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A Run a Day Keeps Lipids at Bay? Regular
Exercise as a Treatment of Dyslipidaemias

Der Fettstoffwechselstorung davonlaufen?
Kérperliches Training als Behandlungsoption bei Dyslipiddmien

Problem: Dyslipidaemia and physical inactivity are leading risk
factors for the development of atherosclerotic disease, accoun-
ting annually for approximately 5.8 million deaths worldwide.
Alipid-lowering effect of exercise is commonly assumed, but, in
contrast to multi-modal lifestyle interventions, the particular
effect of exercise on lipid profiles is less-well established.
Methods: Systematic literature search for epidemiological and
randomized trials, reviews and meta-analyses evaluating the
particular effects of high fitness or exercise interventions on
changes in lipid levels.

Results: A higher fitness assessed by exercise testing is modera-
tely associated with favourable HDL-cholesterol and triglyceri-
de, but not LDL levels. This is confirmed by findings from rando-
mized trials and meta-analyses, but effects are not consistently
observed. Moderate aerobic exercise is preferred over resistance
or high-intensity interval exercise. Besides absolute lipid values,
exercise favourably influences atherogenic lipid subfractions. The
combination of statins with exercise improves clinical outcomes;
thus, statins should not be withheld if indicated according to
guidelines.

Discussion: The effect of exercise on lipid levels is at best mo-
derate, with small improvements in HDL and triglyceride, but
not LDL levels. Nonetheless, dyslipidaemia is rarely observed as
asingle risk factor, and exercise remains a cornerstone of multi-
modal lifestyle interventions to favourably modify cardiovas-
cularrisk.

Fitness, Exercise, Dyslipidaemia,
LDL, Statins

Problem: Dyslipidimien und Inaktivitt sind fithrende Risiko-
faktoren in der Pathophysiologie der Arteriosklerose und werden
fiir ca. 5.8 Millionen jahrliche Todesfille weltweit verantwortlich
gemacht. Einlipidsenkender Effekt durch kérperliches Training
als Bestandteil multimodaler Lebensstilintervention wird allge-
mein angenommen; die Datenlage fiir Sport als alleinige Inter-
ventionsmafinahme ist dagegen weniger eindeutig.
Methoden: Systematische Literaturrecherche nach epidemio-
logischen und randomisierten Studien, Ubersichtsarbeiten und
Metaanalysen, die den alleinigen Effekt einer hohen Fitness oder
eines korperlichen Trainings auf Blutfette thematisieren.
Ergebnisse: Eine hohe Fitness, ermittelt anhand eines Ergo-
metertests, ist mit hoheren HDL- und niedrigeren Triglyzerid-,
nicht aber giinstigeren LDL-Werten assoziiert. Dies bestétigt
sichin der Mehrheit randomisierter Studien und Metaanalysen,
wird aber nicht durchgehend beobachtet. Moderates Ausdauer-
training ist dem Kraft- oder hochintensivem Intervalltraining
vorzuziehen. Neben Verdnderungen der absoluten Lipidwerte
kann Trainingauch atherogene Lipid-Subfraktionen giinstig be-
einflussen. Unabhingig von singuldren, in der Summe seltenen
Nebenwirkungen wie Muskelschmerzen ergiinzt eine Statin-
therapie nach epidemiologischen Daten positive Trainingseffek-
teund sollte daher bei bestehender Indikation nicht vorenthalten
werden.

Diskussion: Korperliches Training hat einen bestenfalls mo-
deraten Effekt aufBlutfette und verbessert hauptsichlich HDL-
und Triglyzerid-, nicht aber LDL-Werte. Da die iiberwiegende
Mehrheit der Patienten allerdings eine Kombination mehrerer
Risikofaktoren aufweist, bleibt regelméfSiges Training ein unver-
zichtbarer Bestandteil multimodaler Lebensstilinterventionen
zur Optimierung des kardiovaskularen Risikoprofils.

Fitness, kdrperliches Training, Dyslipidamien,
LDL, Statine

Dyslipidaemias represent a leading risk factor for
cardiovascular disease, and appropriate treatment
of elevated lipid levels targeting recommended goals
is a key component of risk modification in both pri-
mary and secondary prevention. According to the
World Health Organisation, elevated cholesterol
levels are a major risk factor for heart disease and
stroke, estimated to cause 4.5% of all annual deaths

worldwide (49). In addition, insufficient physical ac-
tivity is estimated to be the fourth leading risk fac-
tor for mortality, accounting for 3.2 million annual
deaths worldwide.

Thus, both lowering lipid levels and increasing
physical activity represent valuable treatment goals,
and it will not be challenged by many that both moda-
lities are favourably associated with each other.
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However, exercise is usually offered as part of multi-modal life-
style interventions including nutritional advice, whereas little
is known on the independent effects of exercise on lipid levels.
Therefore, the present article intends to summarize the current
evidence on the contribution of exercise as a single intervention
to improvements in lipid profiles, with respect to primary and
secondary prevention of cardiovascular disease.

According to the significance of appropriate lipid management,
guidelines are updated in close intervals, with the current re-
commendations of the European Society of Cardiology in as-
sociation with either the European Atherosclerosis Society (4)
(EAS; focusing on dyslipidaemia) and the European Association
of Cardiovascular Prevention and Rehabilitation (36) (focusing
on prevention) having been published in 2016.

Both guidelines almost exclusively focus on Low-density-
lipoprotein-cholesterol (LDL) as the primary treatment target,
in line with the latest guidelines from the American Heart As-
sociation (43). Although the favourable epidemiological effect
of elevated High-density-lipoprotein-cholesterol (HDL) levels
on mortality is still acknowledged, recent efforts to reduce
mortality risk by actively elevating HDL levels using various
agents have mostly failed, despite substantial increases induced
by these drugs (14).

Both initiation and intensity of LDL-lowering treatment are
based on individual risk profiles, depending on the presence of
other risk factors or atherosclerotic disease (table 1), with a tar-
get of <70mg/dl being still the current recommendation for very
high-risk patients. However, targeting even lower LDL levels (up
to 30mg/dl) by adding agents such as ezetimibe (3) or evolocumab
has recently been shown to further improve clinical outcomes
(42). Further outcome studies evaluating these (8) and other
new treatment modalities (2, 38) are eagerly awaited as they will
probably have significant impact on future recommendations.

Exercise is mentioned within the sections on non-pharma-
cological treatment options, but is largely embedded into the
evidence for combined effects of multi-modal lifestyle inter-
ventions. Nonetheless, single evidence grades for exercise are
provided in the EAS guidelines, with the highest evidence for
increasing HDL (+++A), followed by reducing triglycerides (TG;
++A); instead, lowering LDL by exercise is less well established
(LDL; +B) (4). The following paragraphs summarize the back-
ground of these evidence grades, which have been derived fom
different scientific approaches.

The “classic” epidemiological association of low LDL and high
HDL levels with reduced mortality is still undoubtedly accep-
ted. Regarding exercise, substantial evidence for the associ-
ations with lipid profiles can as well be derived from epide-
miological observations. Nonetheless, the limitations of this
approach have to be kept in mind, as exercise behaviours are
measured indirectly (e.g. by questionnaires), results may statis-
tically be confounded, and causality is often equivocal.

A very common approach has been to link the maximum
workload attained during a single exercise test (commonly
termed “fitness”) to long-term mortality outcomes. Using this
method, a landmark study by Myers et al. in 6,213 men (age
59+11 years (y)) has observed a significantly reduced mortality
risk in the subgroup with the highest fitness as compared to the

254

lowest fitness group, independent of a total cholesterol (TC) level
>220mg (32). Similarly, in 5,721 women (52+8y) a higher fitness
was associated with reduced mortality after adjustment for the
Framingham Risk Score, which includes TC and HDL levels (10).
These findings indicate that a high “fitness” as asessed by exer-
cise testing appears to mitigate the unfavourable effects of ele-
vated cholesterol levels in both middle-aged men and women.

A recent study has investigated the impact of fitness on the
age-related longitudinal changes of lipid levels over the life
course (35). In 11,418 healthy males (44+9y), a higher fitness
level was associated with a delayed development of abnormal
lipid profiles as compared to participants with low fitness. In
3,148 men (42+8y) undergoing preventive examinations at two
different time points, both aloss in fitness and a gain in fatness
(body mass index (BMI)) were associated with the development
of hypercholesterolemia (27). In contrast, improving fitness was
independently associated with a 30% lower risk for hypercho-
lesterolemia. Thus, gaining fitness is apparently linked to im-
proved lipid levels, independent of fatness changes.

In 27,158 asymptomatic females in the Women’s Health
Study (55+7y), the amount of physical activity was assessed by
questionnaire (31). A significantly lower proportion of women
classified as “active” had HDL values <50mg/dl as compared
to inactive women, independent of BMI category. In addition,
normal-weight, active women were significantly less likely to
show LDL levels >130mg compared to their sedentary counter-
parts, but this was not confirmed in the other BMI categories.

Epidemiological studies conducted in the 1990s provided evi-
dence on the amount of endurance exercise required to improve
lipid profiles. In 8,283 male recreational runners (45+10y), week-
ly running distances obtained by questionnaire were linked to
individual lipid profiles (46). Runners with a weekly distance
of >80km showed significantly higher HDL and lower TG levels
compared to those running <16km. Differences in LDL levels
were less pronounced. Similar findings were obtained with re-
spect to increases in HDL in a cohort 1,837 female runners (45).
These observations are of some interest, but few patients will be
convinced of the benefits of running >80km/week. In addition,
recent data did not show additional mortality benefits with in-
creasing running distances per week (26), indicating that epi-
demiological associations based on evaluations at single time
points do not always transfer into improved clinical outcomes.

Overall, findings from epidemiological studies indicate
several positive associations between high fitness or physical
activity level and favourable lipid profiles, mostly pertaining to
improved HDL and TG levels, whereas the evidence for LDL is
less clear. Although mortality risk is reduced in subjects with
higher baseline fitness, a potential mediation of this associa-
tion by exercise-induced lipid profile improvements cannot be
derived from this data.

Few randomized controlled trials (RCT) of sufficient quality
have focused on lipid levels as primary outcome of exercise in-
terventions; they are by far more often assessed as secondary
variables, lacking adequate statistical power. The latter are
therefore preferably summarized in meta-analyses, presented
in the subsequent section. Others have focused on the effect of
specific types of exercise on lipid levels and are also presented
in a later section.

In a RCT conducted in the early 1980s, 81 men (30-55y)
were randomized to a regular, moderate running program
(70-85% peak oxygen uptake (VO,peak)) over 1 year or to a non-
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RISK CATEGORY DEFINED BY:

Any of the following:

Low risk SCORE is <1% for 10-year risk of CVD

arterial revascularization procedures, stroke and transient ischemic attack, peripheral artery disease,  or

Treatment goals for lowering LDL levels according to risk factor constellation (modified from the European Society of Cardiology 2016 guidelines on dyslipi-
daemia and cardiovascular disease prevention (4, 30)). The SCORE system estimates the 10-year cumulative risk of a first fatal atherosclerotic event, based
on traditional risk factors (age, gender, smoking, cholesterol, systolic blood pressure). Evidence grades are: Class/Level. CVD, cardiovascular disease; GFR,
glomerular filtration rate; LDL, low-density-lipoprotein-cholesterol; SCORE, systematic coronary risk estimation.

LDL TREATMENT GOAL EVIDENCE GRADE

- Documented CVD, clinical or unequivocal on imaging. This includes previous myocardial infarction,
acute coronary syndrome, coronary revascularisation, coronary artery bypass graft surgery, and other

<70mg/dl (1.8mmol/1)

Very high risk and significant plague on coronary angiography or carotid ultrasound. reduction of at least 50% if baseline LDL is B
- Diabetes with target organ damage (proteinuria, smoking, hypertension, dyslipidaemia) between 70-135mg/dl (1.8-3.5mmol/1)
- Severe chronic kidney disease (GFR <30ml/min/1.73m2)
- A calculated SCORE >10% for 10-year risk of fatal CVD
- Markedly elevated single risk factors such as familial dyslipidaemias and severe hypertension <100mg/dl (2.6mmol/1)

TR - Most other people with diabetes or B
- Moderate chronic kidney disease (GFR 30-59 ml/min/1.73m2) reduction of at least 50% if baseline LDL is
- Acalculated SCORE > 5% and < 10% for 10-year risk of fatal CVD between 100-200mg/dI (2.6-5.2mmol/I)

Moderate risk SCORE is 21% and <5% for 10-year risk of CVD <115mg/dl (3.0mmol/1) llaC

should be considered

exercising control group (48). Although lipid profiles in run-
ners improved in absolute terms, group differences were not
significant. Only runners with weekly distances >13km showed
significant increases in HDL. Similar to the epidemiological ob-
servations mentioned above, running distance per week was
significantly associated with improved HDL and LDL levels.

In the observational HERITAGE Family study, 675 partici-
pants from black and white families (17-65y) underwent 20
weeks of moderate aerobic exercise training on cycle ergo-
meters (75% VO,peak) (28). A modest, but significant increase
in HDL in males and females and a significant reduction of TG
in males was observed; other lipid levels remained unchanged.
Interestingly, the lipid response to exercise correlated signifi-
cantly within family members (40), indicating a contribution of
genetic factors to the extent of exercise-induced effects.

Summarizing these findings, the effect of prolonged mod-
erate-intensity aerobic exercise interventions on lipid levels
was rather disappointing. Again, HDL and TG appeared to be
the primary target of exercise, whereas LDL remained largely
unaffected.

Findings from these meta-analyses very much reflect those
of larger single RCT in confirming HDL and TG as primary tar-
gets of exercise interventions in both primary and secondary
prevention, consistent with the evidence grades provided in the
above-mentioned guidelines.

Several meta-analyses have summarized the specific effects of
exercise interventions on lipid levels, either assessed as primary
or secondary outcomes.

Kodama et al. summarized 25 RCT with 1,404 participants
(23-75y) evaluating the effect of aerobic exercise interventions
with a minimum duration of 8 weeks particularly on HDL (21).
They observed a mean, statistically significant increase of
2.53mg/dl, but a minimum of 120 min of exercise per week was
necessary to induce these changes. The effect was most pro-
nounced in subjects with a BMI <28kg/m? and a TC >220mg/
dl, and the duration of exercise sessions was a strong predictor
of HDL increase. Kelley et al. summarized studies focusing on
aerobic exercise interventions (28 weeks) particularly in over-
weight and obese individuals (18). In 13 RCT with 613 partici-
pants (31-63y), only TG was significantly reduced by 16% with no
changes in TC, HDL and LDL levels. In 1260 patients with coro-
naryarterydisease (50-67y),Kelleyetal. found 10RCT of sufficient
quality, evaluating the effect of aerobic exercise interventions
(=4 weeks) on lipid levels (16). They reported modest, but
significant improvements in HDL (+3.7+1.3mg/dl) and TG
(-19.3+5.4mg/dl), with no changes in TC and LDL levels.
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The vast majority of studies has implemented interventions
based on moderate aerobic exercise at intensities ranging
from 60-85% VO,peak. However, resistance training (RT) or
high-intensity interval training (HIIT) may represent alterna-
tive approaches in selected patients, and several studies have
evaluated their particular effects on lipid levels.

Kelley et al. performed a meta-analyses of 29 RCT in 1,329
participants applying exclusively RT interventions (> 4 weeks)
in adult populations (20-75y) and measuring changes in lipid
levels as outcomes (15). Interestingly, they found significant
improvements in TC (-2.7%), LDL (-4.6%) and TG (-6.4%) levels,
but not in HDL levels. These findings were not confirmed by a
meta-analysis in patients with type 2 diabetes, summarizing
34 RCT with either aerobic or resistance exercise alone or com-
bined (5). RT showed no effect on lipid levels; a significant TG
reduction was observed only when it was combined with aer-
obic exercise. None of the intervention modalities resulted in
significant changes in HDL and LDL levels.

Alandmark study evaluating the effect of amount vs. inten-
sity of exercise on a variety of lipid parameters was conducted
by Kraus et al. (23). A total of 84 sedentary, overweight-to-obese,
dyslipidemic men and women (51+8y) were randomized to 3
subgroups differing by pre-defined amounts and intensities of
exercise, or to a non-exercising control group. After 8 months
of training, a significant increase in HDL was observed only in
the group performing high amount and high intensity exercise.
No overall effects on TC and LDL were observed. Summarizing
the absolute group-effects on all investigated lipoprotein para-
meters, there was a clear association with the amount, but not
with the intensity of exercise. Similarly, Tjonna et al. compared
moderate exercise with HIIT in patients with the Metabolic
Syndrome, and significant improvements in HDL levels were
only seen in the moderate exercise group (44). Accordingly, in
areview on RCT applying HIIT interventions (=8 weeks), only 3
of 14 studies reported significant increases in HDL levels, with
no overall effect on any other lipid parameters (19).
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In summary, moderate aerobic exercise appears superior to
RT or HIIT, with the amount rather than the intensity of exer-
cise being more effective in improving HDL and TC levels. In
other words, when selectively intending to improve lipid levels,
performing long bouts of moderate, dynamic exercise should
be preferred over short, intensive bouts, including RT. No con-
sistent effect is reported on LDL levels, again reflecting the
lower evidence grade pertaining to this parameter in current
guidelines.

Increased physical activity (PA) is favourably associated with
reduced mortality (25), but few studies have focused on its parti-
cular effect on lipid levels, further limited by sometimes diffuse
differentiations between “exercise” and “physical activity” par-
ticularly in epidemiological approaches. In the Women's Health
Study mentioned above, beneficial lipid profiles contributed
approximately 20% to the cardiovascular risk reduction asso-
ciated with increased PA (30). In the CARDIA study on 12,364
middle-aged adults, walking or cycling to work (assessed by
questionnaire) was linked to improved TG levels in men, with
no effect on other lipids and in women (9). In contrast, when
comparing 33,060 runners with 15,945 walkers from the Natio-
nal runners” and walkers” health cohorts (51+11y), the amount
of risk reduction for incident hypercholesterolemia was similar
among groups of similar energy expenditures (47). Regarding
sedentary behaviour, in 8,800 Australian adults (53+14y), a te-
levision viewing time of <2 hours per day was associated with
more favourable lipid profiles compared to >2 hours, although
absolute differences were small (7).

In randomized approaches, following a PA counseling in-
tervention in 179 type 2 diabetic subjects (62+1y), lipid profiles
overall improved alongside weekly increases in energy expen-
diture; statistical significance was reached when values cor-
responding to 2.5 hours of walking were exceeded (6). In con-
trast, a meta-analysis of 25 RCT evaluating effects of >8 weeks
of walking on lipid levels in 1,176 adults (49+14y), only LDL was
significantly reduced (-5.5+2.2mg/dl) (17). Interestingly, ac-
cording to a recent meta-analysis (34), performing >12 weeks
of Tai Chi resulted in significantly lower TG levels (-16.8mg/dl)
compared to controls, without affecting other lipid parameters.

Overall, findings are inconsistent with respect to single lipid
parameters, but results from PA studies suggest that ‘some-
thing is better than nothing'. Thus, patients should be moti-
vated to increase their PA habits, but should be informed that
effects will be more pronounced with more vigorous activities.

cantly lower proportion of LDL small dense subfractions were
reported in fit vs. unfit hypercholesterolemic men (as assessed
by exercise testing) (12).

Regarding HDL, recent research has also focused on func-
tional components rather than simply measuring absolute
levels. In the population-based Dallas Heart Study, HDL ef-
flux capacity (the ability of HDL to accept cholesterol from
macrophages), but not baseline HDL level was inversely associ-
ated with incident cardiovascular events after adjustment for
baseline risk factors (41). Furthermore, in the JUPITER-trial on
the effects of rosuvastatin in primary prevention, HDL parti-
cle number rather than absolute HDL levels was the strongest
predictor of incident cardiovascular disease, independent of
medication (20). These parameters have not specifically been
targeted in exercise intervention studies so far. However, Adams
et al. have focused on another important, but less known func-
tional property of HDL, the ability to promote endothelial func-
tion by stimulating the production of nitric oxide in vascular
endothelial cells (1). This function was shown to be impaired in
heart failure patients as compared to healthy controls, but was
restored after 12 weeks of aerobic exercise training, which was,
in turn, clinically linked to improved flow-mediated dilatation.

Apart from these preliminary observations, a key clini-
cal problem remains unresolved. As mentioned above, drug-
induced massive HDL increases have not consistently resulted
in a reduction of cardiovascular events as compared to place-
bo. Thus, at this point of time, it is equivocal whether the com-
parably small increases in HDL levels induced by exercise will
transfer into any clinical significance at all.

High HDL and low LDL levels are epidemiologically associated
with reduced mortality, thus improving the quantity of these
parameters has been the traditional focus of exercise interven-
tion studies. However, changes in their “quality”, namely partic-
le size and structure, have also been linked to an increased risk
for developing atherosclerotic disease. Regarding LDL subfrac-
tions, this particularly pertains to the proportion of particles
of small density, whereas risk appears reduced with increasing
LDL particle size. In the study by Kraus et al. on amount and
intensity of exercise presented above (23), no changes in total
LDL levels, but significant reductions of small dense particles
and increases in particle size were observed, indicating bene-
ficial exercise effects on a molecular level. Similarly, a signifi-
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Although Lp(a) significantly contributes to the development of
coronary and valvular heart disease, data on associations with
exercise or fitness levels is scarce. When comparing the most
active with the inactive group of females in the Women s Health
Study already cited above, Lp(a) as part of a set of “novel” lipids
showed only a small contribution (15.5%) to overall risk reduc-
tion (30). In an observational study on diabetic men (55+8y),
higher fitness as assessed by exercise testing was associated
with significantly lower levels of Lp(a), but no clinical outcomes
were reported (13). Regarding familial hypercholesterolemia
(FAH), some affected patients may have been included in the
studies mentioned so far, but no exercise intervention study
has specifically targeted this particular cohort. However, in an
observational study on 639 patients with heterozyguous FAH
free of cardiovascular disease at baseline, decreased exercise
capacity assessed by exercise testing significantly predicted
incident coronary events during follow-up (37). In summary,
both the evidence for the effect of regular exercise on elevated
Lp(a) levels and in FAH is low, and future research is required
before definitive conclusions are permitted.

Depending on the risk profiles, many patients will be candida-
tes for both exercise interventions and statin treatment. Kok-
kinos et al. investigated the combined effect of fitness (exercise
test) and statin therapy in a population of 10,043 men (59+11y)
with and without cardiovascular disease (22). A total of 2,318
deaths were noted during a follow-up of 10 years, and both
high fitness and statin therapy were independently associated
with reduced mortality. If both modalities were present, risk

DEUTSCHE ZEITSCHRIFT FUR SPORTMEDIZIN + 68. Jahrgang « 11/2017



—y
L ]
']

p = 0.001

-y
E <
1
-

-y
]
1

p < 0.001

=
L

Relative Mortality Risk
o © :
{ap] oo

=
REN
i

o
]
1

L]

e e

Schematic illustration of the associations between statin intake and fitness level as assessed by exercise testing. Highly significant reductions in all-cause
mortality risk were observed between least vs. highly fit patients both with and without statin treatment. Being highly fit and taking statins showed the

highest benefit (modified from (18)).

reduction was more than doubled, indicating an exponenti-
al beneficial effect of combining exercise and statins at least
from an epidemiological perspective (fig. 1). In a cardiac reha-
bilitation setting, no differences in changes in VO,peak after 3
months of exercise training were observed between patients
with (n=968) or without (n=233) statin treatment (39).

In contrast, in a RCT in patients with the Metabolic Syn-
drome, 37 participants (43+11y) were randomized to 12 weeks
of aerobic exercise alone or to exercise and simvastatin 40mg
(29). VO,peak increased significantly in the exercise-only
group, but was blunted in the combined group, indicating
an unfavourable interaction between statins and exercise in
this small population. Moreover, among patients there is an
increasing scepticism regarding the initiation and value of sta-
tin therapy, unfortunately supported by many media reports
in recent years (33). This often pertains to side effects such as
myalgia, a clinical problem that indeed requires attention in
individual cases, but the prevalence of which is much lower
than anticipated (11, 24).

In summary, statin therapy may attenuate the effects
induced by regular exercise in single cases, but the overall
evidence suggests neutral or even beneficial effcts of com-
bining both treatments. It is therefore not justified to with-
hold statin treatment (if indicated according to current
guidelines) in patients exercising regularly, or vice versa.
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Summarizing the current evidence, effects of regular exercise
on lipid levels are at best modest, and many studies have yiel-
ded rather disappointing results. Long bouts of moderate ae-
robic exercise are preferred over resistance or high-intensity
interval exercise. Small improvements in HDL and TG are most
frequently observed, the clinical significance of which remains
to be established. LDL is rarely affected in absolute terms, but
exercise-induced reductions of atherogenic small dense sub-
fractions indicate that future research should additionally fo-
cus on changes in lipid quality rather than quantity. Elevated
LDL levels should be treated according to current guidelines,
which in many cases will include early-onset statin therapy.
Apart from individual side effects pertaining to symptoms of
myalgia, the overall evidence supports a favourable effect of
combining exercise and statin therapy.

Finally, as stated in the introduction, the present article
focuses on the effects of exercise on lipid levels as a single in-
tervention. Since in many patients abnormal lipid profiles are
part of a combination of various risk factors, exercise training
as a key component of multi-modal lifestyle interventions re-
mains a cornerstone of non-pharmacological therapies and
should be implemented into treatment strategies whereever
possible.
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