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Objectives: Olive oil has health benefits for the correction of metabolic diseases. We aimed to evaluate the
effect of olive oil consumption on the severity of fatty liver and cardiometabolic markers in patients with
non-alcoholic fatty liver disease.

Methods: This randomized, double-blind, clinical trial was conducted on 66 patients with non-alcoholic fatty
liver disease. Patients were divided to receive either olive or sunflower oil, each 20g/d for 12 wk. A hypo-
caloric diet (—500 kcal/d) was recommended to all participants. Fatty liver grade, liver enzymes, anthropo-
metric parameters, blood pressure, serum lipid profile, glucose, insulin, malondialdehyde, total antioxidant
capacity, and interleukin-6 were assessed pre- and postintervention.

Results: Fatty liver grade, weight, waist circumference, and blood pressure significantly decreased in both
groups. Sunflower oil significantly reduced serum aspartate and alanine aminotransferases and olive oil only
decreased serum aspartate aminotransferase. Fat-free mass and skeletal muscle mass significantly reduced
after the consumption of sunflower oil and serum triacylglycerols and fat mass significantly declined after
the ingestion of olive oil. Among these variables, only changes in fatty liver grade (—0.29 & 0.46 in sunflower
oil versus —0.75+0.45 in olive oil; P<0.001), skeletal muscle mass (—0.71 £ 1.36 in sunflower oil versus
+0.45 £ 2.8 in olive oil; P=0.04), and body fat percentage (+0.38 & 5.2% in sunflower oil versus -3.445.5% in
olive oil; P=0.04) were significantly different between the groups.

Conclusions: Olive oil may alleviate the severity of fatty liver independent of correcting cardiometabolic risk
factors. Low-calorie diets may benefit patients with non-alcoholic fatty liver disease additionally through
mitigation of obesity, blood pressure, and liver enzymes.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the rapidly
growing pathologic conditions of the liver whereby >5% of liver
weight is from fat [1]. Mild cases of NAFLD are not life-threatening
but if left untreated, the disease could progress to more severe
cases that are associated with inflammation (i.e., non-alcoholic
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steatohepatitis) and subsequently liver injury, cirrhosis, and in
some cases hepatocellular carcinoma [2].

Much like type 2 diabetes and metabolic syndrome, the major
characteristics of NAFLD are obesity, hyperglycemia, insulin resis-
tance, dyslipidemia, and hypertension [3]. The increase in preva-
lence of NAFLD concomitant with the soaring prevalence of obesity
and other aforementioned metabolic disorders further demon-
strates the tight link between these pathologic states [4]. Because
of the multifactorial essence of the disease, various pharmacologic
and nutritional agents have been suggested for the treatment of
NAFLD but no successful consensus has been reached [5]. To date,
the core strategy for the correction of NAFLD is lifestyle modifica-
tion, the most important of which is through the correction of diet
and physical activity [4,6].
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A large body of evidence that is mainly from epidemiologic
investigations emphasizes the health benefits of the Mediterra-
nean diet in the cardiovascular system and metabolism [7,8].
Many of these health effects are attributed to olive oil, which is
one of the essential components of the Mediterranean diet. To act
as a functional food, olive oil is indebted to its high monounsatu-
rated fatty acids (MUFAs) and small amounts of highly bioactive
compounds. The most important compounds are polyphenols,
which are antioxidant chemicals with abundant biological effects
[8,9].

Similar to the beneficial effects of the Mediterranean diet, epi-
demiologic and experimental studies have demonstrated an asso-
ciation between olive oil consumption and reduced morbidity
and mortality from cardiometabolic diseases and some types of
cancer [9]. In particular, the protective role of olive oil against
obesity, diabetes, cardiovascular diseases, and other similar meta-
bolic diseases has been numerously reported. However, the num-
ber of human clinical trials on the issue is scarce and particularly
with regard to fatty liver. Only one group of investigators has
examined the effect of olive oil, canola oil, or soybean/safflower
oil (as a control) on male patients with NAFLD and found
improvements in severity of fatty liver, insulin resistance, and
lipid profile [10].

Our study was the second of its kind to examine the effect of
olive oil on NAFLD. However, what distinguishes this study from
the one by Nigam et al. [10] is that we did not limit our participants
to one sex. Moreover, we used sunflower oil as the control because
this oil seems to be a better control for olive oil than soybean/saf-
flower oils as used by Nigam et al. Soybean oil contains consider-
able amounts of omega-3 fatty acids (6.8%), which by themselves
can appear to have a protective effect for the liver in NAFLD as
reported in previous studies [11].

Methods
Design

This study was a randomized, double-blind, parallel-group, controlled, clinical
trial that was conducted in the spring of 2016 in Shiraz, Iran. The sample size was
estimated at 33 on the basis of the change in mean of weight (5.4kg) and a stan-
dard deviation of 7.9 as reported in a previous investigation [10]. The assumption
of power was 80% with an error of 5% and an attrition rate of 20%. Although our
primary outcome was fatty liver grade, we could not calculate the sample size on
the basis of fatty liver grade because Nigam et al. [10] reported the fatty liver grade
numerically.

The trial was approved by the ethics committee of the Shiraz University of
Medical Sciences (Approval no. IRSUMS.REC.1394.103) and registered in the Ira-
nian Registry of Clinical Trials (IRCT2016011825957 N2; February 9, 2016). All par-
ticipants gave their written informed consent upon recruitment.

Patients

Patients were recruited via posters and local newspaper advertisements.
Patients were included in the study upon diagnosis of NAFLD by a physician on the
basis of an ultrasound examination, body mass index (BMI) > 25 kg/m?, age >18 y,
and willingness to participate. Patients were excluded in cases of liver disease
other than NAFLD (e.g., alcoholic fatty liver, viral hepatitis, cirrhosis, and bile duct
obstruction), severe illnesses (e.g., cancer and organ failure), pregnancy and lacta-
tion, diabetes, malnutrition, special diets or dietary limitations, any type of alcohol
consumption, medications to correct hypertension or dyslipidemia, and medica-
tions that induce fatty liver (e.g., methotrexate, tamoxifen, and valproic acid). In
addition, participants who had a low adherence to diet and physical activity rec-
ommendations for >15 d during the 12-wk intervention period, incidence of acute
diseases or infections, hospitalization, and no longer met the inclusion criteria
were excluded from the study.

Intervention

After a 2-wk run-in period, participants were assigned by random block proce-
dure to consume either olive oil (Verjen, Gorgan, Iran) or sunflower oil (control

group; Oila, Tehran, Iran). The random allocation was performed by an investigator
who was not directly involved in the investigation. By means of computer-gener-
ated random numbers and a block size of four, six possible sequences of arms (A or B)
were ordered and recorded. The allocation was performed according to this order and
continued until all participants were specified to an arm.

The oils were provided to the participants in identical bottles. Neither par-
ticipants nor the investigators who carried out the experiments nor the physi-
cian who performed the liver ultrasound were aware of the type of oils
consumed until the study was terminated. Patients were instructed to consume
20 g of the provided oil each day for a course of 12 wk. Ten-mL measuring cups
were provided for the participants and they were asked to add two cups of oil
per day to salads or rice (at the time of cooking or consumption). This amount
of oil made up almost one third of the daily oil consumption. The rest of the reg-
imen oil was obtained from low-fat dairy and meats as well as oil used for cook-
ing purposes.

A 500-kcal deficit diet (10—15% of energy from protein, 30—35% from fat,
and 50-55% from carbohydrates) was designed for patients in both groups as
well as advice to have 30 to 40 min of moderate physical activity per day. The
diet was explained and an exchange list was given to each patient to enable
flexibility of the diet during the 12-wk intervention. Because omega-3 fatty
acids have shown beneficial effects on fatty liver, participants were asked to
minimize the consumption of fish and nuts and avoid taking omega-3 supple-
ments. Also, patients in both groups were asked to use sunflower oil for cooking
purposes, use the least amount of oil during cooking, avoid the consumption of
other sources of oil and especially canola and soy oil, avoid fried foods, and con-
sume low-fat meat and dairy. Patients were contacted biweekly to emphasize
recommendations on diet and physical activity, receive consultation on possible
difficulties in dieting and oil consumption, and be evaluated for cases of non-
compliance. Also, diary sheets were provided for patients to mark after each
consumption of the prescribed oil.

Anthropometric measures and blood pressure

All measurements were performed by trained dietitians. Weight (Glamor BS-
801, Hitachi, China), waist circumference, and blood pressure (Beurer BM 44,
Beurer GmbH, Germany) were measured four times: At the beginning and end of
each month of the intervention. To measure blood pressure, patients were seated
and blood pressure was measured twice with at least 1 min interval. The mean of
two measurements was considered the patient's blood pressure. Body composition
including fat mass, fat-free mass, and skeletal muscle mass was estimated by bio-
electric impedance analyzer (InBody, Biospace Co., South Korea).

Biochemical parameters

Blood samples were collected in the morning after a 12-h overnight fast at
baseline and the end of the study. Glucose, triacylglycerols, low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), alanine
transaminase (ALT), aspartate transaminase, and gamma-glutamyl transferase
were determined by using commercially available kits (Pars-Azmun, Iran) and an
auto-analyzer (BT 1500, Biotecnica Instruments, Italy). Insulin (Monobind Inc, Lake
Forest, CA), interleukin-6 (Diaclone, France), and total antioxidant capacity (ZellBio
GmbH, Germany) were quantified with the enzyme-linked immunosorbent assay
method. Malondialdehyde was quantified with the thiobarbituric acid reactive
substance method as described before [12].

Liver ultrasound

Fat infiltration was evaluated by liver ultrasound (Medison-Accuvix-V10)
in 12-h fasting state before and after the intervention. The ultrasound was per-
formed by a single expert radiologist. The severity of fatty liver (grades 1-3)
was evaluated by the degree of echogenicity, visualization of the diaphragm,
borders of the liver vasculature, and visualization of the posterior portion of
the right hepatic lobe. The radiologist was blinded to the participants' group
allocation.

Dietary intakes and physical activity

Diet was evaluated with a 3-d diet record at the beginning and end of each
month of the intervention. Nutrient composition was determined with Nutritionist
IV version 3.5.2 (Hearst Corp., San Bruno, CA). Physical activity was assessed by a
validated international physical activity questionnaire and expressed as metabolic
equivalent task in minutes per week (Met-min/wk) [13].

Chemical analysis of oils

The fatty acid compositions of olive and sunflower oils were determined using
high-performance liquid chromatography [14]. The main difference between the



156

fatty acid composition of olive and sunflower oil as used in this study was the per-
centage of oleic acid (64.3% in olive oil versus 25.0% in sunflower oil), linoleic acid
(15.4% in olive oil versus 63.2% in sunflower oil), and palmitic acid (15.2% in olive
oil versus 7.4% in sunflower oil). Omega-3 fatty acids constituted 1% and 0.22% of
olive and sunflower oil, respectively.

Statistical analysis

The statistical analyses were performed with SPSS version 19 (SPSS Inc., Chi-
cago, IL). The normality of the data distribution was examined by visual examina-
tion of the histogram curve of data frequencies and in case of abnormality, the
data were log transformed. The baseline characteristics of the participants were
compared between groups with independent samples t test (or x? for sex and
smoking status). Pairwise data were tested by paired sample ¢ test. An analysis of
covariance was used to examine the significance of the difference in changes of
variables between the two groups using age, sex, BMI, waist circumference, and
baseline values of the corresponding variables as covariates. For the variables that
were measured four times (i.e., baseline and weeks 4, 8, and 12), changes of values
in each group were evaluated by repeated measures and between-group differen-
ces were assessed with repeated measures using age, sex, BMI, waist circumfer-
ence, and baseline values of the corresponding variables as covariates. A P
value < 0.05 was considered statistically significant.

Results

Of the 192 patients who were assessed for inclusion criteria, 87
patients passed the first eligibility step and 66 patients gave
informed written consent and participated in the study. Twelve
patients were excluded during the intervention due to reluctance
to continue, illness, travel, and low adherence to the recommenda-
tions (Fig. 1). Therefore, 66 and 54 patients were entered in the
intent-to-treat and per-protocol analyses, respectively (supple-
mentary materials).
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The baseline characteristics of the participants are presented
in Table 1. Except for waist circumference and total antioxidant
capacity, there was no significant difference between the groups
at baseline. Fatty liver grade significantly decreased in both
groups (Table 2). The reduction in the olive oil group was more
than twice as that in the sunflower group (—0.75 £ 0.45 versus
—0.29+0.46), which rendered a significant difference between
the groups (P <0.001). The serum concentrations of aspartate
transaminase were significantly reduced in both groups and ALT
only reduced in the sunflower group but none of these liver
enzyme changes differed significantly between the two groups.
Similarly, changes in serum lipids (i.e., triacylglycerols, and total,
LDL-, and HDL-cholesterol), fasting glucose, insulin, homeostasis
model assessment of insulin resistance (marker of insulin resis-
tance), malondialdehyde (oxidative stress indicator), interleu-
kin-6, and total antioxidant capacity did not differ between the
two groups.

Fat-free mass and skeletal muscle mass decreased significantly
in the sunflower group and body-fat mass and percentage signifi-
cantly decreased in the olive group, which resulted in a between-
group difference for skeletal muscle mass (P=0.04) and body-fat
percentage (P=0.05).

The frequency of fatty liver grades in the sunflower and olive oil
groups is depicted in Figure 2. In both groups, mild (grade 1) cases
of fatty liver increased but moderate (grade 2) and severe (grade 3)
cases decreased during the 12-wk intervention. In the olive oil
group, normal and grades 1, 2, and 3 cases of fatty liver were 0%,
28.1%, 62.5%, and 9.4% at baseline and 12.5%, 68.8%, 18.8%, and 0%
at the end of the intervention, respectively. In the sunflower oil
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Fig. 1. Study flowchart. ITT, intent-to-treat; PP, per-protocol.
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Table 1
Baseline characteristics of participants by intent-to-treat analysis*
Sunflower oil  Olive oil Pvalue'
(n=34) (n=32)

Age,y 40.8+8.7 463+136 0.06
Male, n (%) 17 (50.0) 12(375) 03
Smoker, n (%) 4(11.8) 2(7.7) 04
NAFLD duration, y 28+20 28+22 09
Alanine aminotransferase, U/L 289+164 272+186 0.7
Aspartate aminotransferase, U/L 18.5+8.1 18.7+10.5 09
Gamma-glutamyl transferase, U/L 30.1+14.2 313+17.0 038
Fatty liver grade 1.74+0.58 1.8+£059 05
Weight, kg 80.7+11.8 824+133 06
Body mass index, kg/m? 29.6+3.9 306+36 03
Waist circumference, cm 99.7+9.2 1048+94 0.03
Glucose, mg/dL 948+11.2 96.2+109 05
Fat-free mass, kg 51.5+89 534+111 05
Skeletal muscle mass, kg 29.1+6.1 296+68 0.8
Fat mass, kg 26.5+11.9 30.7+85 0.2
Body fat, % 33.1+11.6 372+60 0.1
Insulin, pU/mL 26+18 27+19 08
Triacylglycerols, mg/dL 151.3£87.5 158.0+111.7 0.8
Total cholesterol, mg/dL 184.8+31.9 1964+549 03
LDL-cholesterol, mg/dL 109.5+30.3 113.0+£289 0.6
HDL-cholesterol, mg/dL 419+73 427+98 0.7
Malondialdehyde, wmol/L 3.3+0.64 32+094 038
TAC, mmol/L 0.26 +0.05 030+0.07 0.03
Interleukin-6, ng/L 85+45 75+16 02
Systolic BP, mmHg 129.9+13.6 12994113 1
Diastolic BP, nmHg 88.8+10.5 889+85 1

BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
NAFLD, non-alcoholic fatty liver disease; TAC, total antioxidant capacity.
* Data are either means + standard deviation or n (%).
1 Qualitative variables were examined with x? test and tested with inde-
pendent t test.

group, these cases were 0%, 35.3%, 58.8%, and 5.9% at baseline and
2.9%, 52.9%, 44.1%, and 0% at the end, respectively. The alleviation
of fatty liver severity was more pronounced in patients who con-
sumed olive oil.

Anthropometric characteristics and blood pressure were mea-
sured at baseline and the end of weeks 4, 8, and 12. Weight, BMI,
waist circumference, and systolic and diastolic blood pressure
decreased significantly in both groups without a significant differ-
ence in between (Table 3). The energy and dietary intakes of mac-
ronutrients did not differ between the groups during the
intervention except for MUFAs, polyunsaturated fatty acids
(PUFAs), and omega-3 fatty acids (Table 4). Compared with sun-
flower oil, olive oil consumers showed a significantly higher intake
of MUFAs and omega-3 fatty acids and a lower intake of PUFAs.
Physical activity also did not differ between the groups.

Discussion

Our results showed that the 12-wk consumption of olive oil
alleviated the severity of fatty liver but this alleviation was not
associated with significant improvements in liver enzymes, cardio-
metabolic risk factors, and inflammatory and oxidative stress
markers although a significant reduction in body fat percentage
and an improvement in skeletal muscle mass was observed in the
olive oil group compared with the sunflower oil group.

Liver

We observed a significant improvement in fatty liver grade in
both groups with a more remarkable betterment in the olive oil
group (P <0.001). Our findings with regard to the grade of fatty
liver is in line with those by Nigam et al. [10] who reported that

the consumption of 20 g olive oil or canola oil for 6 mo improved
the fatty liver grade compared with soybean/safflower oil. How-
ever, the difference between the two studies is the extent of bene-
ficial effects of olive oil. Nigam et al. [10] reported improved fatty
liver that was associated with reduced weight and insulin resis-
tance but we did not observe such an association. The discrepancy
in the results of the two studies could be because of the difference
in the length of the intervention (3 mo versus 6 mo), recommenda-
tions for energy intake (—500 kcal/d versus daily energy require-
ments), and baseline levels of the biochemical measures, which
were higher in study by Nigam et al. [10].

NAFLD is considered the hepatic form of metabolic syndrome in
which the disease is associated with a wide spectrum of inflamma-
tion, oxidative stress, and metabolic disturbances, with the latter
ranging from insulin resistance and hyperglycemia to dyslipidemia
and hypertension [15]. Since there are interrelationships between
these disorders and NAFLD, a correction of these disarrangements
may be assumed to come along with the alleviation of hepatic stea-
tosis. However, the results of this study were not in accordance
with this hypothesis because the consumption of olive oil reduced
the extent of fat deposition in the liver but was unable to correct
metabolic disturbances that are associated with NAFLD.

Olive oil is likely able to reduce hepatocyte fat deposition inde-
pendently from metabolic routs, possibly through increased fatty
acid oxidation. There are reports from other investigators that sup-
port this justification. For instance, the consumption of diets that
are rich in MUFAs (28% to total calories) for 8 wk by patients with
type 2 diabetes reduced liver fat by 30% and this decline was asso-
ciated with increased postprandial (3-oxidation of fatty acids [16].
Similarly, in prediabetic patients, high MUFA intake (28%, half as
olive oil) for 12 wk decreased hepatic fat and improved hepatic and
total insulin sensitivity [17]. Such an effect has also been observed
in animal studies where genes that are involved in fat lipolysis and
oxidation were induced after the consumption of MUFAs. For
instance, the elevation of fatty acid oxidation by MUFAs [18] or
olive oil [19] has been reported in non-hepatic tissues such as adi-
pose tissue [18] and the heart [19] of animal species.

According to proteomic investigations, this hepatic protection
may be exerted through antioxidant effects and the regulation of
hepatocytes’ activity and metabolism [20]. Decreased body-fat per-
centage after the consumption of olive oil in this study supports
this justification that olive oil may have the potential to improve
fatty liver grade directly through enhanced fatty acid oxidation and
reduced fat deposition in various tissues including adipocytes and
hepatocytes. A part of the metabolic and cytoprotective effects of
olive oil is suggested to be exerted by hydroxytyrosol, which is the
most abundant phenolic compound in olive oil [21]. Of note, the
amount of olive oil that is consumed needs to be calculated along
with other fat sources in the diet and should be inside the recom-
mended dietary fat range because, like any other source of dietary
fat, high doses of olive oil can result in adverse effects including
hepatic steatosis [22].

The alleviated fatty liver grade in the olive oil group was not
associated with a greater reduction in liver enzymes compared
with the sunflower oil group although the levels of aminotransfer-
ases decreased in both groups. However, the average levels of ami-
notransferases were not higher than the normal ranges and the
lack of more effectiveness in the olive oil group may be the result
of such normality. In fact, although the elevation of aminotransfer-
ases and particularly ALT is usually used as a common non-invasive
detection of hepatosteatosis [23], these tests have a low sensitivity
and as a result, many NAFLD cases with normal levels of liver
enzymes generally exist [23—-26]. Therefore, the levels of amino-
transferases cannot precisely indicate the extent of fatty liver.
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Table 2
Fatty liver grade, liver enzymes, cardiometabolic and oxidative stress parameters, and body composition measures pre- and postintervention periods by intent-to-treat
analysis™®
Wk 0 Wk 12 Change Pvalue Pvalue'
Fatty liver grade’
Sunflower 1.7+£0.58 1.4+0.56 —0.294+0.46 0.001 <0.001
Olive 1.84+0.59 1.1+£0.56 -0.754+0.45 <.001
Alanine aminotransferase, U/L
Sunflower 28.9+16.4 233+11.3 -5.6+103 0.003 0.2
Olive 27.2+18.6 243 +14.1 -2.8+89 0.08
Aspartate aminotransferase, U/L
Sunflower 18.5+8.1 15.4+4.0 -3.0£6.1 0.007 0.2
Olive 18.7+10.5 16.9+94 -1.8+4.1 0.02
Gamma-glutamyl transferase, U/L
Sunflower 30.1+14.2 272+£12.7 -29+9.1 0.07 0.8
Olive 31.3+17.0 29.1+184 -22+11.8 0.3
Triacylglycerols, mg/dL
Sunflower 151.3+87.5 142.2+88.6 -9.1+£629 0.4 0.5
Olive 158.0+111.7 141.0+£112.0 -17.0+34.9 0.01
Total cholesterol, mg/dL
Sunflower 18444319 180.5+28.6 -43+38.6 0.5 0.8
Olive 196.4+54.9 186.3+48.4 -10.1+313 0.08
LDL-cholesterol, mg/dL
Sunflower 109.5+30.3 105.0+34.0 -44+319 0.4 0.9
Olive 113.0+28.9 106.7 +£32.5 -6.2+27.8 0.2
HDL-cholesterol, mg/dL
Sunflower 419+73 42.1+8.1 0.16 +4.4 0.8 0.9
Olive 42.7+9.8 42.2+10.1 0.51+8.2 0.7
Glucose, mg/dL
Sunflower 948+11.2 93.0+14.9 -1.7+13.2 0.5 0.3
Olive 96.2+10.9 93.5+12.6 -2.7+£115 0.2
Insulin, pU/mL
Sunflower 26+1.8 25+1.6 —-0.14+1.7 0.6 0.8
Olive 27+19 27421 —0.06+2.2 0.9
HOMA-IR
Sunflower 0.68 +0.77 0.59+0.43 —0.09+0.63 0.4 0.9
Olive 0.63+0.44 0.58 +£0.42 —0.05+0.51 0.6
Malondialdehyde, pumol/L
Sunflower 331064 3.4+054 0.09 +0.63 0.4 0.3
Olive 32+094 32+1.0 —0.05+0.66 0.7
TAC, mmol/L
Sunflower 0.26 +0.05 0.27 £0.04 0.01+0.04 0.7 0.8
Olive 0.30+0.07 0.29+£0.08 0.01+0.08 0.5
Interleukin-6, ng/L
Sunflower 8.5+4.5 83433 -024+1.7 0.4 0.3
Olive 75+1.6 7.7+18 017+1.2 0.4
Fat-free mass, kg
Sunflower 51.5+8.9 50.5+9.2 -1.0+£22 0.02 0.7
Olive 534+11.1 525+11.5 -0.86+3.6 0.2
Skeletal muscle mass, kg
Sunflower 29.1+6.1 28.4+59 -0.71+1.36 0.01 0.04
Olive 29.6+6.8 30.0+6.5 0.45+2.8 0.4
Fat mass, kg
Sunflower 265+11.9 25.6+11.1 -0.83+34 0.2 0.3
Olive 30.7+8.5 27.5+79 -3.1+£63 0.02
Body fat, %
Sunflower 33.1+11.6 33.5+10.7 0.38+5.2 0.7 0.05
Olive 37.2+6.0 33.8+73 —34+55 0.004

HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein; TAC, total antioxidant capacity.
* Data are means =+ standard deviation (n =34 for sunflower group; n=32 for olive oil group).
1 Paired t test used for determination of the difference between baseline and endpoint values in each group.
1 Analysis of covariance used to examine the significance of the difference in changes of variables between the two groups with age, sex, body mass index, waist

circumference, and baseline values as covariates.

§ Values are mean and standard deviation of fatty liver grade when coded as 0 (no fatty liver), 1 (mild fatty liver), 2 (moderate fatty liver), and 3 (severe fatty liver).

Obesity and weight

Weight, BMI, and waist circumference significantly decreased in
both groups, probably as a result of consuming a hypocaloric diet.
Although the difference between the two groups was not statisti-
cally significant, the larger decrease in the obesity-related anthro-
pometric measures in the olive oil group may have contributed to

the observed improvement in fatty liver intensity in this group.
This suggests that, despite the possible mechanisms that were
described for the direct effect of olive oil on liver steatosis, the indi-
rect beneficial effect of this oil on fatty liver is also plausible
through its impact on weight and waist circumference.

Besides the decreases in body weight and waist circumference,
olive oil caused significant reductions in fat mass and body fat
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Fig. 2. Fatty liver grade as assessed by ultrasound in the pre- and postintervention periods by study group. NAFLD, non-alcoholic fatty liver disease.

percentage and sunflower oil resulted in significant declines in fat-
free mass and skeletal muscle mass, which caused significant
between-group differences in skeletal muscle mass (P=0.04) and
body fat percentage (P=0.05). Since the maintenance of muscle
mass is one of the drawbacks of weight loss diets, the preservation
of muscles and enhancement of fat-tissue loss after the consump-
tion of olive oil is valuable.

Little information is available about the effect of olive oil on
obesity-related anthropometric measures and the present scant
data are very inconsistent. Data from a cross-sectional study
showed a positive relationship between olive oil consumption and
BMI, which was associated with increased energy intake that was
likely the result of a lack of compensation upon the consumption
of olive oil [27]. However, in a prospective cohort, the high con-
sumption of olive oil was not associated with a higher weight gain
and risk of becoming overweight and obese [28]. Similarly, the inci-
dence of obesity was higher in people who consumed sunflower oil
compared with those who consumed olive oil over a 6-y period in a
prospective cohort [29].

In clinical trials, in the context of hypocaloric diets, olive oil
induced more weight loss than canola oil in an 8-wk interventional
study [30]. Likewise, diets that are high in MUFAs reduced central
obesity and improved metabolic syndrome risk factors compared
with PUFAs [31]. A part of the discrepancies may be explained by
differences in the dose of MUFAs and genetic issues. In this regard,
Warodomwichit et al. [32] reported that the effect of MUFA intake
on weight may depend on the amount of MUFAs that are con-
sumed and the presence of adiponectin gene polymorphism. For
instance, the ingestion of >13% of daily energy as MUFAs and being
the carrier of —11391A allele was required to see a remarkable
antiobesity effect of MUFAs in white Americans [32].

Blood lipid profile

In this study, no significant difference in blood lipid fractions
was observed between the groups. Although serum triacylglycerols
decreased in the olive oil group, no significant difference was

Table 3
Anthropometric measures and blood pressure values during the study period by intent-to-treat analysis*
Wk 0 Wk 4 Wk 8 Wk 12 Change Pvalue' Pvalue
(treatment x time)"
Weight, kg
Sunflower 80.7+11.8 79.4+12.1 785+12.2 78.4+122 -23+23 <0.001 0.2
Olive 82.4+133 80.1+13.3 79.4+134 79.1+133 -34425 <0.001
BMI, kg/m?
Sunflower 29.6+3.9 29.1+40 288+39 28.7+39 —0.86+0.85 <0.001 0.2
Olive 30.6+3.6 29.7+3.7 29.5+3.6 293+3.7 -1.34+0.88 <0.001
Waist circumference, cm
Sunflower 99.7+9.2 96.7 £9.6 93.9+93 923+9.7 ~744+338 <0.001 0.8
Olive 104.8+9.4 101.5+9.7 98.0+9.5 96.2+10.2 —-8.6+53 <0.001
Systolic BP, mmHg
Sunflower 129.9+13.6 122.74+14.2 122.1+86 1204+8.9 -9.5+14.2 <0.001 0.8
Olive 129.9+11.3 124.7+10.5 123.6+8.1 120.7+8.0 —-92+11.1 <0.001
Diastolic BP, mmHg
Sunflower 88.8+10.5 83.0+105 82.8+8.0 82.4+6.5 —-64+113 <0.001 0.9
Olive 88.9+8.5 84.6+93 84.5+10.0 83.7+9.0 -514+113 <0.001

BMI, body mass index; BP, blood pressure.

* Data are means =+ standard deviation (n =34 for sunflower group; n=32 for olive oil group).

+ Within-group changes evaluated by repeated measures.

1 Between-group differences assessed by repeated measures with age, sex, BMI, waist circumference, and baseline values of the corresponding variables as covariates.
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Table4
Dietary intakes and physical activity of participants during the intervention by
intent-to-treat analysis™

Sunflower oil Olive oil Pvalue'
Energy, kcal/d 1587 £499 1545 +399 0.7
Carbohydrate, g/d 255478 255476 1
Protein, g/d 53.5+18.0 51.2+16.5 0.6
Fat, g/d 57.8+4.6 56.2+4.5 0.2
SFA, g/d 13.7+4.7 169+2.8 0.3
MUFA, g/d 16.6+5.1 229429 <0.001
PUFA, g/d 273459 16.4+4.7 <0.001
Omega-3 fatty acid, g/d 0.27 £0.21 0.36+0.14 0.05
Fiber, g/d 16.5+5.5 19.1+63 0.1
Physical activity, Met-min/wk 744+ 807 640+ 794 0.6

MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, satu-
rated fatty acid.
* Data are means of all dietary records during the intervention 4 standard
deviation.
1 Determined by independent ¢ test.

observed between the two groups. The lack of beneficial effect of
olive oil on blood lipids may may be due to the relatively optimal
levels of lipids in our participants. Similar to the aforementioned
issues, previous investigations on the effect of olive oil or MUFAs
have produced conflicting results. For instance, PUFAs showed a
more beneficial effect than MUFAs on total cholesterol [33] and tri-
acylglycerols [33,34] in patients with hypercholesterolemia [33] or
metabolic syndrome [34]. Accordingly, Maki et al. [35] reported on
the benefits of corn oil over extra virgin olive oil due to its ability
to reduce total, LDL, very LDL, and non-HDL cholesterol. In contrast
to these reports, Liu et al. [31] found that decreased triacylglycerols
were associated with decreased abdominal fat mass after the con-
sumption of high oleic-acid canola oil but no such effect was
observed after the consumption of corn/safflower oil or flax/saf-
flower oil.

Glucose

Both groups showed non-significant reductions in fasting blood
glucose. A meta-analysis of clinical trials showed that in patients
with type 2 diabetes, high-MUFA diets cause significant reductions
in fasting plasma glucose when compared with high-PUFA diets
[36]. Since we excluded patients with type 2 diabetes, the reason
for the discrepancy in the results of this study and those of the
meta-analysis may be the levels of fasting glucose, which might
not have been high enough to allow for the beneficial effect of
MUFAs in olive oil to appear. In agreement with this justification,
Brunerova et al. [37] reported reductions in blood glucose and gly-
cated hemoglobin of patients with type 2 diabetes who consumed
a high-fat diet that was enriched with MUFAs for 3 mo; however,
the same effect was not observed in obese, non-diabetic individuals
[37].

The lack of effectiveness of olive oil on metabolic parameters
despite of its benefit on fatty liver and discrepancies that are
observed in the results of different studies may be partly due to
the amount of polyphenols in olive oil. Polyphenols are neutra-
ceuticals with the potential to prevent NAFLD and other related
metabolic disorders [15]. In the context of NAFLD, this protection
is exerted against oxidation, inflammation, insulin resistance,
dyslipidemia, and blood pressure [15]. In high-fat diet-fed rats,
polyphenol-rich virgin olive oil prevented high-fat diet-induced
insulin resistance, inflammation, and hepatic oxidative stress
more than polyphenol-poor olive oil [38]. However, for the study
to remain blinded, we could not use virgin olive oil because the
special smell and pungent taste of virgin olive oil [39] informed
participants of the type of the oil.

Oxidative stress and inflammation

Phenolic compounds in olive oil not only help in the stability of
olive oil against oxidative products but are also supposed to be
responsible for the antioxidant and antiinflammatory potential of
olive oil [35,36]. However, olive oil did not significantly change
serum malondialdehyde, IL-6, and total antioxidant capacity in this
study, probably because we did not use polyphenol-containing vir-
gin olive oil to keep the intervention blinded. Nonetheless, a meta-
analysis of clinical trials did not show a benefit from high-phenolic
olive oil on serum malondialdehyde although in the same study, a
beneficial effect was observed on oxidized LDL [40].

Strengths and limitations

The strength of this study is its assessment of body composi-
tion in addition to other measurements of obesity, which helped
with the interpretation of the results. Also, the radiologist was
blinded to the group allocation of the patients, which reduced
unwanted errors in the grading of fatty liver. Nonetheless, ultra-
sounds are not very accurate to detect mild cases of fatty liver
but reasonably accurate to identify moderate-to-severe cases.
Bioelectric impedance analysis is also subject to error by factors
such as exercise, ambient and skin temperature, hydration sta-
tus, and recent ingestion of food or beverages. Other limitations
include the relatively short duration of the intervention period
and normal levels of aminotransferases that may have prevented
the observation of the best benefit from the administered oils.
Also, the low sample size likely hindered the detection of benefi-
cial effects from either oil in some parameters such as weight
and serum aminotransferases.

Conclusions

The 12-wk intake of 20g/d olive oil attenuated fatty liver
grade and reduced body-fat percentage in patients with NAFLD
but did not affect liver enzymes and cardiometabolic risk factors.
The reductions in weight, waist circumference, blood pressure,
and serum aminotransferases occurred in both groups and was
likely the result of the hypocaloric diet because no between-
group differences were observed in any of these measurements.
Future studies are needed to examine the effect of olive oil on
fatty liver in context of an isocaloric diet and compare high- and
low-phenolic olive oils.

Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.nut.2018.02.021.

References

[1] Hassan K, Bhalla V, El Regal ME. A-Kader HH. Nonalcoholic fatty liver disease:
comprehensive review of a growing epidemic. World ] Gastroenterol
2014;20:12082-101.

[2] Bellentani S. The epidemiology of non-alcoholic fatty liver disease. Liver Int
2017;37:81-4.

[3] Grander C, Grabherr F, Moschen AR, Tilg H. Non-alcoholic fatty liver disease:
cause or effect of metabolic syndrome. Visc Med 2016;32:329-34.

[4] Rinella ME. Nonalcoholic fatty liver disease: a systematic review. JAMA
2015;313:2263-73.

[5] Hernandez-Rodas MC, Valenzuela R, Videla LA. Relevant aspects of nutritional
and dietary interventions in non-alcoholic fatty liver disease. Int ] Mol Sci
2015;16:25168-98.

[6] Koppe SW. Obesity and the liver: nonalcoholic fatty liver disease. Transl Res
2014;164:312-22.


https://doi.org/10.1016/j.nut.2018.02.021
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0010
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0010
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0010
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0015
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0015
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0020
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0020
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0025
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0025
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0030
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0030
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0030
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0035
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0035

S. Rezaei et al. / Nutrition 57 (2019) 154—161 161

[7] Dinu M, Pagliai G, Casini A, Sofi F. Mediterranean diet and multiple health out-
comes: An umbrella review of meta-analyses of observational studies and
randomised trials. Eur ] Clin Nutr 2018;72:30-43.

[8] Pérez-Martinez P, Garcia-Rios A, Delgado-Lista ], Pérez-Jiménez F, Lopez-
Miranda J. Mediterranean diet rich in olive oil and obesity, metabolic syn-
drome and diabetes mellitus. Curr Pharm Des 2011;17:769-77.

[9] Buckland G, Gonzalez CA. The role of olive oil in disease prevention: a focus on
the recent epidemiological evidence from cohort studies and dietary interven-
tion trials. Br J Nutr 2015;113:594-101.

[10] Nigam P, Bhatt S, Misra A, Chadha DS, Vaidya M, Dasgupta ], et al. Effect of a 6-month
intervention with cooking oils containing a high concentration of monounsaturated
fatty acids (olive and canola oils) compared with control oil in male Asian Indians
with nonalcoholic fatty liver disease. Diabetes Technol Ther 2014;16:255-61.

[11] Scorletti E, Byrne CD. Omega-3 fatty acids, hepatic lipid metabolism, and non-
alcoholic fatty liver disease. Annu Rev Nutr 2013;33:231-48.

[12] Jentzsch AM, Bachmann H, Fiirst P, Biesalski HK. Improved analysis of malon-
dialdehyde in human body fluids. Free Radic Biol Med 1996;20:251-6.

[13] Kurtze N, Rangul V, Hustvedt BE. Reliability and validity of the international
physical activity questionnaire in the Nord-Trundelag health study (HUNT)
population of men. BMC Med Res Methodol 2008;8:63.

[14] Guarrasi V, Mangione MR, Sanfratello V, Martorana V, Bulone D. Quantification
of underivatized fatty acids from vegetable oils by HPLC with UV detection. ]
Chromatogr Sci 2010;48:663-8.

[15] Akhlaghi M. Non-alcoholic fatty liver disease: Beneficial effects of flavonoids.
Phytother Res 2016;30:1559-71.

[16] Bozzetto L, Costabile G, Luongo D, Naviglio D, Cicala V, Piantadosi C, et al.
Reduction in liver fat by dietary MUFA in type 2 diabetes is helped by
enhanced hepatic fat oxidation. Diabetologia 2016;59:2697-701.

[17] Errazuriz I, Dube S, Slama M, Visentin R, Nayar S, O'Connor H, et al. Random-
ized controlled trial of a MUFA or fiber-rich diet on hepatic fat in prediabetes. ]
Clin Endocrinol Metab 2017;102:1765-74.

[18] Yang ZH, Miyahara H, Iwasaki Y, Takeo ], Katayama M. Dietary supplementa-
tion with long-chain monounsaturated fatty acids attenuates obesity-related
metabolic dysfunction and increases expression of PPAR gamma in adipose tis-
sue in type 2 diabetic KK-Ay mice. Nutr Metab (Lond) 2013;10:16.

[19] Ebaid GM, Seiva FR, Rocha KK, Souza GA, Novelli EL. Effects of olive oil and its
minor phenolic constituents on obesity-induced cardiac metabolic changes.
Nutr ] 2010;9:46.

[20] Wang H, Sit WH, Tipoe GL, Wan JM. Differential protective effects of extra vir-
gin olive oil and corn oil in liver injury: a proteomic study. Food Chem Toxicol
2014;74:131-8.

[21] Echeverria F, Ortiz M, Valenzuela R, Videla LA. Hydroxytyrosol and cytoprotec-
tion: a projection for clinical interventions. Int ] Mol Sci 2017;18:E930.

[22] Priore P, Cavallo A, Gnoni A, Damiano F, Gnoni GV, Siculella L. Modulation of
hepatic lipid metabolism by olive oil and its phenols in nonalcoholic fatty liver
disease. [IUBMB Life 2015;67:9-17.

[23] Dyson JK, Anstee QM, McPherson S. Non-alcoholic fatty liver disease: a practi-
cal approach to diagnosis and staging. Frontline Gastroenterol 2014;5:211-8.

[24] Calvaruso V, Craxi A. Implication of normal liver enzymes in liver disease. ]
Viral Hepat 2009;16:529-36.

[25] Fracanzani AL, Valenti L, Bugianesi E, Andreoletti M, Colli A, Vanni E, et al. Risk
of severe liver disease in nonalcoholic fatty liver disease with normal

aminotransferase levels: a role for insulin resistance and diabetes. Hepatology
2008;48:792-8.

[26] Verma S, Jensen D, Hart J, Mohanty SR. Predictive value of ALT levels for non-
alcoholic steatohepatitis (NASH) and advanced fibrosis in non-alcoholic fatty
liver disease (NAFLD). Liver Int 2013;33:1398-405.

[27] Benitez-Arciniega AD, Gomez-Ulloa D, Vila A, Giralt L, Colprim D, Rovira Mar-
tori MA, et al. Olive oil consumption, BMI, and risk of obesity in Spanish adults.
Obes Facts 2012;5:52-9.

[28] Bes-Rastrollo M, Sanchez-Villegas A, de la Fuente C, de Irala ], Martinez JA,
Martinez-Gonzalez MA. Olive oil consumption and weight change: the SUN
prospective cohort study. Lipids 2006;41:249-56.

[29] Soriguer F, Almaraz MC, Ruiz-de-Adana MS, Esteva I, Linares F, Garcia-Almeida
JM, et al. Incidence of obesity is lower in persons who consume olive oil. Eur ]
Clin Nutr 2009;63:1371-4.

[30] Flynn MM, Reinert SE. Comparing an olive oil-enriched diet to a standard
lower-fat diet for weight loss in breast cancer survivors: a pilot study. ]
Women's Health (Larchmt) 2010;19:1155-61.

[31] Liu X, Kris-Etherton PM, West SG, Lamarche B, Jenkins DJ, Fleming JA, et al.
Effects of canola and high-oleic-acid canola oils on abdominal fat mass in indi-
viduals with central obesity. Obesity (Silver Spring) 2016;24:2261-8.

[32] Warodomwichit D, Shen ], Arnett DK, Tsai MY, Kabagambe EK, Peacock JM,
et al. ADIPOQ polymorphisms, monounsaturated fatty acids, and obesity risk:
the GOLDN study. Obesity (Silver Spring) 2009;17:510-7.

[33] Howard BV, Hannah JS, Heiser CC, Jablonski KA, Paidi MC, Alarif L, et al. Poly-
unsaturated fatty acids result in greater cholesterol lowering and less triacyl-
glycerol elevation than do monounsaturated fatty acids in a dose-response
comparison in a multiracial study group. Am ] Clin Nutr 1995;62:392-402.

[34] Miller M, Sorkin JD, Mastella L, Sutherland A, Rhyne ], Donnelly P, et al. Poly is
more effective than monounsaturated fat for dietary management in the met-
abolic syndrome: the muffin study. J Clin Lipidol 2016;10:996-1003.

[35] Maki KC, Lawless AL, Kelley KM, Kaden VN, Geiger CJ, Palacios OM, et al. Corn
oil intake favorably impacts lipoprotein cholesterol, apolipoprotein and lipo-
protein particle levels compared with extra-virgin olive oil. Eur J Clin Nutr
2017;71:33-8.

[36] Qian F, Korat AA, Malik V, Hu FB. Metabolic effects of monounsaturated fatty
acid-enriched diets compared with carbohydrate or polyunsaturated fatty
acid-enriched diets in patients with type 2 diabetes: a systematic review and
meta-analysis of randomized controlled trials. Diabetes Care 2016;39:1448-
57.

[37] Brunerova L, Smejkalova V, Potockova |, Andel M. A comparison of the influ-
ence of a high-fat diet enriched in monounsaturated fatty acids and conven-
tional diet on weight loss and metabolic parameters in obese non-diabetic and
type 2 diabetic patients. Diabet Med 2007;24:533-40.

[38] Lama A, Pirozzi C, Mollica MP, Trinchese G, Di Guida F, Cavaliere G, et al. Poly-
phenol-rich virgin olive oil reduces insulin resistance and liver inflammation
and improves mitochondrial dysfunction in high-fat diet fed rats. Mol Nutr
Food Res 2017;61.

[39] Vitaglione P, Savarese M, Paduano A, Scalfi L, Fogliano V, Sacchi R. Healthy vir-
gin olive oil: A matter of bitterness. Crit Rev Food Sci Nutr 2015;55:1808-18.

[40] Hohmann CD, Cramer H, Michalsen A, Kessler C, Steckhan N, Choi K, et al.
Effects of high phenolic olive oil on cardiovascular risk factors: a systematic
review and meta-analysis. Phytomedicine 2015;22:631-40.


http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0040
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0040
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0040
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0045
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0050
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0050
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0050
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0055
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0055
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0055
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0055
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0060
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0060
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0065
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0065
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0065
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0070
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0070
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0070
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0070
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0075
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0075
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0075
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0080
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0080
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0085
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0085
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0085
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0090
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0090
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0090
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0095
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0095
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0095
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0095
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0100
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0100
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0100
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0105
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0105
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0105
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0110
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0110
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0115
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0115
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0115
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0120
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0120
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0125
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0125
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0130
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0130
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0130
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0130
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0135
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0135
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0135
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0140
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0140
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0140
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0140
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0145
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0145
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0145
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0145
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0145
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0150
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0150
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0150
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0155
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0155
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0155
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0160
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0160
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0160
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0165
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0165
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0165
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0170
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0170
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0170
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0170
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0175
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0175
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0175
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0180
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0180
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0180
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0180
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0185
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0185
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0185
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0185
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0185
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0190
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0190
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0190
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0190
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0195
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0195
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0195
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0195
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0200
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0200
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0210
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0210
http://refhub.elsevier.com/S0899-9007(18)30102-3/sr0210

	Olive oil lessened fatty liver severity independent of cardiometabolic correction in patients with non-alcoholic fatty liver disease: A randomized clinical trial
	Introduction
	Methods
	Design
	Patients
	Intervention
	Anthropometric measures and blood pressure
	Biochemical parameters
	Liver ultrasound
	Dietary intakes and physical activity
	Chemical analysis of oils
	Statistical analysis

	Results
	Discussion
	Liver
	Obesity and weight
	Blood lipid profile
	Glucose
	Oxidative stress and inflammation
	Strengths and limitations

	Conclusions
	Supplementary data
	References



