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ABSTRACT

The present trial aims to evaluate a supplementation of the olive leaf extract (OLE) in adjunct
with a weight loss diet on anthropometric indices, glycemic indices, lipid profile, as well

as the level of adipokines, and free fatty acid in obese women. We carried out an 8-week
randomized, placebo-controlled, double-blind, parallel-group, clinical trial. The participants
were randomly stratified according to age and they were assigned to one of the two study
groups: Standard weight loss diet (estimated daily energy requirements minus 500 kcal) +
OLE supplementation (n = 35) in intervention group or Standard weight loss diet (estimated
daily energy requirements minus 500 kcal) + placebo (n = 35) in placebo group. The study
groups were homogeneous regarding the baseline age, height, weight, body mass index
(BMI), waist circumferences, married status, and physical activity levels (p > 0.05). The
results of analysis of covariance presented significant decreases in BMI, fat mass, and body
weight in the OLE group compared to those in the placebo group (p < 0.05). At the end of the
study, the serum levels of fasting blood sugar, insulin, low-density lipoprotein cholesterol,
total cholesterol, leptin, fatty free acid, and homeostasis model assessment—insulin
resistance significantly decreased, and serum levels of high-density lipoprotein cholesterol
and adiponectin elevated in the intervention group (p < 0.05). Based on results it seems that
the addition of OLE to a hypocaloric diet for 8-week compared with a hypocaloric diet alone
may be more effective in modifying obesity and metabolic risk factors.

Trial Registration: Iranian Registry of Clinical Trials Identifier: [RCT20190129042552N2

Keywords: Obesity; Weight loss; Reducing diet; Olive leaf extract; Randomized controlled trial

314

ssaadjuIjwx §=§ Aq pejessusn


https://en.irct.ir/trial/48092
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-9104-4639
https://orcid.org/0000-0001-9104-4639
https://orcid.org/0000-0001-9294-7848
https://orcid.org/0000-0001-9294-7848
https://orcid.org/0000-0002-4987-8194
https://orcid.org/0000-0002-4987-8194
https://orcid.org/0000-0002-5094-8049
https://orcid.org/0000-0002-5094-8049
https://orcid.org/0000-0002-1530-2349
https://orcid.org/0000-0002-1530-2349
https://en.irct.ir/trial/48092
https://orcid.org/0000-0001-9104-4639
https://orcid.org/0000-0001-9294-7848
https://orcid.org/0000-0002-4987-8194
https://orcid.org/0000-0002-5094-8049
https://orcid.org/0000-0002-1530-2349
http://crossmark.crossref.org/dialog/?doi=10.7762/cnr.2021.10.4.314&domain=pdf&date_stamp=2021-10-31
https://e-cnr.org

;

CI1I

Effect of Olive Leaf Extract on Obese Women CLINICAL NUTRITION RESEARCH

This research was supported by grants from
Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran (NRC-9901).

The authors declare that they have no
competing interests.

https://e-cnr.org

Obesity is defined as the excessive accumulation of fat in the body (body mass index [BMI]
> 30 kg/m?) and is associated with dysregulation of glucose and lipoprotein metabolism [1].
Obesity raises the risk of chronic disorders such as some cancers, cardiovascular disease,
and type 2 diabetes mellitus [2]. According to the report of the World Health Organization
(WHO) in 2016, more than 1.9 billion adults were overweight and 650 million were obese
(13% of the world's adult population) [3]. Existing approaches for handling and treatment
of obesity consist of weight loss diet, sport, behavioral changes, pharmacotherapy, and
surgery [4]. The efficacy of each of these approaches is often inconclusive [5]. Anti-obesity
drugs have adverse side effects such as headaches, vomiting, and myocardial infarctions
[6]. However, natural products as the traditional source of medicinal compounds could be
developed as complimentary safe and effective approaches for obesity [5,7,8].

The leaves of the olive plant (Olea europaea L.), family: Oleaceae, have been applied for
centuries in traditional medicine to prevent and cure many illnesses such as wounds [9],
fever [10], diabetes [11], gout [12], atherosclerosis [13], and hypertension [14]. Moreover,
anti-inflammatory, antioxidant, anti-tumor, antiviral, and antimicrobial properties of
olive leaf extract (OLE) were also reported [15,16] in the European and Mediterranean
countries [17,18]. Its bioactive compounds such as oleuropein (most abundant biophenol),
verbascoside, luteolin, rutin, catechin, and hydroxytyrosol (in lower quantities) may be
responsible for the biologic activities [19,20].

Several OLE components have been revealed to represent beneficial effects against obesity both
in vitro and in vivo. An animal study demonstrated that the oleuropein-supplemented high

fat diet (HFD) for 10 weeks exerted protective effects against hepatic steatosis by decreasing
the expression of some hepatic genes involved in the oxidative stress, detoxification of lipid
peroxidation products, and inflammation [21]. Moreover, Hsu et al. [22] studied the anti-
obesity effect of rutin for 8 weeks in HFD fed mice. They observed rutin as a supplement at a
dose of 50 mg/kg significantly decreased body and adipose tissue weights, oxidative stress,
serum insulin, lipid profiles, and leptin, as well as hepatic triacylglycerol and cholesterol levels
[22]. Caffeic acid supplementation at 0.02% weight dose in HFD-fed mice displayed anti-
obesity properties by improving body weight and visceral fat mass, blood lipid profile, and
obesity-related hormones such as insulin and leptin [23]. Recently, Fki et al. [7] investigated
and compared the hypolipidemic and hepatoprotective protective effects of oleuropein and
hydroxytyrosol-rich OLE at 16 mg/kg in HED fed rats. Oleuropein and hydroxytyrosol similarly
decreased body weight and white adipose tissue accumulation by inhibiting the excess increase
in the number and/or size of adipocytes and improved the lipid metabolism by elevating

the antioxidant system capacity and preventing the expression of the proteins implicated in
inflammation and liver injury [7]. In a study by Shen et al. [20], the addition of OLE to HFD in
mice significantly reduced body weight gain, visceral fat-pad weights, and plasma lipid levels
by downregulating the expression of genes involved in adipogenesis and increasing the mRNA
expression of genes involved in mitochondrial biogenesis in the visceral adipose tissue.

The effect of supplementation with olive leaf extract on glucose homeostasis was
investigated[24]. Forty-six overweight individuals underwent olive leaf extract supplementation
(51 mg oleuropein and 66.9 mg hydroxytyrosol) for 12 weeks. The results of this study showed
that supplementation with olive leaf extract improved insulin sensitivity by 15%. However,

in this study, food intake was not properly controlled, and a restricted calorie diet was not
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applied. In a clinical trial examined the effect of consuming 3 cups of olive leaf tea a day on lipid
metabolism in 110 non-diabetic and non-obese individuals for 12 weeks. The results showed
that after the intervention, low-density lipoprotein cholesterol (LDL-C) and triglycerides

(TGs) and fasting glucose levels decreased while body weight, waist circumference (WC) and
insulin levels did not change. In this study, not only the exact dose of polyphenols received by
individuals is not known, but also the main weight loss intervention, i.e., calorie-restricted diet
was not considered and individuals were in the range of normal BMI or overweight [25].

Although several animal studies have evaluated the OLE and its bioactive constituents'

effects against diet-induced obesity, the effect of OLE supplementation in obesity along with
aweight loss diet has not been reported in the clinical trial. Since the present study aims

to investigate a supplementation of the 250 mg OLE in adjunct with a weight loss diet for 8
weeks on weight loss, body composition, glycemic indices, lipid profile, as well as serum level
of adiponectin, leptin, and free fatty acid in obese women.

Study design

This study was a randomized, placebo-controlled, double-blind, parallel-group, clinical trial.
This clinical trial was held at the Nutritional Research Center, Ahvaz Jundishapur University
to investigate the efficacy of the 250 mg OLE in adjunct with weight loss diet for 8 weeks

in obese women. This study was conducted only on females due to the more homogeneity
of samples and also double prevalence of obesity among Iranian female in comparison

with men [3]. This study, approved by the Medical Ethics Committee of Ahvaz Jundishapur
University, is in accordance with the Declaration of Helsinki (approval number: IR.AJUMS.
REC.1399.146) Then it was registered in the Iranian Registry of Clinical Trials (IRCT
registration number: IRCT20190129042552N2.

Recruitment of study subjects

Premenopausal women volunteers recruited through electronic and paper media
advertisements and the inclusion criteria were engaged in this trial after receiving their
informed written consent. The following inclusion criteria were applied; BMI range of 30 to
40 kg/m?, the age of 18 years and older, absence of food allergies and menopause, having no
medical disorders including diabetes, hepatic, cancer, renal, thyroid, and gastrointestinal
disorders, no surgery for weight loss, no weight loss over the past 6 months, taking no herbs
and drugs reducing appetite and weight as well as nutritional supplements. The subjects
with any of the following criteria were excluded: unwilling to continue, no consumption of
supplements exceed 10% of total administered supplements, become pregnant during the
study, changes in physical activity, and changes in the dietary pattern during the study period.

Sample size calculation

The sample size was estimated as 32 subjects (in each group) based on a study by Lockyer et
al. [26] and reduction in cholesterol level in response to OLE intervention (o = 0.05, f = 0.2,
W =0.47; w, = 0.44; S, = -0.33; S, = 0.01) based on this formula:

(Ziays + 215) (512 + 5
n=
(U — 1)?

By considering the 10% sample loss, finally, 35 subjects were recruited for each group.
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Randomization and blinding

Using a permuted block randomization procedure by Random Allocation Software (RAS), the
participants were randomly stratified according to age. Later, a random number was used for
bottle naming (OLE or placebo). Blinding was done by sealing the bottles and their similarity.
Treatment allocation was also blinded for investigator and participants.

Intervention process and compliance

They were allocated to 1 of the 2 following groups: 1) Intervention group: Standard weight
loss diet + OLE supplementation (n = 35); 2) Placebo group: Standard weight loss diet +
Placebo (n =35).

Energy needs were considered by Mifflin Jeor St. equation: BMR (kcal/day) = 10 x Weight (kg)
+6.25 x Height (cm) - 5 x Age (year) - 161 (kcal/day) [27], and each subject of study in both
groups followed a hypocaloric diet of 500 kcal below estimated energy requirements. In both
study groups, the proportion of macronutrients were 55%, 30%, 15% for carbohydrate, fat, and
protein; respectively [28]. OLE or placebo capsules were consumed twice daily, one capsule
after lunch and one capsule after dinner. The placebo capsules had the same weight, taste,

and flavor as the OLE capsules. To check compliance, participants were requested to record

the date and time of capsules consumption and they were contacted every three days by a
dietitian through call or SMS [29]. Moreover, the participants were requested not to alter their
physical activity and dietary pattern during the 8 weeks' intervention period. Dietary intake was
evaluated by a 3-day food record (2 weekdays and 1 weekend day) at the baseline and week 8.

Ingredients and nutrition information of OLE extract

OLE and placebo capsules were supplied by Shari Pharmacy Co. (Tehran, Iran). Each 125
mg OLE capsule comprised 50 mg oleuropein, other biophenol compounds are oleuropein
verbascoside, luteolin, rutin, catechin, and hydroxytyrosol. Each placebo capsule comprised
125 mg starch.

Anthropometric analyses

At the baseline and the end of the intervention, body weight was evaluated using Seca scale
(seca 630; seca GmbH, Hamburg, Germany) with an accuracy of 100 g. At the baseline,
height was measured using Seca stadiometer (seca 700; seca GmbH) with an accuracy of

0.5 cm. BMI was computed by the following formula: body weight (kg)/height (m)?. WC was
evaluated at the end of normal expiration in a standing position by a tape with an accuracy of
0.1 cm above the iliac crest, just below the lowest rib margin [29]. To measure fat and fat-free
mass percentage, a direct segmental multi-frequency bioelectrical impedance method (Tanita
BC-418; Tanita Corp., Tokyo, Japan) was used.

Dietary analyses

Total energy, macronutrients, and some micronutrients intakes were estimated by Nut IV
software (Hearst Corporation, San Bruno, CA, USA). The demographic and physical activity
data were obtained through demographic and International Physical Activity Questionnaire
(IPAQ) questionnaires, respectively. The Persian translation of the short form IPAQ has been
confirmed by Dashti et al. [30] (Cronbach's alpha = 0.7 and test-retest reliability coefficient =
0.9). The CONSORT flow diagram of the present study is exhibited in Figure 1.
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Assessed for eligibility (n =178)

Weight loss diet + OLE supplementation
(intervention group) (n = 35)

Lost to follow-up (give reasons) (n = 4)
- 3 subjects due to noncompliance
- 1subject due to location change

Excluded (n =108)
Due to: Not meeting inclusion criteria,
declined to participate, and other reasons

Randomized (n = 70)
Allocation

Standard weight loss diet + placebo
(control group) (n = 35)

Lost to follow-up (n = 3)
- 1subject due to noncompliance
- 2 subjects due to travel

Analysis

Included in ITT analysis (n = 35) Included in ITT analysis (n = 35)

Figure 1. CONSORT flow diagram.
OLE, olive leaf extract; ITT, intention-to-treat.

https://e-cnr.org

Biochemical analysis

At the baseline and end of the study, 10 mL of venous blood samples (in regular tubes)
were obtained after 12 hours of overnight fasting and centrifuged at 1,500 rpm at 4°C for
15-20 minutes and were then stored at ~80°C until biochemical analysis. Enzyme-linked
immunosorbent assay kits were used to measure insulin (Monobind Inc., Diisseldorf,
Germany), leptin (LDN, Nordhorn, Germany), total adiponectin (ZellBio GmbH, Lonsee,
Germany), and FFA (Eastbiopharm Co. Ltd., Hangzhou, China) concentration.

TG, high-density lipoprotein cholesterol (HDL-C), LDL-C, total cholesterol (TC), and
fasting blood glucose (FBG) were measured using the enzymatic method with kits from
Pars-Azmoon (Tehran, Iran). Then, the Visceral Adiposity Index (VAI) based on the following
formula [29,30]:

WwC « TG y 1.52
36.58 + (1.89 x BMI)  0.81 HDL-C

Homeostasis model assessment-insulin resistance (HOMA-IR) was measured by the
following formula: fasting glucose (mg/dL) x fasting insulin (uu/mL)/405.

Statistical analysis

IBM SPSS statistics software, version 24) (IBM Corp., Armonk, NY, USA) was applied to
conduct all statistical analyses. Kolmogorov-Smirnov test was used to confirm the normality
of the variables. To compare parametric continuous data between and within the groups,

an independent sample t-test and paired sample t-test were employed, respectively. To
evaluate the differences between the two groups at the post-intervention stage, an analysis
of covariance (ANCOVA) test was applied. A p value less than 0.05 was regarded to be
statistically significant. Intention-to-treat (ITT) analysis was conducted as it was suggested
for analysis results in clinical trials.
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RESULTS

Four participants in the intervention group (three subjects due to noncompliance and one
subject due to location change) and three participants in the placebo group (2 subjects due
to travel and one subject due to noncompliance), were lost to follow. But, all the statistical
analyses were done using the intention-to-treat principle (placebo group, n =35 and OLE
group, n = 35). The study groups were homogenous regarding the baseline age, height,
weight, BMI, WC, married status, and physical activity levels (p > 0.05) (Table 1).

Dietary intake
At the baseline, there were no significant differences in dietary intake variables between the
study groups except for vitamin E (p = 0.025) and vitamin A intake (p = 0.011) (Table 2).

In both groups, compared to the baseline, energy, protein, carbohydrates, total fat,
polyunsaturated fatty acid (PUFA), monounsaturated fatty acid (MUFA), saturated fatty acid
(SFA), and fiber intakes reduced significantly (p < 0.05). In the OLE group, vitamin E intake
decreased significantly (p = 0.017). In the placebo group, compared to the baseline, vitamin A
intake increased (p = 0.028). However, there were no significant differences in dietary intake
variables between the study groups at the end of the study (p > 0.05).

Anthropometric indices

The mean scores of subjects' anthropometric indices are illustrated in Table 3. At the
baseline, there were no significant differences in anthropometric indices between the study
groups (p > 0.05). In the OLE group, compared to baseline all the anthropometric indices
were significantly reduced (p < 0.05). In the placebo group, compared to baseline, body
weight, BMI, fat mass, and WC decreased significantly (p < 0.05). The results of ANCOVA
presented significant decreases in BMI, body weight, and fat mass in the OLE group
compared to those in the placebo group (p < 0.05), but regarding muscle mass, WC and VAI
no significant differences was observed between the study groups (p > 0.05).

Biochemical measurements
As shown in Table 4, at the baseline, no significant difference was observed between the OLE
and placebo groups regarding the biochemical measurements (p > 0.05).

At the end of the study, the blood concentration of FBS, TC, LDL-C, leptin, insulin, FFA,
and HOMA-IR significantly decreased and serum levels of adiponectin and HDL-C elevated
in the OLE group (p < 0.05). In the placebo group, at the end of the study, serum levels of
TC, leptin, HOMA-IR, and FFA significantly decreased, and HDL-C elevated compared

Table 1. Baseline characteristics of study participants

Variable All subjects Intervention group (n = 35) Control group (n = 35) p value”
Age (years) 35.3+9.8 35.7+9.1 34.9+10.6 0.75
Weight (kg) 89.3+10.0 89.7+10.5 88.9+9.7 0.72
Height (cm) 159.9 +5.9 160.1+5.9 159.7 + 6.1 0.79
BMI (kg/m?) 34.8+3.2 34.97 +3.4 347+31 0.82
WC (cm) 107.8 + 8.2 108.4 = 8.1 107.2+8.3 0.57
Married status 0.45

Married 46 (65.7) 95 (71.4) 21 (60)

Unmarried 24 (34.3) 10 (28.5) 14 (40)

Values are expressed as mean + standard deviation or number (%o).
BMI, body mass index; WC, waist circumference.
*Independent t-test for numeric variables and Pearson's chi-square test for categorical variables.
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Table 2. Dietary intakes of the study participants at baseline and end of the intervention

Variable Intervention group (n = 35) Placebo group (n = 35) p value®

Energy (kcal/day)
Baseline 1,902.0 + 642.9 1,730.2 = 548.2 0.23
End 1,306.8 + 376.6 1,264.3 = 322.5 0.62
p value® 0.00 0.00

Carbohydrate (g)
Baseline 226.1+79.1 226.4 +72.6 0.98
End 153.2 + 57.6 158.7 £39.1 0.65
p valuef 0.00 0.00

Protein (g)
Baseline 74.0 +33.9 68.8 +20.6 0.45
End 51.6 £ 21.6 47.2 £16.7 0.36
p value® 0.001 0.00

Fat (g)
Baseline 81.0 + 38.7 67.9 +22.2 0.08
End 55.6 £17.9 50.6 = 21.1 0.32
p valuet 0.003 0.003

SFA (g)
Baseline 18.5+8.9 18.2 £ 6.1 0.86
End 12.9+5.8 9.6 +5.1 0.63
p valuef 0.00 0.005

MUFA (g)
Baseline 23.9 £14.7 22.4 8.3 0.61
End 16.2 +7.3 13.5+6.4 0.12
p value® 0.00 0.005

PUFA (g)
Baseline 28.6 £19.5 21.3+9.4 0.06
End 17.5+9.8 14.5+9.5 0.23
p valuef 0.013 0.004

Dietary fiber (g)
Baseline 9.5+4.1 1.8 £5.3 0.052
End 6.3+4.8 8.3+3.9 0.069
p valuef 0.002 0.014

Vitamin A (pg)
Baseline 1,937.6 + 2,463.3 752.0 + 597.0 0.0m
End 1,181.2 +1,992.9 1,417.7 +£1,787.6 0.62
p valuef 0.28 0.028

Vitamin C (mg)
Baseline 40.3 +36.3 49.8 + 37.1 0.29
End 30.5+25.4 43.2 +26.4 0.06
p valuef 0.073 0.307

Vitamin E (mg)
Baseline 32.7 £ 28.6 20.5+12.3 0.025
End 18.7 +14.1 16.9 £15.8 0.62
p value® 0.017 0.115

Values are expressed as means = standard deviation. Bold-faced p value < 0.05 was considered as significant.
SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; MUFA, monounsaturated fatty acid.
*Independent t-test between the two groups at pre-and post-intervention; Paired t-test.

to baseline (p < 0.05). The mean difference in the FBS (p = 0.02), TC (p = 0.01), LDL (p =
0.004), leptin (p = 0.014), adiponectin (p = 0.041), and FFA (p < 0.001) between the 2 OLE
and placebo groups after OLE supplementation was significant (tested by ANCOVA after
adjusting for covariates).
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Table 3. Anthropometric indices of participants at baseline and end of the intervention

Variable Intervention group (n =35) Placebo group (n=35)  pvalue® pvaluet
Body weight (kg)

Before 88.5+9.9 87.8+9.5 0.72

After 84.4+9.8 84.9+9.9 0.81 0.01

p value* 0.00 0.00

Difference -41+1.8 -2.8+1.9 0.01 0.015
BMI (kg/m?)

Before 34.6+3.2 34.6 3.2 0.82

After 33.0+3.2 33.5+3.2 0.57 0.016

p valuet 0.00 0.00

Difference -1.6 +0.7 -11+0.8 0.017 0.016
Fat mass (kg)

Before 36.3+6.6 35.7+73 0.56

After 33.7+7.2 34.4+7.7 0.71 0.002

p valuet 0.00 0.00

Difference -2.6+1.7 -1.3+1.6 0.003 0.002
Muscle mass (kg)

Before 49.4 4.2 49.5+4.7 0.90

After 48.7 + 4.6 49.0 +4.9 0.78 0.35

p valuet 0.08 0.12

Difference -0.7+1.5 -0.5+1.9 0.54 0.35
WC (cm)

Before 107.6 £7.0 107.2 + 8.6 0.85

After 103.1+7.6 104.4 +9.5 0.53 0.42

p value* 0.00 0.00

Difference -4.4+3.6 -2.7+3.9 0.08 0.42
VAI

Baseline 2.5+ 0.7 2.7+1.2 0.44

End 2.3+0.7 2.5+0.9 0.19 0.81

p valuet 0.001 0.207

Difference -0.3+0.3 -0.2+0.5 0.46 0.53
Physical activity (MET-min/week)

Before 2,203.0 + 664.6 2,377.4 +£1,141.4 0.43

After 2,366.2 + 400.1 2,601.10 = 719.6 0.13 0.68

p valuet 0.29 0.23

Difference 154.29 + 630.3 -98.71 + 472.4 0.095 0.25

BMI, body mass index; WC, waist circumference; VAI, Visceral Adiposity Index.

*Independent t-test between the 2 groups at pre-and post-intervention; tAnalysis of covariance (adjusted for age,
physical activity, dietary intake of energy, macronutrients, antioxidant vitamins such as vitamins A, C, and E, and
corresponding baseline value); *Paired t-test.

DISCUSSION

The findings of this 8-weeks clinical trial showed that oral supplementation of OLE with
a weight-loss diet in obese women resulted in significant reduction in body weight, BMI,
fat mass, and serum levels of FBS, TC, LDL-C, leptin, and FFA, and significant increase in
adiponectin serum level.

Positive energy balance under constant conditions increases the accumulation of fat and
body weight and thus induces obesity [25]. Studies have shown that weight loss interventions
(diet, supplements, etc.) can improve metabolic parameters such as glycemic status and
lipid profile and reduce the mortality rate in obese adults by reducing only 5% to 10% of
body weight [31,32]. Agreeing to the findings of this clinical trial, a cohort study showed the
incidence of obesity was lower in individuals who consumed olive oil [33]. Various animal
studies have shown that the use of OLE or oleuropein supplement has reduced body weight,
fat mass, and expression of genes involved in adipogenesis and lipogenesis in obese mice on
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Table 4. Biochemical parameter values of the study groups at baseline and at the end of the intervention

Variable Intervention group (n = 31) Placebo group (n = 32) p value® p value®
FBS (mg/dL)

Baseline 86.6 +11.9 88.4 +17.7 0.64

End 82.3+13.4 87.9 £18.3 017 0.00

p value* 0.001 0.512

Difference -4.3+8.1 -0.5+7.9 0.06 0.02
TG (mg/dL)

Baseline 122.0 +30.5 124.5 + 40.5 0.78

End 117.0 + 33.8 122.5 + 37.8 0.55 0.73

p valuet 0.073 0.53

Difference -5.0 £14.9 -2.0 £18.7 0.50 0.73
TC (mg/dL)

Baseline 164.0 = 20.6 158.5£25.9 0.35

End 153.5 £16.1 156.0 +23.1 0.62 0.043

p valuet 0.00 0.00

Difference -10.5+13.9 -2.5+13.9 0.025 0.039
HDL-C (mg/dL)

Baseline 42.3+5.9 40.9 £ 6.7 0.38

End 44.6 £ 6.3 421+6.2 0.12 0.32

p valuet 0.00 0.00

Difference 2.3+1.9 1.2+£2.9 0.083 0.32
LDL-C (mg/dL)

Baseline 97.3+19.4 92.6 +22.9 0.38

End 85.4 £16.2 89.3+£19.8 0.39 0.016

p value* 0.020 0.038

Difference -11.8+13.9 -3.2+£14.1 0.01 0.016
Leptin (pg/L)

Baseline 53.28 +13.41 58.6 = 17.0 017

End 42.8 +9.9 54.8 £12.9 0.003 0.014

p valuet 0.038 0.011

Difference -10.5+12.6 -3.7£17.0 0.07 0.016
Adiponectin (ng/mL)

Baseline 7.5+92.9 7.0+£2.4 0.45

End 9.4+2.9 7.4+27 0.004 0.041

p valuet 0.02 0.312

Difference 2.0 £3.1 0.4+3.2 0.049 0.04
Insulin (plU/mL)

Baseline 12.0 + 8.7 12.6 + 8.3 0.76

End 8.9 +£6.5 10.7 £ 8.0 0.33 0.34

p valuet 0.004 0.055

Difference -31%5.5 -1.9+5.4 0.40 0.76
HOMA-IR

Baseline 2.6 £2.1 3.0+2.7 0.53

End 1.8+1.4 2.5+£2.6 0.18 on

p value¥ 0.003 0.044

Difference -0.7+1.3 -0.4+1.2 0.32 0.66
FFA (pg/mL)

Baseline 246.7 +13.9 959.5 +18.7 0.22

End 193.2 £10.1 227.30 +16.4 0.00 0.00

p valuet 0.00 0.00

Difference -71.47 + 3.7 -32.26 +2.3 <0.001 <0.001

Values are expressed as means + standard deviation. Bold-faced p values < 0.05 was considered as significant.
FBS, fasting blood sugar; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment-insulin resistance; FFA,
free fatty acids; ANCOVA, analysis of covariance.

*Independent t-test; TCovariance (ANCOVA) (adjusted for age, physical activity, dietary intake of energy,
macronutrients, antioxidant vitamins such as vitamins A, C, and E, BMI, and corresponding baseline value);
*Paired t-test.

a high-fat diet [34-36]. Contrary to the results of the present study, a clinical trial by Araki
et al. showed that consumption of 330 mL of olive leaf tea three times per day for 12 weeks
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in pre-diabetic individuals with BMI range between 23 to 29 kg/m? had no significant effect
on weight loss and WC. Nevertheless, a significant reduction was seen in WC when the
analysis was limited to individuals with abdominal obesity [37]. According to the results, it
can be said that the difference in BMI and intervention on obese people in this study (BMI
> 30 kg/m?) is one of the important reasons for the difference in findings. On the other
hand, the type of intervention and the use of diet along with supplementation can also be
another possible reason for better results in this study. In another crossover trial by de Bock
et al. [38], it was found that the use of supplement containing OLE for 12 weeks had no a
significant effect on body composition in middle-aged overweight men. Here again, it can
be said that intervention on overweight people and lack of high BMI in these people, the
use of supplement without diet and difference in the composition of the 2 supplements

are important possible reasons for the lack of conclusion. In this study, there was also a
small reduction in fat-free mass. However, this reduction in fat-free mass was not clinically
significant compared to weight loss. Physiologically, 75% of the weight loss that occurs
during a low-calorie diet is related to fat mass, and only 25% is related to fat-free mass.
Therefore, it is possible to prevent excessive degradation of fat-free mass by using olive oil
along with a weight-loss diet. A similar study by Rezaei et al. [39] reported that the use of
olive oil (20 g/day) in combination with a weight loss diet (-500 kcal/day) for 12 weeks could
prevent from significant decrease in fat free mass.

According to recent evidence, one possible mechanism is that olive leaf compounds improve
obesity by reducing the accumulation of intracellular fat in the cell line of 3T3-L1 pre-
adipocyte [23,40]. Another effect of OLE on obesity is to inhibit the adipogenesis process by
inhibiting the conversion of pre-adipocyte to mature adipocyte (differentiation) [41]. In this
process of differentiation, CCAAT-enhancer-binding proteins and peroxisome proliferator-
activated receptor gamma (PPAR-y) play a key role as transcription factors [42]. Therefore,
OLE shows its anti-obesity effect by reducing the gene expression of these two transcription
factors [34]. It has been shown that changes in the composition of the gut microbiota such
as reduction of bacterial diversity and upsetting the balance between beneficial and harmful
bacteria (decrease in Bacteroidetes and increase in Firmicutes) occur in obese individuals and
the number of harmful bacteria increases in them [43]. Also, an animal study showed that
germ-free mice extracted more energy from food and their body fat mass was significantly
higher when were colonized with a microbiota from obese mice compared to when they
were colonized with a microbiota from lean mice [44]. So, OLE maintains the balance of
microbiota, reduces intestinal permeability, and in this way can also affect obesity [8,45].

Obesity is associated with hyperglycemia, disturbance in lipid metabolism, and increase of
insulin resistance [8]. Olive leaves are rich in many phenolic compounds, one of the most
abundant of these compounds is oleuropein) approximately 80%) [46]. Studies have shown
that OLE improves glucose metabolism [37,47]. In line with the findings of the present

study, a clinical trial by Wainstein et al. [48] described that consumption of OLE (one tablet
of 500 mg/day) for 14 weeks resulted in improvement in fasting serum levels of insulin and
HbAlc in type 2 diabetes mellitus patients. In the study of Wainstein, the supplementation
dose and duration of intervention were higher. But in the present study, it seems that the
weight loss diet could help supplementation in improving metabolic parameters. In another
study, supplementation with OLE demonstrated a 28% improvement in pancreatic B-cell
responsiveness and a 15% improvement in insulin sensitivity in middle-aged overweight men
[38]. On the contrary, Rezaei et al. [39] showed that the supplementation with olive oil (20 g/
day) in combination with a weight loss diet (-500 kcal/day) for 12 weeks could not induce a
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significant reduction in the serum levels of FBG, insulin, and HOMA-IR in patients with non-
alcoholic fatty liver disease. Initial normal levels of data, different type of intervention (use
of olive oil instead of extract) and different target population can be the reasons for different
results in the two studies.

One of the mechanisms proposed for the hypoglycemic effects of OLE is the prevention of
glucose uptake and starch digestion and also stimulation of the synthesis of hepatic glycogen.
Another anti-glycemic effect is inhibition of pancreatic a-amylase activity [49]. Additionally,
plasma levels of insulin-like growth factor-binding protein 1 (IGFBP-1) and insulin-like
growth factor-binding protein 2 (IGFBP-2) are increased by OLE [49]. There is an inverse
relationship between serum levels of insulin and IGFBP-1 concentrations. Also, increase of
IGFBP-2 concentration leads to improve insulin sensitivity and prevent obesity [50].

Hypolipidemic effects of OLE have been reported in mice were fed a high-fat diet [8,35] and
in subjects with hypercholesterolemia [51]. In line with the findings of this study, Lockyer

et al. [24] found 6 weeks receiving phenolic-rich OLE containing 136 mg of oleuropein
significantly decreased the serum levels of TG, TC, and LDL-C in prehypertensive male. In
another study, daily supplementation with 100 mg oleuropein for 12 months resulted in a
significant decrease in serum levels of LDL-C and TC in postmenopausal women, but TG
and HDL-C were not significantly changed compared to the control group [52 ]. Normal
baseline levels of TG and HDL-C and different design study could be the possible reasons
for the difference in results. Contrary to that observed in this clinical trial, de Bock et al.
[38] reported supplementation with OLE had no significant effect on lipid profile in middle-
aged overweight men. Relatively normal levels of lipid profile, different target population,
different type of intervention and different dose of supplementation are possible causes

of insignificance. One of the mechanisms of effect on the lipid profile is that OLE reduces
the activity of the hydroxymethylglutaryl-CoA reductase enzyme (rate-limiting enzyme

of cholesterol synthesis) and inhibits the production of cholesterol. OLE also reduces the
synthesis of Sterol regulatory element-binding transcription factor 1 and PPAR-y and through
it can prevent the increase of serum fatty acids and the synthesis of triglycerides [25].

Obesity has been shown to be associated with high levels of serum free fatty acids and
impaired secretion of various adipokines such as leptin and adiponectin from adipose
tissue [53]. Leptin is involved in the regulation of food intake and energy expenditure [54].
Studies have shown that serum levels of leptin increase in obese individuals and leading to
the induction of insulin resistance. On the other hand, serum levels of adiponectin (role in
inducing insulin sensitivity and improving lipid profile) reduce in these individuals [55,56
]. Therefore, considering the relationship between leptin and adiponectin adipokines with
metabolic factors, it can probably be said that the improvement of obesity through various
interventions with an effect on these two adipokines can play a positive role in improving
metabolic parameters. In confirmation of this subject, the study by Hotta et al. [57] showed
that weight loss increased plasma levels of adiponectin in diabetic patients. Also, an
inverse relationship was seen between adiponectin levels with glucose levels and fasting
plasma insulin [57]. Similar to the beneficial effects of the OLE in this study, it was shown
that supplementation with OLE significantly decreased serum levels of free fatty acids and
leptin and increased serum levels of adiponectin in obese mice fed a high-fat diet [34].
Also, Mediterranean dietary patterns (rich in virgin olive oil) have been independently and
positively associated with plasma levels of adiponectin and the oleic acid (monounsaturated
fatty acid) in olive oil can affect the gene expression of leptin and adiponectin [S8].
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Therefore, it can be suggested one possible mechanism is that OLE improves glycemic status,
lipid profile, and serum levels of free fatty acids by reduction of body weight, increasing
serum levels of adiponectin, and decrease of serum leptin. Also, the use of a weight loss diet
along with supplementation may help to enhance these effects.

To the best of the authors' knowledge, this is the first study evaluating the effects of OLE
supplementation with a weight loss diet in obese women. Also, reporting the mean changes
and presenting the results in the two forms of the crude model (without adjustment for
confounding factors) and adjusted model (with eliminating the effect of confounding factors)
increased the accuracy of the results. One of the limitations of this trial was the selection of
only 2 groups. Therefore, it is suggested to design other studies with 4 study groups in the
future (group 1, weight loss diet with placebo; group 2, weight loss diet with the supplement;
group 3, placebo; group 4, supplement), also trials with more intervention time could be
suggested for future studies.

CONCLUSION

In conclusion, based on results it seems that 8-week OLE supplementation along with a
weight loss diet compared with a weight-loss diet alone may be more effective in improving
obesity and metabolic risk factors.
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