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Physical activity and dyslipidemia
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Abstract

Dyslipidemia is a condition associated with increased cholesterol and/or lipids in
the blood, and is one of the risk factors leading to cardiovascular disease and stroke.
Besides drug treatment, non-pharmacological interventions such as diet and physical
activity are the main keys in both prevention and treatment.

The rationale for physical activity to improve dyslipidemia through a mechanism of
reducing inflammation. Many studies that have focused on the relationship between
aerobic exercise and cholesterol found that HDL-C levels are more sensitive to
aerobic exercise than both LDL-C and TG. Moreover, non-HDL-C is also an index of
current concern and is the treatment target after LDL-C. Of course, aerobic also helps
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reduce this index.

chronic diseases.

1. INTRODUCTION

Dyslipidemia is a condition associated with
inherited and acquired disorders characterized
by elevated plasma lipid levels. Specifically,
increased low-density lipoprotein (LDL-C),
total cholesterol (TC), triglycerides (TG) or
decreased high-density lipoprotein (HDL-C)'.

High levels of LDL-C in the blood was
the 15th leading risk factor of death in 1990,
increasing to 11th in 2007 and 8th in 2019. The
global burden of dyslipidemia has increased
for 30 years>. The complications include
atherosclerosis, coronary artery disease,
myocardial infarction, and cerebral infarction®.
Treatment initially focuses on dietary and
lifestyle modifications, with the addition of
drugs if needed*. WHO defines physical activity
(PA) as any bodily activity that is produced by
skeletal muscles and expends energy. PA refers
to all recreational activities, moving from
one place to another, or while working. Both
moderate and high levels of PA improve health.
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This article gives an overview of the mechanism and the correlation between
the intensity of physical activity and detailed blood lipids. Physical activity is still an
important non-pharmacological treatment, even for people with disabilities, or with
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PA is recommended to everyone to improve
their health as an obvious fact. However, did
we know all about the topic? Whether or not the
new evidence presented in the research, it would
have changed the outcome of'the original beliefs.
This review is aiming to provide an overall view
about PA, including definition, how to measure
the level of PA or their effects on both lipidemia
and dyslipidemia. The mechanisms of aerobic
exercise and non-aerobic exercise on lipidemia
are also described.

2. REVIEWS

Methods of assessing the level of physical
activity

* Self - report method

These methods included questionnaires and
PA diaries, identifying participants’ perceptions
and concerns about PA. These tools can also
be viewed as a subjective assessment method
because they rely on the person’s ability to
interpret and recall the level of PA. Information
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about frequency, intensity, duration, type of
PA, and PA context (e.g. indoor or outdoor)
converted into energy units (e.g. kcals). Some
methods such as Previous Day Physical Activity
Recall (1d-PAR), the 3-day Physical Activity
Recall (3d-PAR) and the Youth Activity
Profile (YAP), International Physical Activity
Questionnaire (IPAQ).°

* Monitor - based reporting method

Monitors provide accuracy and practicability,
and are therefore widely used in fitness research
applications. In the past, monitors were usually
worn on the waist, but recently, wrist-worn
types have been more popular.

Heart Rate Monitor: Heart rate monitors are
uncommon in athletic studies, but are popular
in exercise apps and for determining exercise
intensity. Monitor beats per minute (bpm),
which is (assumed to be) linear in relation
to oxygen consumption. This relationship is
fundamental to estimating energy expenditure
in kcal/day or kJ and can be used to distinguish
between different intensities of activity.”
Monitor: objective
monitoring device designed to quantify the
number of steps in motion. !

» Standard method: Difficult to implement in
practice

Calorimeter: A calorimeter is a method
based on measuring the amount of heat
released by chemical processes that occur in
the metabolism of various body substrates (e.g.
carbohydrates, fats or proteins). The energy
breakdown associated with these chemical
processes can be inferred by determining the
amount of heat radiating from the body and
using direct or indirect heat. Estimates of heat
produced are based on the relationship between
oxygen consumed and carbon dioxide produced,
commonly known as the respiratory exchange
rate. This method is based on the assumption
that 1 liter of oxygen consumed is equivalent
to a known kcal depending on the substrate to
be metabolized. For simplicity, it is generally
assumed that a respiratory exchange rate of 1.0
and calories equals 5.0 kcal per liter of oxygen
consumed.'?

* Direct Observation: The Gold Standard

This method includes System for Observing

Pedometer 1S an
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Fitness Instruction (SOFIT), Behaviors of
Eating and Activity for Children’s Health:
Evaluation System (BEACHES), System
for Observing Play and Leisure Activity in
Youth - System for Observing Play and Active
Recreation in Youth (SOPLAY) and System
for Observing Play and Active Recreation in
Communities (SOPARC). Standardization,
cost, time, and subjectivity of the observer are
the disadvantages of this method."*!*

Aerobic and anaerobic physical exercise

The American College of Sports Medicine
(ACSM) defines aerobic exercise as any activity
that uses large muscle groups that can be
maintained continuously and rhythmically’. As
the name, the muscle groups activated by this
exercise rely on aerobic metabolism for energy
in the form of adenosine triphosphate (ATP)
from amino acids, carbohydrates, and fatty acids.
Examples of aerobic exercise include cycling,
dancing, hiking, jogging/running, swimming.
These activities require oxygen supply by the
cardiovascular system and the ability of skeletal
muscles to use oxygen'®. The criterion for
measuring aerobic capacity is maximum oxygen
consumption (VO2). The value of peak VO2 can
be highly recommended by a study conducted
by Vaitkevicius et al.'’, in which, VO2max is
calculated along with other metrics.

Aerobic exercise has been shown to have a
positive effect on coronary heart disease risk
factors. Several studies have shown that aerobic
exercise improves lipid composition, especially
increasing HDL-C'®. In an Australian study,
aerobic exercise reduced TC, LDL-C and TG
by between 0.08 mmol/L and 0.10 mmol/L,
which is small but statistically significant.
Simultaneously increase HDL-C by about
0.05 mmol/L".
been observed in children and adolescents®.
In a meta-analysis performed by Kelley
et al?', demonstrated that aerobic exercise
contributed to a statistically significant 9%
increase in HDL-C and 11% decrease in TG,
but no statistically significant change in TC and
LDL-C.

Anaerobic exercise defined by the ACSM
as very brief, intense PA that is generated by
energy sources during muscle contraction

Similar results have also
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and does not depend on the use of oxygen
as an energy source'®. Without the use of
oxygen, cells revert to ATP formation through
glycolysis and fermentation. This process
produces less ATP than the aerobic process
and leads to the accumulation of lactic acid.
Exercises that are generally considered
anaerobic include weight training, sprinting,
high-intensity interval training. Anaerobic
metabolism causes lactate elevation and
metabolic acidosis and this transition point is
called the anaerobic threshold (AT)*.

Similar to aerobic exercise, anaerobic
activity benefits the cardiovascular system. In
a Turkish study completed by Akseki Temiir
et al?’, the effects of anaerobic exercise were
evaluated with a family of sodium diuretic
peptides, known as C-type diuretic sodium
peptides (CNPs). CNP is synthesized by the
endothelium and exerts protective effects
through effects on wvascular tone, as well
as antifibrotic and antiproliferative effects,
producing a hyperpolarizing effect on vascular
smooth muscle, causing vasodilation?*. CNP has
also been reported to have an antiproliferative
effect on cardiofibroblasts that helps prevent
myocardial aging through the cyclic guanosine
monophosphate (cGMP) pathway”*. In this
study, 12 healthy young male study participants
were divided into two groups based on their
previous exercise habits. After being classified
into groups, subjects were asked to participate
in a program of intense exercise, which
included anaerobic exercise. Blood samples
were obtained from subjects before exercise
and then one minute, five minutes, and thirty
minutes after exercise and checked for levels
of aminoterminal proCNP (NT-proCNP), a
biologically inactive peptide. of the CNP. The
results showed that NT-proCNP levels increased
statistically significantly at 5 min after exercise
in the PA group after anaerobic exercise.

Similar to aerobic, beneficial effects of
anaerobic activity and lipid metabolism were
found. A small European study including 16
obese subjects was able to show the increased
benefits of aerobic training followed by
anaerobic training, compared with aerobic
training alone. In which, the amount of non-
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esterified fatty acids decreased more. This group
was also found to have the greatest decrease in
body mass index (BMI)*.

However, there are predictions about the
disadvantages of such an exercise program. An
Iranian study published by Manshouri et al*’,
showed that anaerobic exercise resulted in a
significant decrease in human growth hormone
(GH), a hormone from the pituitary gland. It has
been previously hypothesized that long-term
GH deficiency may cause coronary morbidity
and mortality through the development of
early atherosclerosis. GH deficiency has been
shown to lead to higher BMI and TG, lower
HDL-C levels, as well as the development
of hypertension.?®  Furthermore, cardiac
structure is affected in GH-deficient subjects,
as demonstrated by reduced left ventricular
posterior wall thickness, smaller left ventricular
mass index, and compromised left ventricular
ejection fraction (LVEF).” The mechanism of
action has not been exactly determined.

Benefits of physical activity on lipid profile

The rationale for PA to improve dyslipidemia
through a mechanism of reducing inflammation.
Lipids have an important role in activating
the inflammatory cascade, increasing the
production of cytokines, mainly TNF-alpha
factor, interleukin 6 and 1. On the other hand,
cytokines disrupt lipid metabolism, transport
reverse cholesterol, and are associated with the
development of atherosclerosis.

Regular PA helps to control the appropriate
weight*®?! improve lipid profile** and relates
to reducing mortality’>. The benefits of PA
for improving the status of lipid profile have
also been demonstrated®3*, can be used to
partially explain its protective effect. The
change in blood lipid during exercise is due
to the impact of exercise on inflammatory and
anti-inflammatory factors related to insulin
resistance®¢, Despite the obvious benefit,
there are no established and widely accepted
standards (eg, intensity, volume, and duration)
for the goal of dyslipidemia control*?.

Epidemiological studies have shown that
higher rates of dyslipidemia and hypertension
in people with cardiopulmonary inactivity
are related to certain genetic segments®’>%. It
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is believed that the benefits of exercise still
beneficial in carriers of this gene are due to
methylation in the target tissue®. Aerobic
or anaerobic physical exercise increases the
activity of lecithin-cholesterol aciltransferase
(L-CAT), an enzyme responsible for converting
cholesterol esters to HDL-C; reduces the
activity of cholesterol plasmatic ester transfer
protein (CETP), the enzyme that converts esters
of HDL-C to other lipoproteins*'.

However, some data have been collected
showing that in young people
sometimes leads to no or only small changes
in blood lipids*. This can be explained by
the normal lipid test in young people initially.
However, in all surveys in the elderly and
middle-aged people, there was a significant
improvement. Dyslipidemia in overweight and
obese subjects with type 2 diabetes and male
participants responded best to PA*2.

The recommendations on the level of PA
among the associations often focus on aerobic
exercise. Therefore, within the scope of this
article, we also focus on aerobic exercise on
blood lipids.

Not only is it associated with an increase in
HDL-C and a decrease in TG, recent studies
show that aerobic and high-intensity exercise
lowers TC and LDL-C immediately after
training sessions*’.

Aerobic exercise and HDL-C

Many studies that have focused on the
relationship between aerobic exercise and
HDL-C have found that HDL-C levels are more
sensitive to aerobic exercise than both LDL-C
and TG. Furthermore, all studies focusing on
this association seem to indicate that there is a

greater or lesser increase in HDL-C, whether in
48-51

exercise

humans or in mice

However, the question was made whether
exercise is often accompanied by dietary
changes and this may affect the results. To
avoid this problem, author Kodama performed
a meta-analysis of 25 randomized controlled
trials, which participants only exercised,
without medication or diet. As a result, they
found a 2.53 mg/dL increase in HDL-C during
aerobic exercise of 5.3 MET (64.8% maximal
aerobic capacity)®.
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Recently, researchers have begun to focus on
the relationship between aerobic exercise and
the more HDL-C and HDL2-C segments than
HDL3-cholesterol (HDL3-C)*. Because of the
evidence that HDL2-cholesterol (HDL2-C)
provides greater protection against coronary
heart disease, Author Kelley et al studied
the effects of aerobic exercise on HDL2-C in
adults. using a meta-analysis, which included
19 randomized controlled trials, and resulted
in an approximately 11% increase in HDL2-C
in the above subjects. In addition, even when
individual studies were removed from the
model, the results remained statistically
significant. In addition, the exercise-induced
increase in HDL2-C did not appear to be
associated with changes in body weight, body
mass index, and body fat composition>.

Aerobic and LDL-C

Unlike HDL-C, the effects ofaerobic exercise
on LDL-C have been
studies and have even produced contradictory
results®!. The results of these different studies
may be due to differences in the participants’
body weights. Some studies have shown that
exercise alone does not change LDL-C levels,
unless weight is also changed during this
period. In addition, research statistics show that
each kilogram of body weight loss results in a
decrease in LDL-C of about 0.8 mg/dL.%

Although current results on LDL-C changes
in PA are conflicting, studies still show
significant  cardioprotective  improvements
in LDL-C subunits. LDL-Cs are classified
according to their size and density. The
LDL-C particles directly associated with
cardiovascular events are the smaller, denser
LDL particles®*. In some patients with mild
to moderate dyslipidemia, researchers found
that after a few months of aerobic exercise,
LDL-C did not change significantly, but the
density of small LDL particles caused atheroma
decreased, and the size of the average LDL
particles increased®’. Therefore, the impact of
PA on LDL-C should not be limited to total
LDL-C but must consider the small fractions
of LDL-C. However, Varady’s study found that
LDL particle volume decreased in patients with
hypercholesterolemia after exercise. Therefore,

inconsistent across
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they worry that exercise might reduce LDL
particle mass and increase the risk of coronary
heart disease”. In contrast, the study of the
author Elosua showed that PA did not affect the
LDL particle diameter.”®. Given these divergent
results, additional studies on this correlation are
needed in the future.

Plasma Lp(a) is another LDL subunit
containing Apo(a). However, unlike other low-
density lipoprotein subunits, Lp(a) is genetically
influenced, is not affected by exercise, and
cannot be improved by any form of exercise®.

ApoB which is a major component of LDL
particles is essential for elimination in the
blood. Approximately 95% of apoB is bound
to LDL particles, and each LDL particle is
bound to only one apoB molecule®. Therefore,
apoB concentration indirectly reflects LDL-C
concentration to a certain extent. Elevated apoB
levels may reflect increased cardiovascular
risk®. The effect of PA on apoB levels has
not been clearly defined. Both Crouse et al®
and Laaksonen et al® found that after a few
months of PA, apoB levels in men diagnosed
with dyslipidemia decreased. However, there is
controversy over these findings. For example,
Leon’s study found that 20 weeks of exercise had
no effect on apoB levels®. Other studies found
no change in apoB levels with long (48 weeks)
or short (3 weeks) aerobic exercise. Therefore,
more research is needed on PA and apoB.

Aerobic and TG

Physical activity can reduce plasma TG
levels®3!, However, many studies show
that sedentary people have no change in TG
levels after a single exercise session®. This
difference may be due to the requirement
of regular maintenance of PA. Meanwhile,
TG reduction in sedentary subjects was
achieved regardless of low or moderate energy
consumption®. Thus, the level of exercise
is not the most important factor, but the
maintenance of PA. The researchers showed
that while participants with lower baseline
TG levels experienced only a slight decrease
in TG after exercise, high baseline TG levels
decreased significantly. Thus, basal TG levels
may be a key factor influencing the effects of
exercise on TG reduction®’.
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The researchers also noted an increase in
HDL-C but not a concomitant decrease in TG
levels in the subjects after exercise. Many studies
have shown that a decrease in TG is always
accompanied by an unchanged HDL-C, or an
increase in HDL-C without a clear improvement
in TG levels”. However, many authors still
agree that there is both an increase in HDL-C
and a decrease in TG in sedentary people after
exercise training. For example, Peter et al.
reported that after 2 days of aerobic exercise,
TG decreased with an increase in HDL-C of
about 14%°. Currently, there is still a lot of
controversy. Body weight, fat, cardiovascular
status, exercise level, current blood lipid levels,
diet and genetic factors all contribute.

Aerobic and postprandial blood lipids

Most studies on PA and blood lipids before
eating. However, this may only reflect the effect
of PA on fasting lipids. Just a few hours before
breakfast can be called fasting, whereas most
of the day after a meal is longer than in a fasted
state. Therefore, the researchers speculate that
postprandial lipids may be more significant
in lipid metabolism than preprandial lipids
and have a greater role than fasting lipids
in predicting cardiovascular risk factors. In
addition, this hypothesis was validated by
finding that postprandial blood triacylglycerol
better predicts cardiovascular events than
fasting triacylglycerol (TAG) concentrations®.
Mestek et al observed that exercise significantly
lowers postprandial TG on a high-fat diet in
individuals with metabolic syndrome.”. The
reduction in postprandial blood lipids for PA
does not only occur immediately after exercise
but also lasts into the next day. In addition,
there was no significant difference between
continuous exercise and a single session in
reducing postprandial TG levels’!. Sabaka
et al found that a 4-days exercise resulted
in significant changes in postprandial TG,
LDL-C and VLDL. However, there were no
significant changes in postprandial HDL-C,
but some HDL-C molecules were altered.
For example, the authors noted a significant
reduction in small and medium HDL particles
in the post-exercise state’?. Therefore, PA has
an effect on lipid distribution after meals.
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Another important finding was that just 4 days
of exercise could lead to significant positive
changes in postprandial blood lipids,

Aerobic and non-HDL-C

In addition to the normal blood lipid profile,
some other valuable additional lipid parameters
are of interest such as apolipoprotein, particle
size, LDL concentration, but most of these
parameters serve mainly in studies.

Non-HDL-C is now concerned in clinical
evaluation. Several studies point to the clinical
benefit and even superiority of non-HDL-C
as a comprehensive solution to indicate
atherosclerotic lipoprotein levels. Non-HDL-C
is accepted as one of the primary secondary
goals of treatment in the National Cholesterol
Education Program Adult Treatment Panel
III national lipids (NCEP/ATPIII) and the
American Diabetes Association (4DA) and the
American College of Cardiology (ACC).

Non-HDL-C a better
cardiovascular disease risk than traditional
lipids such as HDL-C, LDL-C, and TG.
Studies have also shown that, as a predictor
of future cardiovascular risk, non-HDL-C is
to some extent more convincing than LDL-C.

is indicator of

Indeed, non-HDL-C has an advantage over
LDL-C because of its similar accuracy when
measured fasting or postprandial. In contrast,
the conventional measurement of LDL-C is
imprecise in the postprandial sample, as it is
a calculated value based on the triglyceride
concentration according to the Friedewald
equation:”

LDL-C =TC - HDL-C — triglyceride/5

Non-HDL-C is based primarily on total
cholesterol levels, a well-standardized and
precisely calibrated parameter with little
biological or laboratory variation. Although
non-HDL-C is secondarily dependent on
HDL-C, HDL-C is less severely affected by
fasting or postprandial, non-HDL-C is shown
to be accurate and useful when measuring
particles  containing apoli  poprotein-B
in postprandial samples, compared with
most other lipid parameters, such as TG.
Furthermore, HDL-C levels are often much
lower than TC, minimizing the possibility of
variation in the non-HDL-C measurement. A
final advantage of non—HDL-C is that it can
easily be calculated from the values obtained
on a regular lipid bilan file.™.

Non-HDL-C goal (mg/dL)
NCEPATP III ADA/AHA
. . . . . . -
P?tlents at very high/high risk (CVD, high risk ;1.30 mg/dL <100 mg/dL
diabetes) T6i vu: <100 mg/dL*
High-risk patients (Framingham 10-year CVD risk
< <

20%/10 years, diabetes without other risk factors) 130 mg/dL 130 mg/dL
Moderate/high risk patients (2 CVD risks, | <160 mg/dL < 130 me/dL
Framingham 10-year CVD risk 10%-20%) Téi wu: <130 mg/dL &

Table 1: Non-HDL-C treatment goals 74
(*) Optimal treatment when risk factors are not controlled: still smoking; TG > = 200 mg/dL;
low HDL-C less than 40 mg/dL; or acute coronary syndrome

Previous reports indicate that walking
reduces non-HDL-C by 4% in adults 75. Meta-
analysis was used to examine the effects of
aerobic exercise on non-HDL-C in children
and adolescents. However, the study showed
that non-HDL-C in the exercise group did
not change significantly compared with the
control group. It is possible that children and
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adolescents subjects had essentially normal
TC and HDL-C levels, and both are important
factors in the -calculation of non-HDL-C,
therefore not achieve the desired results. Studies
on this correlation are not many and need to be
conducted more in the future.

Recommendations on the level of physical
activity
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» World Health Organization - World Health
Organization (WHO) Physical Activity Level
Recommendations 5 76

In addition to the multiple health benefits of
physical activity, societies that are more active
can generate additional returns on investment
including a reduced use of fossil fuels, cleaner
air and less congested, safer roads. These
outcomes are interconnected with achieving the
shared goals, political priorities and ambition of
the Sustainable Development Agenda 2030.

The new WHO global action plan to
promote physical activity responds to the
requests by countries for updated guidance,
and a framework of effective and feasible
policy actions to increase physical activity at
all levels. It also responds to requests for global
leadership and stronger regional and national
coordination, and the need for a whole-of-
society response to achieve a paradigm shift in
both supporting and valuing all people being
regularly active, according to ability and across
the life course.

The action plan was developed through
a worldwide consultation process involving

governments and key stakeholders across
multiple including health, sports,
transport, urban design, civil society, academia
and the private sector.

WHO makes recommendations on the
general level of PA for the population depending
on age (infants, children, adolescents, adults, the
elderly) and special populations such as people
with disabilities, people with diseases chronic
disease, malignancy, pregnant women. For the
most part there is no difference. For special
subjects, there is no difference in frequency and
duration of exercise; pay attention to exercises
depending on the context and conditions of

sectors

the patient (on-site exercises, wheelchair
exercises,...)
e Centers for Disease Control and

Prevention (CDC) Physical Activity Level
Recommendations 77

Adults need 150 minutes of moderate-
intensity physical activity each week and 2
days of muscle-strengthening activity. With
150 minutes/week, it can be divided into 30
minutes/day, 5 days/week or can be broken
down and spread over the days of the week.

Example 1

A

Moderate-intensity aerobic activity

(such as brisk walking) for 150 minutes every
week (for example, 30 minutes a day, 5 days
aweek)

AND

Muscle-strengthening activities

AND

Muscle-strengthening activities

on 2 or more days a week that work all major
muscle groups (legs, hips, back, abdomen,
chest, shoulders, and arms).

Example 2

&

Vigorous-intensity aerobic activity

(such as jogging or running) for 75 minutes (1
hour and 15 minutes) every week

on 2 or more days a week that work all major
muscle groups (legs, hips, back, abdomen,
chest, shoulders, and arms).

Example 3

A A

An equivalent mix of moderate- and
vigorous-intensity aerobic activity

on 2 or maore days a week

AND

Muscle-strengthening activities

on 2 or more days a week that work all major
muscle groups (legs, hips, back, abdomen,
chest, shoulders, and armsh.

Figure 1: Example of physical activity for a week - CDC 77

American Heart Association (AHA)
Physical Activity Level Recommendations
These recommendations are based on the
Physical Activity Guidelines for Americans,
2nd edition, published by the U.S. Department
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of Health and Human Services, Office of
Disease Prevention and Health Promotion.
They recommend how much physical activity
we need to be healthy. The guidelines are based
on current scientific evidence supporting the
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connections between physical activity, overall
health and well-being, disease prevention and
quality of life. 78

- Get at least 150 minutes per week of
moderate-intensity aerobic activity or 75
minutes per week of high-intensity aerobic
activity, or a combination of both, preferably
spread throughout the week.

- Add moderate to high intensity muscle-
strengthening activity (such as resistance or
weightlifting) at least 2 days per week.

- Reduce passive time, sit in one place. Even
light-intensity activity can be beneficial.

- Increasing number and intensity gradually
over time.

3. CONCLUSIONS

In general, “direct observation” method is
currently still the gold standard in assessing
physical activity levels. non-HDL-C added
in addition to LDL-C play a role in assessing
and predicting cardiovascular risks. Aerobic
and anaerobic exercises both have benefits
in improving blood lipid profiles, especially
HDL-C and TG. An exercise program that
combines both aerobic and anaerobic exercise
is considered as the most effective non-
pharmacological control method, besides
dietary modification. Research shows that
the effectiveness of exercise and improving
blood lipid status comes from maintaining
a moderate exercise frequency rather than
too high intensitive, that the associations’
recommendations also indicate that 150
minutes/week of moderate-intensity aerobic
exercise or 75 minutes/week of high-intensity
aerobic exercise combined with 2 days of
anaerobic exercise. Moreover, the frequency
and requirement of PA for special populations
such as people with disabilities, people with
chronic diseases (cancer, HIV, high blood
pressure, diabetes) do not differ much from
healthy people.
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