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ABSTRACT
Background and Objectives: One of the most causes of death in the world is cardiovascular disease
(CVDs). Being physical active is known to be able to reduce cardiovascular risk. For many people,
cycling is a very common sport recreation activity. It is one of the physical activities that could helps
improve cardiovascular function, and cycling is an aerobic process that causes the heart, blood vessels,
and lungs to exercise. Cycling is categorized as a cardio workout because it will optimize the productivity
of the heart, lungs, and blood circulation system. This review will analyze the cardiac changes associated
with the aging process that causes CVDs and to illustrate the advantage of optimum cycling in
maintaining cardiovascular health.
Methods: Data were collected from some literature that containing key words of cycling, cardiovascular
health, and cardiovascular aging. The criteria of article were clinical trial, observational trial and review
study from 10 years latest. From 332 studies and review, 32 were included.
Results: Cycling might decrease cardiovascular disease risk factor, and aging process. Such results may
be accomplished as a stand-alone intervention or in combination with other physical or dietary activities.
Conclusion: In terms to boost cardiovascular health, slow down the aging process, cycling and dieting are
advised. These results should be taken with caution, considering the lack of randomized controlled trials,
and there is no meta — analysis data associations cycling and cardiovascular disease risk factor.
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INTRODUCTION

Cardiovascular diseases (CVDs) has become a burden for many developing countries, such as
Indonesia. This is also the primary source of cases of morbidity and mortality. In Indonesia, 1 from 3
deaths are caused by CVDs and this is also the main source of morbidity and mortality * .The cross-
sectional study in Indonesia shown that 30% of older adults are at risk for CVDs. Some vascular risk
factor for these diseases are preventable, particularly obesity, hypertension, diabetic and active tobacco
use 2. The impact of cardiovascular diseases to the heart and blood vessel including hypertrophy, heart
fibrosis, heart failure, arrythmia, atherosclerosis and lead to myocardial infarction, stroke and cardiac
arrest 34, Therefore, it is necessary to take precaution action at early phase, so community will be aware
on the risk of CVDs and maintain their healthy lifestyle.

WHO recommends at least doing physical activities and/or exercise with moderate intensity for
150 minutes per week 2. Recent research shows that increasing physical activity has health impact, both
for physical and psychological, so that physical activity can be used as a new habit in society. One of
common and wellknown activity, cycling, have beneficial impact on the function of cardiorespiratory
system and metabolism throughout the body at various intensities °.

It has the intensity to effectively train cardiorespiration and body metabolism, thus providing a
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number of health benefits 5. Cycling associated with a decreased risk factor of CVD in adults. Daily walks
or cycling as well as commuting are inversely linked to profile lipid serum in a large sample of Chinese
adults, include total serum cholesterol, triglycerides and low-density lipoprotein levels among men, and
can improve high-density lipoprotein cholesterol levels among women compared to persons travelling by
bus 5.

A study shown that children cycling to school have a lower risk of cardiorespiratory disease and
greater health than passive commuters and pedestrians. The correlation between commuting to school
using a fitness-based and aerobic bicycle was found to be 5 percent better for 9-year-old girls who rode a
bicycle and 7 percent better for boys. In comparison, 15-year-old girls who cycled had 11% greater health
than passive travelers, and boys cycled 7% better than pedestrians °.

Cycling is categorized as a cardio workout because it will optimize the productivity of the heart,
lungs, and blood circulation system. The greater performance of the circulatory or cardiovascular system
will lower the risk of stroke, heart attack, and high blood pressure 2.

Therefore, this article is aimed to review the cardiac changes related with aging process that cause
CVDs and shown the overall benefit of cycling to maintain cardiovascular health.

METHODS

In this review article, we searched and collected many literatures from three electronic database,
Biomed Central, Scopus and Pubmed. We examined those literatures that had correlation between cycling
and cardiovascular health by terms “Cycling and Cardiovascular health and Cardiac aging”. Those
literatures were combined for each of three electronic database system. All published and reviewed
articles from data base only in English language and had rating Q1-Q2.

Based on article titles, the identified reports were initially evaluated for inclusion and exclusion
criteria, which is inclusion criteria as follows: clinical trial, observational study and review study,
publication date: 10 years latest, subjects: no gender limits, >65 years old, measures of health and
function (e.g fitness).

Whereas exclusion criteria that we used are articles not focused on cycling specifically, not in term
of sport medicine, not related with cardiovascular aging. The raw data we found 332 hits then became 32
hits after we selected them by inclusion and exclusion criteria.

DISCUSSION

Sedentary lifestyle, marked by chronically low levels of physical activity, are now recognized as the
leading contributors to poor cardiovascular health among the many risk factors that predispose to CVD
development and progression. Being inactive in combination with unhealthy diet will lead to one of the
cardiovascular risk factors which is excessive body weight, ended with obesity 3. That condition
associated with metabolic syndrome, such an impaired response of the body to insulin, persistent
inflammation, and formation of ectopic fat (including cardiac deposit of ectopic fat). These factors
contribute to cardiac metabolic pressure and increased amount of myocardial work and interfere with the
body’s hemodynamic processes ’ .The increasing rate of fatty acid uptake and utilization, also decreasing
of glucose oxidation, will impact cardiac metabolism, and decreasing insulin sensitivity rate. The
condition will lead to intramyocardial lipid accumulation, results in “lipotoxicity”, the amassment of
lipids and its metabolites, which impact the function of cardiovascular system ’.Cycling as physical
activity, is known as a cardio exercise to help promotes cardiovascular function and optimizes the
performance of cardiorespiratory system and blood circulation. The heart muscle that is trained regularly
would work optimal to deliver blood and oxygen throughout the body. Higher circulatory or
cardiovascular system output can reduce the risk of stroke, heart attack, and high blood pressure 7.

Below detail explanation about cycling to maintain cardiovascular health and prevent the aging
process to the cardiac function.
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AGING PROCESS IN CARDIAC STRUCTURE AND FUNCTION

Aging has several impacts in many organs, including cardiovascular. Senescence of
cardiovascular impairs many functional pathways and leads to dysfunction and diseases. By age,
hypertrophy left ventricle and aorta stiffness are usually happened. Aorta stiffness is related with
accumulation of collagen and depletion of elastin. Collagen accumulates in the aorta due to activation of
transforming growth factor (TGFp). Meanwhile, depletion of elastin is caused by activity of matrix
metalloproteinase (MMPs) and inflammatory process that also contributes °. If aorta begins to stiff then it
can lead to deceleration of blood flow and brings hypoxemia. When this condition be chronic, it can lead
to deceleration of ventricular filling and significant atrial enlargement, and finally causes diastolic
dysfunction. This condition increases resistance left ventricle filling and has a potency to be one situation,
called heart failure 1°. By aging, systolic function is also impaired. Left ventricular ejection is precursor of
left ventricle systolic performance. With myocardial stiffening, decrease its contractility, related to
deterioration of maximum heart rate and maximum ejection fraction during exercise, happened
concomitantly. All of these render cardiovascular diseases.

Mostly, left ventricle hypertrophy is happened in cardiac aging. Left ventricle hypertrophy due to
a rise of cardiomyocyte capacity, fibrosis, and asymmetric development of the interventricular septum,
not by total cardiac mass 1. Hypertrophy in left ventricle and interventricular septum may ultimately lead
to the myocardial fibrosis, irregular heartbeat, advanced myocardial decadency and end-stage heart
failure?®,

Beside hypertrophy left ventricle and aorta stiffness, endothelial dysfunction also has major role
in cardiac aging. Endothelium are the cells that compose the lumen of blood vessels. With aging, blood
vessels become hard to dilate and oxidative stress aggravates it, rendering atherosclerosis and finally
favoring cardiovascular diseases. The reduction of bioavailability of nitric oxide (NO) provides
endothelial dysfunction. This reduction can occur due to depletion of NO synthesis and degradation of
NO. In the physiological condition, endothelial nitric oxide synthase (eNOS) produces NO from L-
arginine. By age, eNOS has alterated function and impair synthesis of NO °. Meanwhile, degradation of
NO due to increasing reactive oxygen species (ROS). Study from Tocchi et.al 2. describes a general
decline in mitochondrial capacity and increases production of Reactive Oxygen Species (ROS). That
deterioration suppresses the autophagy process'?. renders structural and functional impairment. It is
because reduction of autophagy process can affect the capacity of recycling and degradation of
intracellular components®®.  Along with increasing “waste” in intracellular and production of ROS,
mitochondria is particularly susceptible to oxidation. It leads to several effects: necrosis, apoptosis,
inflammation, and immunological dysfunction!4.

The permanent Ca?* in cardiomyocyte have negative effect on ROS production. In elderly,
reuptake rate Ca?* relate to down regulation of SERCA 2 protein that make prolonged sistol and diastole
and make maximal heart rate decrease. Aging process have effect in adrenergic signal that relate to
elevate symphathetic neurotransmitter 5. Renin — angiotensis system (RAS) activated by cardiomyocytes
and fibroblast. RAS signalling work with Angiotensin 1l (ANGII) and growth factor beta (TGF — ) affect
hypertrophy of the cardiomyocytes. Angiotensin 1l (ANGII) responsible at tissue remodeling and
inflammation. But. Signalling pathway of ANG Il need another report study*°. Every sign that caused by
aging make heart become different. Cardiac output will be decrease and heart rate will increasingly
slowly. In study earlier, exercise heart rate between young and elderly resulted that elderly had 30 second
slower increase ¢, Beside that, response to - adrenergic will reduce and make relaxation response will
decrease.

The aorta stiffness, hypertrophic left ventricle and endothelial dysfunction related with ROS
production are the impact of aging process in cardiac structure and function °. The aging process causes
structural disorders of the artery walls in the form of atherosclerosis. The key causes of impaired vascular
endothelial function through excessive development of superoxide (O2-) are oxidative stress and
inflammation. Inflammatory cytokine increases collagen deposition, elastin fragmentation, protein
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(nitrotyrosine) oxidation, and the formation of advanced glycation end products (AGEs). With age
increased, it becomes irregular, which leads to the decrease of rate and amount of nitric oxide (NO)
absorption and vascular endothelial dysfunction 7.

These healthy lifestyle with low intensity of physical activity and aging process, impact
cardiovascular health. Therefore, lifestyle intervention, such as increasing rate of exercise and physical
activity, are needed to against CVD.

CYCLING FOR CARDIOVASCULAR HEALTH

Cardiovascular health is dependent on the presence of cardiovascular risk factors. Therefore,
preventive measures taken against cardiovascular risk factors has never been more important.

Cycling is one of type of aerobic exercise, that could sustain or restore vascular endothelium
efficiency by decreasing the production of oxidative stress and age-related inflammation 7.

Changes in the structure of the vascular endothelium due to physical activity starts from the
formation of nitric oxide (NO) which is important in increasing vasodilation of blood vessels. Reactive
Oxygen Species (ROS) acts to deactivate NO bioavailability. During physical activity, there was an
increase in SOD activity due to increased shear stress in the blood vessel walls as well as a positive
feedback mechanism where NO was known to enhance extracellular SOD output 8.

Physical activity has been known to be able to reduce cardiovascular risk such as elevated blood
pressure, insulin resistance and glucose intolerance, elevated triglyceride concentrations, low high-density
lipoprotein cholesterol (HDL-C) and high low-density lipoprotein cholesterol (LDL-C) concentrations,
and obesity 1°.

Physical activity can be differentiated into two types which are the aerobic and anaerobic exercises
based on the oxygen consumption during activity, both of which are beneficial in reducing cardiovascular
risks 1.

Bicycling is considered as one of the most common aerobic exercises. People who spent 1 hour
every week bicycling for pleasure participated in an additional 3 MET h/day of recreational physical
activity (equivalent to approximately 36 min/ day of moderate intensity physical activity). Cycled for
more than 1 hour spent an additional 7.9 MET h/day in moderate-to-vigorous physical activity (equivalent
to 94.8 min/day of moderate intensity physical activity) compared to people who did not 2.

A study reported that cycling had a great impact in reducing cardiovascular risk factor. Compared to
non-cyclist, cardiorespiratory fitness (CRF) is higher. Blood lipid (total cholesterol, triglyceride, and
LDL) lower than non-cyclist, and HDL is higher than non-cyclist. According to the study, there is no
meta — analysis about associations cycling and CVD risk factor 2%. Indoor cycling also can reduce systolic
and diastolic blood pressure. In 6 months intervention combining with diet may raising HDL, reducing
triglycerides, total cholesterol and LDL 22,

Previous study by Grentved A et al., a 10 year-period cohort, has shown that bicycling to work is
beneficial in preventing cardiovascular risk. The cardiovascular risk assessed in the study includes
obesity, hypertension, hypertriglyceridemia, and impaired glucose tolerance. It was reported that cycling
to work has lowered the incident of obesity (OR=0.64, 95% CI 0.49-0.84, P<0.001), hypertension
(OR=0.88, 95% CI 0.75-1.03), hypertriglyceridemia (OR=0.76, 95% CI 0.62-0.92, P=0.006), and
impaired glucose tolerance (OR=0.79, 95% CI 0.68-0.93, P=0.005) compared to passive travel
(car/public transportation). Furthermore, it is shown that there is dose-dependent relationship between
bicycling distance and reduction of cardiovascular risk in which the length of the distance travelled is
inversely proportional to the incident of cardiovascular risk 2.

THE MECHANISMS OF CYCLING-INDUCED BENEFITS IN CARDIOVASCULAR HEALTH

Cycling is one of type of aerobic exercise, that could sustain or restore vascular endothelium
efficiency by decreasing the production of oxidative stress and age-related inflammation *7.
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Changes in the structure of the vascular endothelium due to physical activity starts from the
formation of nitric oxide (NO) which is important in increasing vasodilation of blood vessels. Reactive
Oxygen Species (ROS) acts to deactivate NO bioavailability. During physical activity, there was an
increase in SOD activity due to increased shear stress in the blood vessel walls as well as a positive
feedback mechanism where NO was known to enhance extracellular SOD output 8.

Decrease in maximal aerobic capacity is one of the important physiological changes that occur
during advanced aging process as characterized by maximum exercise oxygen consumption. This
reduction in aerobic capacity can be attributed to changes in oxygen distribution to the active muscles
during exercise (i.e. heart function) or the ability of the muscles to utilize oxygen .

A randomized study shows that level of cardiovascular fitness could be increased through an
aerobic cycling program as measured by peak VO2. The improvement in cardiovascular fitness from
aerobic exercise is a result of the central or peripheral mechanisms related to the transport and utilization
of oxygen .

The carotid arteries are a pair of blood vessels located on the inside of the neck, connecting the
aortic vessels from the heart to the brain. Previous studies have shown that the risk of cardiovascular
disease is higher in the intima-media walls of the carotid arteries. In addition, the risk of coronary artery
disease and stroke increases if the examination results reveal that the carotid intima media thickness
(CIMT) is> 1 mm. VO2max is associated with CIMT. The incidence of carotid arteriosclerosis has a
higher risk of low VO2max. Thus, cardiorespiratory fitness provides important data in the prevention of
CV disease 2.

Association between physical age and activity that make changes in exercise efficiency and maximal
aerobic capacity are described through decrease level of mitochondrial respiratory and enzyme activity in
the elderly population. However, elderly who are doing exercise has been shown to increase the density of
capillary blood vessels and activity of the enzymes in the mitochondria to the same level as young
individuals 24,

Heart Rate Recovery (HRR) is a measure of autonomic function that reflects the function of the
parasympathetic and sympathetic nerves in the post-exercise recovery phase. Several recent studies have
shown that HRR can be a prognostic sign in subjects with or without cardiovascular disease. There is an
imbalance in autonomic nerve function related with vagal tone deficiency that could lead to death 2°.

The results of clinical examinations of groups of people without cardiovascular disease show that a
higher activity rate results in a greater left ventricular mass as well as lower diastolic volume and resting
heart rate 4.

CHANGES IN CARDIOVASCULAR RELATED TO EXERCISE TRAINING AND CYCLING

Cardiovascular and skeletal muscle function are two most important components during physical
exercise. The need for oxygen in the muscle during physical activity increases in proportion to the
intensity of the exercise which required an increase in cardiac output, as well as myocardial oxygen
demand. The fulfillment of this demand is dependent on the nutrients and oxygen supply from the
coronary arteries. Previous studies have shown that there are morphological and functional changes to the
vascular system in a population with regular physical activity. These changes increase blood flow during
physical activity, with normal wall shear stress and blood velocity 8.

Changes in the blood vessel due to physical activity, starts with nitric oxide (NO) which is the
derivative of endothelial isoform of NO synthase (eNOS). NO is important in promoting vasomotion in
blood vessel as well as vasodilation. During physical activity, due to the higher demand for oxygen in the
muscles, there will be an increase in shear stress on the blood vessel wall which has been shown to
enhance eNOS mRNA and protein expression, therefore increasing the production of vascular NO 18,

Previous studies have also shown that the bioavailability of NO is also dependent on its inactivation
by reactive oxygen species (ROS). To combat the inactivation of NO by ROS, the enzyme superoxide
dismutase (SOD) is crucial, because it helps limit the amount of ROS available and therefore increasing
the bioavailability of NO. During physical activity, it has been shown that there is an increase of SOD
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activity due to increasing wall shear stress, furthermore, it has also been shown that there is a positive
feed-forward mechanism in which NO was found to increase extracellular SOD expression 8.

Long-term period of exercise can result in further remodeling of the blood vessel which is mediated
by cytokines and growth factors. These cytokines and growth factors lead to proliferation and growth of
endothelial and smooth muscle cells which resulted changing the structure of the capillaries into that of an
artery. Furthermore, these changes also occur in the arterioles, coronary resistance vessels, and large
proximal conduit vessels 8.

Further studies have also found the circulating progenitor cell (CPC) which is a bone-marrow
derived cell that plays a role in vasculogenesis. During long-term regular physical activity, CPCs function
to repair the damaged endothelium, enhanced neo-angiogenesis, reduce neointima formation. These CPC
cells mobilization is dependent on NO which in turns activate matrix metalloproteinases 2 and 9.
Furthermore CPCs function and number have been found to be dependent on NO bioavailability 8.

EVALUATION EFFECT OF CYCLING IN CARDIOVASCULAR HEALTH

Cardiac output (CO) is a very important assessment of heart function during exercise. The CO
assessment is performed to evaluate cardiovascular factors that can limit oxygen transport. Measurement
of CO allows researchers to determine possible physiological responses and adaptation mechanisms
induced by physical training, sedentary lifestyle or chronic disease. CO is a product of stroke volume
(SV) and heart rate (HR) which represents the body's ability to meet the metabolic needs of sports, where
during exercise, the body's metabolic needs can increase five to six times. The functions of the autonomic
nervous system such as the fast and continuous parasympathetic coupled with sympathetic activation are
needed so that the body's needs can be fulfilled. Cycling is widely used for physical training around the
world and is a powerful stimulant of myocardial adaptations 2’.

Cycling includes strength and resistance sports that involve a combination of dynamic and static
combined large muscle group exercises. During maximal exercise, the systolic HR increases close to the
maximum value, with the peak systolic blood pressure reaching> 200 mm Hg. After cycling, HR, SV and
CO were significantly higher than at rest. The increase in CO during cycling will increase the flow of
oxygen and nutrients to the tissues, thereby reducing oxidative stress in the body %’

The physiological adaptation of the heart can be found in cyclist endurance training as evidenced by
echocardiography examination and normal levels of cardiac biomarkers 28,

The results of the meta-analysis showed slightly different cardiac adaptations between dynamic,
static, and moderate sports in an athlete. Endurance and strength-trained cyclists showed significant
increases in heart wall thickness and greatest increases in left ventricular internal diameter as an adaptive
mechanism 27

Endocrine and paracrine factors are known to play an important role in the mechanism of the
cardiac remodeling process related to resistance training 2.

Cardiorespiratory fitness can be assessed by measuring VO2max which represents an estimated
exercise capacity and is known to have a protective effect against cardiovascular disease. In healthy
individuals, maximal oxygen consumption (VO2max) can consistently be increased after resistance
training 2. Cycling is known to trigger several phenotypic modifications, including cycling to increase
blood volume, increase in heart structure / function, oxygen-carrying capacity in the blood, skeletal
muscle capillarization, function and number of mitochondria as well as a more efficient distribution of
blood flow due to decreased resistance of peripheral blood vessels. VO2max is involved in all of these
mechanisms by increasing oxygen delivery to active tissue. Any adaptations that result from resistance
training based on VO2max, will result in a higher maximal cardiac output and / or difference in
arteriovenous oxygen at maximal exercise °.

OPTIMAL CYCLING FOR CARDIOVASCULAR HEALTH AND AGING PREVENTION
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In terms of getting health impacts of cycling, depend on the intensity and duration. Moderate
intensity physical activity has been shown to have an impact on cardiovascular health. According to
previous research, regular cycling with sufficient duration and intensity will be better than cycling only
once with a long duration 5.

The type, frequency, intensity and duration of exercise needed to preserve or enhance age-related
endothelial vascular function is still not well understood %. According to the study of Hoevenaar-Blom et
al., 2010, CVD risk prevalence reduced by cycling activity through a way of dose-response. Cycling > 3.5
hours / week can reduce CVD risk by about 20%, but the combination of cycling > 3.5 hours / week and
other sports can reduce the risk by nearly 40% °. Commuter who manage cycling several kilometers in
one trip can improve the cardiorespiratory performance of adults with decrease level of fitness. The
thresholds for cardio-respiratory health enhancement of 1000 kcal/week of women’s cycling exercise and
1500 kcal/week for men will be between 170 and 250 minutes/week of moderate cycling intensity (6
MET) 5. Although the evidence indicate the moderate-intensity aerobic exercise is necessary to
maintain/improve endothelial vascular function with increasing age. Further research is required to gain
insight into the appropriate category, frequency, intensity and duration of exercise *'.

To prevent the effect of aging and degenerative disease, a study shows that low-intensity cycling
also improve motor function in early stage of Parkinson Disease (PD). Thirteen PD patients aged 53-59
years were enrolled in pre-training assessment and 16 serial cycling sessions were enrolled over a two-
month period. In the training session, cycling begins at 15 minutes and then progressively increases the
length of each session by 5 minutes and the intensity of each session around 5-10 rpm with maximal rpm
40. The post-training evaluation was carried out at the conclusion of the serial cycling session. The result
show that there is improvement in motor function especially akinesia *°.

The submaximal cycling test commonly used to predict and track the outcome of the cycling. The
length of the test was between 17 and 58 minutes. predicted time to exhaustion (pTE), submaximal power
output, rating of perceived exertion (RPE), and heart-rate recovery (HRR), is critical for monitoring and
evaluation, but as some of the outcome variables are affected by individual sensors and/or are partially
influenced by the genetic factor, it is crucial to determine individual changes 3L.

The 2016 European guidelines on cardiovascular disease prevention is recommended that
individuals accumulate at least 30 min/day, 5 days/week of moderate intensity PA (i.e. 150 min/week) or
15 min/ day, 5 days/week of vigorous intensity PA (75 min/week), or a combination of both, performed in
sessions with a duration of at least 10 min. Shorter exercise sessions (i.e. ,10 min) may also be
appropriate, especially in very deconditioned individuals. For lipid control or body weight management,
longer durations of exercise, 40 and 60-90 min/day, respectively, have been proposed *.

Cycling is one of physical activity that included on the guidelines that could maintain cardiovascular
health. It is recommended to do slow cycling (15 km/h) as moderate intensity with targeted 64 - 76% HR
max, RPE 12 — 13, and talk test indicate that breathing is faster but compatible with speaking full
sentences, also bicycling >15 km/h as vigorous intensity, with targeted 77 — 93% HR max, RPE 14 - 16,

and talk test indicate that breathing very hard, incompatible with carrying on a conversation comfortably
32

CONCLUSION

Complexity systemic processes both aging and cycling is influence the cardiovascular system. This
article helps to explain the connection in physical activity, particularly cycling, with its possible
mechanism for the prevention of cardiovascular disorders related with the effects of aging on cardiac
structure and function, also maintaining cardiovascular health.

Increasing physical activity, including cycling was related to lower risk factors of cardiovascular
diseases, such as incident of obesity, hypertension, and dyslipidemia. However, it is important to do
regular cycling with sufficient duration and intensity to maximize the health advantages.

Our review had several limitations. We do not discuss the biomechanical function of the lower
extremity during the cycling gait cycle and bicycling fitting to optimize the health impact. We only
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discuss the mechanism of cycling in general against aging and cardiovascular. Further article review is
needed to evaluate those topics, modelling blood flow to describe the various characteristics of
cardiovascular response, together with the factors that influence it, gaining insight into the appropriate
category, frequency, intensity and length of cycling to meet the cardiovascular health goal.

Finally, it is concluded that lifestyle intervention through increasing physical activity will maintain
and improve cardiovascular health.
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