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BACKGRound
Lipids are compounds, including fatty acids, cholesterol, 
and triglycerides, that play important roles in energy storage, 
body insulation, cell structure and function, steroid hormone 
synthesis, and metabolic regulation. Because lipids are not 
soluble in body fluids, they must combine with apolipopro-
teins (apo) to form lipoproteins for transport throughout the 
body. When joined with apolipoproteins, these newly formed 
lipoproteins take on a spherical shape that surrounds a lipid 
core containing triglycerides, phospholipids, free choles-
terol, and esterified cholesterol. Lipoproteins are categorized 
by ultracentrifugation according to their gravitational density 
(53), with as many as 17 different apolipoproteins associated 
with the four primary lipoprotein classes: chylomicrons, 
very-low-density lipoproteins (VLDL), low-density lipopro-
teins (LDL), and high-density lipoproteins (HDL) (51). 

The smallest lipoprotein and arguably most structurally 
complex is HDL, which is associated with several apolipo-
proteins; the most prominent are apo A-I and A-II (18). Apo 
A-1 is the most abundant (18) and is so vital to HDL struc-
ture and function that some experts have proposed this apo-
lipoprotein as an independent risk factor for cardiovascular 
disease (CVD) (42). Being the smallest and densest of all 
lipoproteins, HDLs have a high protein to lipid ratio and are 
divided into at least two major subtypes: HDL2, which con-
tains fewer lipids and is denser than HDL3, which has more 
lipid content and is less dense (58). Most HDL2 originates in 
the liver (approximately 70%) and are constructed from 
discoidal lipid particles (51). In the circulation, HDL can 
gather free cholesterol from peripheral tissues by interacting 
with the ATP-binding cassette transporter A1 (ABCA1) 
(52,65). The enzyme lecithin cholesterol acyltransferase 
(LCAT) converts the cholesterol into cholesteryl ester, which 
is then moved into the lipoprotein core and is essential for 
HDL3 formation. The newly formed spherical HDL3 has a 
principle role in gathering cholesterol esters and phospholip-
ids from the circulation. This process of gathering lipids is 

the primary means for the removal of cholesterol from the 
body and is known as the reverse cholesterol transport path-
way (51). In addition to HDL cholesterol (HDL-C) being the 
principle means for cholesterol removal, HDL2 and HDL3 
inhibit LDL cholesterol (LDL-C) oxidation (50), improve 
endothelial function (47), promote endothelial repair (64), 
and have antithrombotic and anti-inflammatory properties 
(13,48). These beneficial properties contributed to HDL-C 
earning the label of “good” cholesterol.

Present understanding is that HDL-C levels over 40 
mg∙dL-1 are essential for optimal cardiovascular health. An 
inverse relationship between HDL-C and risk for premature 
CVD is well established (14,20,59,69). This relationship is 
especially pertinent to the US population, which has a rela-
tively high percentage of individuals with low HDL-C levels 
(Figure 1). Interestingly, the prevalence of low HDL-C (i.e., 
<40 mg∙dL-1) among men in the United States is nearly 
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FIGURE 1. Percentage of adults in the United States with low 
high-density lipoprotein (HDL) cholesterol (< 40 mg∙dL-1). 

Adapted from Carroll MD, Kit BK, Lacher DA. Total and high-
density lipoprotein cholesterol in adults: National Health and 
Nutrition Examination Survey, 2009-2010. NCHS data brief no. 92. 
Hyattsville, MD: National Center for Health Statistics; 2012.
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double that of women (55). The discrepancy between gen-
ders appears to be an androgen effect and is not related to 
estrogen or progesterone levels, as previously assumed. 
Before puberty, males and females have similar HDL-C 
levels. However, at puberty, male HDL-C levels begin to 
decline, and this HDL-C decline mirrors the simultaneous 
rise in endogenous testosterone levels (45,55). Low HDL-C 
was first identified by the Framingham Heart Study, is now 
acknowledged as a crucial risk factor for premature CVD, 
and has gained recognition as being potentially more impor-
tant than other forms of cholesterol, including LDL-C, for 
identifying CVD risk (Figure 2) (28). Adding support to this 
belief, Gordon et al. (27) reviewed epidemiological work, 
including the Framingham Heart Study, and reported an 
average of 1 mg∙dL-1 increase in HDL-C as being associated 
with a 2 to 3% decreased risk of CVD. Data providing fur-
ther support for this position come from interventional stud-
ies in which CVD risk remained high in spite of substantially 
lower LDL-C when HDL-C <40 mg∙dL-1 (3). Concordantly, 
many scientists and practitioners consider HDL-C as a thera-
peutic target that is independent of beneficial LDL-C lower-
ing (5). Rubin et al. (56) found that patients with normal 
levels of LDL-C and low levels of HDL-C and who subse-
quently increased their HDL-C with gemfibrozil treatment 
(fibrate drug used to alter lipid levels) can reduce their CVD 
risk for future events by 22%.

Pharmaceutical interventions for primary and secondary 
prevention of CVD aimed at raising HDL-C and lowering 
LDL-C are often recommended (25,66). However, specifi-
cally raising HDL-C pharmaceutically has proven difficult 
because of the complexity of HDL metabolism (51). Fortu-
nately, HDL-C concentrations are influenced by lifestyle 
intervention, including physical activity and exercise train-
ing. HDL-C levels are increased 2 to 8 mg∙dL-1 when specific 
exercise training threshold volumes are completed (25,38). 
Even though these exercise training changes may appear 

trivial, small HDL-C increases have a dramatic impact on 
cardiovascular health and CVD risk (5,51).

HdL-C, PHYsiCAL ACtivitY,  
And eXeRCise tRAininG

Lifestyle modifications are vital in primary prevention and 
secondary dyslipidemia management, especially in patients 
with low HDL-C. Present scientific findings indicate that 
with lifestyle interventions, such as proper nutrition, physi-
cal activity, and regular exercise, many individuals are able 
to optimize their cholesterol and lipoprotein levels without 
pharmaceutical intervention (25). A single exercise session 
and regular exercise participation are known to positively 
impact triglyceride and HDL-C levels in most individuals 
and such persons are termed responders. However, some 
individuals experience no HDL-C change regardless of the 
amount of physical activity and exercise training completed, 
dubbing them nonresponders (7). One estimate is that 
approximately 19% of all individuals are nonresponders (2). 
Nonetheless, most exercise training studies report significant 
HDL-C changes that are positively correlated with the vol-
ume of exercise training completed (22). In addition to 
exercise training, HDL-C changes are related to the indi-
vidual fitness level (37). Typically, sedentary individuals 
who complete an exercise training program have larger 
increases in HDL-C when compared with trained individu-
als who undergo equivalent increases in exercise training 
volume (29). The reason for a greater change found in sed-
entary individuals is likely due to the sedentary group hav-
ing a greater potential for change in fitness (21).

A single aerobic exercise session of sufficient volume 
increases HDL-C in most individuals, and some scientists 
refer to this single exercise session response as transient 
because within several days, the HDL-C returns to pre-
exercise values. This HDL-C increase observed with a single 
exercise session is similar in magnitude to the increase seen 
with aerobic exercise training, typically resulting in a 4 
mg∙dL-1 (22). This HDL-C rise will peak 24 to 48 h after 
exercise is completed and can stay elevated for up to 72 h 
before returning to pre-exercise levels (21). These data sup-
port the need for regular physical activity and limiting non-
exercise days to a maximum of 2 d. This leaves most indi-
viduals needing an exercise frequency of 5 or 6 d·wk-1 to 
achieve the desired exercise volume necessary for optimal 
HDL-C change (39). The required amount of calories 
expended during a single exercise session to elicit an increase 
in HDL-C in a sedentary individual is approximately 350 
kcals (16). However, to realize the same HDL-C change in 
trained individuals will likely require a larger caloric expen-
diture threshold of 1,000 or more kcals (24). In addition to 
changes in HDL-C concentrations, the size of HDL-C parti-
cles is reportedly increased following a single aerobic exer-
cise session. This finding further supports the belief that a 
single exercise session can positively alter lipoprotein 
metabolism (67). However, these changes are temporary or 
transient, and in order for them to be maintained, regular 
exercise participation is necessary (21).
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FIGURE 2. Incidence of coronary heart disease associated with 
high-density lipoprotein (HDL) cholesterol.

Adapted from Gordon T, Castelli WP, Hjortland MC, Kannel WB, 
Dawber TR. High density lipoprotein as a protective factor against 
coronary heart disease. The Framingham Study. Am J Med. 
1977;62(5):707-14.
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For regular aerobic exercise training to increase HDL-C 
levels, a certain dose threshold of energy expenditure level 
must be achieved (34). The likelihood of reaching this 
threshold is increased when training programs last more than 
12 wk and include larger exercise training volumes (21,25). 
While exercise training volume has the strongest and most 
established correlation, several other factors also contribute 
to an individual’s potential to change HDL-C, including 
body weight, body composition, and dietary changes (25,34). 
Large exercise training volumes are often associated with 
reductions in body weight and body fat percentage that can 
influence HDL-C levels (25,26). A recent study by Metzner 
et al. (46) investigated the effects of a 12 wk conventional 
caloric restriction diet on cardiovascular risk factors, includ-
ing HDL-C in overweight women. Dietary restriction 
resulted in significant weight loss that was associated with 
decreased HDL-C levels. 

Additionally, a meta-analysis performed by Datillo et 
al. (17) on the effects of weight loss on serum lipid levels 
found slight reductions in HDL-C for individuals actively 
reducing body weight. A second recent meta-analysis by 
Kelley et al. (35) investigated the combined effects of aero-
bic exercise and diet on serum lipid levels and found a sig-
nificant decrease in HDL-C associated with diet and exercise 
(35). Kelley et al. (35) concluded that the decrease in HDL-C 
was most likely due to either decreases in total fat intake 
and/or overall body weight reduction. In support of this con-
cept, Thompson et al. (62) used special diets with supple-
ments to maintain body weight and percentage body fat and 
reported HDL-C increases of 8 mg·dL-1 when body weight 
did not change after one year of aerobic exercise training. 
Wood et al. (72) reported that a weight loss program using 
caloric restriction alone or in combination with exercise 
training resulted in body weight and body fat decreases with 
HDL-C increases in all groups. Nonetheless, HDL-C 
increases seen among the exercise training group were sig-
nificantly higher than the calorie restricted groups (72). 
Although the literature supports that large body weight 
changes and diet restrictions may detract from HDL-C posi-
tive change, increased HDL-C is realized through aerobic 
exercise training. 

As opposed to aerobic exercise training, resistance 
training has limited beneficial effects on lipids and lipopro-
teins (8,10,12,23,31,33,70), whereas the health benefits 
reported after resistance exercise training appear to affect 
non-HDL-C particles. A recent meta-analysis performed by 
Kelley et al. (33) on 29 studies with a total of 1,329 male and 
female adult participants provides evidence that regular 
resistance training can modestly lower total cholesterol and 
LDL-C with no change in HDL-C. These findings should be 
interpreted with caution because fewer calories are typically 
expended during a resistance exercise session versus an 
aerobic exercise session. Remember that higher calorie 
expenditures are associated with greater potential of HDL-C 
change (21). Although resistance training has been viewed 
as less effective than aerobic training for modifying lipids, 

the health benefits associated with resistance training are 
important and should be considered when developing indi-
vidual exercise prescriptions.

PResCRiBinG eXeRCise to RAise HdL-C
Sedentary individuals wanting to increase HDL-C levels 
through exercise should follow the 2008 U.S. Physical 
Activity Guidelines for Americans (64) in conjunction with 
the American College of Sports Medicine guidelines (1) and 
the American Heart Association recommendations (30,61). 
The 2008 U.S. Physical Activity Guidelines for Americans 
recommends 150 min of moderate intensity or 75 to 150 min 
of vigorous intensity physical activity per week or a relative 
mixture (64). In some cases, the 2008 U.S. Physical Activity 
Guidelines for Americans also recommend that 300 min of 
moderate intensity are needed in order to optimize some 
physiologic parameters, including lipid levels (64). Typi-
cally, individuals with chronic diseases are recommended to 
use moderate intensity exercise (60 to 85% of heart rate 
reserve) to avoid any adverse effects of higher intensive 
exercise (25,41). Generally, HDL-C levels will increase as 
clients adhere to these exercise guidelines, with a change 
that is consistent with a dose-response relationship. Support-
ing this dose-response relationship concept, Kraus et al. (37) 
reported greater improvements in LDL particle size, HDL-
C, and triglyceride levels in dyslipidemic men and women 
who averaged 20 miles of running and walking per week 
when compared with individuals who averaged 12 miles of 
running and walking per week (Figure 3) (37). Exercising at 
a minimum recommended volume would likely cause mod-
est HDL-C increases (37). However, exercising above the 
recommended volume can result in greater HDL-C increases 
in most individuals as well as improving other lipid and 
lipoproteins levels (25,37). 
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FIGURE 3. Change in high-density lipoprotein (HDL) cholesterol 
following 8 mo of exercise training with 3 different programs.

Low volume = caloric expenditure of 14 kcal∙kg-1 per wk. Low 
intensity = 40 to 55% peak oxygen uptake. High volume = caloric 
expenditure of 23 kcal∙kg-1 per wk. High intensity = 65 to 80% peak 
oxygen uptake.
Adapted from Kraus WE, Houmard JA, Duscha BD, Knetzger KJ, 
Wharton MB, McCartney JS, Bales CW, Henes S, Samsa GP, Otvos 
JD, Kulkarni KR, Slentz CA. Effects of the amount and intensity of 
exercise on plasma lipoproteins. N Engl J Med. 2002; 
347:1483-92.
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Also important to note is that a sedentary person’s 
HDL-C level is likely to decrease with aging (68). The rea-
son for this change is not understood but is likely related to 
reduced physical activity. For example, if a person is able to 
maintain higher physical activity and exercise levels as he or 
she ages, the result is likely a higher HDL-C. In addition, 
completing daily physical activity or exercise in small seg-
ments may provide the same health benefits as one continu-
ous session. For example, three daily 10 min exercise periods 
or more are as effective at raising HDL-C as is 30 min or 
more of continuous exercise (34). The mode of aerobic exer-
cise is unlikely to effect the exercise-related change in HDL-
C; therefore, the exercise mode should be based on the goals 
and exercise preferences of the client.

AdJunCtive tHeRAPY FoR RAisinG HdL-C
A substantial amount of evidence exists showing that exer-
cise training is capable of raising HDL-C in most but not all 
individuals. However, while physical activity and regular 
exercise training may provide gains of approximately 2 to 8 
mg∙dL-1, these modest gains substantially reduce CVD risk 
(25). Any increase in HDL-C has the potential to lower the 
total cholesterol to HDL-C ratio (high ratios are related to 
increased CVD risk) and reduce CVD risk (51). In addition, 
many individuals with dyslipidemia are urged to start a low-
calorie, low-fat diet (25). While such a diet is beneficial in 
lowing overall body fat and decreasing LDL-C levels, 
HDL-C may also be lowered as a result (11). Individuals 
with low HDL-C levels may benefit from combining exer-
cise with nutritional supplements to raise HDL-C. Omega-3 
(ω-3) fatty acids, resveratrol, and niacin are nutritional sup-
plements that have each been shown to improve cardiovas-
cular health (19,40,49,57).

ω-3 fatty acids are polyunsaturated fatty acids com-
monly found in marine and plant oils. These fats are consid-
ered essential in the human diet because the body is unable 
to synthesize them. Balk et al. (4) in a meta-analysis of ran-
domized controlled trials reported an average increase in 
HDL-C of 1.6 mg∙dL-1 with ω-3 fatty acid supplementation. 
Similar to the HDL-C increases associated with exercise, 
HDL-C increases found with ω-3 fatty acids supplementa-
tion are small but potentially significant. The combined 
treatment of ω-3 fatty acid supplementation and aerobic 
exercise has received limited clinical evaluation (60,72). 
Wooten et al. (73) investigated the effect of three consecu-
tive days of exercise (~65% of V· O2 max with ~660 kcals 
expenditure per exercise session) in combination with 42 d 
of ω-3 fatty acid supplementation (4.55 g∙d-1) on LDL and 
HDL particle size, distribution, and concentration. No 
HDL-C change was found and no clear explanation as to 
why the exercise treatment had no effect on HDL-C was 
given. 

Potential reasons for no change might include that the 
exercise treatment was too short and did not meet the neces-
sary exercise volume for change or the subjects already had 
relatively high HDL-C levels. In contrast, Thomas et al. (60) 
investigated the combined use of 4 wk of ω-3 fatty acid 

supplementation (4 g∙d-1) and a single moderate aerobic 
exercise session (~60% V· O2 max and 60 min) on LDL-C 
and HDL-C subfractions. A synergistic interaction was 
found between ω-3 fatty acid supplementation and a single 
aerobic exercise session that resulted in significant HDL-C 
increases, which was not seen with either ω-3 fatty acid 
supplementation or a single exercise session alone. A possi-
ble synergistic interaction between ω-3 fatty acid and exer-
cise may truly help individuals raise HDL-C and decrease 
their CVD risk. But to date, no clinical investigations mea-
suring the effects of ω-3 fatty acid supplementation and 
exercise training on HDL-C concentrations have been 
completed.

For decades, niacin has been shown to increase HDL-C 
in clinical trials (60). Niacin, also known as vitamin B3, is 
an essential nutrient, and when deficiencies occur, the rare 
disease pellagra can result (32). Niacin naturally occurs in 
animals and plants and has been used for several decades as 
a nonsynthetic pharmaceutical means for increasing HDL-C 
(60). Clinical trials measuring the effect of niacin on lipid 
and lipoprotein levels use pharmacologic doses that far 
exceed levels seen in a healthy diet (66). In addition to the 
increasing HDL-C, niacin has also been shown to decrease 
LDL-C (15). However, only one peer-reviewed paper has 
been published regarding the combined effects of niacin and 
exercise on HDL-C. Koh et al. (36) examined the combined 
effects of extended release niacin (1,000 mg∙d-1 for 4 wk) 
and a single session of moderate intensity exercise (60% 
heart rate reserve and ~400 kcal of energy expenditure) on 
lipid and lipoprotein levels. Niacin alone had beneficial 
effects on HDL-C, while the combined treatment of niacin 
and exercise had no synergistic effect. Niacin and exercise 
have been recommended as lifestyle modifications for indi-
viduals with dyslipidemia for decades, but research detailing 
their combined effect is lacking. Perhaps the reason for the 
lack of scientific investigations into this area is attributed to 
niacin’s potential side effects. In some individuals, “flush-
ing” occurs because of vasodilation occurring in blood ves-
sels near the skin’s surface. While this side effect is not 
dangerous, the associated tingling and burning in the flushed 
area is distressing to individuals (15).

Resveratrol supplementation for individuals with dys-
lipidemia is relatively unexplored but may have potential. 
Produced as a secondary metabolite of some plants (e.g., 
grape vines), resveratrol is classified as a stilbene (a subcat-
egory of phytochemical) (44). Recent investigations show 
that resveratrol may decrease CVD risk (6,9,54,71) by 
decreasing platelet aggregation and increasing HDL-C 
(6,43). However, to date, no clinical trials investigating the 
effects of resveratrol on HDL-C levels have been 
published. 

CLiniCAL iMPLiCAtions
Having low HDL-C levels is of great clinical importance, 
and clinical exercise physiologists should understand not 
only the significance of raising HDL-C in order to reduce 
CVD risk and/or future cardiac events but should also be 
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aware of the different interventions and strategies available 
to raise HDL-C. Twelve to 24 wk of exercise training alone 
in most individuals (>75%) will increase HDL-C levels 
within a small range of 2 to 8 mg∙dL-1 that will dramatically 
reduce CVD risk (25). To maximize HDL-C improvements 
with physical activity and exercise, at least 150 to 300 min-
utes of moderate intensity exercise should be performed 
weekly (33,34). While resistance exercise training will likely 
not affect an individual’s blood lipid or lipoprotein levels, 
there are many other potential health benefits gained from 
resistance exercise training; therefore, resistance exercise 

should be part of the physical activity and exercise plan for 
individuals with dyslipidemia. In addition, physical activity 
and exercise training in most cases may work synergistically 
with other interventions, such as ω-3 fatty acids, niacin, or 
resveratrol, to enhance HDL-C change. Finally, despite there 
being some individuals who either have low blood HDL-C 
or are nonresponders requiring other intervention methods, 
physical activity and regular exercise will increase HDL-C 
levels in most individuals. 

Keywords: cholesterol, lipids, dyslipidemia, exercise
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