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Abstract

Background: Chronic kidney disease (CKD) is associated with abnormal lipid profiles and altered high-density lipoprotein
(HDL) particle size patterns. Lower levels of the larger, cardioprotective HDL particles found in CKD may play a role in the
increased risk for cardiovascular disease in these patients. The current study was designed to assess the effects of short-
term moderate-intensity aerobic exercise training on the HDL particle pattern and overall lipid profiles in stage 3 CKD
patients.

Methods: Forty-six men and women with stage 3 CKD were randomized to either exercise (EX, n¼25) or control (CON,
n¼21). Those in the EX group completed 16 weeks of supervised moderate-intensity aerobic exercise three times per week.
Serum total cholesterol, HDL cholesterol (HDL-C), triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C), HDL par-
ticle size, estimated glomerular filtration rate (eGFR), body composition and peak oxygen uptake (VO2peak) were assessed at
baseline and week 16.

Results: The rate of compliance in the EX group was 97 6 7.2%. No change was observed in eGFR over time in either group.
There was an 8.2% improvement in VO2peak in the EX group (P¼0.05), while VO2peak decreased in the CON group. HDL-C,
TGs, HDL particle size and body composition remained unchanged in both groups. A trend was found for lower total choles-
terol (TC) (P¼0.051) and LDL-C (P¼0.07) in the CON group.

Conclusion: Our findings indicate that a short-term aerobic exercise training intervention in stage 3 CKD patients does not
induce changes in HDL particle size or favorable lipid profile modifications.
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Introduction

Chronic kidney disease (CKD) has been identified as a world-
wide public health problem [1]. In the USA, it is estimated that
>20 million people currently have CKD, based on the classifica-
tion determined by the National Kidney Foundation [2]. CKD is
associated with a high risk of developing cardiovascular disease
(CVD) [3], such that the prevalence of CVD in patients with CKD
is significantly greater than the prevalence of CVD in the gen-
eral population [4]. Mortality due to CVD in the early stages of
CKD is more common than progression to end-stage renal dis-
ease (ESRD) [5]. Therefore, there are a greater number of CKD
patients in stages 1–4 and the overall burden of CVD in the early
stages of CKD is presumed to be far greater than in ESRD [6, 7].
Accordingly, management of CVD risk factors has been identi-
fied as a vital aspect of treatment of CKD [8]. Among other risk
factors for CVD, dyslipidemia has been consistently observed at
higher rates in CKD patients [2, 3, 6, 9].

Dyslipidemia is commonly identifiable in the early stages of
CKD and frequently accompanies the progression of renal fail-
ure [10, 11]. Abnormal lipid profiles associated with CKD are pri-
marily reflected in elevated triglyceride (TG) and decreased
high-density lipoprotein cholesterol (HDL-C) levels, while low-
density lipoprotein cholesterol (LDL-C) levels are usually normal
[12, 13]. In addition to disturbed lipid profiles, components of
lipid particles and subclasses of lipid particles are also altered in
CKD. CKD is associated with low levels of the primary protein
components of HDL, apolipoprotein AI and AII, and decreased
production of HDL particles [14]. HDL particles, which function
in reverse cholesterol transport and other cardioprotective
roles, are known to be dysfunctional in CKD [15, 16]. Larger HDL
particles are thought to be most cardioprotective; their large
size is considered evidence of a higher capacity for reverse chol-
esterol transport, and larger HDL particles have a longer life
span as compared with smaller HDL particles [17, 18]. Patients
with CKD typically display lower amounts of larger HDL par-
ticles and higher amounts of medium and small HDL particles.
Al-Shahrouri et al. [19] found a significant inverse relationship
between estimated glomerular filtration rate (eGFR) and me-
dium HDL particle concentration, and Jenkins [20] reported a
significant positive relationship between albumin excretion
rate and small HDL particle concentration.

Aerobic exercise training has been associated with positive
effects on lipid profiles in the general population, most notably
in TG and HDL levels [21–25]. The results of a meta-analysis of
studies involving exercise interventions of moderate to high in-
tensity three to five times per week for >12 weeks indicated a
general increase in HDL-C, decreases in TG and LDL-C concen-
trations and no change in total cholesterol [26]. Kraus et al. [27]
noted a significant improvement in lipoprotein profiles of sub-
jects who exercised regularly over a period of 6 months, includ-
ing increased HDL-C and decreased very-low-density
lipoproteins and TGs. According to a recent meta-analysis by
Sarzynski et al. [28], regular exercise imparts several beneficial
effects on lipid particle subclasses, including significant in-
creases in large HDL particles and significant decreases in me-
dium HDL particles.

Strategies to reduce risk factors for CVD in the general popu-
lation have been proposed as applicable to reduce CVD risk in
CKD patients [8]. Possible implications of exercise training in
CKD are of interest, given the positive effects of exercise in the
general population on the aspects of lipid profiles disrupted in
CKD. However, much less is known about the effects of exercise
training on the lipid profiles of patients with CKD. Contrary to

the majority of findings in the general population, Eidemak et al.
[29] reported a significant increase in the total cholesterol of
CKD patients after an aerobic exercise training intervention.
Similarly, in a study on the effects of exercise training in stage
2–4 CKD patients, our group [30] observed a significant increase
in total cholesterol and LDL-C in the exercise training group.
Results of other studies have indicated no change in blood lipids
of CKD patients following exercise intervention programs [31,
32]. However, Toyama et al. [33] found that a 12-week exercise
program resulted in a significant increase in average HDL-C in
CKD patients with CVD. In assessing the outcomes of cardiac re-
habilitation aerobic exercise programs, Venkataraman et al. [34]
observed significant improvements in the lipid profiles of pa-
tients with both CVD and CKD; however, these patients still had
lower average HDL-C compared with patients without CKD [34].
Notably, none of these studies examined responses of HDL par-
ticle patterns to exercise. The particle pattern can provide im-
portant information about atherogenicity that cannot be
determined through serum lipid concentration alone. Whether
the HDL particle pattern responds to exercise in CKD patients
similar to those without CKD is not known. Therefore, the pur-
pose of this article is to present a secondary analysis of data
from a study assessing the HDL particle pattern and overall lipid
responses to a short-term moderate-intensity aerobic exercise
training intervention in stage 3 CKD patients. We hypothesized
that the 16-week exercise training program would lead to im-
provements in lipid profiles, specifically through increased HDL
number and particle size.

Materials and methods

Detailed descriptions of the materials and methods have been
published previously [35, 36]. All procedures were approved by
the Institutional Review Board (IRB) at Springfield College and
all patients provided written informed consent prior to partici-
pating. A total of 1116 patients were assessed for eligibility to
participate.

Participants

Eligibility criteria included men and women 35–70 years of age,
presence of CKD stage 3 (eGFR 30–59 mL/min/1.73 m2) with ei-
ther hypertension or diabetes as the primary cause. Potential
participants were identified from the database of patients at a
private nephrology practice. Patients who were currently engag-
ing in a structured exercise program, who had been diagnosed
with atrial fibrillation, who were current cigarette smokers or
who had any absolute contraindication to exercise as defined
by the American College of Sports Medicine [37] were excluded.
Of all patients screened, 981 were excluded and 86 declined to
participate, leaving 51 eligible patients.

Procedures

All baseline measurements were completed prior to randomiza-
tion. A demographics questionnaire was completed to assess
medication use. Height was determined using a portable stadi-
ometer and body weight and composition were determined
using the Tanita BC-418 Segmental Body Composition Analyzer/
Scale (Tanita, Tokyo, Japan), which correlates strongly (r � 0.95,
P< 0.001) with both whole-body and regional composition val-
ues obtained using dual-energy X-ray absorptiometry [38].
Fasting blood samples were collected via antecubital venipunc-
ture into serum separator tubes. After clotting and
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centrifugation, one blood sample was sent to a certified medical
laboratory (Quest Diagnostics, Springfield, MA, USA) for stand-
ard lipid analyses and serum from an additional tube was
stored in an individual aliquot at �80�C for HDL particle ana-
lyses. Also, a graded exercise test was performed to determine
peak oxygen uptake (VO2peak) as a measure of fitness and as a
means for prescribing intensity for exercise training. During the
subsequent 2 weeks, participants were interviewed via tele-
phone, unannounced, on two separate occasions by a registered
dietitian with specialization in nephrology, to collect a 24-h
dietary recall. Participants were then randomized to either the
exercise (EX, n¼ 28) or control (CON, n¼ 23) group.

Participants randomized to the EX group completed three
supervised aerobic exercise sessions per week for a total of 16
weeks. Aerobic exercise was completed at 50–60% of VO2peak,
with a progressive duration that was initially set at 15–30 min
but gradually increased to a total of 55 min per session for
most participants. If a session was missed, participants were
allowed to make up that session within the subsequent 2
weeks. Participants randomized to the CON group were dir-
ected to follow the instructions of their physician, but not to
start a formal exercise program. After 16 weeks, data collec-
tion procedures used at baseline were repeated. For those as-
signed to the EX group, anthropometrics and blood were
determined a minimum of 48 h following the final exercise
session.

Biochemical analyses

Serum total cholesterol, HDL-C and triacylglycerol content were
determined using enzymatic methods. LDL-C was determined
using the Friedewald method [39]. HDL particle size was deter-
mined via high-resolution polyacrylamide gel electrophoresis
using the Lipoprint system (Quantimetrix, Manhattan Beach,
CA, USA). A total of three bands of HDL were quantitatively eval-
uated using computer software (National Institutes of Health
imaging software utilizing the Lipoprint HDL macro). The soft-
ware allows for the identification of each subclass according to
their relative mobility, with smaller particles migrating further.
The area under the curve was calculated for each fraction,
allowing for determination of the relative percentage of HDL in
each band as well as mean and peak diameter.

Dietary analyses

Dietary analyses were completed using Food Processor
Nutrition Analysis Software version 11.0.2 (ESHA Research,
Salem, OR, USA). Data from the two baseline recalls and from
the two post intervention recalls were averaged to arrive at the
baseline and post intervention values.

Statistical analyses

All lipid measures were analyzed using analysis of covariance
(ANCOVA), with baseline assessments used as covariates and
treatment and control groups compared at 16 weeks. All vari-
ables were screened for violations of assumptions for ANCOVA
analysis and were deemed acceptable for analysis.

Compliance with ethical standards

Ethical approval
All procedures performed in studies involving human partici-
pants were in accordance with the Springfield College IRB and
with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Informed consent
Informed consent was obtained from all individual participants
included in the study.

Results

Of the 51 participants initially randomized, 46 completed the
entire intervention (EX¼ 25, CON¼ 21). Only data from partici-
pants who completed the intervention were included in the
analyses. Analyses were conducted on all nonmissing data; if a
participant missed an assessment, they were excluded from
that particular analysis. Baseline characteristics of participants
in each group have previously been published [35] and indicated
no difference between groups in any variable measured
(P> 0.05), including age, height, weight, gender and disease sta-
tus. The eGFR was unchanged over time in both groups.
Compliance in the EX group was outstanding, with 97 6 7.2% of
scheduled training sessions completed. Anthropometrics, fit-
ness and nutrition results are presented in Table 1. Dietary

Table 1. eGFR, hs-CRP, anthropometrics, fitness, and nutrition

Baseline Week 16

Variable EX CON EX CON

eGFR (mL/min/1.73 m2) 47.0 6 12.0 48.3 6 12.7 52.4 6 19.1 50.1 6 16.2
hs CRP (mg/L) 6.0 6 3.7 5.6 6 2.96 5.9 6 4.5 5.4 6 3.3
Body mass index (kg/m2) 34.9 6 8.0 36.5 6 8.9 34.5 6 7.8 36.2 6 8.9
Body fat (%) 35.9 6 9.5 37.4 6 8.6 34.7 6 9.7 36.2 6 8.9
Fat-free mass (lbs) 140.1 6 33.3 142.7 6 39.9 145.6 6 32.9 142.1 6 41.5
VO2peak (mL/kg/min) 19.6 6 6.7 18.0 6 6.0 21.2 6 7.7a 17.5 6 5.7
Total Kcal 2149 6 722 2077 6 569 2201 6 850 1985 6 412
Carbohydrate (kcal) 1167.9 6 386.1 913.7 6 212.5 1134.4 6 567.7 878.9 6 156.9
Fat (kcal) 719.9 6 281.0 751.5 6 296.7 712.0 6 264.8 692.8 6 232.8
Protein (kcal) 344.9 6 97.7 373.7 6 127.9 348.0 6 95.2 349.67 6 85.93
Sodium (mg) 3686.1 6 1084.3 3782.8 6 1718.9 3872.9 6 1125.4 3777.7 6 1321.4
Phosphorous (mg) 727.88 6 321.71 700.6 6 404.8 708.7 6 364.4 780.9 6 327.8

Values are mean 6 standard deviation.
aIndicates significant difference between EX and CON groups at week 16 after controlling for age and baseline values.
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analysis measures remained unchanged in both groups. There
were no significant time or treatment effects on body mass
index or body composition. Fitness, as assessed by VO2peak, im-
proved by �8.2% in the EX group (P¼ 0.05), but decreased by
�3% in the control group.

Table 2 displays the serum lipid responses to the interven-
tion. No significant time or treatment effects were found for any
lipid variable, although a trend for lower total cholesterol
(P¼ 0.051) and LDL-C (P¼ 0.07) in the CON group was observed.
Findings for HDL remained nonsignificant with gender as a
covariate (P ¼ 0.65). Figure 1 displays the responses of HDL par-
ticles to the exercise intervention. No significant group or time
effects were found for large, medium or small HDL particle con-
centration. Table 3 includes the number of participants in each
group classified according to the level of urine protein at base-
line. Due to missing values, data from 42 of 46 participants were
included in the analysis of proteinuria, assessed through 24-h
urine protein. High-sensitivity C-reactive protein (hs-CRP)
values were previously published and indicated no difference
between groups at baseline and no time or treatment effects
(P¼ 0.9) [35].

Through the course of the study, a total of five participants
(three EX, two CON) had changes (additions or deletions) in
medications that impact lipids. When removing these partici-
pants from statistical analyses, the differences between groups
in total cholesterol at week 16 reached significance [EX
5.04 6 1.07 mmol/L (194.8 6 41.3 mg/dL), CON 4.09 6 0.95 mmol/L

(158.3 6 36.6 mg/dL); P¼ 0.03], but no other significant differ-
ences were found in any other lipid variable.

Discussion

The purpose of the present secondary analysis was to examine
the HDL particle and overall lipid responses to 16 weeks of aer-
obic exercise training in patients with stage 3 CKD. The primary
finding was that HDL particle size was not changed by short-

term moderate-intensity regular aerobic exercise. We also
observed a trend for control subjects to have improvements in
total cholesterol and LDL-C that was not observed for the EX
group.

HDL particle pattern has been shown to improve after the
adoption of regular exercise in the general population [28].
Nascent HDL particles are formed in circulation through inter-
actions with apolipoprotein AI and AII. These nascent particles
obtain apolipoproteins C and E, forming lipid-poor, small HDL
particles. The small HDL particles bind the adenosine triphos-
phate–binding cassette transporter type I to retrieve free choles-
terol from extrahepatic tissue and esterify that cholesterol via
the action of lecithin–cholesterol acyltransferase (LCAT), send-
ing the cholesterol ester to the center of the HDL particle, effect-
ively increasing the size of the particle [40]. As the particle
increases in size, it becomes a cholesterol-rich, large HDL par-
ticle. These particles then interact with the liver to release the
lipid contents, reducing the size of the HDL particle. The par-
ticles then dissociate from the liver to return to extrahepatic tis-
sue for the removal of additional cholesterol [12]. Several
studies have shown the influence of exercise on this process
and on the ultimate outcome of HDL-C [28, 41].

Fig. 1. Response of HDL particle size to 16 weeks of aerobic exercise in stage 3

CKD patients.

Table 2. Serum lipid responses to 16 weeks of aerobic exercise in stage 3 CKD patients

EX CON

Lipid variable, mmol/L (mg/dL) Baseline 16 weeks Baseline 16 weeks Adjusted mean difference (95% CI)a P-valueb

Total cholesterol 4.95 6 1.18 4.89 6 1.01 4.49 6 0.91 4.12 6 0.92 0.44 (�0.001, 0.88) 0.051
(191.43 6 41.54) (189.04 6 38.91) (173.59 6 35.31) (159.35 6 35.73) [16.92 (�0.05, 33.89)]

HDL 1.18 6 0.38 1.15 6 0.39 1.34 6 0.57 1.26 6 0.67 0.04 (�0.14, 0.22) 0.64
(45.74 6 14.51) (44.61 6 14.29) (51.94 6 21.99) (48.82 6 25.77) [1.62 (�5.36, 8.60)]

LDL 2.93 6 0.94 2.98 6 0.99 2.51 6 0.57 2.27 6 0.79 0.45 (�0.04, 0.94) 0.07
(113.26 6 36.27) (115.13 6 38.36) (97.23 6 31.42) (87.70 6 30.60) [17.38 (�1.51, 36.28)]

TGs 1.83 6 0.81 1.83 6 0.93 1.30 6 0.68 1.41 6 0.80 0.003 (�0.45, 0.46) 0.99
(162.22 6 71.91) (161.69 6 81.96) (114.76 6 59.80) (125.11 6 70.65) [0.29 (�40.15, 40.74)]

Values are mean 6 standard deviation.
a95% confidence interval (CI) for the difference between adjusted means of EX and CON at 16 weeks, controlling for baseline assessment.
bP-value for difference between EX and CON at 16 weeks analyzed by a one-way ANCOVA.

Table 3. Number of subjects at baseline with associated level of
proteinuria

PER (mg/24 h) EX CON

<150 (normal to mildly increased) 15 11
150–500 (moderately increased) 6 3
>500 (severely increased) 1 6

Data are missing for three participants in the EX group and one in the CON

group. PER categories are based on KDIGO 2012 clinical practice guideline [58].

PER, protein excretion rate.
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Sarzynski et al. [28] conducted a meta-analysis to examine
the effects of regular exercise on lipid subclasses. The analyses
included 10 exercise interventions from six total cohorts with a
total of 1555 men and women, and all analyses for lipoprotein
subclasses were done by nuclear magnetic resonance spectros-
copy. The exercise protocol varied between the cohorts. Modes
employed included cycle, treadmill, elliptical, stair, ski and row-
ing. The frequency in most groups was three to four times per
week and exercise intensity ranged from 50 to 80% of VO2peak.
Trial duration ranged from 20 to 35 weeks. After adjustment for
age, sex, race, baseline BMI and trait values, regular exercise
induced a significant increase in the concentration of large HDL
particles and a significant decrease in the concentration of me-
dium HDL particles. HDL-C was also significantly increased.

Changes in HDL particles appear to happen early after the
adoption of an exercise program. Dutheil et al. [41] examined
the lipoprotein subfraction response to an exercise program in
78 men and women with metabolic syndrome using the
Lipoprint system. A group of age-matched healthy adults were
also recruited as controls. At baseline, the group with metabolic
syndrome had significantly lower amounts of large and me-
dium HDL particles and significantly higher amounts of small
HDL particles. Participants in the metabolic syndrome group
underwent a 3-week residential treatment program that
included energy restriction of 500 kcal/day and 15–20 h of exer-
cise (both aerobic and resistance) per week. After the 3-week
period, large HDL particles increased significantly while me-
dium and small HDL particles decreased significantly. Although
we did not employ energy restriction, our intervention lasted
for 16 weeks, so it is expected that the exposure to exercise was
sufficient to impose alterations in lipids based on findings of
previous studies [42, 43]. Although no differences in nutrient in-
take were observed, our relatively small sample size limited the
ability to fully understand the possible impact of caloric intake
on the lack of HDL particle changes.

In contrast to the reports outlined above, we found that HDL
size does not appear to be impacted by the adoption of an aer-
obic exercise program in patients with CKD. Furthermore, we
again found that HDL-C was not impacted by adoption of an
aerobic exercise program, as has been found by other groups
examining patients with CKD [31, 32]. Together, this informa-
tion suggests that in patients with CKD, HDL may be resistant to
the beneficial effects of exercise. HDL particles have been re-
ported to be dysfunctional in CKD, characterized by a reduced
capacity for antioxidant and anti-inflammatory properties, and
to be less effective at reverse cholesterol transport [44]. Central
to HDL dysfunction is thought to be a deficiency in the primary
apolipoproteins, AI and AII. The plasma concentrations of apoli-
poproteins AI and AII are significantly reduced in CKD [45, 46],
and work in animal models of CKD suggests this may be caused
by their reduced gene expression in the liver [46]. Gene expres-
sion of apolipoprotein AI, along with HDL-C, was shown to in-
crease following 12 weeks of exercise training in previously
sedentary women [47]. However, other similar exercise inter-
ventions have not significantly impacted apolipoprotein AI [48],
and apolipoprotein AI levels were found to not differ between
age-matched master athletes, recreational athletes and seden-
tary controls [49]. Whether apolipoprotein AI levels are altered
by exercise in CKD is unknown, but further investigation is war-
ranted given that levels are compromised in the CKD population
and given that exercise may improve apolipoprotein AI concen-
tration. Inflammation is also associated with the pathogenic
lipid metabolism observed in CKD patients [50]. In the current
study, systemic inflammation assessed through plasma hs-CRP

was not different between groups, suggesting that differences
in inflammation did not impact the effects observed. However,
due to the negative effect of inflammation on apolipoprotein AI
and HDL, the absence of a decrease in inflammation with exer-
cise training in the current study may have been influential in
the lack of change in HDL with exercise.

Another factor potentially impacting HDL particle size is the
amount and activity of LCAT. The plasma concentration and ac-
tivity of LCAT is significantly reduced in CKD [12] and ESRD [44]
and the gene expression of LCAT was significantly downregu-
lated in an animal model of CKD [51]. Exercise has been shown
to increase LCAT activity in animal models [52], and Lehmann
et al. [53] saw a 32% increase in LCAT activity after a 3-month
exercise program in adults with type 2 diabetes. However, not
all exercise interventions [54] or cross-sectional comparisons
[55] have found LCAT content or activity to be impacted by
exercise.

The pathogenic nature of lipid profiles in patients with CKD
appear to be magnified in patients with accompanying protein-
uria [56], with evidence of higher LDL and TG concentrations as
well as lower HDL concentrations when proteinuria is present
[57]. A total of seven subjects in the EX group and nine subjects
in the CON group had urine protein levels>150 mg/24 h, indicat-
ing proteinuria (Table 3). Of those, six in the CON group and one
in the EX group were classified as ‘severely increased’ according
to the Kidney Disease: Improving Global Outcomes Clinical
Practice Guidelines [58]. It is not known whether the level of
proteinuria affects the lipid response to exercise training.
Additionally, reductions in plasma albumin with CKD are asso-
ciated with lower levels of HDL-C as well as impaired reverse
cholesterol transport function of HDL [59, 60]. Plasma albumin
was not measured in the current study. A change in albumin
from baseline to 16 weeks may have a considerable impact on
HDL-C; thus, without this information the results of the current
study should be interpreted with caution.

HDL particles are also affected by alterations in the metabol-
ism of TG-rich lipoproteins. In CKD, HDL particles are known to
have altered concentrations of TG as compared with healthy
controls [12], which are known to reduce HDL particle size.
Adoption of an aerobic exercise program has been shown to re-
duce TGs in numerous populations [61–63], and these improve-
ments are often accompanied by improvements in HDL particle
patterns [28]. However, in the current study, and as we have
previously reported [30], the adoption of an aerobic exercise pro-
gram did not significantly reduce TGs, and others have reported
similar findings [29, 31, 32]. Perhaps the inability of chronic aer-
obic exercise to reduce TGs is the root of the resistance of HDL
particles to beneficial modification. Also involved in the re-
modeling of HDL particles is cholesterol ester transfer protein
(CETP); however, disruption in CETP is most strongly associated
with ESRD and dialysis, whereas our participants were all
predialysis. Although measurement of CETP activity may have
been useful, we do not expect that it would have been signifi-
cantly reduced in our sample.

The current intervention employed a moderate-intensity
aerobic program, as did many of the other interventions in CKD
[29, 31, 33]. Although exercise intensity may be a well-known
factor in determining outcomes such as fitness, findings regard-
ing lipids and lipoprotein subfractions are inconsistent. Fisher
et al. [64] found that high-intensity interval training improved
fitness (VO2peak) better than a moderate-intensity exercise pro-
gram (11 versus 3% improvement) in young overweight or obese
adults. Despite the better improvements in fitness, improve-
ments in lipids and medium HDL particles were similar between
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groups. Liou et al. [65] conducted a meta-analysis of exercise
interventions employing various intensities in patients with
coronary artery disease. High-intensity interval training was
found to improve mean VO2peak more than moderate-intensity
exercise, but no significant differences were found in response
of TGs or HDL-C. Other studies have found greater improve-
ments in lipids in higher-intensity aerobic exercise [66] and
with higher-versus medium-intensity resistance exercise [67].
Data from cross-sectional studies have provided evidence for a
dose–response relationship between improvements in HDL-C
and exercise volume [68]. An important consideration is weight
loss, which is a confounding factor in exercise studies and is
known to impact lipid responses independent of exercise [69].
Whether the response of lipids and lipoprotein subfractions
would differ based on exercise intensity in CKD is currently
unknown.

Patients in the current study had a mean BMI> 30, indicating
obesity. Results of studies involving exercise with obese individ-
uals indicate varying effects on blood lipid parameters. In a meta-
analysis of randomized controlled trials investigating responses
to aerobic exercise in obese and overweight individuals, reduc-
tions in both TGs and HDL-C were found [70]. This is in contrast
to findings in a normal weight population in which reductions in
TGs and increases in HDL-C have been found with aerobic exer-
cise [24]. The obesity of participants in the current study should
be considered when interpreting the results, as it may be an influ-
ential factor in the response of HDL-C to the prescribed exercise.

Patients with CKD often take a number of prescription drugs,
some of which can affect lipids and lipid metabolism. Our partici-
pants in both groups were taking an average of nine prescription
medications before and after the treatment. In total, four partici-
pants in the EX group and three participants in the CON group
had changes in the number of medications they were taking. Of
the medication changes in the EX group, only two of the drugs
were statins, and these were removed from the participant’s
treatment. Four other drugs added or deleted in the EX group are
known to impact lipids or lipid metabolism, but were not drugs
specifically for cholesterol management. As such, the pharma-
ceutical regimen in our patients was very stable and unlikely to
have had a substantial impact on our findings.

Strengths of the current investigation include the outstand-
ing compliance to the supervised exercise program, so we are
very confident that the exercise exposure was completed as
prescribed. Nutritional intake was also unchanged, increasing
confidence that we were examining the effects of changes in ex-
ercise and not diet or a combination of diet and exercise.
Furthermore, body weight remained stable, strengthening our
ability to attribute effects of the adoption of aerobic exercise
without the confounding effects of weight loss. Limitations of
the current study include the relatively small sample size and
that we did not measure apolipoprotein AI concentration or
LCAT activity, which are important regulators of HDL particle
size. Information about apolipoprotein AI and LCAT responses
to exercise in CKD may provide important information about
why patients with CKD may not respond to exercise, with re-
spect to HDL particle size, as compared with the general popula-
tion. Future studies should consider examining HDL kinetics
and how the additional antiatherogenic properties of HDL re-
spond to exercise.
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