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Abstract

The purpose of this review is to describe the impact of endurance and
strength physical training on the cardiovascular system by reviewing the
molecular signaling pathways, which plays a key role in different muscle
adaptations, and the cardiac changes in terms of metabolic and cardiac
remodeling, and hemodynamics. In response to endurance-exercise,
multiple signaling pathways, including Ca?*-dependent pathways, reactive
oxygen species (ROS), AMP-dependent protein kinase (AMPK), and mitogen
activated protein kinases (p38 MAPK), are involved in the regulation of
peroxisome-proliferator-activated receptor-y coactivator-la (PGC-la), which
controls the mitochondrial biogenesis. Strength training increases the
insulin-like growth factor (IGF-1) which initiates the phosphatidylinositol
3-kinase (PI13-k)-(AKT)-(mTOR) signaling cascade, resulting in the synthesis
of proteinsand the muscle hypertrophy. In addition to the well-documented
changesin skeletal muscle, a critical component of the response to exercise
training is the dynamic cardiac remodeling, which is classified as either
pathological or physiological depending on triggers.

Keywords: sports cardiology, exercise physiology, sports medicine

Introduction

There is proof that exercise can improve muscular
endurance, strength, and body composition, both in the
general public and athletes [1]. While, physical activity
lowers the risk of cardiovascular illnesses in the general
population [2], it aims to result in better performance in
sport activities in athletes. However, sport activities can
be very different, ranging from long distance runners to
heavy weightlifters. Clearly, training in athletes should be
tailored according to the type of sport, aiming to increase
predominantly either muscle resistance or strength. Thus,
exercise can be classified into two major categories,
endurance and strength, that trigger different responses
on the cardiovascular system.

Endurance training is usually performed against
a little load sustained for a prolonged time frame while
strength training involves movement of the musculature
of the body against an opposing force, known as
resistance, for a short duration [3]. Thus, strength training
is also known as resistance training [4]. Pure strength
and endurance training, however, are uncommon and
elite sports rarely consist of only one type of exercise.

For example, rowing consists of applied strength training
but has endurance training elements too. Although most
activities combine endurance and strength training
(concurrent exercise), this review will focus on the
phenotypic shift in muscle induced by endurance and
strength exercises and their influence on physiology and
hemodynamics.

Exercise-induced muscle signaling
pathways

Muscle adaptation happens through a complicated
network of various biochemical pathways that are uniquely
activated during functional training [5]. When subjected
to physiological triggers, such as during exercise training,
skeletal muscle responds by remodeling in order to meet
the additional demands that are imposed by the stimulus.
This modification is performed by extracellular stimuli
that enter the cells, engage with receptors on the cell
membrane, and activate intracellular signaling pathways.
These pathways affect gene transcription and protein
synthesis, which triggers muscle remodeling [6].
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Although some pathways can be activated irrespective
of the kind of exercise, different types of exercises result in
different muscle signaling pathways [7] with endurance training
and strength training predominantly affecting the capacity for
substrate consumption and muscle growth, respectively [8,9]. In
particular, endurance training causes improved capillarization,
energy metabolism, mitochondrial biosynthesis, and the
conversion of fast-to-slow fibre type, while strength training
causes the biosynthesis of contractile and structural proteins,
which results in muscle hypertrophy and improved contraction
force generation [10,11]. Prior to, during, and following
endurance- and resistance-based exercise, endogenous and
exogenous substrate availability can modify the transcriptional
activity of a subset of metabolic and myogenic genes as well as the
control of signaling pathways that stimulate mitochondrial and
myofibrillar protein synthesis [12]. Many researchers examined
the requirements behind "endurance-based" or "strength-based"
activity and provided interesting data on the unique adaptations
in accordance with the specific training (Figure 1).

Figure 1 - Simplified molecular signalling pathways involved in
endurance and strength exercise training

& £ &R

Endurance training
. . A P

Protein Synthesis

“8dH

@

4EBP1 — Eukaryotic translation initiation factor 4E-binding protein 1; AKT —
Protein kinase B; AMP — Adenosine monophosphate; AMPK - 5' AMP-activated
protein kinase; ATP — Adenosine triphosphate; CAMKII - Ca2+/calmodulin-
dependent protein kinase II; CAMKK - Ca2+/calmodulin-dependent protein
kinase kinase; eIF2 — Eukaryotic initiation factor 2; e[F2B — Eukaryotic translation
initiation factor 2B; eIF4E — Eukaryotic translation initiation factor 4E; eIF4G —
Eukaryotic translation initiation factor 4G; elF4F — Eukaryotic initiation factor
4F; IGF-1 — Insulin-like growth factor; GSK3p — Glycogen synthase kinase-3f;
MGF — Mechano growth factor; mTORC1 - Mammalian target of rapamycin
complex 1; p38y MAPK — p38 Mitogen Activated Protein Kinase; PGC-la —
Peroxisome proliferator-activated receptor gamma coactivator 1-alpha; PI3K -
Phosphoinositide 3-kinases; RHEB GDP - Ras homolog enriched in brain in
its Guanosine Diphosphate-bound form; RHEB GTP - Ras homolog enriched
in brain in its Guanosine Triphosphate-bound form; ROS - Reactive oxygen
species; SOK1 - Ribosomal protein S6 kinase beta-1; TSC1 - Tuberous sclerosis
complex 1; TSC2 - Tuberous sclerosis complex 2.

Endurance training

AMP-dependent protein kinase (AMPK) and mitogen
activated protein kinase (MAPK), as well as Ca?*-dependent
pathways and reactive oxygen species (ROS), play a part
in controlling skeletal muscle mitochondrial biogenesis,
angiogenesis, production of cell contractile proteins, and other
adaptations [13]. The final receptor involved in the activation
of mitochondrial biogenesis and angiogenesis is peroxisome-
proliferator-activated receptor-y coactivator-la (PGC-1a) and
current findings indicate a crucial role for p38 MAPK in PGC-
la regulation [14]. However, the signaling network is much
more complex, with multiple regulatory events and several
cross-interactions.

Reactive oxygen species (ROS)

Muscles produce ROS in different ways (e.g., NADPH
oxidases, xanthine oxidases, mitochondria), which modulate
several signaling pathways, including AMPK and MAPK, as a
result of physical exercise, which affects several physiological
changes. Increasing glucose uptake, mitochondriogenesis, and
hypertrophy are outcomes of these pathways in skeletal muscle
after physical exercise [15]. A change in the redox relationship
in working muscles is caused by increased levels of ROS [16].
During eccentric contractions or highly intensive exercise, ROS
can act as intracellular messengers by activating redox-sensitive
transcription factors and signaling cascades.

There is evidence that the PGC-1 expression and
metabolic adaptation brought on by endurance exercise in
skeletal muscle are significantly influenced by ROS [17]. Most
studies point toward hydrogen peroxide (H,0,), a non-radical
ROS, considered a crucial signaling molecule for metabolic
changes in skeletal muscle, and it has been shown that PGC-
1 overexpression requires the H,O, generated by contracting
skeletal muscle cells [18]. Furthermore, the observation that H,0,
administration decreased cellular ATP levels, activated AMPK,
and elevated PGC-1 mRNA suggested that H,0, can stimulate
PGC-1 production via AMPK [19]. In contrast, exercise-induced
elevation of PGC-1 has been suppressed along with decreased
phosphorylation of p38 MAPK by pharmacological suppression
of xanthine oxidase using allopurinol [20], supporting the
hypothesis that in vivo contraction-induced activation of p38
MAPK and consequent modulation of PGC-1 expression are
mediated by ROS.

Signaling modulated by Ca?* and calmodulin

Contractions of skeletal muscles cause the Ca*"/calmodulin-
dependent protein kinases to become active (CAMK). In
particular, CAMKII, the main CAMK isoform, is phosphorylated
(activated) by endurance training, while CAMKK is in control of
muscle tissue contraction-induced activation of AMPK [21,22].
Because exercise regulates p38 MAPK and AMPK activation,
respectively (see below), CAMKII and CAMKK may operate as
upstream kinases in the control of PGC-1.

AMP-dependent protein kinase (AMPK)

A crucial regulator of the metabolism of skeletal muscle,
AMPK serves as an intracellular sensor of ATP utilization.
Active AMPK includes three subunits: a, B, and y. There are
several isoforms of each AMPK subunit. The majority of AMPK
activation brought on by vigorous exercise is accounted for by
the subtypes a2/B2/y3 [23]. The interaction of these subunits
with the nucleotides (AMP, ADP and ATP) provides AMPK
with the capacity to determine the condition of cellular energy.
Repeated muscular contractions and exercise greatly activate
AMPK in skeletal muscle due to its function as a cellular energy
Sensor.

During energy stress, the concentration of intracellular
AMP increases (i.e., ATP/AMP ratio lowers) as a sign of
decreased energy and 5°-AMP binds to two domains of the y
subunits which activates AMPK. Hence, when the AMP level
in the muscle rises during contraction, the activating effect
progresses. As a result, ATP-producing catabolic activities
are promoted, while ATP-consuming anabolic processes are
inhibited [24]. Eventually, as a metabolic sensor, AMPK controls
PGC-1 expression and stimulates mitochondrial biogenesis in
skeletal muscle [25].
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Mitogene activated protein kinases (p38
MAPK)

The protein kinases are activated by different forms of
exercise. Among these kinases, p38 MAPK is most likely
involved in the control of PGC-1 through transcription factors
that bind to the PGC-1 promoter [26] and is essentially required
for the regulation of PGC-1 brought on by endurance exercise.
In this context, it has been shown that PGC-1 gene expression
and skeletal muscle adaptability are facilitated by contractile
activity-induced activation of the p38 MAPK pathway [27]. Of
note, while the p38y MAPK/PGC-1a regulatory axis is necessary
for the exercise-induced angiogenesis and mitochondrial
biogenesis, it has no role on fiber type transformation [15].

Peroxisome-proliferator-activated receptor-y
coactivator-1a (PGC-1a)

Increased mitochondrial content and functional exercise
capacity are two features of endurance training adaptation
that are recapitulated by overexpressing PGC-la in skeletal
muscle. As a result, PGC-1a. is considered the “master regulator
of mitochondrial biogenesis” and is a crucial element of the
adaptations brought on by exercising with endurance training
[28]. In reaction to metabolic stress, both p38 MAPK and AMPK
are activated, investigations in cell culture and in vitro have
shown that they may directly phosphorylate and activate PGC-1
[15]. PGC-1a is a transcriptional coactivator and a fundamental
regulator of mitochondrial biogenesis in muscle and It has been
defined that acute endurance exercise led to a 54% increase in
nuclear PGC-1a protein [24,28].

Strength training

Strength training causes neuromuscular adaptations that
improve muscle strength and power, increase in muscle cross
sectional area, and changes in connective tissue stiffness.
Mechanotransduction involves converting a mechanical signal
into a biochemical event and can activate this pathway, which
is crucial to the hypertrophic process because it coordinates
the molecular foundation for both protein production and
degradation [29].

In order to control rates of protein synthesis and/or
breakdown and, over a lengthy period of time (weeks to months),
muscular hypertrophy, strength exercise increases the activity
of the phosphatidylinositol 3-kinase (PI13-k)-(AKT)-(mTOR)
signaling cascade [12] resulting in the synthesis of proteins and
the development of muscle [9]. A sequential activation cascade
is initiated by a rise in insulin-like growth factor (IGF-1) or its
splice variant mechano growth factor (MGF). Following this
rise, AKT (Protein kinase B) activates two distinct pathways:

- mammalian target of rapamycin (mTOR);

- glycogen synthase kinase-3 (GSK3p),

both of which are essential for skeletal muscle growth
[5,6].

Mammalian target of rapamycin (mTOR)

Mammalian target of rapamycin complex 1 (mTORC1) is
a kinase that when activated causes cell growth and proliferation
through phosphorylation cascades [30]. Two physically and
functionally different complexes known as the mammalian
target of rapamycin complex 1 (mTORC1) and the mammalian
target of rapamycin complex 2 (mTORC2) are formed by the
mTOR protein.

When hypophosphorylated, the elF4E-binding protein
1 (4EBP1) attaches to eIF4E (Eukaryotic translation initiation
factor 4E) to block it from interacting with elF4G (Eukaryotic

translation initiation factor 4G), which would otherwise assist
in enhancing ribosome recruitment to mRNAs. Hence, it has
the ability to inhibit the initiation of mRNA translation. When
mTORCI1 is activated by AKT, protein synthesis is promoted
by direct phosphorylation of 4E-BP1 and Ribosomal protein
S6 kinase beta-1 (S6K1) [31]. By phosphorylating 4E-BP1 at
multiple sites, mMTORC]1 promotes its dissociation from eIlF4E
allowing the formation of the eIF4F (Eukaryotic initiation factor
4F) complex and the initiation of cap-dependent translation [32].

Glycogen synthase kinase-3 beta (GSK3p)

AKT is associated with an alternative pathway, running
concurrently with mTOR, that induces hypertrophy via
phosphorylating GSK-3f [33]. When GSK3p is phosphorylated,
elF2B (Eukaryotic translation initiation factor 2B) activity is
reduced, facilitating the translation initiation process [34]. In
particular, studies have demonstrated that strength training
enhances GSK-3f phosphorylation, which blocks elF2B, both
immediately and three hours after, confirming the notion that
this pathway is involved in the stimulation of protein synthesis
brought on by strength training [5,6,35].

Link between endurance and strength

exercise

The cross-talk between the two signaling pathways
(endurance and strength training) is based on the tuberous
sclerosis complex (TSC) signaling and in particular on two TSC
proteins (TSC1 and TSC2) that form a functional complex and
inhibit phosphorylation of S6K 1 and 4EBP1. In particular, TSC2
is a GTPase-activating protein (GAP) toward Ras homolog
enriched in the brain (RHEB). The GTP-bound form of RHEB
stimulates cell growth and proliferation within the cell because
it functions as an activator for mTORCI1.TSC2 enhances the
intrinsic GTPase activity of the GTP-binding protein RHEB,
facilitating RHEB's conversion to its GDP-bound inactive state
[36,37]. Thus, TSC2 would operate as a RHEB GAP to inhibit
RHEB GTP from activating mTORCI.

TSC2 is also influenced by AMPK which phosphorylates
TSC2 at two locations, which is the proposed mechanism by
which it inhibits TOR and, consequently, protein synthesis and
muscle hypertrophy [38,39]. This is supposed to increase the
GAP activity, transforming the GTP-bound form into the GDP-
bound form that no longer activates mTOR [39]. Furthermore,
AKT phosphorylates TSC2 in response to mitogen stimulation,
which lowers RHEB GAP activity and increases RHEB-GTP
levels and, as a result, mTOR kinase activity [40].

While strength training triggers the activation of AKT,
which specifically reduces the inhibitory effects of the TSC on
mTOR, thus activating mTOR in response to growth stimuli
[37], on the other hand aerobic exercise AMPK decreases protein
synthesis via lowering mTORCI activity [5,7].

The impact of exercise on cardiac
adaptations
Metabolic remodeling (Figure 2)

In addition to the alterations in skeletal muscle that are
well-documented, an essential part of the response to exercise
training is the dynamic cardiac remodeling needed to match
peripheral demand with an adequate cardiac output. During
exercise and the first few hours following exercise, the heart's
ability to use glucose through glycolysis is diminished. Genes
that are important for metabolic remodeling, transcription,
cell division, differentiation, proliferation, and contraction
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Figure 2 - Cardiac remodelling from a metabocentric perspective
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BCAAs (Branched-chain amino acids); C/EBPB (CCAAT/enhancer-binding
protein beta) is a transcription factor, participating in cell proliferation,
differentiation and development; Cited4 (CBP/p300-Interacting transactivator
with E (glutamic acid)/D (aspartic acid)-rich-carboxyl terminal domain);
KLF15 (Kriippel-like factor 15) is a critical transcriptional regulator of BCAA
metabolism; it inhibits mMTOR(mammalian target of rapamycin) activity; PFK —
Phosphofructokinase.

appear to be regulated by changes in metabolism brought on
by phosphofructokinase (PFK). To activate transcriptional
pathways directing heart development and hypertrophy, exercise-
induced alterations in PFK activity are required. PFK activity in
the myocardium is controlled by exercise, and the consequent
changes in metabolism are sufficient to trigger a transcriptional
pathway that affects exercise-induced cardiac development [41].

Declines in PFK activity appear to be particularly critical
for directing the exercise gene program by upregulating Cited4
levels and downregulating Cebpb expression, as well as for
coordinating glucose-derived carbon for anabolic activities.
Additionally, the metabolic periodicity brought on by exercise
may affect mitochondrial dynamics and support the maintenance
of healthy mitochondrial pools. Lower intensity exercise appears
to promote myocardial glucose catabolism, but relatively
high intensity, sustained exercise may decrease myocardial
glucose catabolism, start mitochondrial fission, and improve
mitochondrial function [42].

Cardiac remodeling (Figure 3)

The geometrical pattern of the left ventricle is categorised
based on LV mass and relative wall thickness (RWT = (2 x
posterior wall thickness) / (LV internal diameter at end-diastole).
Individuals with normal LV mass may have either normal
geometry (RWT <0.42) or concentric remodeling (RWT >0.42).
An increased LV mass identifies subjects with left ventricular
hypertrophy (LVH) and according to the RWT they can be
divided into concentric (RWT >0.42) or eccentric (RWT <0.42)
LVH [43,44].

Left ventricular morphology can change during life
time due to changes in myocardial wall thickness and/or
left ventricular dimensions. Eventually, LVH (i.e., increased
myocardial mass) may develop. According to the triggers, this
process can be classified as either physiological or pathological
[42].

Mechanical stress and neurohumoral stimulation are
the two main factors that cause cardiac hypertrophy. These
factors influence a number of cellular processes, involving
sarcomere construction, protein synthesis, gene expression,
and cell metabolism, which eventually trigger and sustain the
hypertrophic process [45-47].

Figure 3 - Left ventricular geometrical patterns of cardiac
remodelling
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Physiological cardiac remodeling

Physiological LVH is characterized by normal cardiac
anatomical structure and architecture, with normal or increased
contractility [48]. Exercise triggers a growth program without
inducing the fetal-gene program, which is different from
pathological remodeling. It also causes an increase in energy
metabolic capacity that can meet the higher energy needs
induced by continuous activity. The latter regimen keeps the
heart function within normal limits [49].

In sports with high-dynamic and low-static demand (for
instance, tennis) LVH is mostly eccentric, while high-static
demand sports, like weightlifting, induce mostly concentric
LVH. In activities like cycling that require both high-dynamic
and high-static demands, the hypertrophy is balanced and mixed
[50,51]. These morphological changes could be reversed after a
detraining period from one to three weeks [52] but the return to
a full “normal” heart dimension is still unclear [53].

In some cases, the morphology of an athlete's heart may
resemble the one in people with hypertrophic cardiomyopathy.
Given that hypertrophic cardiomyopathy is a frequent reason for
sudden mortality in athletes, differentiating this condition from
the normal athlete’s heart is of paramount importance, however
there are significant challenges, in particular in subjects with LV
wall thickness of 13-15 mm, who represent a grey zone. In this
subset, several features can be considered to support the diagnosis
of an athlete’s heart, including LV cavity >55 mm, normal LV
filling pattern, decrease wall thickness with deconditioning, max
VO2 >45 ml/Kg/min [54].

Pathological cardiac remodeling

The pathological hypertrophic remodeling differs from
the physiological LVH in its transcriptional markers [55].
The expression of genes involved in fuel metabolism and
bioenergetics is reprogrammed in a recognized way during the
development of pathological cardiac hypertrophy and in the
failing heart. Expression of nuclear and mitochondrial genes
implicated in several mitochondrial energy transduction and
respiratory pathways is downregulated, and the capacity to burn
the major fuel (fatty acids) is decreased [56]. The cardiomyocyte
starts a growth program as a reaction to hypertension or pressure
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overload that is defined by the activation of a “fetal” gene program
that includes altered sarcomere isoform gene expression and
enhanced natriuretic peptide production [49]. The coordination
between the growth of the cardiomyocytes and angiogenesis
in the heart is dysregulated during the progression of heart
failure from adaptive cardiac hypertrophy, and angiogenesis is
necessary for the anatomical and functional development of the
heart [48,57].

Several forms of overloads to the left ventricle may
be brought on by cardiovascular disorders. Whereas volume
overload is frequent in individuals with mitral regurgitation, aortic
regurgitation, dilated cardiomyopathy, and chronic coronary
artery disease, pressure overload is typical in cases of arterial

hypertension and aortic stenosis. Typically, cardiac conditions
such myocardial infarction and dilated cardiomyopathy coexist
with ventricular dilatation and an increase in cardiomyocyte
length which leads to the development of pathological
eccentric hypertrophy [48]. In contrast, pathological concentric
hypertrophy typically arises in conditions like hypertension or
aortic stenosis where cardiomyocytes ordinarily thicken more
than they lengthen [48,58].

Changes in hemodynamics
Every type of exercise has a different hemodynamic
impact, which triggers separate cardiac adaptation (Table 1).

Table 1 Hemodynamic response to different types of training

Endurance exercise | Strength exercise Comments

V02 max increase increase/stable Endurance exercise increases the body's ability to absorb oxygen (V02),
in contrast VO2 rarely rises during a strength training session.

Resting heart rate decrease stable As long as cardiac output at rest doesn't change, the rise in stroke
volume is followed by a commensurate decline in heart rate.

Stroke volume increase stable The LV end-diastolic volume is increased with endurance training, which
results in an increase of the stroke volume.

Maximal cardiac output increase stable With a maximum exercise effort, the rise in SV causes a considerable
increase in cardiac output.

Systolic BP (rest) Decrease or stable | stable Systolic and diastolic BP increases during resistance exercise, but not

Diastolic BP (rest) Decrease or stable | stable endurance. Blood pressure of people with arterial hypertension drops
toward normal as they exercise more, regardless of type of the exercise.
This is brought on by a decrease in the artery's overall peripheral
resistance as well as an improvement in flexibility of smooth muscles of
blood vessels.

LV hypertrophy Asymmetric Symmetric Strength training mostly causes concentric LVH, whereas endurance
training primarily causes eccentric LVH. Balanced and mixed
hypertrophy is seen in concurrent exercise demands.

Overload state Volume > pressure | Pressure > volume Endurance exercise induces volume overload on the heart, while
strength exercise induces pressure overload and volume overload

Endurance exercises

The body responds to aerobic exercise by increasing
oxygen uptake (VO2), heart rate, cardiac output, and stroke
volume, which peaks initially before plateauing. At rest, skilled
endurance athletes' cardiac output can range between 5 and 6
liters per minute and up to 40 liters per minute during maximal
exertion [59]. Along with an increase in cardiac output, blood
pressure also rises, but not as much as it would during strength
training. As a result, the heart of an endurance athlete must adjust
to both volume and pressure overload. Because volume load plays
a major role in endurance training, the heart grows eccentrically
after exercise [60], with new sarcomeres sequentially added to
those that already exist. As a result, the inner diameter of the left
ventricle increases and the wall thickness increases as well [61].

Endurance exercise also reduces blood pressure at rest
with a more pronounced effect on hypertensive compared with
normotensive individuals [62]. Wide pulse pressure (rising
systolic blood pressure, coupled with a decline in diastolic blood
pressure) and a little rise in mean pressure are the results of
decreasing peripheral vascular resistance [63].

Strength exercises

Compared to athletes with endurance training, strength
athletes have different cardiovascular adaptations. Elite level
resistance exercise is linked to abrupt and strong pressure
reactions which translates into a markedly elevated systolic and
diastolic blood pressure, with little effect on the stroke volume
and only a slight increase in heart rate [64]. During a strength

exercise VO2 barely increases; however, with a higher workload
the increases in the intrathoracic pressure due to the Valsalva
manoeuvre results in lower venous return and low cardiac output.
To sustain cardiac output and blood pressure, a reflex increase in
heart rate and vasoconstriction, respectively, occurs [63].

In weightlifting athletes, due to the elevated afterload, high
intraventricular pressure is required to open the aortic valve,
which may cause an abrupt elevation in blood pressure [65].
High afterload and intraventricular pressure during the ejection
phase enhance myocardial wall stress, which is the principal
trigger of cardiac hypertrophy in the pressure-overloaded heart
[66]. The concentric LVH that occurs in the heart of a resistance-
trained athlete in response to a rapid, intense pressure overload
may occasionally be accompanied by an enlargement of the left
ventricular diameter [67].

Ageing heart and the effects of exercise

It is well known that physical activity prevents or delays
chronic diseases [68]. Compared to other recognized components
of cardiovascular disease risk, capacity for exercise is a more
accurate predictor of death in males [69]. Furthermore, in
patients with postinfarction heart failure, exercise intensity was
a key determinant in reversing LV remodeling and enhancing
quality of life, endothelial function, and aerobic capacity [70]. In
individuals with heart failure who are clinically stable, aerobic
exercise training, particularly long-term (6 months) length,
reverses left ventricular remodeling which was evaluated using
the ejection fraction (EF), end-diastolic volume (EDV), and end-
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systolic volume (ESV). Strength training in contrast did not alter
or exacerbate ventricular remodeling, whether it was done alone
or in conjunction with aerobic exercise [71].

Conclusion

In this article we have reviewed the effects of different
forms of exercise on the cardiovascular system by evaluating
the molecular signaling pathways, which are crucial for muscle
adaptations. Adaptation to endurance exercises mainly occurs
through PGC-1a, which regulates mitochondrial biogenesis, and
is regulated by biochemical processes such as Ca**-dependent
pathways, reactive oxygen species (ROS), AMP-dependent
protein kinase (AMPK), and mitogen activated protein kinases
(p38 MAPK). Strength training, on the other hand, raises levels
of insulin-like growth factor (IGF-1), which starts the PI3-k-
(AKT)-(mTOR) signaling cascade.

Furthermore, we described the changes in the metabolism,
geometric pattern, and cardiac hemodynamics induced by

different types of physical training. Endurance training via
volume overload combined with pressure load induces eccentric
LVH, in contrast to the strength exercise that mainly induces
pressure load on the heart causing concentric LVH. There
is still a “grey area” in differentiating between hypertrophic
cardiomyopathy and athlete's heart which could be solved by
thorough investigation of LV cavity, LV filling pattern and wall
thickness after deconditioning.

Disclosures: There is no conflict of interest for all authors.
Acknowledgements: None.
Funding: This study was funded by a grant of the Ministry

of Education and Science of the Republic of Kazakhstan, Ne
AP14869730.

References

L.

Xiao W, Soh KG, Wazir MR, Talib O, Bai X, Bu T, Sun H, Popovic S, Masanovic B, Gardasevic J. Effect of functional training on
physical fitness among athletes: a systematic review. Frontiers in Physiology. 2021; 1458. https://doi.org/10.3389/fphys.2021.738878
Fransson E, De Faire U, Ahlbom A, Reuterwall C, Hallqvist J, Alfredsson L. The risk of acute myocardial infarction: interactions of
types of physical activity. Epidemiology. 2004; 1:573-82. https://doi.org/10.1097/01.ede.0000134865.74261.fe

Hughes DC, Ellefsen S, Baar K. Adaptations to endurance and strength training. Cold Spring Harbor perspectives in medicine. 2018;

Niewiadomski W, Pilis W, Laskowska D, Gasiorowska A, Cybulski G, Strasz A. Effects of a brief Valsalva manoeuvre on hemodynamic
response to strength exercises. Clinical physiology and functional imaging. 2012; 32(2):145-57. https://doi.org/10.1111/j.1475-

2.
3.
8(6):2029769. https://doi.org/10.1101/cshperspect.a029769
4.
097x.2011.01069.x
5.

Atherton PJ, Babraj JA, Smith K, Singh J, Rennie MJ, Wackerhage H. Selective activation of AMPK-PGC-1a or PKB-TSC2-mTOR
signaling can explain specific adaptive responses to endurance or resistance training-like electrical muscle stimulation. The FASEB
Journal. 2005;19(7):1-23. https://doi.org/10.1096/1j.04-21791je

Fernandes T, Soci UP, Melo SE, Alves CR, Oliveira EM. Signaling pathways that mediate skeletal muscle hypertrophy: effects of

6.
exercise training. InSkeletal Muscle-From Myogenesis to Clinical Relations. 2012. IntechOpen. https://doi.org/10.5772/51087

7. Petriz BA, Gomes CP, Almeida JA, de Oliveira Jr GP, Ribeiro FM, Pereira RW, Franco OL. The effects of acute and chronic exercise on
skeletal muscle proteome. Journal of cellular physiology. 2017; 232(2):257-69. https://doi.org/10.1002/jcp.25477

8. Hawley JA. Adaptations of skeletal muscle to prolonged, intense endurance training. Clinical and experimental pharmacology and
physiology. 2002; 29(3):218-22. https://doi.org/10.1046/j.1440-1681.2002.03623.x

9. Coffey VG, Hawley JA. The molecular bases of training adaptation. Sports medicine. 2007, 37:737-63. https://doi.org/10.2165/00007256-
200737090-00001

10. Yan Z, Okutsu M, Akhtar YN, Lira VA. Regulation of exercise-induced fiber type transformation, mitochondrial biogenesis, and
angiogenesis in skeletal muscle. Journal of applied physiology. 2011; 110(1):264-74. https://doi.org/10.1152/japplphysiol.00993.2010

11. Andersen JL, Aagaard P. Effects of strength training on muscle fiber types and size; consequences for athletes training for high-intensity
sport. Scandinavian journal of medicine & science in sports. 2010; 20:32-8. https://doi.org/10.1111/j.1600-0838.2010.01196.x

12. Hawley JA. Molecular responses to strength and endurance training: are they incompatible? Applied physiology, nutrition, and
metabolism. 2009; 34(3):355-61. https://doi.org/10.1139/H09-023

13. Bonen A. Muscles as molecular and metabolic machines. American Journal of Physiology-Endocrinology and Metabolism. 2010;
299(2):E143-4. https://doi.org/10.1152/ajpendo.00245.2010

14. Drake JC, Wilson RJ, Yan Z. Molecular mechanisms for mitochondrial adaptation to exercise training in skeletal muscle. The FASEB
Journal. 2016; 30(1):13. https://doi.org/10.1096/1j.15-276337

15. Lira VA, Benton CR, Yan Z, Bonen A. PGC-1a regulation by exercise training and its influences on muscle function and insulin
sensitivity. American Journal of Physiology-Endocrinology and Metabolism. 2010; 299(2):E145-61. https://doi.org/10.1152/
ajpendo.00755.2009

16. Niess AM, Simon P. Response and adaptation of skeletal muscle to exercise—the role of reactive oxygen species. Frontiers in Bioscience-
Landmark. 2007; 12(13):4826-38. https://doi.org/10.2741/2431

17. Gomez-Cabrera MC, Domenech E, Vifia J. Moderate exercise is an antioxidant: upregulation of antioxidant genes by training. Free
radical biology and medicine. 2008; 44(2):126-3 1. https://doi.org/10.1016/j.freeradbiomed.2007.02.001

18. Silveira LR, Pilegaard H, Kusuhara K, Curi R, Hellsten Y. The contraction induced increase in gene expression of peroxisome proliferator-
activated receptor (PPAR)-y coactivator 1a (PGC-1a), mitochondrial uncoupling protein 3 (UCP3) and hexokinase IT (HKII) in primary
rat skeletal muscle cells is dependent on reactive oxygen species. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research.
2006; 1763(9):969-76. https://doi.org/10.1016/j.bbamcr.2006.06.010

19.

Irrcher I, Ljubicic V, Hood DA. Interactions between ROS and AMP kinase activity in the regulation of PGC-1a transcription in skeletal
muscle cells. American Journal of Physiology-Cell Physiology. 2009; 296(1):C116-23. https://doi.org/10.1152/ajpcell.00267.2007

Journal of Clinical Medicine of Kazakhstan: 2023 Volume 20, Issue 6



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kang C, O'Moore KM, Dickman JR, Ji LL. Exercise activation of muscle peroxisome proliferator-activated receptor-y coactivator-
lo. signaling is redox sensitive. Free Radical Biology and Medicine. 2009; 47(10):1394-400. https://doi.org/10.1016/;.
freeradbiomed.2009.08.007

Chin ER. The role of calcium and calcium/calmodulin-dependent kinases in skeletal muscle plasticity and mitochondrial biogenesis.
Proceedings of the Nutrition Society. 2004; 63(2):279-86. https://doi.org/10.1079/pns2004335

Raney MA, Turcotte LP. Evidence for the involvement of CaMKII and AMPK in Ca2+-dependent signaling pathways regulating FA
uptake and oxidation in contracting rodent muscle. Journal of applied physiology. 2008; 104(5):1366-73. https://doi.org/10.1152/
japplphysiol.01282.2007

Birk JB, Wojtaszewski JF. Predominant a2/32/y3 AMPK activation during exercise in human skeletal muscle. The Journal of physiology.
2006; 577(3):1021-32. https://doi.org/10.1113/jphysiol.2006.120972

Thomson DM. The role of AMPK in the regulation of skeletal muscle size, hypertrophy, and regeneration. International journal of
molecular sciences. 2018; 19(10):3125. https://doi.org/10.3390/ijms19103125

Winder WW, Taylor EB, Thomson DM. Role of AMP-activated protein kinase in the molecular adaptation to endurance exercise.
Medicine and science in sports and exercise. 2006; 38(11):1945-9. https://doi.org/10.1249/01.mss.0000233798.62153.50

Puigserver P, Rhee J, Lin J, et al. Cytokine stimulation of energy expenditure through p38 MAP kinase activation of PPARY coactivator-1.
Molecular cell. 2001; 8(5):971-82. https://doi.org/10.1016/s1097-2765(01)00390-2

Akimoto T, Pohnert SC, Li P, et al.. Exercise stimulates Pgc-1a transcription in skeletal muscle through activation of the p38 MAPK
pathway. Journal of Biological Chemistry. 2005; 280(20):19587-93. https://doi.org/10.1074/jbc.m408862200

Little JP, Safdar A, Cermak N, Tarnopolsky MA, Gibala MJ. Acute endurance exercise increases the nuclear abundance of PGC-1a
in trained human skeletal muscle. American journal of physiology-regulatory, integrative and comparative physiology. 2010;
298(4):R912-7. https://doi.org/10.1152/ajpregu.00409.2009

Glass DJ. Skeletal muscle hypertrophy and atrophy signaling pathways. The international journal of biochemistry & cell biology.
2005; 37(10):1974-84. https://doi.org/10.1016/j.biocel.2005.04.018

Wullschleger S, Loewith R, Hall MN. TOR signaling in growth and metabolism. Cell. 2006; 124(3):471-84. https://doi.org/10.1016/j.
cell.2006.01.016

Camera DM, Edge J, Short MJ, Hawley JA, Coffey VG. Early time course of Akt phosphorylation after endurance and resistance
exercise. Medicine and science in sports and exercise. 2010; 42(10):1843-52. https://doi.org/10.1249/mss.0b013e3181d964¢e4

Jossé L, Xie J, Proud CG, Smales CM. mTORCI signalling and eIF4E/4E-BP1 translation initiation factor stoichiometry influence
recombinant protein productivity from GS-CHOKI cells. Biochemical Journal. 2016; 473(24):4651-64. https://doi.org/10.1042/
bcj20160845

Cross DA, Alessi DR, Cohen P, Andjelkovich M, Hemmings BA. Inhibition of glycogen synthase kinase-3 by insulin mediated by
protein kinase B. Nature. 1995; 378(6559):785-9. https://doi.org/10.1038/378785a0

Vyas DR, Spangenburg EE, Abraha TW, Childs TE, Booth FW. GSK-3[3 negatively regulates skeletal myotube hypertrophy. American
Journal of Physiology-Cell Physiology. 2002; 283(2):C545-51. https://doi.org/10.1152/ajpcell.00049.2002

Sakamoto K, Arnolds DE, Ekberg I, Thorell A, Goodyear LJ. Exercise regulates Akt and glycogen synthase kinase-3 activities in
human skeletal muscle. Biochemical and biophysical research communications. 2004; 319(2):419-25. https://doi.org/10.1016/j.
bbrc.2004.05.020

Manning BD, Cantley LC. United at last: the tuberous sclerosis complex gene products connect the phosphoinositide 3-kinase/Akt
pathway to mammalian target of rapamycin (mTOR) signalling. Biochemical Society Transactions. 2003; 31(3):573-8. https://doi.
org/10.1042/bst0310573

Huang J, Manning BD. A complex interplay between Akt, TSC2 and the two mTOR complexes. Biochemical Society Transactions.
2009; 37(1):217-22. https://doi.org/10.1042/bst0370217

Inoki K, LiY, Xu T, Guan KL. Rheb GTPase is a direct target of TSC2 GAP activity and regulates mTOR signaling. Genes & development.
2003; 17(15):1829-34. https://doi.org/10.1101/gad.1110003

Hardie DG, Sakamoto K. AMPK: a key sensor of fuel and energy status in skeletal muscle. Physiology. 2006; 21(1):48-60. https://doi.
org/10.1152/physiol.00044.2005

Castro AF, Rebhun JF, Clark GJ, Quilliam LA. Rheb binds tuberous sclerosis complex 2 (TSC2) and promotes S6 kinase activation in
a rapamycin-and farnesylation-dependent manner. Journal of Biological Chemistry. 2003; 278(35):32493-6. https://doi.org/10.1074/
jbc.c300226200

Gibb AA, Epstein PN, Uchida S, et al. Exercise-induced changes in glucose metabolism promote physiological cardiac growth.
Circulation. 2017; 136(22):2144-57. https://doi.org/10.1161/circulationaha.117.028274

Gibb AA, Hill BG. Metabolic coordination of physiological and pathological cardiac remodeling. Circulation research. 2018,
123(1):107-28. https://doi.org/10.1161/circresaha.118.312017

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update
from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. European Heart Journal-
Cardiovascular Imaging. 2015; 16(3):233-71. https://doi.org/10.1093/ehjci/jev014

Ganau A, Devereux RB, Roman MJ, et al. Patterns of left ventricular hypertrophy and geometric remodeling in essential hypertension.
Journal of the American College of Cardiology. 1992; 19(7):1550-8. https://doi.org/10.1016/0735-1097(92)90617-v

Lyon RC, Zanella F, Omens JH, Sheikh F. Mechanotransduction in cardiac hypertrophy and failure. Circulation research. 2015,
116(8):1462-76. https://doi.org/10.1161/circresaha.116.304937

Maillet M, Van Berlo JH, Molkentin JD. Molecular basis of physiological heart growth: fundamental concepts and new players. Nature
reviews Molecular cell biology. 2013; 14(1):38-48. https://doi.org/10.1038/nrm3495

Shimizu I, Minamino T. Physiological and pathological cardiac hypertrophy. Journal of molecular and cellular cardiology. 2016;
97:245-62. https://doi.org/10.1016/j.yjmcc.2016.06.001

Weeks KL, McMullen JR. The athlete's heart vs. the failing heart: can signaling explain the two distinct outcomes? Physiology. 2011;
26(2):97-105. https://doi.org/10.1152/physiol.00043.2010

10

Journal of Clinical Medicine of Kazakhstan: 2023 Volume 20, Issue 6



49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Vega RB, Konhilas JP, Kelly DP, Leinwand LA. Molecular mechanisms underlying cardiac adaptation to exercise. Cell metabolism.
2017; 25(5):1012-26. https://doi.org/10.1016/j.cmet.2017.04.025

Morganroth J, Maron BJ, Henry WL, Epstein SE. Comparative left ventricular dimensions in trained athletes. Annals of internal
medicine. 1975; 82(4):521-4. https://doi.org/10.7326/0003-4819-82-4-521

Fagard R. Athlete’s heart. Heart. 2003; 89(12):1455-61. http://dx.doi.org/10.1136/heart.89.12.1455

Petek BJ, Groezinger EY, Pedlar CR, Baggish AL. Cardiac effects of detraining in athletes: A narrative review. Annals of Physical and
Rehabilitation Medicine. 2022; 65(4):101581. https://doi.org/10.1016/j.rehab.2021.101581

Pelliccia A, Maron BJ, De Luca R, Di Paolo FM, Spataro A, Culasso F. Remodeling of left ventricular hypertrophy in elite athletes after
long-term deconditioning. Circulation. 2002; 105(8):944-9. https://doi.org/10.1161/hc0802.104534

Maron BJ. Distinguishing hypertrophic cardiomyopathy from athlete’s heart: a clinical problem of increasing magnitude and significance.
Heart. 2005; 91(11):1380. https://doi.org/10.1136/hrt.2005.060962

Strem CC, Aplin M, Ploug T, et al. Expression profiling reveals differences in metabolic gene expression between exercise-induced
cardiac effects and maladaptive cardiac hypertrophy. The FEBS journal. 2005; 272(11):2684-95. https://doi.org/10.1111/j.1742-
4658.2005.04684.x

Aubert G, Vega RB, Kelly DP. Perturbations in the gene regulatory pathways controlling mitochondrial energy production in the
failing heart. Biochimica Et Biophysica Acta (BBA)-Molecular Cell Research. 2013; 1833(4):840-7. https://doi.org/10.1016/j.
bbamcr.2012.08.015

Shiojima I, Sato K, Izumiya Y, et al. Disruption of coordinated cardiac hypertrophy and angiogenesis contributes to the transition to heart
failure. The Journal of clinical investigation. 2005; 115(8):2108-18. https://doi.org/10.1172/jci24682

Heineke J, Molkentin JD. Regulation of cardiac hypertrophy by intracellular signalling pathways. Nature reviews Molecular cell
biology. 2006; 7(8):589-600. https://doi.org/10.1038/nrm1983

Ekblom B, Hermansen L. Cardiac output in athletes. Journal of Applied Physiology. 1968; 25(5):619-25. https://doi.org/10.1152/
jappl.1968.25.5.619

Vinereanu D, Florescu N, Sculthorpe N, Tweddel AC, Stephens MR, Fraser AG. Left ventricular long-axis diastolic function is
augmented in the hearts of endurance-trained compared with strength-trained athletes. Clinical science. 2002; 103(3):249-57. https://
doi.org/10.1042/cs1030249

Pluim BM, Zwinderman AH, van der Laarse A, van der Wall EE. The athlete’s heart: a meta-analysis of cardiac structure and function.
Circulation. 2000; 101(3):336-44. https://doi.org/10.1161/01.¢ir.101.3.336

Cornelissen VA, Fagard RH. Effects of endurance training on blood pressure, blood pressure—regulating mechanisms, and cardiovascular
risk factors. Hypertension. 2005; 46(4):667-75. https://doi.org/10.1161/01.hyp.0000184225.05629.51

Meka N, Katragadda S, Cherian B, Arora RR. Endurance exercise and resistance training in cardiovascular disease. Therapeutic
advances in cardiovascular disease. 2008; 2(2):115-21. https://doi.org/10.1177/1753944708089701

Fisman EZ, Embonm P, Pines A, et al. Comparison of left ventricular function using isometric exercise Doppler echocardiography in
competitive runners and weightlifters versus sedentary individuals. The American journal of cardiology. 1997; 79(3):355-9. https:/
doi.org/10.1016/s0002-9149(96)00761-8

MacDougall JD, Tuxen DS, Sale DG, Moroz JR, Sutton JR. Arterial blood pressure response to heavy resistance exercise. Journal of’
applied Physiology. 1985; 58(3):785-90. https://doi.org/10.1152/jappl.1985.58.3.785

Kasikcioglu E, Oflaz H, Akhan H, et al. Left ventricular remodeling and aortic distensibility in elite power athletes. Heart and vessels.
2004; 19:183-8. https://doi.org/10.1007/s00380-004-0765-9

Mihl C, Dassen WR, Kuipers H. Cardiac remodelling: concentric versus eccentric hypertrophy in strength and endurance athletes.
Netherlands Heart Journal. 2008; 16:129-33. https://doi.org/10.1007/bf03086131

Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic diseases. Comprehensive physiology. 2012; 2(2):1143.
https://doi.org/10.1002/cphy.c110025

Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise capacity and mortality among men referred for exercise
testing. New England journal of medicine. 2002; 346(11):793-801. https://doi.org/10.1056/nejmoa011858

Wisleftf' U, Steylen A, Loennechen JP, et al. Superior cardiovascular effect of aerobic interval training versus moderate continuous training
in heart failure patients: a randomized study. Circulation. 2007;115(24):3086-94. https://doi.org/10.1161/circulationaha.106.675041
Chen YM, Li ZB, Zhu M, Cao YM. Effects of exercise training on left ventricular remodelling in heart failure patients: an updated meta-
analysis of randomised controlled trials. International journal of clinical practice. 2012; 66(8):782-91. https://doi.org/10.1111/j.1742-
1241.2012.02942.x

Journal of Clinical Medicine of Kazakhstan: 2023 Volume 20, Issue 6

11



JOURNAL OF CLINICAL MEDICINE OF KAZAKHSTAN

(E-ISSN 2313-1519)

Mapping the terrain: A
comprehensive exploration of health
literacy among youth

Olzhas Zhamantayev!, Karina Nukeshtayeva!, Gaukhar Kayupova!, Zhaniya Daulekaliyeva',
Zhanerke Bolatova', Alia Takuadina?, Nurbek Yerdessov'

!School of Public Health, Karaganda Medical University, Karaganda, Kazakhstan
2School of Informatics and Biostatistics, Karaganda Medical University, Karaganda, Kazakhstan

Received: 2023-08-26.
Accepted: 2023-11-02

® This work is licensed under a
Creative Commons Attribution 4.0
BY International License

J Clin Med Kaz 2023; 20(6):12-22

Corresponding author:
Karina Nukeshtayeva.
E-mail: nukeshtaeva@qmu.kz;
ORCID: 0000-0002-4463-6874

Abstract

Health literacy is identified as a crucial public health concept that
demands the attention of policymakers due to its profound impact on
population health. This comprehensive review explores the landscape of
health literacy among youth, examining current circumstances, relevant
policies, available resources, tools, and effective strategies. We aimed
to comprehensively map and synthesize the existing literature on the
current state of health literacy among young individuals. Employing a
data-centric methodology, the review meticulously analyzes existing
literature and research in the domain of youth health literacy. We
displayed the results of the analysis, distributing them into appropriate
blocks. The review emphasizes the need for deeper research to assess
health literacy gaps among youth and select appropriate assessment
tools. It also highlights the imperative to enhance the health literacy
of young individuals, which presents a significant global challenge.
Developed nations' governments show considerable interest in this
issue, with potential legislative measures to foster competencies from
early personal development. The review notes that multiple factors such
as socioeconomic status, health risk behaviors, health status, gender,
and age interplay with health literacy, requiring attention to disparities
among at-risk populations. Despite numerous tools available for
assessing general health literacy, the lack of a standardized international
tool remains a concern for public health professionals. Addressing
health literacy necessitates a multifaceted approach that considers
diverse influences on health education, communication, and behavior,
especially among youth. Tailored interventions designed for specific
populations can bridge literacy gaps and enhance overall well-being.

Keywords: health literacy, young population, health promotion

Introduction

influenced by individual, situational and social factors. As

Over the past decades, health literacy (HL) has @ result, it can be regarded as a dynamic and situation-

gained significant attention from researchers, activists,
and health policymakers, reflecting its evolving
importance in healthcare understanding and outcomes
[1]. Sorensen et al defined health literacy as individual
skills and institutional frameworks, along with the
available resources and dedication, collectively empower
individuals to attain, comprehend, evaluate, and apply
information and services effectively, maintaining and
promoting their well-being [2]. In a simplified approach,
health literacy describes an individual's ability to manage
their health and navigate the healthcare system. In this
context, health literacy is not static, it develops throughout
a person's life (for example, through schooling), and is

dependent concept at the individual level [3].

Health literacy, however, is something more
than just being able to read brochures and successfully
schedule an appointment with a doctor. Health literacy is
critical for population empowerment because it improves
people's access to health information and their capacity to
use it effectively [4]. The concept of health literacy goes
beyond the idea of personal resource. A higher level of
health literacy benefits whole society, for example, by
mobilizing communities to influence various factors that
affect health. This understanding justifies growing calls
for the perception of health as the joint responsibility of
both individuals and public policy-makers and health
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systems [5]. In this sense, health literacy extends beyond the
narrow concept of health education and communication centered
on individual behavior to include environmental, political, and
societal issues that influence health.

Children and adolescents are the key target population
for scientific research on health literacy since basic cognitive,
physical, and emotional development, as well as the creation
of health-related behaviors and abilities, take place during
childhood and adolescence [6]. However, there is a lack
of expertise and scientific consensus on what abilities and
knowledge children and adolescents require to make informed
medical decisions. Health literacy of children and adolescents
is described in the literature as a collection of interconnected
abilities, skills, obligations, and knowledge that allow access to
medical information and make informed and effective decisions
to enhance health [7].

The European Consortium on HL put forth the subsequent
HL definition for the broader populace: “HL involves literacy
and includes individuals' comprehension, drive, and ability
to access, grasp, evaluate, and apply medical information
for decisions about healthcare, disease prevention, and well-
being, with the goal of maintaining or improving quality of life
throughout life's stages” [8]. Nevertheless, in no single country
can there be an explicit application of the concept of HL in
childhood and adolescence [9].

The aim of our scoping review is to comprehensively map
and synthesize the existing literature on the current state of HL
among young individuals. This review seeks to explore and
analyze the prevailing situation, key issues, relevant policies,
available tools, and effective interventions pertaining to HL
among the youth (Figure 1). By conducting this scoping review,
our objective is to provide a comprehensive overview of the
landscape of HL among young people, identify gaps in research
and practice, and offer insights that can inform future research
directions, policy formulation, and the development of targeted
interventions to enhance HL in this critical demographic group.

Health
Literacy

Policies

A .
o Ao
R

Figure 1 - Mapping the Health Literacy terrain

Material and methods

The authors analyzed publications in the field of HL
among young people, the development of the subject, research
trends, and displayed the results of the analysis, intuitively
distributing them into appropriate blocks. A search of open
access publications yielded a total of 5159 articles retrieved
from the core Pubmed, Web of Science, Scopus databases using
the keywords "health literacy and students", "health literacy
and youth", and "health literacy and children". The authors
of this review analyzed the abstracts and main conclusions of
these publications for compliance with the stated aim, with the
subsequent inclusion of relevant publications in the review.

Based on the results of a literature search, the authors
included in this review 114 researches and disclosed the
following aspects of youth HL:

e Existing problems in the field of HL among young
people and their dimensions.

e [egislation and regulation of the problem of HL among
the young population

e Factors that affect HL levels in the young population

e HL Assessment Tools

e Available interventions to improve HL levels.

Health literacy levels overview

Health literacy of general population

It was shown that low HL was associated with various
negative consequences at the individual and society levels, such
as deterioration in health indicators and a lower level of use of
medical services [10].

Studies among general population revealed various levels
of HL. Thus, according to a European HL survey conducted
among eight European countries at least one in every ten (12%)
respondents had insufficient HL, and nearly one in every two
(47%) had insufficient or problematic levels. Nevertheless, the
distribution of these levels exhibited significant variations across
different countries (29-62%). Higher percentages of people with
low HL were discovered in demographic subgroups defined by
economic disadvantage, low social status, lack of education, old
age, implying the existence of a social gradient [11].

In a comprehensive nationwide cross-sectional study
encompassing 15,728 Danish individuals aged >25 years,
almost four in ten respondents’ encountered challenges when
it came to accessing, comprehending, assessing, and applying
health-related information. Remarkably, 8.18% displayed
inadequate HL, while 30.94% exhibited problematic HL. It's
worth noting that insufficient HL closely correlates with lower
socio-economic status, compromised health, sedentary lifestyle,
and overweight conditions. However, its connection to positive
health behaviors, such as abstaining from smoking and excessive
alcohol consumption, is comparatively weaker [12].

The study's findings on HL in Portugal suggest that 7
out of 10 people in Portugal (mainland) have high HL levels.
Additionally, the findings imply that "navigation in the health
system" tasks are the hardest in terms of particular health
literacies [13].

Scientific research on HL has also been conducted in
Kazakhstan. Thus, in 2013-2014, as part of a population-based
cross-sectional study with the participation of six countries of
the Asian region (including Kazakhstan), the study of HL was
conducted using a comprehensive tool - the HLS-EU-Q47
questionnaire developed for the European HL Survey. This
questionnaire is focused on the measurement of GVH not only
in clinical settings, but also among the general population. The
study validated the HCS-EU 47 questionnaire, translated into
seven languages, in several Asian countries [14].

Aringazina et al. studied the distribution of HL levels
among the population of five cities of Kazakhstan by the ability
to search, understand, evaluate, and use information for health
promotion. The study showed that the majority of respondents
freely handle information in the field of health, regardless of
gender, and the ability to manipulate information is expressed
almost equally in each category of the assessment tool [15].

Health literacy of students and youth

Rababah et al. discovered that the field of study, health-
related vs. others, had a substantial impact on all HLQ scales. On
all scales, students in health-related faculties scored much higher
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than students in other faculties. Other characteristics influencing
students' HL included age, gender, smoking status, and year
of study, with field of study having the greatest impact on the
degree of HL among college students [16].

The research carried out by Vozikis and colleagues
revealed that the HL of the college students in the study
demonstrated a moderate to elevated range with their well-
being being notably favorable at the same time. Furthermore,
various elements including economic and demographic aspects
like household earnings, sex, and health-related habits such as
alcohol consumption, smoking, and physical activity were found
to correlate with the participants' HL level and overall health
condition [17].

In the study conducted by Patil et al, which explored HL
and digital HL among college students in the US, more than
half of the sample (51%, N=130) reported low HL. Students
with low HL were, on average, 2.3 years older than those with
adequate HL (p<0.001). Students who identified as female or
gender variant were roughly twice as likely to have adequate
HL as students identifying as male (p<0.001). No significant
differences between HL levels were found across ethnic or racial
groups. There was no significant association between HL level
and political affiliation [18].

Younger individuals demonstrate lower levels of HL.
About 25.5% of the research subjects in a cross-sectional survey
of junior middle school pupils (ages 12 to 15) were found to
have poor HL. Higher HL among students was connected with
better quality of life (QOL) (P<0.01) [19].

Legislation and regulation of the problem of

health literacy among the young population

Attention is being paid to HL at the legislative level. Thus,
there is an established HL Council in the District of Columbia,
US, that shall advise the Mayor and the Council on promoting
HL for residents of the District and helping residents develop a
working knowledge of mental health [20].

In order to improve HL, particularly among young people,
the National Academy of Sciences, Engineering, and Medicine
in Washington, US, regularly hosts round tables on the topic.
These gatherings bring together leaders from academia, business,
government, foundations, and associations, as well as advocates
for patients' and consumers' interests. The Roundtable's mission
is to educate, motivate, and engage a wide range of stakeholders
in order to encourage the development, implementation,
dissemination of evidence-based HL practices and policies with
the aim to enhance everyone's health and wellbeing [21].

The National Action Plan initiated by the U.S. Department
of Health and Human Services strives to engage a diverse range
of stakeholders in a cohesive, cross-sector initiative aimed at
enhancing health literacy. Seven goals that will increase HL are
included in the action plan, along with methods for attaining
them [22].

In addition, International HL organizations have been
established in other countries: namely, the Asian HL Association,
the Health Literacy Center of the Canadian Public Health
Association, the Global Literacy Working Group in New Zealand;
Health Literacy in the United Kingdom; Health Literacy in the
United Kingdom; the Irish National Adult Literacy Agency;
Shanghai Declaration on Health Promotion [23].

Our country is no exception. Chapter 12 of the Constitution
of the Republic of Kazakhstan enshrines the constitutional
rights and obligations of citizens of our country in the field of
healthcare. According to Article 80 of the Constitution, citizens
of the Republic of Kazakhstan, first of all, are obliged to take
care of the preservation of their health, bear joint responsibility

for the maintaining and enhancement of personal and public
well-being. [24, 25].

The problem of forming a healthy lifestyle has received
the priority status of state policy: in the Development Strategy
of Kazakhstan until 2030, one of the most important long-
term priorities is defined as "Health, education and well-being
of citizens of Kazakhstan", which emphasizes the political,
economic, socio—medical importance of a healthy lifestyle. In
this regard, the comprehensive use by the healthcare system of a
powerful social component, such as the participation of citizens
in the preservation and strengthening of public health, in the
formation of a healthy lifestyle, is of particular importance,
especially for the younger generation, since it determines the
future of the country, its scientific and economic potential.
The observed deterioration in the health of adolescents on the
threshold of entering working age and reproductive age makes it
necessary to study social factors that ensure the preservation and
improvement of their health [26].

In order to increase the HL of the population and strengthen
the promotion of a healthy lifestyle in Kazakhstan, a Roadmap
for 2023-2025 has been developed and is being implemented,
the Ministry of Health of the Republic of Kazakhstan reports.
As a result of the implementation of the Roadmap measures,
it is expected to reduce the consumption of tobacco products,
alcoholic beverages and surfactants; improve mental and
reproductive health; reduce injuries. It is expected that one of
the main objectives of the roadmap implementation will lead to
an increase in the proportion of citizens of Kazakhstan leading
a healthy lifestyle to 30% by 2025; Reduction in the prevalence
of tobacco smoking among the population of Kazakhstan aged
15 years to 19% by 2025; Reduction in the incidence of obesity
among children (0-14 years) to 90 per 100 thousand population
by 2025 [27].

Factors that affect health literacy levels in
the young population

Socio-demographic factors

Several studies have examined the relationship between
HL and demographic factors, providing insights into how they
can impact HL levels.

One study conducted in Greece assessed the functional HL
among university students and found no significant association
between age and HL [17]. The study by Vamos et al. (2016)
investigated HL profiles of Texas university students and
revealed that, in relation to "Appraisal of health information,"
younger students aged "15-24 years" exhibited lower HL levels
compared to their colleagues aged "25 years or older" [28]. These
findings suggest that age may not be a significant determinant of
HL among young people.

However, other studies have shown that age can influence
HL levels in specific populations of young people. For example,
a study in Malaysia and Sri Lanka found that younger students
had lower HL levels compared to older students [29]. Similarly,
a study in Germany found that HL levels among adolescents
declined with age [30]. These findings indicate that age can have
an impact on HL levels in certain contexts.

Rababah's study uncovered that freshmen, sophomores,
and juniors displayed diminished HL levels across measured
dimensions, including "Feeling understood and supported by
healthcare providers," "Appraisal of health information," and
"Understanding health information." Additionally, the research
identified associations between health literacy and gender.
Rababah et al.'s investigation highlighted those female students
demonstrated elevated HL levels compared to male counterparts
in specific domains, such as "Social support for health,"
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"Navigating the healthcare system," "Ability to find good health
information," and "Understanding health information." [16].

The study by Vamos et al. (2016) uncovered a notable
gender-related finding, indicating that women reported higher
levels of HL in aspects such as " Adequate comprehension of
health information to make informed decisions" and " Evaluation
of health information" compared to men, emphasizing gender
disparities in health information comprehension and decision-
making [28].

The study investigated the connections between the study
variables and HL domains. Notably, a correlation was established
between gender and general HL, with females exhibiting notably
higher HL scores across all health domains [31]. However, other
studies have shown mixed results regarding gender differences
in HL. When comparing Korean males and females, it was found
that the latter were less likely to know how to read and fill out
medical forms (¥2=6.594, df=2, p=.037), to have trouble reading
the directions on medicine bottles (y2=7.515, df=2, p=.023) and
to understand written information from a doctor, nurse, or nurse
practitioner (¥2=9.975, df=2, p=.007) [32]. Some studies have
found that women have higher HL levels, while others have not
found significant gender differences [33-36].

Furthermore, the study conducted in China found
notable geographic variation in HL levels, with the proportion of
respondents with adequate HL varying across different regions.
Similarly, another study in China found regional heterogeneities
in HL levels among the Chinese population [37]. These findings
suggest that HL levels can vary based on the geographic location
within a country.

Additionally, the study conducted by Banfai-Csonka
et al. found that nationality was an influencing factor in HL
among university health science students. The study reported a
significant correlation between nationality and HL levels [38].

Lifestyle factors

Svendsen et. al. identified notable links between HL and
physical activity, with sedentary behavior linked to higher odds
of lower HL scores, while moderate exercise was associated
with reduced odds of inadequate and problematic HL. Moreover,
this group of authors found the significant relationships between
HL and the long-term health risk indicator BMI, indicating that
obesity (BMI>30) was linked to lower HL scores, while higher
HL scores were associated with normal BMI and demonstrated
associations with overweight (BMI>25). Furthermore, HL
demonstrated associations with alcohol consumption, consistent
drinking habits, and issues related to alcohol consumption [39].

Evans et.al. found that students who rated their health as
not satisfactory were twice as likely to have limited HL as those
who rated their health as satisfactory [40].

Rababah’s findings indicate that the smoking status of
college students is a significant predictor of HL. Nonsmokers
had higher scores of HL on seven of the nine HLQ scales
compared to smokers [16].

In the study conducted among Danish students, it was
defined that the health-related experiences of the students
tended to influence their HL as well. In four of the nine domains,
students who had prior contact with hospitals as inpatients or
outpatients scored higher than those who had not [41].

Socio-economic factors

It is argued that the HL level is associated with the
direction of education. For example, research suggests that high
levels of HL are associated with education in medicine and
health sciences, in particular, Public Health [16, 41-44]. At the
same time, conflicting data are indicating that students of health

professions have a low level of HL, and there are also difficulties
in interacting with e-health [45-47].

Other important socio-economic determinants of HL that
are positively correlated with it are the socio-economic status
of families and parents' education. This is attributed to the fact
that caregivers with a higher education and socioeconomic
status contribute to a better orientation of their children in
health knowledge and behavior. Such families have a higher
income, allowing them to provide children with better access to
information and services and the best schools [48-50]. Moreover,
a low level of HL is found among those students who report
insufficient financial situations and low social status compared
to older classmates [51].

Marital status is also noted as one of the socio-economic
factors of HL among students. For example, living alone is a
predictor of lower HL [52, 53].

Health-related factors

Frequent access to health services was associated with
higher HL. Frequent health check-ups, whether due to illness or
as a preventive measure, lead to frequent contact with healthcare
professionals, thus contributing to higher HL among university
students. Also, higher levels of HL are observed among students
with less anxiety about their health (Figure 2) [49, 54].

Female

O

Background Educated

in Medicine caregivers
Physical Financially
active secure
Non-smoker Normal BMI

Figure 2 - Traits of a person with high Health Literacy level

Health literacy assessment tools

Given the importance of HL, it is prudent to develop
comparable and reliable measurement tools to assess HL in the
population. Based on the role of interested parties in improving
HL we believe that research institutions should develop and
improve tools for assessing HL. To date, there are various systems
or scales for assessing and measuring HL based on different
subjects, both general HL, a specific disease or condition, health
care, and tools that target different age groups and nationalities.

A systematic review conducted by Mahmoud Tavousi et
al. highlighted that the initial tools for assessing HL emerged
in the early 1990s and continue to be relevant in contemporary
research. Over the period between 1993 and 2021, a total of 39
tools aimed at measuring general HL were identified [55].

Among the historically prominent tools for general health
assessment, the following instruments have been frequently
employed:

1. Rapid Estimate of Adult Literacy in Medicine
(REALM) (1993), designed to evaluate reading proficiency and
pronunciation skills [56].

2. Test of Functional HL in Adults (TOFHLA) (1995),
aimed at assessing reading comprehension and numeracy
abilities [57].

3. Newest Vital Sign (NVS) (2005), a concise clinical
screening tool targeting reading comprehension and numeracy
proficiency [58].
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Despite their wide usage, these tools have faced criticism
for several reasons. Some critiques include their limited
coverage of various facets of HL, their inappropriateness for
use in intervention-based studies, or their failure to encompass
a health promotion perspective. Moreover, it's worth noting
that the majority of these measurement scales were initially
developed and predominantly used in clinical settings [59].

The advancement of tools for studying medical literacy has
led to the proliferation of various versions of existing instruments.
These adaptations have been tailored to different languages and
diverse population groups. Some notable instances include:

e Rapid Estimate of Adult Literacy in Medicine
(REALM) and its 16 iterations.

e Testof Functional Health Literacy in Adults (TOFHLA),
which has seen the development of 6 versions, including its
abbreviated form S-TOFHLA with 13 versions.

e Newest Vital Sign (NVS) has undergone 15 variations.

During the last decade two well-constructed instruments
have emerged as noteworthy additions:

1. The Health Literacy Questionnaire (HLQ) (2013):
This instrument stands out for its departure from established
theories in the initial development stages. Emphasis was
placed on comprehensively grasping the insights and expertise
of health practitioners, community members, and peers. The
HLQ comprises nine scales, each capturing a unique facet of
the multidimensional construct of HL. Robust psychometric
properties are evident across all scales. A significant
recommendation stemming from this study is the endorsement of
the HLQ's usage to identify disparities between the perspectives
of clinicians and patients.

2. The Health Literacy Survey Questionnaire (HLS-EU-Q)
(2013): Alongside its subsequent iterations, this questionnaire
has made a notable contribution to the field. The questionnaire
encompasses a total of 47 items that evaluate 12 distinct
subdomains of HL. These subdomains are constructed around
four fundamental information-processing abilities possessed by
individuals, namely accessing, comprehending, evaluating, and
applying information. Additionally, these abilities are explored
within the context of health promotion and disease prevention.

These refined tools signify a substantial stride in the
evolution of medical literacy assessment methods, offering
a more comprehensive understanding of individuals' HL
experiences [60-62]. The HLS-EU-Q tool has also been used
in studies in Asian countries, including Kazakhstan [63], the
variety of language versions of this questionnaire makes it one
of the most widely used in the world.

In a systematic review conducted by Soares V.L. et al.
of 31 instruments, none of their psychometric properties were
rated as "very good" according to the COSMIN Risk of Bias
checklist. The authors noted that the use of reliable tools for the
development and evaluation of interventions in families with
diabetes is important for improving HL, namely critical literacy
and the effectiveness of diabetes treatment [64].

Among infectious diseases, HIV is the leader in the
development of HL research tools. During the coronavirus
pandemic and after, tools for studying medical literacy in this
area began to be actively developed. Knowledge about the
symptoms and transmission of infection, worry about infection,
and practices related to mask usage and hand hygiene were most
frequently evaluated [65]. A diverse array of specific content
measures gained prominence, encompassing various dimensions
such as parental and maternal health, insurance literacy,
occupational health, dietary preferences, personal weight
perception and concerns, awareness of alternative medicine,
interactions with healthcare providers, and various other aspects
[55].

The increasing emphasis on cultivating HL among
children and adolescents has led to the exclusive incorporation
of HL promotion in early childhood within the policy brief of the
World Health Organization's agenda for investing in HL within
the European Region. Additionally, this focus has found its
place in the recently published Shanghai declaration on health
promotion [66].

A systematic review by Okan O et al. spanning the years
1990 to 2015 identified a total of 15 tools designed for measuring
HL among children and adolescents. Scholars, in alignment with
insights from developmental research, assert that the foundation
for effective HL is laid during early childhood. Within the
spectrum of identified tools, ten novel instruments were devised
specifically for children and/or adolescents, encompassing the
age group of 15 and older, which also extended to encompass
adult age groups [67]. Among these, REALM-teen stands out as
the pioneer HL tool for adolescents. This tool represents a teenage
adaptation of the Rapid Assessment of Adolescent Literacy in the
Field of Medicine (REALM-teen), an English word recognition
test intended for use as a concise literacy assessment tool within
medical institutions [68]. Additionally, a teenage version of the
Adult Functional Medical Literacy Test (TOFHLAd) [69] and
the Newest Vital Sign (NVS), employed for gauging children's
literacy in health-related matters [70], have been presented. In
Austria, a study utilized the HL tool HLS-EU-Q47, originally
devised and validated for adults aged 15 and above, which was
subsequently modified into a condensed version tailored for
adolescents [11].

Improving health literacy: A multifaceted

approach

Effective management of HL levels requires consideration
of various aspects and approaches tailored to different types
of HL and target populations. When addressing specific
health conditions resulting from health choices, beliefs, or
life circumstances such as immigration or natural disasters,
a customized strategy for improving HL is essential. This
spectrum of HL factors, if incorporated into the formulation
of HL improvement policies from the outset, could have a
transformative impact.

Despite the significance of HL, its distinct impact on
health education and communication methodologies is not
yet adequately reflected in many interventions. Progress in
supporting national policies, implementing programs, and
providing intervention tools for community practitioners has
been slower than anticipated [71]. While numerous interventions
have been reported in clinical settings, these primarily focus on
functional HL in terms of task-oriented skills [72]. Nonetheless,
interventions targeting HL have demonstrated the potential to
enhance HL levels and subsequently induce changes in health
behaviours. This presents a promising avenue to alleviate
health inequalities among populations at the greatest risk [73].
In developing nations, healthcare systems face substantial
challenges in addressing the needs of vulnerable communities.
Factors such as lack of medication compliance, shortage of
health educators, and barriers arising from language, socio-
political, economic, and cultural factors hinder HL advancement.
Research underscores that these challenges contribute to higher
mortality and morbidity rates within vulnerable populations [74].
Effective HL requires a foundation of mutual understanding
and communication between patients, families, and healthcare
providers.

Promising interventions targeting HL embrace distinctive
features that contribute to their effectiveness. Firstly, these
interventions are tailored to the needs of participants with low
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HL, addressing their specific requirements. Secondly, they
emphasize interactive and critical skills rather than focusing
solely on knowledge acquisition. Lastly, these interventions
present information in an easily digestible manner, avoiding
complexity and utilizing animated spoken text [75]. Such
interventions have exhibited improvements in motivation,
knowledge, empowerment, and self-confidence, indicating their
potential for broader application [76]. In a study conducted
in Turkey higher HL levels were observed among women
who had prior exposure to information regarding Breast Self-
Exams, Clinical Breast Exams, mammography, and mammary
ultrasonography. Notably, improved HL in women corresponded
to an enhanced interest in seeking out screening techniques
crucial for the early identification of breast cancer [77].

A strategic initiative for enhancing citizens' HL is health
education. Notably, China has established professional health
organizations (PHOs) that offer comprehensive health education
and promotion services [78]. In the United States, the "OPtimising
HEalth LlterAcy and Access" (Ophelia) project comprises
three key phases: assessment, intervention development, and
continuous improvement. This multifaceted approach seeks to
bolster HL by enhancing service delivery, refining processes,
and evaluating outcomes [79].

Categorizing interventions into distinct categories reveals
the diverse methodologies employed. These categories include
traditional HL interventions, art-based approaches, active
learning strategies, and technology-based interventions [80].
Traditional methods encompass lectures, passive lessons, and
distribution of pamphlets, while art-based interventions engage
creative approaches like drama and storytelling. Interactive
learning interventions, such as group discussions, promote active
participation, and technology-based interventions leverage
digital platforms for knowledge dissemination [81]. Digital
tools such as eHealth and mHealth technologies hold promise
for direct-to-consumer HL interventions. Particularly, mHealth
applications cater to smartphone users and can offer accessible
solutions for HL improvement. However, concerns regarding
privacy, security, and usability remain barriers to widespread
adoption [82]. Evaluating the efficacy of these tools is essential,
especially considering the potential impact of social media on
HL and the dissemination of health-related information [83].
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Figure 3 - Core Health Literacy interventions
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In the realm of health professions education, the importance
of HL is increasingly recognized. Effective communication
and assessment skills, especially within real-world patient
interactions, prove essential for health professionals to bridge
the HL gap [84]. Current evidence highlights the need for more
comprehensive training programs in evidence-based medicine
and HL for both healthcare providers and patients [85].

Interventions designed to improve HL extend beyond
clinical settings, encompassing diverse domains like nutrition,
physical activity, and immigrant populations. In the realm of
nutrition, interventions targeting individuals with low HL seek to
simplify information and reduce reliance on medical jargon [86].
Similarly, interventions focusing on physical activity emphasize
the importance of creating opportunities for public engagement,
promoting active lifestyles, and improving road safety [87,
88]. The unique challenges faced by immigrant populations
necessitate culturally sensitive interventions. Effective strategies
include using native languages, involving participants in program
development, and collaborating with community members who
share similar experiences [89]. Nurses play a vital role in these
interventions, bridging the gap between healthcare providers
and culturally diverse populations [90].

Moreover, interventions have explored HL's connection
with specific health domains such as calcium intake and mental
health awareness [91]. Recognizing the pivotal role of healthcare
practitioners, particularly registered dietitian nutritionists, in
addressing HL gaps can lead to improved dictary choices and
overall health outcomes [92]. Implementing evidence-based
interventions and strategies to tailor care to individuals' needs
and goals is crucial in achieving positive outcomes [93].

All of the interventions and measures mentioned above are
applicable for young generation, the key point of these is the
tailored approach based on research outcomes, not just general
understanding or experts’ opinions. It is essential for young
people to make informed decisions about their health, such as
choosing healthy foods, getting regular exercise, and avoiding
risky behaviors. There are a number of interventions that
have been shown to improve HL among young people. These
interventions can be delivered in a variety of settings, including
schools, community centers, and health clinics. We tried to delve
into the array of measures and interventions geared towards
improving HL among this population group, with insights drawn
from a diverse selection of credible sources.

The role of families is pivotal in shaping health behaviors.
Educational programs that engage parents and guardians in
discussions about health topics and effective communication
strategies create a supportive ecosystem for young people to
make informed decisions [71, 94]. Collaborative efforts between
educational institutions, healthcare providers, and community
organizations facilitate HL improvement. Workshops, health
fairs, and community-based events bring together various
resources to disseminate accurate health information and provide
opportunities for hands-on learning [95, 96].

Schools serve as crucial platforms for HL interventions
[97, 98]. Typically, the basic literacy challenges that arise during
the school years tend to endure into an individual's adolescence
and beyond, and usually connected to broader health concerns
[99]. Comprehensive health education programs that encompass
topics such as nutrition, sexual health, mental well-being, and
substance abuse prevention can equip young individuals with
essential knowledge to navigate their health effectively [100-
102]. It's important to emphasize the significance of teacher
HL as a provider in the National Health Education Standards
[103]. Incorporating interactive teaching methods, real-world
scenarios, and peer-led initiatives enhances engagement and
relevance. Achievements, quizzes, and challenges not only
enhance knowledge retention but also motivate continuous
learning. [104, 105]. Even medical students’ have different
issues regarding HL. For instance, in a study from the US more
than 60% of students struggled to identify HL as an important
determinant [106]. Embedding HL. components within existing
curricula, such as science or social studies, ensures that health-
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related topics are not treated as standalone subjects but are
seamlessly integrated into broader educational goals. This
approach emphasizes the practical relevance of HL in daily life
[107-109].

Gamification utilizes game elements to engage and educate
users. Health-related mobile apps and online platforms can
employ gamification techniques to deliver health information
in an interactive and engaging manner [110,111]. Given the
digital era's prevalence, digital HL is paramount. Online
platforms, health-related apps, and social media channels
can either empower or misinform young people [112,113].
Educational programs that teach critical evaluation of online
health information, privacy protection, and reliable resource
identification are essential to develop digital HL skills [114].

Peers exert considerable influence during adolescence
and early adulthood. Peer-led workshops, discussion groups,
and awareness campaigns enable relatable information sharing
and discussions on health topics, e.g. vaccine hesitance and
confidence. This approach fosters a comfortable environment
for open dialogue, making health information more accessible
and relatable.

So, addressing HL demands a comprehensive, multifaceted
approach that considers the diverse aspects influencing health
education, communication, and behavior, especially when
managing it among young people. Targeted interventions,
tailored to the unique needs of specific populations, have the
potential to bridge HL gaps and enhance overall well-being.
HL initiatives can encompass a wide range of domains, from
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