± 3.49 0.986
After 8.69± 1.85 8.44± 1.86 0.466

P value∗ 0.019 0.034
Intragroup analysis: P value∗ reported based on paired sample t-test and Wilcoxon test. Between-group comparison: P value∗∗ reported based on in-
dependent sample t-test and Mann–Whitney test. SFAs: saturated fatty acids; PUFAs: polyunsaturated fatty acids; MUFAs: monounsaturated fatty acids;
MET: metabolic equivalent.
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Table 3: Baseline characteristics of the participants.

Quantitative variable Sesame oil (n� 27) Sunflower oil (n� 26)
P value∗∗Mean± std. deviation Mean± std. deviation

Age (years) 38.89± 6.91 39.35± 5.89 NS
Height (cm) 160.96± 4.37 161.02± 6.19 NS
Body weight (kg) 79.94± 9.57 82.91± 13.77 NS
BMI (kg/m2) 30.85± 3.45 31.86± 4.13 NS
WC (cm) 106.39± 9.71 108.19± 9.93 NS
AST (IU/dL) 19.22± 7.67 20.00± 7.45 NS
ALP (IU/dL) 165.44± 45.45 175.08± 51.53 NS
ALT (IU/dL) 27.19± 14.32 25.73± 11.00 NS

Qualitative variable N (percent) N (percent) P value∗∗

Education
High school 5 (18.50) 10 (38.50) NS
Diploma 11 (40.75) 9 (34.60)
Bachelor 11 (40.75) 7 (26.90)

Fatty liver grade

Normal 0 (0) 0 (0) NS
Light 12 (44.50) 10 (38.50)

Moderate 10 (37.00) 11 (42.30)
Severe 5 (18.50) 5 (19.20)

Between-group comparison: P values∗∗ were reported based on independent sample t-test and Mann–Whitney test for quantitative variables and chi-square test for
qualitative variables. NS: not significant; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; BMI: body mass index; WC: waist
circumference.

Table 4: Changes in anthropometric variables after 12 weeks of intervention.

Sesame oil (n� 27) Sunflower oil (n� 26)
P value∗∗ P value∗∗∗

Quantitative variable Status Mean± std. deviation Mean± std. deviation

Body weight (kg)
After 75.35± 9.70 78.94± 13.63

0.223 0.154Change −4.59± 2.26 −3.97± 1.79
P value∗ <0.001 <0.001

BMI (kg/m2)
After 29.07± 3.44 30.32± 4.09

0.255 0.165Change −1.78± 0.90 −1.53± 0.69
P value∗ <0.001 <0.001

WC (cm)
After 100.48± 9.31 103.62± 9.73

0.135 0.059Change −5.91± 3.77 −4.57± 2.26
P value∗ <0.001 <0.001

Changes imply for afterminus before. Intragroup analysis:P values∗ were reported based on paired sample t-test. Between-group comparison for crudemodel:P values∗∗
were reported based onMann–Whitney test. Between-group comparison for adjustedmodel (baseline BMI, physical activity changes, energy intake changes, and baseline
values of the variable): P values∗∗∗ were reported based on nonparametric ANCOVA. BMI: body mass index; WC: waist circumference.
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Figure 2: Changes in hepatic steatosis after 12 weeks of intervention. ∗ denotes significant P value for intragroup analysis. ∗∗ denotes
significant P value for between-group comparison for crude model. ∗∗∗ denotes significant P value for between-group comparison for
adjusted model (baseline BMI, physical activity changes, energy intake changes, and baseline values of the variable).
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Figure 3: Changes in the levels of liver enzymes after 12 weeks of intervention. Changes imply for after minus before. ∗ denotes significant
P value for intragroup analysis. ∗∗ denotes significant P value for between-group comparison for crude model. ∗∗∗ denotes significant P
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4.2. LiverEnzymes. In our study, SOmitigated ALTand AST
levels in participants with NAFLD. )ere are only two
human studies that examined the effect of SO on liver en-
zymes. Our findings are in line with findings in a parallel
study, consuming 30ml/day SO for 90 days on patients with
type 2 diabetes showing a significant decrease in AST and
ALT levels [26]. However, in a cross-over trial examining the
effects of SO for 12 weeks on liver enzymes on patients with
type 2 diabetes, no significant changes were observed in
ALP, AST, and ALT levels [17]. )e difference between the
results of our study and this study may be due to the dif-
ferences in participants’ disease, dosage of SO, and study
design.

Our findings are in line with findings in some animal
studies. Consumption of a diet containing 12% SO for 60
days increased ALP levels and decreased AST and ALT
levels in rats [43]. Also, intake of SO (150mg/kg per day)
for 30 days decreased ASTand ALT levels in male rats [25].
Similar results were observed in other animal studies
[27, 44].

)ere are several reasons for beneficial effects of SO on
reducing hepatic damage and the levels of AST and ALT
enzymes: (1) the protective effects of SO are due to its an-
tioxidant compounds such as lignans, vitamins E, phytate,
pinoresinol, and lecithin, which may prevent free radical
formation and scavenge them [25, 45]; (2) SO increases
secretion of bile salt, AST, and ALT in the liver; (3) flavo-
noids and antioxidant in SO transform vitamins B6 to
pyridoxal 5-phosphate, which acts as a coenzyme for ami-
notransferases; and (4) SO lignans increase the hepatic
mitochondria and rate of peroxisomal fatty oxidation and
active α-oxidase cycle (α-oxidation is important in the ca-
tabolism of branched-chain fatty acids) and protect liver
function [25].

Changes in liver enzyme levels may have multifactorial
origins [46]. Nutritional genomics has a key role in gene-diet
interaction in the occurrence and progression of NAFLD
[47]. For example, it is suggested that FTO gene levels in the
liver are involved in lipid deposition that may lead to
NAFLD [48]. Its expression is related to the type and amount
of macronutrients [49]. Interestingly, the gene-diet inter-
action can affect the success of lifestyle interventions in the
prevention and treatment of NAFLD.

4.3. Strengths and Limitations. Our study has several
strengths: (1) the methodology and design of previous
studies were not rigorous due to the lack of allocation
concealment, blinding of participants and personnel,
physical activity, and dietary intake assessments, and we did
all of them to minimize the potential risk of biases; (2) all
participants were female and aged 20–50 years who were
almost homogeneous in physiological and hormonal con-
ditions; and (3) we used healthy vegetable oils and weight
loss diets in both groups and hepatic steatosis improvement
in the SO group was more than that in the control group.

Our study has several limitations that should be taken
into account when interpreting the results: (1) We did not
examine the fatty acid content of red blood cells (RBC) and

serum levels of vitamin E. )erefore, future research is
needed to use more objective methods of assessing the type
of fatty acids (MUFAs and PUFAs) in RBC and serum levels
of vitamin E to confirm adherence [50, 51]. (2) We did not
include oils with high SFAs such as hydrogenated oils and
palm oil found in the western diet. It does not seem ethical to
use unhealthy oils for a long time (12 weeks) in clinical trials.
(3) Ultrasonography has been accepted as the first and best
diagnostic method for NAFLD in the investigations [9], and
we blinded radiologist to the group allocation of the patients
to reduce unwanted errors in grading fatty liver, but ul-
trasound is not very accurate in the detection of mild cases of
fatty liver (degree of fat infiltration less than 30%). Its results
depend on expertise and skills of the operator and sensitivity
of ultrasonography [10].

5. Conclusions

)e results of this trial suggest that the desired effects of
weight loss were reinforced by the consumption of a low-
calorie diet enriched with SO through improving fatty liver
severity and serumALTand AST levels. Also, the low-calorie
diets may lead to favorable effects for NAFLD patients by
mitigating obesity and fatty liver grade. Future studies are
needed to assess the effects of SO on fatty liver undergoing
an isocaloric diet and it is recommended to use fibroscan
instead of sonography for detecting and tracking hepatic
steatosis due to its high sensitivity and accuracy.

Data Availability

)e data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

)is study involves human testing and it was approved by the
Institutional Review Board of Isfahan University of Medical
Sciences (code: IR.MUI.RESEARCH.REC.1399.548).

Consent

Written informed consent was obtained from all study
participants.

Conflicts of Interest

)e authors declare that there are no relevant financial or
nonfinancial competing interests.

Authors’ Contributions

All authors have made substantial contributions to all of the
following. M.A and M.H.E drafted the article or revised it
and approved the final version of themanuscript; M.H.E and
A.H contributed to the conception and design of the study;
M.A and A.H analyzed and interpreted the data; and M.A
and H.V were involved in acquisition of data.

International Journal of Clinical Practice 9



Acknowledgments

)is study was extracted from a PhD dissertation, which was
approved by the School of Nutrition and Food Science,
Isfahan University of Medical Sciences (code: IR.MUI.
RESEARCH.REC.1399.548).)is work was supported by the
Isfahan University of Medical Sciences under Grant no.
399632.

References

[1] P. Sharma and A. Arora, “Clinical presentation of alcoholic
liver disease and non-alcoholic fatty liver disease: spectrum
and diagnosis,” Translational Gastroenterology and Hepatol-
ogy, vol. 5, 2020.

[2] K. Hassan, V. Bhalla, M. E. El Regal, and H. Hesham A-Kader,
“Nonalcoholic fatty liver disease: a comprehensive review of a
growing epidemic,” World Journal of Gastroenterology,
vol. 20, pp. 12082–12101, 2014.

[3] S. Periasamy, S. P. Chien, P. C. Chang, D. Z. Hsu, and
M. Y. Liu, “Sesame oil mitigates nutritional steatohepatitis via
attenuation of oxidative stress and inflammation: a tale of
two-hit hypothesis,” 8e Journal of Nutritional Biochemistry,
vol. 25, pp. 232–240, 2014.

[4] C. D. Byrne and G. Targher, “NAFLD: a multisystem disease,”
Journal of Hepatology, vol. 62, pp. S47–S64, 2015.

[5] J. Shen, J. Zhang, J. Wen, Q. Ming, J. Zhang, and Y. Xu,
“Correlation of serum alanine aminotransferase and aspartate
aminotransferase with coronary heart disease,” International
Journal of Clinical and Experimental Medicine, vol. 8,
pp. 4399–4404, 2015.

[6] N. Motamed, B. Rabiee, H. Poustchi et al., “Non-alcoholic
fatty liver disease (NAFLD) and 10-year risk of cardiovascular
diseases,” Clinics and Research in Hepatology and Gastroen-
terology, vol. 41, pp. 31–38, 2017.

[7] H. Karimi-Sari, S. M. Mousavi-Naeini, and A. Khonche,
“Comments on prevalence of non-alcoholic fatty liver disease
and its related factors in Iran,” International Journal of Organ
Transplantation Medicine, vol. 8, pp. 52-53, 2017.

[8] S. Mitra, A. De, and A. Chowdhury, “Epidemiology of
non-alcoholic and alcoholic fatty liver diseases,” Translational
Gastroenterology and Hepatology, vol. 5, 2020.

[9] E. Jennison, J. Patel, E. Scorletti, and C. D. Byrne, “Diagnosis
and management of non-alcoholic fatty liver disease,” Post-
graduate Medical Journal, vol. 95, pp. 314–322, 2019.

[10] M. Obika and H. Noguchi, “Diagnosis and evaluation of
nonalcoholic fatty liver disease,” Experimental Diabetes Re-
search, vol. 2012, 2012.

[11] E. S. George, A. Forsyth, C. Itsiopoulos et al., “Practical dietary
recommendations for the prevention and management of
nonalcoholic fatty liver disease in adults,” Advances in Nu-
trition, vol. 9, pp. 30–40, 2018.

[12] W. Nseir, E. Hellou, and N. Assy, “Role of diet and lifestyle
changes in nonalcoholic fatty liver disease,” World Journal of
Gastroenterology, vol. 20, pp. 9338–9344, 2014.

[13] E. M. McCarthy and M. E. Rinella, “)e role of diet and
nutrient composition in nonalcoholic fatty liver disease,”
Journal of the Academy of Nutrition and Dietetics, vol. 112,
pp. 401–409, 2012.

[14] A. Ferramosca and V. Zara, “Modulation of hepatic steatosis
by dietary fatty acids,” World Journal of Gastroenterology,
vol. 20, pp. 1746–1755, 2014.

[15] A. Marina, A. Delfino Von Frankenberg, S. Suvag et al.,
“Effects of dietary fat and saturated fat content on liver fat and

markers of oxidative stress in overweight/obese men and
women under weight-stable conditions,” Nutrients, vol. 6,
pp. 4678–4690, 2014.

[16] H. Yki-Järvinen, “Nutritional modulation of non-alcoholic
fatty liver disease and insulin resistance,” Nutrients, vol. 7,
pp. 9127–9138, 2015.

[17] H. Raeisi-Dehkordi, M. Amiri, A. Zimorovat et al., “Canola oil
compared with sesame and sesame-canola oil on glycaemic
control and liver function in patients with type 2 diabetes: a
three-way randomized triple-blind cross-over trial,” Diabetes/
Metabolism Research and Reviews, vol. 37, Article ID e3399,
2021.

[18] N. Taha, A. Mandour, M. Korshium, M. Lebda, and
R. Emarha, “Effect of sesame oil on serum and liver lipid
profile in hyperlipidemic rats,” Alexandria Journal of Veter-
inary Sciences, vol. 43, p. 17, 2014.

[19] J. H. Pan, M. J. Kim, J. H. Kim et al., “Inhibition of the li-
pogenesis in liver and adipose tissue of diet-induced obese
C57BL/6 mice by feeding oleic acid-rich sesame oil,” Food
Science and Biotechnology, vol. 24, pp. 1115–1121, 2015.

[20] S. Periasamy, D. Z. Hsu, P. C. Chang, and M. Y. Liu, “Sesame
oil attenuates nutritional fibrosing steatohepatitis by modu-
lating matrix metalloproteinases-2, 9 and PPAR-c,” 8e
Journal of Nutritional Biochemistry, vol. 25, pp. 337–344, 2014.

[21] A. E.-S. Azab, “Hepatoprotective effect of sesame oil against
lead induced liver damage in albino mice: histological and
biochemical studies,” American Journal of BioScience, vol. 2,
p. 1, 2014.

[22] Y. Yang, J. Wang, Y. Zhang, J. Li, and W. Sun, “Black sesame
seeds ethanol extract ameliorates hepatic lipid accumulation,
oxidative stress, and insulin resistance in fructose-induced
nonalcoholic fatty liver disease,” Journal of Agricultural and
Food Chemistry, vol. 66, pp. 10458–10469, 2018.

[23] N. Tsuruoka, A. Kidokoro, I. Matsumoto, K. Abe, and Y. Kiso,
“Modulating effect of sesamin, a functional lignan in sesame
seeds, on the transcription levels of lipid- and alcohol-metab-
olizing enzymes in rat liver: a DNAmicroarray study,”Bioscience
Biotechnology & Biochemistry, vol. 69, pp. 179–188, 2005.

[24] T. Ide, L. Ashakumary, Y. Takahashi, M. Kushiro, N. Fukuda,
and M. Sugano, “Sesamin, a sesame lignan, decreases fatty
acid synthesis in rat liver accompanying the down-regulation
of sterol regulatory element binding protein-1,” Biochimica et
Biophysica Acta (BBA)-Molecular and Cell Biology of Lipids,
vol. 1534, pp. 1–13, 2001.

[25] R. F. Abdul-Lattif, “Effect of sesame oil on lipid profile and
liver enzymes in male albino rats treated with carbone tet-
rachloride (CCl4),” Ibn AL-Haitham Journal for Pure and
Applied Sciences, vol. 41, 2018.

[26] F. Aslam, S. Iqbal, M. Nasir, and A. A. Anjum, “White sesame
seed oil mitigates blood glucose level, reduces oxidative stress,
and improves biomarkers of hepatic and renal function in
participants with type 2 diabetes mellitus,” Journal of the
American College of Nutrition, vol. 38, pp. 235–246, 2019.

[27] D. Z. Hsu, S. P. Chien, Y. H. Li, and M. Y. Liu, “Sesame oil
does not show accumulatively enhanced protection against
oxidative stress - associated hepatic injury in septic rats,”
Journal of Parenteral and Enteral Nutrition, vol. 32,
pp. 276–280, 2008.

[28] A. W. Chan, J. M. Tetzlaff, D. G. Altman et al., “SPIRIT 2013
statement: defining standard protocol items for clinical trials,”
Japanese Pharmacology and 8erapeutics, vol. 45, pp. 1895–
1904, 2017.

[29] M. D. Mifflin, S. T. St Jeor, L. A. Hill, B. J. Scott,
S. A. Daugherty, and Y. O. Koh, “A new predictive equation

10 International Journal of Clinical Practice



for resting energy expenditure in healthy individuals,”
American Journal of Clinical Nutrition, vol. 51, pp. 241–247,
1990.

[30] B. E. Ainsworth, W. L. Haskell, M. C. Whitt et al., “Com-
pendium of physical activities: an update of activity codes and
MET intensities,” Medicine & Science in Sports & Exercise,
vol. 32, pp. S498–S504, 2000.

[31] S. H. Saverymuttu, A. E. A. Joseph, and J. D. Maxwell,
“Ultrasound scanning in the detection of hepatic fibrosis and
steatosis,” British Medical Journal, vol. 292, pp. 13–15, 1986.

[32] S.-C. Chow, J. Shao, H.Wang, and Y. Lokhnygina, Sample Size
Calculations in Clinical Research, Chapman and Hall/CRC,
Boca Raton, FL, USA, 3rd edition, 2017.

[33] S. Rezaei, M. Akhlaghi, M. R. Sasani, and R. Barati Boldaji,
“Olive oil lessened fatty liver severity independent of car-
diometabolic correction in patients with non-alcoholic fatty
liver disease: a randomized clinical trial,” Nutrition, vol. 57,
pp. 154–161, 2019.

[34] B. P. Lam and Z. M. Younossi, “Treatment regimens for non-
alcoholic fatty liver disease,” Annals of Hepatology, vol. 8,
pp. 51–59, 2009.

[35] S. A. Harrison, W. Fecht, E. M. Brunt, and
B. A. Neuschwander-Tetri, “Orlistat for overweight subjects
with nonalcoholic steatohepatitis: a randomized, prospective
trial,” Hepatology, vol. 49, pp. 80–86, 2009.

[36] K. Promrat, D. E. Kleiner, H. M. Niemeier et al., “Randomized
controlled trial testing the effects of weight loss on nonal-
coholic steatohepatitis,” Hepatology, vol. 51, pp. 121–129,
2010.

[37] A. El-Aziz, A. Fathey Khalil, E. Willson Nageb, and S. El-
Sayed Mohamed, “Effect of medium-fat diets containing
flaxseed, sesame seeds and their oils on non-alcoholic fatty
liver disease in rats,” 8e Egyptian Journal of Specialized
Studies, vol. 8, pp. 29–66, 2020.

[38] K. L. Donnelly, C. I. Smith, S. J. Schwarzenberg, J. Jessurun,
M. D. Boldt, and E. J. Parks, “Sources of fatty acids stored in
liver and secreted via lipoproteins in patients with nonalco-
holic fatty liver disease,” Journal of Clinical Investigation,
vol. 115, pp. 1343–1351, 2005.

[39] J. P. DeLany, M. M. Windhauser, C. M. Champagne, and
G. A. Bray, “Differential oxidation of individual dietary fatty
acids in humans,” American Journal of Clinical Nutrition,
vol. 72, pp. 905–911, 2000.

[40] A. Uthandi and R. Karuppasamy, “Hepatoprotective activity
of sesame meal on high fat fed wistar rats,” Journal of
Intercultural Ethnopharmacology, vol. 1, p. 1, 2012.

[41] D. Sankar, G. Sambandam, M. Ramakrishna Rao, and
K. V. Pugalendi, “Modulation of blood pressure, lipid profiles
and redox status in hypertensive patients taking different
edible oils,” Clinica Chimica Acta, vol. 355, pp. 97–104, 2005.

[42] K. Akimoto, Y. Kitagawa, T. Akamatsu et al., “Protective
effects of sesamin against liver damage caused by alcohol or
carbon tetrachloride in rodents,” Annals of Nutrition and
Metabolism, vol. 37, pp. 218–224, 1993.

[43] F. Aslam, S. Iqbal, M. Nasir, A. A. Anjum, P. Swan, and
K. Sweazea, “Evaluation of white sesame seed oil on glucose
control and biomarkers of hepatic, cardiac, and renal func-
tions in male Sprague-Dawley rats with chemically induced
diabetes,” Journal of Medicinal Food, vol. 20, pp. 448–457,
2017.

[44] S. M. Galal, M. K. S. Morsi, M. K. Abd El-Rahman,
S. K. Darwish, and M. A. Katry, “Hepatoprotective effect of
the unsaponifiable matter from olive, linseed and sesame oils

against carbon tetrachloride-induced liver injury in rats,”
Grasas Y Aceites, vol. 71, Article ID e345, 2020.

[45] F. Aslam, S. Iqbal, M. Imran et al., “Characterization of white
sesame seed oil and its bioactive components,” Journal of
Microbiology, Biotechnology and Food Sciences, vol. 10,
pp. 1–4, 2021.

[46] C. Gasteyger, T. M. Larsen, F. Vercruysse, and A. Astrup,
“Effect of a dietary-induced weight loss on liver enzymes in
obese subjects,” American Journal of Clinical Nutrition,
vol. 87, pp. 1141–1147, 2008.

[47] P. Dongiovanni and L. Valenti, “A nutrigenomic approach to
non-alcoholic fatty liver disease,” International Journal of
Molecular Sciences, vol. 18, p. 1534, 2017.

[48] J. Guo, W. Ren, A. Li et al., “Fat mass and obesity-associated
gene enhances oxidative stress and lipogenesis in nonalco-
holic fatty liver disease,” Digestive Diseases and Sciences,
vol. 58, pp. 1004–1009, 2013.

[49] S. Doaei, N. Kalantari, N. K. Mohammadi, G. A. Tabesh, and
M. Gholamalizadeh, “Macronutrients and the FTO gene
expression in hypothalamus; A systematic review of experi-
mental studies,” Indian Heart Journal, vol. 69, pp. 277–281,
2017.

[50] R. Estruch, E. Ros, J. Salas-Salvadó et al., “Primary prevention
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