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Abstract. Dyslipidemia includes a large range of lipid abnor-
malities involving increased levels of total cholesterol (TC),
low-density lipoprotein cholesterol and triglycerides (TGs),
and/or decreased levels of high-density lipoprotein (HDL)
cholesterol. Individuals with marginally elevated fasting levels
of cholesterol in laboratory tests may need an alternative
therapeutic approach. Bitter orange, rock-rose and olive leaf
extracts have been highlighted for their antioxidant and lipid
lowering properties in numerous studies. The aim of the present
observational study was to evaluate the potential synergistic
effects of a standardized food supplement, rich in polyphe-
nols and flavonoids, containing a blend of Citrus aurantium,
Olea europaea leaf and Cistus creticus extracts, chromium
and vitamin B complex, on lowering the cardiovascular risk in
individuals with mild dyslipidemia (TC, 190-290 mg/dl; TG,
>150 mg/dl). Following 12 weeks of treatment, a statistically
significant decrease in TG levels and an increase in HDL levels
was recorded. On the whole, the findings presented herein
support a significant decrease in TG levels, further promoting
the evaluation of this supplement in a larger study population.

Introduction

Lipids are absorbed in the intestines and are transported
throughout the body via lipoproteins for energy, steroid
production, or bile acid formation. Cholesterol, low-density
lipoprotein (LDL)-cholesterol (LDL-C), triglycerides (TGs)
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and high-density lipoprotein (HDL)-cholesterol (HDL-C),
contribute to these pathways. An imbalance in any of these
factors, either from organic or non-organic causes, can lead
to dyslipidemia (1). Dyslipidemia may be assessed by evalu-
ating the fasting levels of these lipids in serum. Dyslipidemia
includes a large range of lipid abnormalities and may
involve a combination of increased total cholesterol [TC;
=240 mg/dl (6.20 mmol/l)], LDL-C [>160 mg/dl (4.13 mmol/l)]
and TG levels [>200 mg/dl (2.25 mmol/l)] or decreased levels
of HDL-C (2).

Lipid disorders are frequently encountered in clinical
practice and often have implications for cardiovascular risk
and general health (3). The main complication of dyslipidemia
is cardiovascular diseases, which may include sudden cardiac
death, acute myocardial infarction, or stroke. Dyslipidemia is
recognized as one of the main risk factors for the development
of cardiovascular disease (4) and plays a prominent role in the
development of atherosclerosis (5). In addition, non-alcoholic
fatty liver disease (NAFLD) is closely linked to dyslipidemia,
as previously demonstrated (6). In this sense, many physicians,
on the basis of a lot of published data, are turning to natural
products to cure/alleviate NAFLD, and there appears to be
an increase in the interest in the use of natural products (7).
Furthermore, considering the high risk of developing bladder
cancer in patients with increased cholesterol levels and hyper-
triglyceridemia, as well as the association of NAFLD with
this type of cancer (8), the use of natural products to lower
lipid levels is gaining increasing attention. Recent studies
have established that elevated TG levels represent a cardio-
vascular risk factor, while low HDL levels may contribute
less than previously considered (3). It has been demonstrated
that statins and appropriate treatments for dyslipidemia have
significantly reduced the risk of all-cause mortality, cardio-
vascular events and cardiovascular mortality (9). In spite the
effectiveness of statins, however, there is still a considerable
risk for developing atherosclerotic cardiovascular disease,
which according to clinical data, is attributed to elevated TG
levels, considering these as a marker of residual cardiovascular
risk (10,11). Moreover, serum TG levels are biomarkers for
TG-rich lipoproteins, which also are independent predictors of
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atherosclerotic cardiovascular disease (12). In addition, there
is evidence to indicate that in certain clinical conditions, such
as patients who cannot tolerate statin therapy or the recom-
mended intensities of statin therapy, as well as those with
persistent severe elevations in TG levels, or those at a high
risk of developing cardiovascular disease, some non-statin
therapies may be useful in the reduction of cardiovascular
events (13).

The initial management of dyslipidemia comprises of
lifestyle changes. This approach should definitely include a
diet emphasizing the consumption of vegetables, fruits and
whole grains within appropriate caloric requirements. The
beneficial role of such a healthy diet and its components,
such as flavonoids, on preventing cardiovascular disease has
been previously demonstrated (14). In addition, diets rich
in polyphenols have been shown to improve cardiovascular
risk factors (15) and to have a significant beneficial effect in
decrease fasting and post-prandial dyslipidemia by reducing
the levels of oxidative stress (16). In a recent meta-analysis
of cohort studies, the important protective properties of
foods rich in flavonoids against cardiovascular disease
mortality was highlighted (17). The ingredients contained in
the nutritional supplement that is tested in the present study,
for the effects on the lipid profiles of volunteers have been
used for similar research separately (18,19). Particularly,
the effects of the consumption of citrus fruit and olive leaf
extract on lipid metabolism were also previously evaluated
on animals by Merola er al (20) and the results revealed a
decrease in the symptoms of liver inflammation caused by
a high-fat diet.

The aim of the present pilot study was to assess the possible
beneficial effects of a dietary supplement on the lipidemic
profiles of subjects with mild hyperlipidemia (TC, >190 to
<290 mg/dl; TG, >150 mg/dl). The formula of this supplement
consists of ingredients rich in polyphenols and flavonoids,
naturally included in the plant extracts, with proven efficacy
on lipid metabolism when used separately (18,19). The main
ingredients of the supplement used in this proof-of-concept
study comprised of a blend of Citrus aurantium extract and
Olea europaea leaf extract, combined with a Cistus creticus
extract standardized in polyphenols, chromium and vitamins
B1, B2, B3, B5, B12, contained in a single capsule.

Subjects and methods

Study subjects. A total of 20 individuals who met the inclu-
sion criteria were enrolled. All participants provided consent
in writing following extensive debriefing. The inclusion
criteria for entering the study were as follows: Males or
females >18 years of age with mild dyslipidemia (TC, >190
to <290 mg/dl; TG, >150 mg/dl). Individuals receiving statins,
fibrates or any other hypolipidemic treatment were excluded.
At the initial visit, the participant's medical history was docu-
mented, following a thorough clinical examination. Laboratory
biochemical testing included the measurement of TC, LDL-C,
HDL and TG serum levels. Sample collection and blood
testing began in September, 2021 and the final results were
obtained in March, 2022. The study protocol was approved by
the Ethics Committee of the ‘Ippokrateion’ General Hospital
in Athens, Greece.

Table I. Baseline characteristics of the study population.

Age range, years 52-77
Median age, years 59.0
Sex

Males, n (%) 4 (25)

Females, n (%) 12 (75)
Smoking status

Non-smokers, n (%) 10 (62.5)

Ex-smokers, n (%) 4(25.0)

Current smokers, n (%) 2 (12.5)
Blood pressure

Mean diastolic blood pressure 80.06+9.07

Mean systolic pressure 122.53+18.55
Comorbidities

Diabetes mellitus, n (%) 1(6.25)

Hypertension, n (%) 1(6.25)

Hypothyroidism, n (%) 1(6.25)

In total, 16 of the 20 individuals enrolled completed the
study. Of the 20 initial subjects, 4 individuals did not return
for the scheduled reassessment visit. Of the included subjects,
12 participants (75%) were females and 4 participants (25%)
were males. None of the 16 participants who came to the
reassessment visit reported experiencing any adverse events
during the administration of the dietary supplement under
study. The median age of the study population was 59 years
(range, 52-77 years). The mean weight of the subjects was
73.73+10.99 kg and the mean height was equal to 166+7.61,
resulting in a mean body mass index of 27.08+4.11. A total
of 10 participants (62.5%) were non-smokers, 4 (25.0%) were
ex-smokers and 2 (12.5%) were smokers. The mean diastolic
blood pressure was 80.06+9.07 and the mean systolic pressure
was 122.53+18.55. As regards comorbidities, 1 participant
had diabetes mellitus, 1 had hypertension and 1 had hypothy-
roidism (Table I).

Treatment/supplementation. The nutritional supplement used
in the present study was provided by Votaniche S.A. (Athens,
Greece) in the form of a capsule, available on the market under
the name Elipidio®. All volunteers received two capsules of
the supplement daily, before their main meal. Each capsule
(548.8 mg) contained the following: 300 mg plant extracts;
vitamin B1, 0.55 mg; vitamin B2, 0.7 mg; vitamin B3, 8 mg;
vitamin BS5, 3 mg; vitamin B12, 0.00125 mg; and chromium,
0.02 mg. In detail, the plant composition of the capsule
consisted of 100 mg Cistus creticus, 200 mg Citrus aurantium
and Olea europaea blend, at an approximate ratio of 1.5:1. The
phenolic compounds included in the Olea/Citrus blend refer to
the following: Secoiridoids (oleuropein), phenolics (hydroxy-
tyrosol, tyrosol, vanillic acid and caffeic acid) and polyphenols
(verbascoside) with olive leaf origin and with citrus origin:
Flavanones (naringin, neohesperidin, neoeriocitrin and
hesperidin) and flavones (luteolin-7-glucoside, apigenin-7-glu-
coside, diosmetin-7-glucoside, luteolin and diosmetin). The



Table II. Variations in average values after 12 weeks of the
daily intake of capsules of the supplement.

Total variation in levels

Parameter (%)

CHOL -545
LDL -4.36
HDL +5.78
TGs -26.72

CHOL, cholesterol; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; TGs, triglycerides.

composition and content in the bioactive ingredients of
the Citrus aurantium and Olea europaea blend have also
been previously described in the study by Merola et al (20).
All participants were instructed to receive the capsules for
12 weeks and were reassessed after this period, without any
instructions for alterations in diet or exercise patterns. Blood
samples (5 ml) were drawn at the initial patient visit at the
outpatient hypertension clinic and following the end of treat-
ment (week 12, re-evaluation visit).

Statistical analysis. Statistical analyses were conducted
using IBM SPSS software (version 29; IBM Corp.). The
Kolmogorov-Smirnov test was used to assess the normality of
the data. The parametric two-sided paired sample t-test was
used to compare the blood results before and after supplement
administration. P-values <0.05 were considered to indicate a
statistically significant difference.

Results

TC levels. The mean TC levels at the initial visit were measured
at 239.3+21 mg/dl, while at the final visit, following the daily
administration of two capsules of the supplement, before the
main meal for 12 weeks, the levels were 226.2+26.3 mg/dl.
The average reduction in TC levels was 5.45%.

Statistical analysis using the paired t-test indicated that
the average TC levels before the administration of the supple-
ment differed from the respective values following treatment.
However, the reduction in TC levels was not statistically
significant (practical significance=5%, t=1.873, P=0.081).
The range of total cholesterol levels in the initial measure-
ment transpired between 205 and 291 mg/dl (marked as an
outlier data point), while the final measurement values ranged
between 178 and 259 mg/dl (Fig. 1).

LDL levels. The average measured LDL levels at the initial
visit were 156.2+18.3 (SD) mg/dl, while at the final visit they
were 149.4+22.1 (SD) mg/dl. The mean reduction in LDL
levels was 4.36% (Table II).

Statistical analysis using the paired t-test indicated
that the mean LDL-C levels prior to the administration of
the test capsule differed from the levels after the admin-
istration of the capsule. However, the reduction in LDL
cholesterol was not statistically significant (p.s.=5%, t=1.041,
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Figure 1. Boxplots of total cholesterol levels, before (blue box) and after
(orange box) the administration of the supplement. The asterisks (*) symbol
in the image refers to an outlier data point mark.
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Figure 2. Boxplots of low-density lipoprotein levels, before (blue box) and
after (orange box) the administration of the supplement.

P=0.315). The range in the initial LDL-C levels was between
123 and 195 mg/dl, while the final measurements ranged
between 104 and 179 mg/dl (Fig. 2).

HDL levels. The average values of HDL at the initial medical
examination were 55.0+13.1 (SD) mg/dl, while final tests
results, following the daily consumption of the nutritional
supplement, increased to 58.1+11.1 (SD) mg/dl. The average
increase in the HDL levels reached 5.78% (Table II).

Statistical analysis using the paired t-test indicated that
the average HDL levels prior to the intake of the supple-
ment differed from the final test results values. The HDL
values increased; however, this increase was not statistically
significant (p.s.=5%, t=1.657, P=0.118). The blood test results
for HDL of the participants from the first appointment range
between 33 and 73 mg/dl, while the final values ranged
between 41 and 80 mg/dl (Fig. 3).

TG levels. The average values of the TG levels at the initial
examination were 132.1+58.1 (SD) mg/dl. Following 12 weeks
of the daily consumption of two capsules of the test supple-
ment, the TG values were 97.0+30.2 (SD) mg/dl. The average
decrease was 26.72% (Table II). After performing statistical
analysis (paired t-test), the results revealed a statistically
significant decrease following the administration of the


https://www.spandidos-publications.com/10.3892/ijfn.2023.32
https://www.spandidos-publications.com/10.3892/ijfn.2023.32
https://www.spandidos-publications.com/10.3892/ijfn.2023.32

4 TSOLAKOU et al: EFFECTS OF Citrus aurantium, Cistus creticus AND Olea europaea EXTRACT ON LIPID PROFILES

9

80

70 — 1

- .
8 [
40 -

30

20
10

mg/dl

BEFORE AFTER

Figure 3. Boxplots of high-density lipoprotein levels, before (blue box) and
after (orange box) the administration of the supplement.

capsules for a 12-week period (p.s.=5%,1=3.501,P=0.003). The
values from the first blood draw were between 61 to 274 mg/dl,
whereas following the intake of the supplement, these values
decreased to 51-175 mg/dl (Fig. 4).

Summary of lipid profiles. A summary of the final results of
the study regarding the efficacy of the nutritional supplement
on the lipid profiles of the study participants is presented in
Table IT and Fig. 5. Following 3 months of receiving the supple-
ment, the TC levels were reduced by 5.45% (from 239.3+21
to 226.2+26.3 mg/dl; P=0.081), the LDL-C cholesterol levels
were reduced by 4.36% (from 156.2+18.3 to 149.4+22.1 mg/dl;
P=0.31), the HDL-C cholesterol levels increased by 5.78%
(from 55.0+13.1 to 58.1+11.1 mg/dl; P=0.31) and the TG levels
were reduced by 26.72% (from 132.1+58.1 to 97.0+30.2 mg/dl;
P=0.003). Overall, although the changes in the LDL levels are
not deemed statistically significant, a tendency towards an
improvement was observed in the results for TC, HDL and
TG levels.

Discussion

The present open observational prospective study in indi-
viduals with mild hyperlipidemia, demonstrated that the
nutritional supplement combining plant extracts from Citrus
aurantium, Olea europaea leaf and Cistus creticus, adminis-
tered for a period of 12 weeks, significantly reduced TG levels
by -35.31 mg/dl or -26.72% and increased HDL-C levels by
+3.18 mg/dl or +5.78%. The results are consistent with those
of previous publications (18-20), in which the herbal extracts
of the study supplement were studied separately. In a previous
study, where the case population was similar to that of the
present study, the intervention group that received the blend of
extracts of Citrus aurantium and Olea europaea leaf, exhibited
a decrease in TG levels by -16 mg/dl or -12.90% (19) compared
to the group administered the placebo. In another study,
which involved healthy volunteers, the water extract of Cistus
incanus decreased the TG levels by -11 mg/dl or -15.49% (18).
In both studies, the doses of the extracts used were higher than
those used in the present study. Since in the present study,
the decrease in TG levels was considerably higher, yet with
smaller doses, it can be assumed that this decrease may be
attributed to the synergistic effect of the plant extracts.
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Figure 4. Boxplots of triglyceride levels, before (blue box) and after (orange
box) the administration of the supplement. The difference before and after
treatment was statistically significant (P=0.003).

High TG levels are considered a marker of high choles-
terol levels in TG-rich lipoproteins, which are associated
with low-grade inflammation (12). Moreover, individuals
with TG levels =150 mg/dl exhibit subclinical atherosclerosis
and vascular inflammation, even when the LDL-C levels are
normal (21). Hypertriglyceridemia and high levels of TG-rich
lipoproteins are considered an independent risk factor for
atherosclerotic cardiovascular disease; therefore, any decrease
in TG levels may have a beneficial effect on risk reduction.
In another study, fasting TG levels were shown to be associ-
ated with short- and long-term cardiovascular risk, even in
individuals who were treated effectively with statins (22).
Additionally, from a multiple single nucleotide polymorphism
Mendelian randomization analysis, the genetic findings support
a casual effect of TGs on coronary heart disease events (23). In
a meta-regression analysis study, the decrease in TG levels was
found to be associated with a reduction in cardiovascular risk
and namely for a 1 mmol/I reduction in TG levels, the relative
risk reduction was 16% (24), or for a 0.1 mmol/l decrease in
TG levels, the risk reduction in coronary events was 5% (25).

Increased levels of TGs are associated with increased
levels of remnant cholesterol and with reduced levels of
HDL-C (26). On the other hand, HDL-C is important for the
lipid transportation and metabolism, due to the removal of
the excess cholesterol from peripheral tissues, but also for its
anti-inflammatory and antioxidant properties (27,28), attributed
to the associated enzyme paraoxonase 1 (PON1) (29). PON1
binds to HDL-C and increases its antioxidant anti-atherogenic
effects (30).

In the present study, a marked increase of 3.18 mg/dl or
+5.78% in HDL-C levels was observed; however, the difference
was not statistically significant. Since it is widely accepted
that HDL-C is critical due to its anti-atherogenic properties in
mediating cholesterol transport from peripheral tissues to the
liver (31), an increase in HDL-C alongside with a significant
decrease in TG levels appears to be beneficial for individuals
with mild cardiovascular risk factors.

The blend of ingredients which was used in the present
study, has been previously suggested to improve PONI
activity in parallel with an increase in HDL-C levels and a
decrease in TG levels (19). Moreover, supplementation with
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Figure 5. Median levels of TC, LDL, HDL and TGs at the beginning of the study and after 12 weeks of consumption of the supplement. "P<0.05, indicates
a statistically significant difference between baseline and post-treatment levels. TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density

lipoprotein; TGs, triglycerides.

a water infusion of Cistus incanus (also known as Cistus
criticus) (32), has been demonstrated to exert antioxidant
effects by significantly decreasing the malondialdehyde and
advanced oxidative protein product concentrations in healthy
volunteers (18). Recently, Cistus incanus extract, through its
potent antioxidant activity due to its high content of flavo-
noids, was proven to attenuate the negative effects of high
fat-carbohydrates on erythrocytes in animal models (33). It has
also been demonstrated in vitro to have the ability to decrease
the overproduction of reactive carbonyl species, particularly
advanced glycation end products, which function as a prooxi-
dant and pro-inflammatory agent in the organism (34). Cistus
creticus is considered to be an excellent source of natural
antioxidants and the 2010 European Food Safety Authority
included it in its scientific opinion (35).

In previous research, the administration of polyphenol-rich
olive leaf extracts was found to significantly lower the serum
levels of TC, TGs and LDL-C, and to increase the serum level
of HDL-C. These extracts were found to increase the serum
antioxidant potential and the hepatic catalase and superoxide
dismutase activities (36). Additionally, there are studies that
recommend supplementing with vitamin B3 (niacin) or a
fibrate as suggested options for the correction of atherogenic
dyslipidemia (13,24). Extracts from fruits of the Citrus
family, have been mentioned as lipid-lowering components,
with statin-like effects (37). More specifically, the use of
hesperidin, a flavonoid compound abundantly occurring in

Citrus family fruit peel, has been found to lower serum TG
levels in hypertriglyceridemic subjects, possibly by reducing
very low-density lipoprotein metabolic abnormalities (38).
In another study, conducted with the use of Citrus extracts
and olive polyphenols, in relation to the lipid profile, there
was a significant improvement in the serum levels of TC and
LDL (39).

Due to the key antioxidant and anti-inflammatory effects
of the plant extracts used in the composition of the nutritional
supplement used herein along with vitamins B and chromium,
a significant decrease in the TG levels was achieved. The
main limitation of the present study was that the findings
were obtained from a small group of individuals, as well as
in its short duration. The results attained in the present study,
even if these are derived from a small sample size, establish a
tendency. Although the findings, particularly the suppressive
effect on TG levels, appear promising, further larger studies for
this nutritional supplement are required. Additionally, possible
genetic profiling studies, related to the metabolism of TGs
are required to further elucidate the regulatory mechanisms
and the individual response after the use of a personalized
intervention.

In conclusion, the present study demonstrates that the
consumption of a combination of bitter orange flavonoids, olive
leaf polyphenols and pink rock-rose rich in polyphenols and
flavonoids, for 12 weeks in individuals with mild dyslipidemia
(TC, >190 to <290 mg/dl; TG, >150 mg/dl), was associated
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with a marked reduction in TG and an increase in HDL-C
levels.
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