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Abstract: Dyslipidemia is a major 
modifiable cardiovascular disease 
(CVD) risk factor. While pharmacolog-
ical treatment has been a focal point of 
dyslipidemia management for several 
years, increasing physical activity is a 
safe, cost-effective treatment option that 
should also be recommended by health 
care practitioners. Moderate aerobic 
exercise consistently increases high-
density lipoprotein cholesterol (HDL-C) 
and reduces triglycerides (TG), inde-
pendent of changes in body weight. 
However, reductions in total and low-
density lipoprotein cholesterol are 
reported less often following aerobic 
exercise. Therefore, clinicians should 
understand that aerobic exercise is not 
likely to be an effective treatment option 
for their management. Recent empiri-
cal evidence also indicates that aerobic 
exercise may be of benefit for treating 
emerging lipid and lipoprotein risk fac-
tors such as lipoprotein particle size 
and number and triglyceride-rich lipo-
proteins. Further work is needed to 
clarify the impact of aerobic exercise 
on apolipoproteins. Based on current 
evidence, prescribing aerobic exercise 
as a means of increasing HDL-C and 
lowering TG is usually an efficacious 
strategy for treating these aspects of dys-
lipidemia. These effects are likely to be 

accompanied by changes in emerging 
lipid and lipoprotein risk factors.

Keywords: dyslipidemia; exercise; pre-
vention; cardiovascular; apolipoproteins

 Dyslipidemia is a major modifiable 
cardiovascular disease (CVD) risk 
factor encompassing elevations in 

total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C), triglycerides 
(TG), and low levels of high-density 
lipoprotein cholesterol (HDL-C).1 In addi-
tion, novel lipid and lipoprotein markers 
such as lipoprotein particle size and num-

ber, apolipoproteins, and  triglyceride-rich 
lipoproteins are emerging risk factors that 
contribute to CVD risk.2 The National 
Cholesterol Education Program Adult 
Treatment Panel III has put forth widely 
recognized guidelines establishing lipid 
and lipoprotein modification goals for 
both primary and secondary prevention.1 

Yet data from the National Health and 
Nutrition Examination Survey indicate 
that many adults have not achieved tar-
get levels for all lipids and lipoproteins.3

Therefore, critical evaluation of the cur-
rent strategies for dyslipidemia manage-
ment is needed to strengthen treatment 
of this CVD risk factor.

Health care practitioners employ a 
broad range of therapeutic options to 
treat dyslipidemia, including pharmaco-
logical treatment (eg, statins) and life-
style modification. While pharmacological 
agents have become the cornerstone in 
dyslipidemia treatment, concerns remain 

as to their safety and cost-effectiveness.4 

Furthermore, they are usually not pre-
scribed until the atherosclerotic burden
is relatively high, limiting their value in 
primary prevention.5 This underscores
the need to promote nonpharmacologi-
cal treatment options for lipid and lipo-
protein disorders. One such approach 
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is increasing physical activity, which is 
a cost-effective preventive measure for 
CVD risk reduction.6 Moreover, the car-
dioprotective benefit of exercise is due, 
at least in part, to its impact on blood lip-
ids and lipoproteins.7 Therefore, the pur-
pose of this review is to examine the 
effects of physical activity and inactivity 
on traditional and emerging blood lipid 
and lipoprotein risk factors.

Total and LDL Cholesterol

Epidemiological data demonstrate a 
direct relation between TC concentrations 
and CVD mortality rate.8 Typically, phys-
ically active individuals have lower TC 
than those who are less active.9 However, 
reduced TC in habitually active per-
sons may not relate to aerobic exercise 
training per se. Indeed, there is compel-
ling evidence that aerobic exercise does 
not induce consistent reductions in TC.10 
Furthermore, instances in which aero-
bic exercise training resulted in reduc-
tions in TC may have been attributable to 
changes in body mass or composition.11 
Thus, lower TC in physically active indi-
viduals is likely a result of other factors 
such as favorable body composition or 
macronutrient intake.

In addition to TC, LDL-C has a central 
role in the development and progres- 
sion of atherosclerosis and has been a  
principal lipid management target for  
several decades.12 As in the case of TC, 
the vast majority of evidence indicates 
that aerobic exercise, acute or chronic, 
does not lower LDL-C.9 For example, a 
recent meta-analysis of 49 randomized  
controlled trials demonstrated a nonstatis-
tically significant trend for a 2% reduc-
tion in LDL-C in men aged 18 to 65 
years following aerobic exercise train-
ing.13 When statistically significant atten-
uations in LDL-C are reported following 
aerobic exercise training, they are often 
very modest in nature (ie, 4%-7%).9 Such 
reductions, when attained, may be of 
physiological significance because every 
1% reduction in LDL-C reduces coronary 
heart disease risk by 2% to 3%.14 Yet from 
a clinical perspective, the significance of 
such reductions needs to be evaluated 
in light of current recommendations for 

LDL-C management. It is widely believed 
that LDL-C should be lowered as much as 
possible, and concentrations ≤100 mg/dL 
are now considered optimal.15 Thus, indi-
viduals with even borderline high LDL-C 
values (130-160 mg/dL) may not be able 
to reduce LDL-C to optimal concentra-
tions via aerobic exercise alone.

HDL-C and Triglycerides

HDL-C is anti-atherogenic for several 
reasons, including its role in reverse cho-
lesterol transport and its anti-inflam-
matory and antioxidant properties.16 
Inasmuch, there has been increas-
ing interest in recent years in targeting 
increasing HDL-C as a means of cardio-
protection. Increases in HDL-C concen-
trations ranging from 4% to 25% (2-8 mg/
dL) are consistently observed following 
aerobic exercise training.17,18 Although 
these increases are quantitatively mod-
est, they are meaningful because a 1-mg/
dL increase in HDL-C is associated with 
a 2% to 3% decrement in coronary heart 
disease risk.19 This appears to be an 
independent benefit of aerobic exercise 
because increases in HDL-C have been 
reported in the absence of alterations in 
body mass or composition20; however, 
changes in these variables may augment 
the response.21

There appears to be a threshold of 
approximately 1200 kcal/wk of total energy 
expenditure (TEE) to acquire exercise- 
induced alterations in HDL-C in both men 
and women.9 In addition, increases in 
HDL-C occur in a dose-dependent man-
ner, with greater increases resulting from 
greater TEE. These findings may be applied 
broadly because data from the HERITAGE 
Family Study indicate no differences in 
the HDL-C response to aerobic exercise 
by race, sex, or age.22,23 One prominent 
exception that must be carefully consid-
ered when prescribing exercise to increase 
HDL-C is that there is evidence that HDL-C 
may not increase in those with isolated low 
HDL-C at baseline.23

Low levels of HDL-C are often seen in 
conjunction with elevations in TG, lead-
ing to uncertainty as to whether the latter 
is an independent CVD risk factor.24 
Yet there is evidence to support the 

inclusion of TG as an independent 
CVD risk factor.25 For example, partici-
pants in the 2 upper TG tertiles of the 
Copenhagen Male Study had an adjusted 
coronary heart disease risk ratio of 2.2 
compared with individuals in the lower 
TG tertiles.26 Thus, although still contro-
versial, TG may be an independent lipid 
variable contributing to CVD risk.

In addition to raising HDL-C, lowering  
TG is among the most consistently 
observed effects of aerobic exercise on 
blood lipids and lipoproteins. Indeed, 
cross-sectional studies demonstrate 
that physically active individuals have 
lower TG concentrations compared 
with their physically inactive counter-
parts.27 Reductions in TG ranging from 
4% to 37% (5-38 mg/dL) have been 
reported following aerobic exercise 
training in the absence of weight loss.17 
As for HDL-C, the caloric expenditure 
threshold to achieve reductions in TG is 
approximately 1200 kcal/wk for men.9 
Reductions in TG also occur in a dose 
response manner, with further caloric 
expenditure frequently leading to addi-
tional reductions.28

Two key clinical considerations need 
to be noted when prescribing aerobic 
exercise as a modality for TG reduction. 
First, while attenuated TG concentrations 
have been reported for a broad range 
of baseline values, the extent of the 
exercise-induced reduction may be great-
est in individuals with high TG at base-
line.10 In addition, although reductions in 
TG with aerobic exercise are frequently 
reported in women, they are less frequent 
than in men.9

Lipoprotein Particle Size

Lipoprotein particle size and number 
may provide additional prognostic infor-
mation beyond that from the traditional 
lipid and lipoprotein panel.29 Although 
these parameters are not yet assessed 
routinely in clinical practice, they may be 
incorporated in the near future and are 
already recommended for evaluation of 
borderline situations.30 It is therefore of 
interest to investigate whether aerobic 
exercise favorably modifies lipoprotein 
particle size and number.
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Small, dense LDL particles are more 
atherogenic than larger, more buoyant 
LDL particles.31 Moreover, the size of 
LDL particles has also been shown to 
more accurately assess CVD risk than 
LDL-C.32 Cross-sectional evidence sug-
gests that habitually active individuals 
do not exhibit significant differences in 
LDL particle size,33 yet longitudinal stud-
ies have provided discordant findings. 
For example, Krauss et al34 performed a 
randomized controlled trial and reported 
incremental improvements in both LDL 
particle size and number with increasing 
total volume of exercise, independent of 

changes in body mass. It is particularly 
noteworthy that this change occurred in 
the absence of changes in LDL-C con-
centration. Therefore, aerobic exercise 
may alter LDL particle size and num-
ber and thus reduce LDL-associated CVD 
risk, despite not always reducing LDL-C 
concentration.

Reductions in HDL particle size and num-
ber are also associated with increased 
CVD risk, although this may be partly 
explained by associations with other car-
diovascular and metabolic risk factors.35 
Aerobic exercise also appears to mod-
ify HDL particle number and size, com-
plementing the often observed increases 
in HDL-C. For example, it has been dem-
onstrated that increases in both HDL 
particle size and concentration accom-
pany increases in HDL-C following 6 
to 8 months of regular aerobic exer-
cise training, independent of weight loss 
and dietary changes.34,36 Intriguingly, 
these exercise training adaptations have 
been shown to be sustained for 15 days 
following exercise cessation.37 Taken 
together, these studies provide compel-
ling evidence that the antiatherogenic 
modifications to the blood lipid and lipo-
protein profile stemming from aerobic 
exercise include favorable changes in 
LDL and HDL particle size and number.

Apolipoproteins

Apolipoproteins are structural ele-
ments of lipoprotein particles that play 
integral roles in their metabolism.38 
Apolipoprotein B (apoB) is found in very 

low-density lipoprotein, as well as  
intermediate-density lipoprotein, LDL, 
and lipoprotein(a). There is only 1 apoB 
per molecule, and thus apoB serves as a 
direct indicator of the total number 
of atherogenic particles.39 Accordingly, 
apoB measurement may provide addi-
tional information beyond measurement 
of LDL-C or even LDL particle number.40

The influence of aerobic exercise on 
apoB is currently controversial, with 
some studies finding decreases and oth-
ers finding no change. Ring-Dimitriou 
and colleagues41 reported that 9 months 
of aerobic exercise training lowered apoB 
by 18% in previously sedentary men and 
women. Conversely, other studies have 
demonstrated that similar volumes of aer-
obic exercise did not result in significant 
changes in apoB.42 Possible explanations 
for these discordant findings may be 
related to changes in body mass or com-
position and aerobic fitness.

Apolipoprotein A-I (apoA-I) is a major 
constituent lipoprotein associated with 
HDL and accounts for 70% of its protein 
content.43 Apo A-I concentration is pre-
dictive of long-term mortality in coronary 
heart disease patients.44 Evidence from an 
analysis of Women’s Health Study partici
pants indicates that self-reported physi
cal activity is associated with modestly 
higher apoA-I concentrations.45 In con-
trast, exercise interventions have yielded 
conflicting results, with some stud-
ies reporting increases46 and others no 
change.47

Lipoprotein(a) is a subfraction of LDL 
that contains apolipoprotein(a) and 
apoB. Retrospective case-control analy-
ses and prospective studies have found 
an association between lipoprotein(a) 
and CVD.29 Current evidence suggests 
that lipoprotein(a) is highly heritable and 
largely uninfluenced by acute or chronic 
exercise interventions.48

Taken together, these studies demon-
strate that aerobic exercise possibly has 
a beneficial impact on apolipoproteins, 
but that is far from definitive. Further 
studies are needed to clarify whether 
increasing regular physical activity is a 
viable approach to favorably modifying 
apolipoproteins.

Triglyceride-Rich 
Lipoproteins/
Postprandial Lipemia

Recent evidence indicates that ele-
vated postprandial TG is associated with 
increased CVD risk.49 Because most indi-
viduals consume subsequent meals prior 
to the complete resolution of the pro-
ceeding one, most of the day is spent in 
the postprandial state. This underscores 
the importance of assessing postprandial 
lipid and lipoprotein concentrations.

Single sessions of aerobic exercise 
have been shown to reduce postprandial 
lipemia (PPL; <30%, on average) follow-
ing a high-fat meal.50 As with other lipid 
and lipoprotein parameters, the key vari-
able mediating this response is TEE, with 
higher TEE typically eliciting larger atten-
uations in PPL.51 It should be noted that 
60 minutes of moderate-intensity brisk 
walking has been shown to effectively 
reduce PPL.52 Thus, this effect is attain-
able by performing single exercise ses-
sions that are consistent with current 
public health recommendations.53

Interestingly, this phenomenon appears 
to be a direct result of acute aerobic 
exercise. In fact, detraining studies have 
conclusively demonstrated that exercise-
induced attenuations of PPL are absent 
within 48 to 60 hours following the most 
recent exercise session, even in phys-
ically trained cohorts.54 Therefore, it is 
critical that frequent sessions of aero-
bic exercise are undertaken to favor-
ably influence postprandial triglyceride 
metabolism.

Conclusion

In summary, aerobic exercise is a 
highly efficacious, cost-effective preven-
tative strategy for CVD risk reduction. 
Modifications in blood lipids and lipo-
proteins are partly responsible for this 
benefit. Accordingly, health care practi-
tioners should be strongly encouraged to 
prescribe aerobic exercise. Increases in 
HDL-C and reductions in TG are among 
the most frequently observed lipid and 
lipoprotein changes that should be 
expected following aerobic exercise. In 
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addition to these changes in conven-
tional variables, aerobic exercise also 
favorably alters emerging lipid and lipo-
protein risk factors such as HDL and 
LDL particle size and number and post-
prandial triglyceride-rich lipoproteins. 
Additional work is needed to clarify 
whether aerobic exercise is effective in 
changing apolipoproteins. AJLM
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