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Abstract: (1) Introduction: Apples are a source of bioactive substances, e.g., anthocyanidins and
flavonols, and dietary fiber. Their highest concentrations are observed in the skin. Metabolic
syndrome (MetS) is a set of conditions originally associated with obesity. Excessive adipose tissue
accompanying obesity leads to chronic inflammation and metabolic disorders, which result in the
development of dyslipidemia, elevated blood pressure, and glucose levels. Thus, supplementation of
apple peels, a source of antioxidant substances and fiber, could potentially be a method supporting the
prevention of MetS. This paper summarizes the results of available research on the potential impact
of apple peel supplementation on the components of MetS. (2) Results: The results from in vitro
and animal model studies indicate a positive effect of apple peel supplementation on lipid profile,
glucose levels, and blood pressure regulation mediators. Only one human study was performed, and
it showed that the consumption of apple peels had an effect on endothelial function but not on other
clinical parameters. At the moment, there are no results from observations on large groups of people
available. (3) Conclusions: The results of in vitro and animal-model studies indicate the potential of
apple peel supplementation in MetS prevention, but it has not been clinically confirmed in human
studies. Conducting large human studies could allow a definite clarification of the role of apple peel
supplementation in MetS prevention.
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1. Introduction

Metabolic syndrome (MetS) is a set of disorders that originally are a result of central
obesity [1]. Excessive adipose tissue accompanying obesity leads to chronic inflammation
and, secondary to that, to atherogenic dyslipidemia, elevated blood pressure, and insulin
resistance resulting in elevated glucose levels [1-5]. That is why contracting systemic
inflammation by antioxidative substances consumption or supplementation could be po-
tentially a method of MetS prevention. MetS diagnosis requires fulfilling the central obesity
criterion, which is defined in Europids as a waist circumference of 94 cm or higher in males
or 80 cm or higher in females, plus two out of four additional criteria. They include (I)
a triglyceride (TG) level of 150 mg/dL (1.7 mmol/L) or higher or specific treatment for
this lipid abnormality; (II) a high-density lipoprotein (HDL) level lower than 40 mg/dL
(1.03 mmol/L) in males, or lower than 50 mg/dL (1.29 mmol/L) in females, or specific
treatment for this lipid abnormality; (III) a fasting glucose level of 100 mg/dL (5.6 mmol/L)
or higher, or previously diagnosed type 2 diabetes; (IV) a systolic blood pressure level of 130
or higher, or diastolic blood pressure level 85 mmHg or higher, or treatment of previously
diagnosed hypertension [1]. The previous MetS definition required fulfilling any three out
of the mentioned five criteria [1]. It could potentially lead to a situation when a patient
with hypertension, diabetes, and dyslipidemia could have been diagnosed with MetS, even

Life 2023, 13, 753. https:/ /doi.org/10.3390/1ife13030753

https:/ /www.mdpi.com/journal/life


https://doi.org/10.3390/life13030753
https://doi.org/10.3390/life13030753
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/life
https://www.mdpi.com
https://orcid.org/0000-0001-9108-8391
https://orcid.org/0000-0003-1774-6899
https://doi.org/10.3390/life13030753
https://www.mdpi.com/journal/life
https://www.mdpi.com/article/10.3390/life13030753?type=check_update&version=1

Life 2023, 13, 753

20f12

though they were not obese. The International Diabetes Federation update underlined the
role of central obesity as the foundation of MetS, which is why central obesity is the main
criterion that has to be fulfilled for the further assessment and potential diagnosis of MetS.
MetS is a serious healthcare problem as it is estimated that 39% men and 32.8% women
in Poland have MetS [6]. That is why looking for new methods of MetS prevention and
treatment is one of the main targets of public health [7].

Fruit and vegetable consumption is part of WHO dietary recommendations; however,
they are not precise in referring to the type or parts of recommended fruit [8]. Moreover,
some studies revealed that general fruit consumption does not impact MetS severity, which
is why it is important to indicate and test particular products which are beneficial in terms
of MetS [9,10].

Apples are one of the most commonly consumed fruits. They are relatively low-
caloric (52 kcal /100 g), which can be considered an advantage in terms of MetS dietary
prevention. Apples contain low amounts of protein (0.26 g/100 g) or fat (0.17/100 g)
and are high in carbohydrates (13.8 g/100 g). They are a source of bioactive substances,
e.g., anthocyanidins and flavonols, and dietary fiber (2.4 g/100 g) [11]. Different parts of
apples are characterized by different flavonoid concentrations, and it was shown that apple
skin is the most abundant in them [12]. As apple peels are a rich source of antioxidative
compounds and fiber, they could potentially act as a functional food in MetS prevention.
On the other hand, industrial production of apple-derived products is often based on
peeled fruits, which leads to a large amount of apple peel as industrial waste.

The main antioxidants present in apple peels are phenolic compounds [13]. However,
the phenolic content and concentration could differ between apple varieties [14]. Idared
and Rome Beauty varieties presented higher total phenolic content compared to other
varieties, such as Cortland and Golden Delicious [13]. In detail, these compounds were
flavonoids and anthocyanins. The content of flavonoids was similarly higher in peels of
Rome Beauty, followed by Idared, then Cortland, and Golden Delicious at the end. For
anthocyanins, the content was highest in Idared, then Cortland, Rome Beauty, and the
lowest in Golden Delicious [13]. The analysis of the phenolic composition of the extract
from Jonagold apple peels indicated that it is mainly composed of quercetin, catechin and
epicatechin, anthocyanins such as cyanidin-3-O-galactoside, phloridzin, phloretin, and
chlorogenic acid [15,16]. Similarly, Cripps Pink apple peels were also rich in quercetin,
epicatechin, phloridzin, chlorogenic acid and anthocyanins [17].

Single compounds present in apple peels are suggested to potentially impact metabolic
parameters related to MetS, such as lipid profile, blood pressure, glucose level, or fat
mass [1,18-21].

Quercetin, which is the main flavonol. Its structure consists of pentahydroxyflavone,
having the five hydroxy groups placed at the 3-, 3'-, 4'-, 5- and 7-positions. Its antioxidant
activity is mainly dependent on its effect on glutathione level, enzymatic activity (mainly
on acetylcholinesterase and butyrylcholinesterase), signal transduction pathways, and
reactive oxygen species scavenging [22]. Quercetin is suggested to present cardioprotective
properties, and it is found almost exclusively in apple peels [11,23]. It was shown that
dietary quercetin intake was inversely correlated with BMI, waist circumference, and fat
mass in obese patients; thus, it can suggest its potential in obesity prevention [20]. It was
also shown that quercetin supplementation lowered blood pressure, and elevated blood
pressure is one of the components of MetS [23]. Quercetin supplementation also resulted in
lipid profile improvement, e.g., total cholesterol (TC) and low-density lipoprotein choles-
terol (LDL) levels reduction, especially in smokers [24]. It also reduced the level of oxidized
LDL, which is another well-known risk factor for atherosclerosis [25].

Cyanidin, another important antioxidative agent, was present only in red apple
peels [11,23]. It consists of a flavylium cation backbone hydroxylated in different po-
sitions (generally on carbons C3, C5, C6, and C7 and C3’, C4, and C5') [26]. Its stability is
highly dependent on pH, and its antioxidative role is based on reactive oxygen species scav-
enging. This way, it is suggested to reduce inflammation related to obesity [27]. The impact
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of purified anthocyanins supplementation on lipid profile was not significant [28]; however,
the juices containing mainly cyanidin among other phenolic compounds, e.g., plum or red
orange juice, were shown to reduce blood pressure, glucose, and LDL levels [29,30].

Moreover, apple peels are also a good source of dietary fiber [31]. Fiber is defined as
a non-digestible form of carbohydrate plus lignin [32]. It impacts dietary carbohydrate
absorption and also regulates the gut microbiome to produce less butyrate, which can be
considered an indirect anti-inflammatory activity [32]. According to the meta-analysis
by Chen et al., fiber consumption was inversely associated with general MetS risk in hu-
mans [33]. Regarding the components of MetS, there is a highly proven inverse relationship
between fiber consumption and obesity in terms of body mass, waist circumference, and
BMI [34-36]. It also decreases insulin resistance and diabetes type 2 risk [37], and this
relationship was also proven in interventional human studies as arabinoxylan consump-
tion decreased fasting glucose levels and insulin resistance parameters in patients with
the prediabetic condition [38]. What is more, the positive role of fiber consumption in
dyslipidemia prevention was proven in multiple observational human studies [39,40]. This
impact was characterized mainly by HDL level increase and TC decrease [39]. This rela-
tionship was also confirmed in further interventional human studies [41,42]. According to
the results of the Nutri-Net Sante study, hypertension could also be diminished by fiber
consumption [43]. Blood pressure reduction after fiber implementation was also proven in
meta-analyses by Streppel et al. and by Whelton et al. as well [44,45].

As presented above, the role of supplementation of single compounds present in
apple peels could be potentially positive, but the results are not always consistent in
human studies. On the other hand, the studies involving intervention with particular food
products, e.g., juices, suggest such potential. This might be the result of the cooperation
between single compounds as they could possibly modify each other functions. It was
shown that antioxidative compounds present in apple peels could prevent from oxidation
of other dietary components involved in cardiovascular prevention, such as fish oil, and
interact with the gut microbiome [46,47]. Dietary fiber can also impact other aspects of
dietary intake, such as energy dilution, appetite decrease, or, as already mentioned, altering
the gut microbiome [48-50].

Moreover, when patients are advised to modify their dietary patterns, they consume
particular products as a set of bioactive compounds. Thus, a potential dietary recommen-
dation for real-life implementation should also focus on the role of particular products,
not only separate chemical compounds. There is limited information available regarding
the role of apple skin consumption or supplementation on metabolic parameters. The aim
of this paper was to analyze the available literature regarding the impact of apple peel
supplementation on metabolic syndrome components to summarize the foregoing findings
and to suggest the direction of future research. The available papers have been devoted to
the general apple consumption impact, while this review is the first one which focused on
the potential of apple peels.

2. Materials and Methods

PubMed and Web of Science databases were searched for studies with the “apple
peel” AND “metabolic” OR “lipid” OR “hypertension” OR “blood pressure” OR “glucose”
OR “diabetes” OR “obesity” published until 21 January 2023. Only 1 human study was
available, so the in vitro and animal studies were also included in this review.

3. Results
3.1. Obesity

Obesity is the foundation of MetS development. It is the main criterion that must be
fulfilled to further diagnose MetS [1]. According to the International Obesity Task Force,
obesity is defined as a BMI exceeding the 95th percentile [3]. The WHO European regional
obesity report 2022 indicates that almost 60% of adults and 30% of school children in Europe
are affected by obesity [51]. Worldwide the number of obesity-affected individuals has
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tripled since 1975. People with obesity have been found to have 30% higher treatment costs
than those without, while there may also be indirect costs due to earnings lost as a result of
premature mortality and obesity-related disability [52]. As described above, excessive fat
tissue, which is the main obesity characteristic, leads to low-grade chronic inflammation
and adipokine production [2]. They result in endothelial and metabolic abnormalities,
which then consequence in clinical manifestations of MetS components, i.e., elevated blood
pressure, atherogenic dyslipidemia, and elevated glucose level [1]. However, obesity and
accompanying inflammation are the basis of MetS development.

In vitro studies suggested the anti-obesity potential of apple peel extract, as it reduced
the level of lipid accumulation by pre-adipocytes [53].

Elkahoui et al. designed an animal experiment with MetS induced by a high-fat
diet, evaluating apple peel supplementation’s effect on standard metabolic parameters.
There was observed a dose-response impact on weight gain reduction and adipose tissue
mass reduction in high-fat-fed mice; however, this relationship was not significant [54].
Similarly, it did not prevent general obesity development in high-fat-fed mice; however,
it led to other positive metabolic changes, which are described below [55]. The authors
of the study also indicated the important role of unabsorbed dietary components on gut
microbiota, altering it even more compared to concentrated high-phenolic apple extract.
The results were considered intriguing, as the microbiome is a complex issue related to
many compounds and needs extensive further studies, but the valorization of this food-
processing waste product was concluded with apparent health effects on the obesity-related
state of the organism.

The details of the mentioned studies are presented in Table 1. Unfortunately, there are
no available observations in humans on this topic.

Table 1. The details of the studies focused on apple peel supplementation’s impact on metabolic
syndrome components.

Reference Material Form and Daily Dose Effects
o apple peel extract; 1 ug dry . .
[53] pre-adipocytes powder/1 mL 1 lipid accumulation
- . apple peel powder; 100 and non-significant | weight gain and |
[54] high-fat fed mice 200 g/kg diet adipose tissue mass
[56] metabolic syndrome mice unknown form; 200 g/kg diet +TC, | HDL, | iLi]r?;l%nTG’ | glycemia,
. . apple peel extract; 600 and 1 HDL and | TC, | TG, | LDL, 1 nitric
(571 high-choline fed 900 mg/kg body weight oxide, | endothelin-1
i . ’ . . THDL, | TC, | TG, | LDL, 7 nitric
[12] high-fat and high-fructose-fed mice apple peel extract; 250 mg/kg oxide, | endothelin-1, | glycemia
. . apple peel extract; 57 and
[58] hyperlipidemic rats 114 mg/kg body weight JLDL, t HDL
[59] diabetic rats apple peel extract; 1 g/kg JTC, | LDL, | TG, T HDL, | glycemia
[60] tilapia apple peel powder; 0.2% of diet JTC, | TG
[15] human cells quercetin rich apple peel extract; | LDL oxidation
10mg/L
[55] high-fat fed mice apple peel extract; 200 g/kg diet J glycemia
1 flow-mediated dilation of the
humans with mixed . . ) brachial artery;
(171 metabolic disorders Cripps Pink apple peel; 33.8 5 no changes in lipid profile, glycemia,
nitric oxide or 24 h blood pressure level
[16] in vitro apple peel extract; 49 mg/L anglotensin-converting

enzyme inhibition

TC—total cholesterol, TG—triglycerides, HDL—high-density lipoprotein cholesterol, LDL—low-density lipopro-
tein cholesterol, |—decrease, T—increase.
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3.2. Lipid Profile

Atherogenic dyslipidemia is a condition defined as elevated TG and LDL levels and
reduced HDL levels [61]. This configuration is a recognized factor of atherosclerosis and
the development of its clinical complications, such as coronary artery disease and ischemic
stroke [62]. The MetS criteria include a TG level of 150 mg/dL (1.7 mmol/L) or higher,
or specific treatment for this lipid abnormality, and an HDL level lower than 40 mg/dL
(1.03 mmol/L) in males or lower than 50 mg/dL (1.29 mmol/L) in females, or specific
treatment for this lipid abnormality [1].

The study by Gonzalez et al. showed that a diet supplemented in apple-peel reduced
the lipid parameters in the MetS mice model [56]. It is worth noting that the reduction was
observed for all: TC, HDL, LDL, and TG [56]. The more desired changes were observed in
both: high-choline fed and high-fructose fed mice as apple peel supplementation led to
HDL increase and TC, TG and LDL decrease [12,57]. Similar observations were made in
hyperlipidemic rats, as apple peel supplementation significantly reduced serum LDL and
increased HDL levels [58] and in diabetic rats, where a decrease in TC, LDL and TG with
significant HDL elevation was observed [59]. This relationship was also present in tilapia,
as apple peel powder supplementation reduced TC and TG levels in both the serum and
liver [60].

On the other hand, atherosclerosis development is also dependent on antioxidative
status. Oxidized LDL is known to lead to faster development and progression than normal
LDL. That is why it is worth noting that apart from the positive impact on lipid profile,
apple peel supplementation lead also to higher plasma antioxidant capacity in cholesterol-
fed rats [63]. These observations are consistent with the results of the in vitro studies in
human cells, as metabolites from apple peel extract inhibited human LDL oxidation [15].
These results were mainly caused by quercetin metabolites. In diabetic rats, apple peel
supplementation leads to the reduction of tumor necrosis factor «, interleukin 6, and
interleukin 8 levels, which are inflammation mediators [59].

There is only one small human study that analyzed the lipid profile in the context
of apple peel consumption. It showed that daily consumption of two apples with skin
did not change LDL, HDL, TC, or TG levels. These differences might be caused by the
variances in applied phenolic doses. It was calculated that human participants consumed
approximately 306 mg/day of total phenolic compounds, while there were relatively higher
doses used in the presented animal model studies, i.e., from 114 mg/kg to 1 g/kg [58,59].
The presented human study was also based on the small inhomogeneous metabolically
group, so more studies in selected larger human groups could clarify this issue. The details
of the mentioned studies are presented in Table 1.

3.3. Glucose Level

Excessive fat tissue is a source of adipokines, such as resistin, which leads to insulin
resistance [64]. Secondarily, it results in elevated blood glucose levels, which can be
classified as prediabetes or diabetes, depending on the level of present disturbances [65].
Diabetes is an important cardiovascular risk factor; thus, proper glycemia management
is crucial in terms of cardiovascular prevention [66]. The cut-off for the MetS criterion
is a fasting glucose level of 100 mg/dL (5.6 mmol/L) or higher (which is lower than for
diabetes diagnosis) or previously diagnosed type 2 diabetes [1].

Apple peel supplementation diets reduced glycemia in MetS mice [12,56]. What is
more, insulin level reduction was also observed, which could suggest insulin resistance
reduction [56]. Moreover, in animal models, apple peel supplementation led to significantly
lower glucose levels in high-fat-fed obese mice [55]. These properties were also observed
in diabetic rats, where apple peel supplementation reduced fasting glucose levels [59]. On
the other hand, these properties were not confirmed in the only one available, already
mentioned, a human study that analyzed this parameter [17]. It might have been caused by
the already pointed out methodological aspects of the presented study.
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3.4. Blood Pressure

Elevated blood pressure is another component of MetS. The cut-off for the MetS
criterion is a systolic blood pressure level of 130 or higher, a diastolic blood pressure level
of 85 mm Hg or higher (which is lower than hypertension diagnosis), or treatment of
previously diagnosed hypertension [1]. It was shown that high values of systolic blood
pressure correspond with higher cardiovascular risk [66]. The dietary approach against
hypertension is a nutritional pattern that promotes high fruit and vegetable intake [67]. It
was proven as a successful behavioral intervention for hypertension management and is
recommended by the European Society of Cardiology [68].

The blood pressure level is the result of the balance between vasoconstrictors and
vasodilators produced by endothelium. Nitric oxide is a recognized vasorelaxant, while
endothelin-1 is one of the main vasoconstrictors. Apple peel supplementation led to nitric
oxide level elevation and endothelin-1 level decrease in high choline-fed and high-fructose-
fed mice [12,57]. The effects were higher for apple peel compared to apple flesh [12].
This could suggest a potential for blood pressure reduction in the course of apple peel
supplementation. On the other hand, daily consumption of two apples with skin did not
significantly change the nitric oxide level or 24 h blood pressure level in humans, not
acutely, nor after 4 weeks [17]. As already described, these inconsistencies might be caused
by the differences in phenolic doses and inclusion criteria.

Angiotensin is another agent responsible for blood pressure level elevation. It is
produced with the angiotensin-converting enzyme (ACE). Apple peel extract inhibited
ACE [16]. It is worth noting that flavonoids derived from apple peel are competitive
inhibitors of ACE, and quercetin metabolites turned out to be the strongest ones [16].

There is only one human study that investigated the impact of apples on skin con-
sumption of endothelial function and showed a significant increase in flow-mediated
dilation of the brachial artery acutely and after four weeks of chronic intake compared to
peeled apple consumption [17]. This may still suggest a subtle potential role of apple peel
supplementation in blood pressure management.

4. Discussion

MetS is associated with modern societies’ lifestyle changes, such as diet modification
and lack of physical activity. It has become a global healthcare problem. The estimated
prevalence of MetS in Europe was about 24% in 2015, while it was even over 35% in the
United States of America in 2012 [69,70]. MetS is not an isolated disease (it does not have a
separate International Classification of Diseases ICD-10 code), but it is defined as a set of
metabolic disorders primarily caused by central obesity [71]. As already mentioned, they
include insulin resistance, atherogenic dyslipidemia, central obesity, and elevated blood
pressure. Due to the fact that MetS is a cluster of multiple diseases or disorders, it has a
very high potential of impacting cardiovascular risk, as each of its components separately is
a cardiovascular risk factor itself. This aspect is very important as cardiovascular diseases
and diabetes, which are also a part of MetS, are the leading causes of death globally [72].

The MetS pathogenesis is complex. It primarily initiates from central obesity. Ex-
cessive adipose tissue location is an important factor as visceral adipose tissue is more
vulnerable to macrophage infiltration and then inflammation development and free fatty
acids release [73,74]. This way, excessive fat tissue located in the abdomen area is more
active in terms of adipokines production. Adiponectin is one of them and impacts lipid
and glucose metabolism, which further results in free fatty acid and inflammatory cytokine
production [75,76]. This way, it leads to insulin resistance, chronic low-grade general
inflammation, and neurohormonal activation. These processes then lead to endothelium
dysfunction and glucose and lipid metabolism disorders. To sum up, obesity underlying
MetS leads to low-grade systemic inflammation, which then results in multiple metabolic
disorders. All of them are cardiovascular risk factors, which is why MetS prevention and
treatment is one of the main healthcare problems.
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Apple peels are a source of antioxidative agents, e.g., quercetin and cyanidin, and
other important nutrients, such as dietary fiber [31,77]. As already mentioned, a positive
relationship between quercetin supplementation and MetS-related factors was reported
with different significance, indicating some potentially beneficial changes in the literature.
They were observed mainly for obesity and blood pressure reduction. Similarly, cyanidin
alone was also suggested to potentially improve MetS components; however, the results
are not consistent.

Apple peels are characterized by a higher concentration of antioxidative agents com-
pared to apple flesh; however, on the other hand, it is worth noting that apple peel can
also contain more pesticides residues, e.g., chlorpyrifos, 3-cypermethrin, tebuconazole, ac-
etamiprid or carbendazim [78,79]. That is why it is important to use ecological sources of ap-
ples and wash the fruit carefully when peels are planned to be consumed or supplemented.

It is worth mentioning that apple peels are a rich source of fiber, which is indirectly
connected with MetS [31]. It is not an active compound modifying pathways, but it rather
regulates metabolism, e.g., by slowing down the absorption of carbohydrates, thereby
reducing the risk for patients with type 2 diabetes and prediabetic conditions by avoiding
high blood sugar levels [80]. Fiber can promote a feeling of fullness, leading to lower caloric
intake, especially in overweight and obese patients [48,49]. The higher fiber content in
diets also helps to remove excess salt and water, resulting in lower blood pressure [49].
It is worth indicating that the abovementioned modulation of intake lowers cholesterol
levels, translating to lower cardiovascular risk in patients. Some of the results referenced
the gut microbiota as an important factor in the health and pathology of various diseases.
Overall health can be improved by maintaining a healthy gut microbiome related to a
high-fiber diet, as according to Benitez—Peaez et al., consumption of a balanced diet reduces
inflammation and protects against harmful microorganisms [49,50].

In vitro and animal model studies suggest the positive role of apple peel supplemen-
tation in terms of each of the MetS components, i.e., obesity, elevated blood pressure,
atherogenic dyslipidemia, and elevated glucose level as the result of insulin resistance.
Apple peel supplementation resulted in body mass and fat mass reduction, but these
relationships were not significant. However, when obesity was already present, apple peel
supplementation led to a diminishment of other metabolic disorders which altogether are
the components of MetS. Dyslipidemia is one of the components of MetS. It covers two
of the MetS criteria, i.e., elevated TG level and reduced HDL level. Animal model stud-
ies showed that apple peel supplementation resulted in positive changes in lipid profile,
such as TG level reduction and HDL level increase. LDL elevation is a lipid disorder also
present in MetS but not directly captured in MetS criteria, similar to LDL oxidation. Animal
model studies showed a significant reduction of LDL levels after apple peel supplantation.
Moreover, in vitro studies proved that apple peel supplementation results in LDL oxida-
tion inhibition. It is worth noting that all of the described above lipid disorders lead to
atherosclerosis development, which is why they are recognized cardiovascular risk factors.

Adipokine production by the excessive visceral adipose tissue leads to insulin re-
sistance. The clinical effect of this phenomenon is elevated glucose levels. Initially, it
refers only to particular situations, and it is defined as prediabetes, i.e., impaired fasting
glucose or impaired glucose tolerance, but then it progresses into diabetes type 2. Elevated
glucose level leads to multiple complications such as micro- and macroangiopathies, in-
cluding atherosclerosis promotion and neuropathies development. This way, prediabetes
and diabetes are also cardiovascular risk factors. Animal studies showed that apple peel
supplementation leads to the improvement of the major disorders which are the foundation
of diabetes, i.e., insulin and fasting glucose levels decrease.

Central obesity can also conduce to elevated pressure development. It can be the
result of elevated body mass or of the described above bioactivity of excessive fat tissue.
Altogether they result in the disruption of blood pressure regulation mechanisms. In vitro
studies suggest the possibility that apple peel extract can inhibit ACE, which is one of
the main enzymes involved in blood pressure regulation. Animal model studies also
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suggest other potential pathways, such as nitric oxide level elevation and endothelin-1 level
reduction. All of these effects of apple peel supplementation should potentially clinically
lead to a blood pressure level decrease. On the other hand, there is only one human study
available on this complex topic. It showed that apple peel supplementation had an impact
only on indirect parameters related to blood pressure, i.e., flow-mediated dilation of the
brachial artery, while the other clinical parameters important such as mean 24 h blood
pressure level, fasting glucose level, lipid profile in MetS remained unaltered. As described
above, the inconsistency between animal model studies and this human study might be the
result of methodological differences. These differences refer to the used doses of apple peel
or apple peel extract, as it was proportionally higher in animal model studies compared
to the mentioned human study. The important fact is also that this study compared the
consumption of apples with skin to apple flesh, not to placebo. Another important aspect
referred to the study group. In vitro studies are performed in highly controlled conditions.
Similarly, the animal model requires induction of MetS in selected animals and enables
full control of each aspect of the study group; thus, it involved a very homogenous study
group. On the contrary, the presented human study included the participants with one of
any of the MetS criteria: elevated blood pressure or elevated glucose level or central obesity
or elevated total cholesterol (which is not directly captured in the MetS criteria). As already
described above, MetS diagnosis requires fulfilling three of MetS criteria (obesity plus two
additional criteria), so this study did not include properly MetS-diagnosed patients. This
fact made the study group less metabolically homogenous. Moreover, it also involved a
relatively small group of participants, i.e., 30 people, so it should be treated more like a
pilot study. All of these aspects should be taken into consideration, and that is why more
human studies are needed to clarify the potential role of apple peel supplementation in
MetS. The summarized results and conclusion of this review are presented in Figure 1.

¢ | lipid accumulation
in pre-adipocytes

* M HDL

e TC

ol TG

o LDL

* |, LDL oxidation

LIPID
PROFILE
METABOLIC

SYNDROME
PREVENTION

s | glycemia
e | insulin

o M nitric oxide
* | endothelin-1

BLOOD * angiotensin-converting

PRESSURE enzyme inhibition
* I flow-mediated dilation
of the brachial artery

Figure 1. The impact of apple peel supplementation on the MetS components (TC—total choles-
terol, TG—triglycerides, HDL—high-density lipoprotein cholesterol, LDL—low-density lipoprotein
cholesterol, |—decrease, T—increase).
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5. Conclusions

The results of available in vitro and animal model studies suggest a positive role of
apple peel supplementation in the MetS components” management. There is only one
human study available that does not clinically confirm these results; however, method-
ological aspects should be considered. More observations from larger and homogenous
metabolically human groups are needed to clarify the role of apple peel supplementation
in MetS management.

Limitations of the Study

This review covers the narrow topic referring to nutrition with a focus on the particular
food product and MetS. The number of available studies was limited, so the results should
be interpreted with great caution. Also, there was only one human study available to
discuss, so more human studies are needed to verify the suggested relationships.
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