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Abstract
Cardiovascular disease is the main cause of morbidity and mortality in patients with kidney

disease. The effectiveness of exercise for cardiovascular disease that is accelerated by the

presence of chronic kidney disease remains unknown. The present study utilized apolipo-

protein E knockout mice with 5/6 nephrectomy as a model of combined kidney disease and

cardiovascular disease to investigate the effect of exercise on aortic plaque formation, vas-

cular function and systemic inflammation. Animals were randomly assigned to nephrectomy

or control and then to either voluntary wheel running exercise or sedentary. Following 12-

weeks, aortic plaque area was significantly (p<0.05, d=1.2) lower in exercising nephrecto-

mised mice compared to sedentary nephrectomised mice. There was a strong, negative

correlation between average distance run each week and plaque area in nephrectomised

and control mice (r=–0.76, p=0.048 and r=–0.73, p=0.062; respectively). In vitro aortic con-

traction and endothelial-independent and endothelial-dependent relaxation were not influ-

enced by exercise (p>0.05). Nephrectomy increased IL-6 and TNF-α concentrations

compared with control mice (p<0.001 and p<0.05, respectively), while levels of IL-10,

MCP-1 and MIP-1α were not significantly influenced by nephrectomy or voluntary exercise

(p>0.05). Exercise was an effective non-pharmacologic approach to slow cardiovascular

disease in the presence of kidney disease in the apolipoprotein E knockout mouse.

Introduction
The progression of chronic kidney disease (CKD) is associated with increased cardiovascular
morbidity and mortality [1], that is greater than traditional risk factors such dyslipidemia, hy-
pertension and diabetes alone can account for. In an attempt to understand potential mecha-
nisms for this increased mortality, significant attention has been given to the interaction
between the kidney and heart [2]. Strategies targeted at reducing non-traditional risk factors
such as oxidative stress, inflammation and endothelial dysfunction may prove effective treat-
ment in the early stages of CKD, with the potential to slow the decline in kidney function and
associated cardiovascular disease [3].
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Exercise has proven beneficial in reducing cardiovascular disease risk factors [4]. In apolipo-
protein E knockout (apoE-/-) mice, a strain that shows accelerated development of atheroscle-
rotic lesions when on a normal chow diet [5], exercise reduces atherosclerotic lesions [6] and
enhances endothelial-dependent vasorelaxation [7]. While exercise is effective at influencing
the severity and composition of atherosclerotic plaque in cardiovascular disease it is unknown
if exercise is beneficial in combined CKD and cardiovascular disease where exercise may not
ameliorate plaque as effectively. In apoE-/- mice, which have a reduced glomerular filtration
rate compared with wild type controls [8], the ensuing CKD accelerates atherosclerosis [9–11]
and increases thickening of aortic valves [12]. Whereas the benefits of exercise for cardiovascu-
lar disease risk are well recognised, the effect of exercise on plaque formation in a model of car-
diovascular disease and CKD is yet to be determined.

To date, treatments such as statins have been relatively ineffective for reducing the progres-
sion of cardiovascular disease morbidity and mortality in this population [13], indicating that
the combination of these two diseases may be resistant to existing drug therapies. Exercise may
prove an effective non-pharmacologic approach to prevent or slow cardiovascular disease in
the presence of kidney disease, although there is no research to date that has investigated if ex-
ercise is effective at reducing plaque in the presence of CKD, where the composition of plaque
is different from plaques in cardiovascular disease alone [14]. The aim of the present study was
to determine the influence of exercise on the development of atherosclerosis, vascular dysfunc-
tion and systemic inflammation in apoE-/- mice with 5/6 nephrectomies.

Methods

Animals and Diet
Ten-week-old male apoE-/- mice (B6.129P2-Apoe tm1Unc/Arc, Animal Resource Centre, Can-
ning Vale, Western Australia) were randomly divided to undergo a 5/6 nephrectomy or sham
operation (control) (surgical procedures are explained in the following paragraph). One week
following surgery mice were then randomly allocated to one of the following groups: 1)
control (Cont) (n = 10), 2) 5/6 nephrectomy (Nx) (n = 10), 3) control undertaking voluntary
exercise (Cont + Ex) (n = 10) and 4) 5/6 nephrectomy undertaking voluntary exercise (Nx +
Ex) (n = 10). Mice were housed in separate cages and maintained on a 12-hour light/dark
photo-period with a room temperature of 21 ± 2°C. All mice were fed standard mouse chow
and water ad libitum. The University of Tasmania Animal Ethics Committee in accordance
with the Australian Code of Practice approved all procedures for the Care and Use of Animals
for the Scientific Purposes (A0009788). All efforts were made to minimize suffering.

Surgical Procedures
CKD was induced using a 5/6 nephrectomy procedure in which the right kidney was removed
and the lower branch of the left renal artery was ligated to produce approximately two thirds
area with renal ischemia. To ensure uniform kidney damage, thermal injury was induced by
angled point cautery in the fully exteriorized left kidney cortex [15]. The infarcted left kidney
was not removed. Sham operated mice (Cont) were anesthetized and subjected to the same sur-
gical procedure except for subtotal nephrectomy. Induction of anaesthesia was with up to 5%
isoflurane mixed with 100% oxygen and this was then maintained with 2% isoflurane and
100% oxygen, delivered using a precision vaporizer. Buprenorphine was given for analgesia
after surgery at a dose of 0.05 mg/kg subcutaneously every 3–5 hours for up to 24 hours.
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Voluntary Wheel Exercise
Cont + Ex and Nx + Ex mice were housed in cages (46 × 26 × 14.5 cm) supplied with a running
wheel (11.5 cm diameter). The running wheel was equipped with a tachometer (DIGI-X8,
PRO, The Netherlands) to determine total running distance, average speed and total running
time per 24-hour period. The mice ran, predominantly at night, for a total of 12 weeks. Non-
exercising mice (Cont and Nx) were housed in cages without a running wheel. Voluntary run-
ning was chosen over forced exercise to ensure that the responses were reflective of normal
physiological functioning in the mouse where diurnal patterns were maintained and exercise
mode was not removed from normal mouse behaviour.

Anaesthesia
After 12-weeks of voluntary exercise or no exercise, mice were exsanguinated following the ad-
ministration of 90mg/kg Pentobarbital Sodium (Nembutal) via an intraperitoneal injection.
Anaesthesia was monitored prior to opening the chest wall by testing for the presence of re-
flexes. Blood was collected by the insertion of a 25-gauge syringe into the vena cava. The heart
was then removed and placed in 10% buffered formalin solution.

Vascular function
Immediately after exsanguination, the thoracic aorta was removed and dissected into three 3-
mm aortic rings. These rings were then suspended and hooked to a force transducer in a
warmed organ bath (37 ± 0.5°C) containing gassed (95% O2 and 5% CO2) physiological solu-
tion (in mM: NaCl 136.9, KCl 5.4, MgCl2 1.05, NaH2PO4 0.42, NaHCO3 22.6, CaCl2 1.8, glu-
cose 5.5, ascorbic acid 0.28 and Na2EDTA 0.05). Smooth muscle cell contractile function was
determined by a cumulative concentration-response curve to increasing concentrations of nor-
adrenaline (concentration 10-9 to 10-5 M). Endothelial control of vascular relaxation (endothe-
lium-dependent) was determined by adding the muscarinic agonist acetylcholine
(concentration 10-9 to 10-5 M) following a 70% submaximal pre-contraction to noradrenaline.
We assessed smooth muscle cell vasorelaxant function (endothelium-independent relaxation)
was assessed by adding sodium nitroprusside (concentration 10-9 to 10-5 M) following pre-con-
traction with noradrenaline. The change in isometric force was measured using Grass FT03
force transducers (Grass, MA, USA) connected to a PowerLab chart recording system using
Chart 4.0 recording software (AD Instruments, Sydney, NSW, Australia).

Systemic Inflammation
The plasma concentration of interleukin (IL)-6, IL-10, monocyte chemotactic protein (MCP)-
1, macrophage inflammatory protein (MIP)-1α, KC and tumour necrosis factor (TNF)-α were
assayed simultaneously using the multiplex assay technique in a suspension array system ac-
cording to the manufacturer’s instructions (Mouse Cytokine/Chemokine LINCOplex KIT,
LINCO Research Inc., St. Charles, MO, USA). The contribution of the nephrectomy to system-
ic cytokine concentrations was determined by comparing the sedentary nephrectomy and con-
trol groups. While voluntary wheel running in mice has been shown to be protective against
inflammation with forced treadmill exercise exacerbating inflammation [16], the mice running
wheels were not locked the day prior to surgery and as such the systemic cytokine levels are re-
flective of approximately six hours following the final nocturnal activity (as running-wheel ac-
tivity aligns with the environmental light-dark cycle). The contribution of the nephrectomy to
systemic cytokine concentrations following exercise was determined by a comparison to cyto-
kine concentrations of the control exercise group.
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Plaque Formation
The heart, including the aortic root, was removed and fixed in 10% buffered formalin to mea-
sure the surface area covered by lipid-stained lesions. The aorta root was serially sectioned
every 4 μm from the cardiac end until the aortic sinuses appeared. Ten μm thick sections were
then taken every 20 μm spanning 300 μm of the aortic root from aortic leaflets and upward and
the slides were stained for oil red O. Slides were photographed with an Aperio Scanscope XT
histology slide scanner (Leica Biosystems, Pty Ltd, Melbourne, Australia) and plaque area was
determined using Analytical Image Software (Ontario, Canada). Aortic root plaque area was
expressed as the volume of plaque over 300 μm.

Plasma Creatinine
Plasma creatinine was determined on non-haemolysed samples using a colorimetric picric acid
method previously described [17] and reported to have a correlation of r2 = 0.96 with a HPLC
method. The assay was performed on a Cobas Mira (Roche Diagnostics, NSW, Australia).

Statistical Analyses
Data were first tested for normality and non-normally distributed data were log transformed
prior to analysis. Main effects of group were determined by an ANOVA (group x time) with
Bonferroni post hoc testing. Significance was set at P< 0.05. Data were analysed using Prism 5
for Windows (GraphPad Software, Inc., CA, USA). For systemic markers and plaque area
Cohen’s d was calculated between groups (difference in group means, divided by pooled stan-
dard deviation) and the effect size was interpreted as small = 0.2, moderate = 0.5 and large =
0.8.[18] Data are presented as mean ± SD unless otherwise indicated.

Results

Distance Run
Total running distance over 12-weeks was not significantly different between Cont + Ex (905 ±
309 km) and Nx + Ex groups (826 ± 198 km) (p = 0.39) with an average weekly distance over
the 12 weeks of 63.7 ± 6.3 km and 63.3 ± 8.5 km, respectively (p = 0.92) (Fig. 1). Average speed
was similar between the Cont + Ex (0.46 ± 0.05m�s-1) and Nx + Ex groups (0.47 ± 0.15 m�s-1)
(p = 0.70).

BodyWeight
At 12-weeks, control mice (30.1 ± 3.1 g) were significantly heavier than Nx + Ex mice (26.8 ±
1.5 g) (p = 0.013) and sedentary Nx mice (27.4 ± 1.7 g) (p = 0.046). Exercising control mice
(28.2 ± 2.2 g) were not significantly different to other groups (p>0.05)

Creatinine
Plasma creatinine concentration was significantly higher in Nx mice (217.9 ± 9 μmol/L) com-
pared with control mice (82.7 ± 69.1 µmol/L) (p = 0.006, d = 1.65), and also in Nx + ex mice (Nx
+ Ex = 290.5 ± 50.3 µmol/L) compared with control + Ex (131.6 ± 109.0 µmol/L) (p = 0.003,
d = 2.0). There was a large increase (d = 1.0) in plasma creatinine concentration of exercising
NXmice compared to sedentary Nx mice (p = 0.08), and a moderate increase in control exercis-
ing mice compared to sedentary mice (p = 0.3, d = 0.55).
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Total Plaque Area
Plaque area was significantly different between exercising and sedentary Nx and control groups
(p = 0.007) (Fig. 2). Exercise was associated with a large reduction in plaque area in Nx mice
(18.11 ± 7.75 mm3, p = 0.024, d = 1.18) and control mice (13.25 ± 9.21 mm3, p = 0.045, d = 1.14)
when compared with sedentary Nx (29.22 ± 10.99 mm3) and control mice (23.37 ± 8.44 mm3),
respectively (Fig. 3). There was a moderate increase in plaque area with Nx when compared to
control mice (p = 0.20, d = 0.60). There was a significant, negative correlation between plaque
area and average running distance per week in Nx mice (r = –0.76, p = 0.048), while there was

Fig 2. Total plaque area.Nx + Ex: nephrectomy and exercise, Nx: sedentary nephrectomy, Cont + Ex =
sham exercise mice, Cont: sham sedentary mice. Lines represents the 25th percentile, median and 75th

percentile while whiskers represent 10–90th percentile range. *sig diff from Cont, # = sig diff from Nx.

doi:10.1371/journal.pone.0120287.g002

Fig 1. Average weekly voluntary running distance in control (Cont + Ex) and nephrectomy (Nx + Ex)
mice.

doi:10.1371/journal.pone.0120287.g001
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also a trend for a strong, negative relationship between distance run and plaque area in control
mice (r = –0.73, p = 0.062).

Vascular Function
There was a significant effect of drug concentration but no main interaction of group x drug
concentration for noradrenaline-induced aortic vasoconstriction (p = 0.399), endothelial-
dependent (p = 0.986) and endothelial-independent (p = 0.884) vascular relaxation (Fig. 4,
Table 1).

Cytokines
Plasma IL-6 concentration was significantly different between Nx, control and exercising mice
(p<0.0001) (Fig. 5). Nx alone (d = 1.26) and exercise elevated IL-6 when compared to control
(p<0.001) (Cont Ex p<0.001, d = 1.41; Nx + Ex p<0.001, d = 3.66). Exercise was associated
with a large reduction in IL-6 levels in Nx mice when compared to Nx alone (d = 2.86) but
this was not significant (p = 0.26). TNF-α was significantly different across groups (p = 0.043)
with Nx elevating levels compared to control (p<0.05, d = 1.22). While there were no signifi-
cant main effects of exercise or nephrectomy on IL-10 (p = 0.126), KC (p = 0.202), MCP-1
(p = 0.079) or MIP-1α (p = 0.574), exercise was associated with very large reductions in KC
(d = 2.50), MCP-1 (d = 1.95) or MIP-1α (d = 1.74) and a very large increase in IL-10 (d = 1.78),
which has anti-inflammatory properties, in Nx mice compared to sedentary Nx mice. While
not statistically significant, post-exercise cytokine concentrations were increased in control
exercising mice compared to Nx exercising mice (d = 1.22 to 2.7).

Fig 3. Representative images of aortic sinus in control and Nx apoE-/- mice undertaking voluntary
exercise stained with Oil Red O (depicted as darker areas and indicated with arrows). A = control, B =
control + exercise, C = nephrectomy, and D = nephrectomy + voluntary exercise.

doi:10.1371/journal.pone.0120287.g003
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Fig 4. A. Aortic smoothmuscle contraction (NA) dose response curve. B. Endothelial-dependent
relaxation (Ach) dose response curve. C. Endothelial-independent (SNP) relaxation dose response
curve. Vascular relaxation data expressed as % change in steady state tension following 70% submaximal
pre-contraction with noradrenaline. Cont = control, Nx = sedentary nephrectomy, Cont + Ex = control and
voluntary exercise, Nx + Ex = nephrectomy and voluntary exercise. Data are mean ± SE.

doi:10.1371/journal.pone.0120287.g004
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Table 1. Maximal aortic contraction or relaxation, logEC50 and area under the curve (AUC) following 12 weeks of voluntary wheel running or no
voluntary wheel running in nephrectomy and control apoE-/- mice.

NA SNP Ach

Group Emax LogEC50 AUC Emin LogIC50 AUC Emin LogIC50 AUC

Cont 1.50 (1.24 to
1.75)

-7.53 (-8.05 to-
7.00)

4.55 -3.05 (-3.95 to-
2.15)

-7.51 (-8.84 to-
6.18)

9.24 -3.56 (-9.10 to
1.97)

-10.68 (very wide) 11.29

Nx 1.54 (1.14 to
1.94)

-6.96 (-7.59 to-
6.32)

3.58 -1.69 (-2.08 to-
1.31)

-7.26 (-7.99 to-
6.52)

4.47 -2.19 (-4.67 to
0.29)

-6.80 (-9.32 to-
4.27)

5.35

Cont +
Ex

2.18 (1.76 to
2.60)

-7.53 (-8.39 to
6.67)

7.12 -2.43 (-3.35 to-
1.50)

-7.55 (-9.55 to-
5.59)

7.28 -2.19 (-3.22 to-
1.16)

-7.51 (-10.08 to-
4.95)

6.54

Nx + Ex 2.11 (1.12 to
3.10)

-6.77 (-7.78 to-
5.75)

4.66 -3.61(-5.08 to-
2.14)

-7.78 (-10.58 to-
4.99)

11.53 -2.54 (-5.27 to
0.18)

-8.00 (-17.56 to
1.55)

7.23

Data are presented as mean (95% confidence interval). NA = noradrenaline, SNP = sodium nitroprusside, Ach = acetylcholine. Cont = control, Nx =

sedentary nephrectomy, Cont + Ex = control and voluntary exercise, Nx + Ex = nephrectomy and voluntary exercise.

doi:10.1371/journal.pone.0120287.t001

Fig 5. Plasma cytokine concentrations following 12 weeks of voluntary wheel running or no voluntary
wheel running in nephrectomy and control apoE-/- mice. Box and whisker plots show the median with
box extending from the 25th to 75th percentiles and whiskers representing the 10th to 90th percentiles. * =
significantly different from Cont. Cont = control, Nx = sedentary nephrectomy, Cont + Ex = control and
voluntary exercise, Nx + Ex = nephrectomy and voluntary exercise.

doi:10.1371/journal.pone.0120287.g005
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Discussion
The present study suggests that voluntary exercise is effective in limiting aortic plaque area in
the apoE-/- mouse model of CKD using 5/6 nephrectomy. Previous studies have shown that ex-
ercise reduces atherosclerosis in apoE-/- mice while the effects of exercise on plaque formation
in the presence of CKD have remained unknown.

The onset of CKD in apoE-/- mice accelerates atherosclerosis [9–11] and increases thicken-
ing of the aortic valves [12], in combination with elevating inflammatory cytokines. These
mice also display reduced glomerular filtration rate and increased plasma creatinine levels
compared with wild type controls [8], supporting that CKD is associated with the progression
of atherosclerosis. In the present study, in comparison to control mice, the induction of CKD
via nephrectomy was associated with a 25% increase in total plaque area, elevated circulating
levels of inflammatory cytokines IL-6 and TNF-α, a reduction in body weight and an increase
in creatinine concentration.

In support of previous findings [19–21], the current findings show that voluntary exercise
was associated with significantly smaller total plaque area, 22% less than control apoE-/- mice.
The relationship between exercise volume and plaque severity is supported by the strong nega-
tive correlation between distance run and plaque area in both control and nephrectomised mice
that exercised. Previous studies have reported an inverse relationship between average voluntary
running distance per week and lesion area in the thoracoabdominal aorta over a period of 10-
weeks in apoE-/- mice concurrently consuming a high fat diet [22]. In contrast, Ajijola and col-
leagues reported that eight-weeks of voluntary exercise did not reduce atherosclerotic plaque
area in the abdominal aorta or aortic sinus in apoE-/- mice fed a high fat diet for 12-weeks prior
to commencing exercise. The effectiveness of exercise to reduce plaque area may depend on the
severity of atherosclerosis when exercise commences. Indeed, when Aijola et al repeated their ex-
periment with apoE-/- mice on a normal chow diet, voluntary exercise reduced aortic root lesion
area [23]. Our findings support previous studies showing that exercise is effective at reducing
atherosclerosis in the aortic sinus. Exercise results in a reduction in macrophage content and in-
crease in smooth muscle cell count [20]. CKD in apoE-/- mice does not increase macrophage in-
filtration in plaques, but does increase collagen content [24]. Whereas increased collagen
content is associated with plaque stability, inflammation and elevated lipid content are also im-
portant contributors to plaque instability [25]. This is the first investigation to show that exercise
is effective at reducing atherosclerosis burden in apoE-/- mice with kidney disease. In the present
study, lesion area was smaller, but as we did not measure stability it remains unknown if exercise
improves plaque stability in combined kidney disease and atherosclerosis.

In cardiovascular disease alone hypertension has been related to atherosclerosis develop-
ment however, blood pressure in the apoE-/- mouse is unaffected by CKD [11, 15] and as such
unlikely to contribute to vascular dysfunction. The increased burden of cardiovascular disease
in the presence of CKD has been attributed to disturbances in calcium and phosphate [26], in-
flammation [27] and oxidative stress [28]. These factors impair vascular function, which often
precedes formation of atherosclerosis. Functional or morphological changes to the endotheli-
um stimulate atherogenesis, and evidence suggests that endothelial cell dysfunction is the first
step in this process. Although 5/6 nephrectomy increased the aortic sinus plaque burden in the
present study, it did not alter maximal contraction or relaxation of the thoracic aorta. Previous
studies have reported endothelial dysfunction in uremic apoE-/- mice fed a Western diet [22].
In contrast, endothelial dysfunction in plaque free aorta segments remains unchanged in non-
uremic apoE-/- mice fed standard chow [29, 30]. Our findings suggest that vascular function of
the thoracic aorta does not appear to be further impaired in apoE-/- mice 12-weeks following
kidney disease when mice consume a standard chow diet.
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In the present study, nephrectomy alone raised the concentrations of IL-10, KC, MCP-1
and MIP-1α (d = 1.10 to 1.32) and significantly elevated IL-6 and TNF-α. However, the lack of
any difference in vascular function between the nephrectomy and control groups suggests that
these cytokines did not influence vascular function. In apoE-/- mice without kidney disease on
a normal chow diet (early atherosclerosis) exercise does not affect systemic cytokine concentra-
tions [23]. However, exercise does attenuate the rise in systemic IL-1β, TNF, MCP-1α and IL-
1α associated with advanced lesions resulting from high fat feeding [23]. Despite an increase in
systemic IL-6 and TNF-α following nephrectomy, impairment of vascular function was not ev-
ident following a normal chow diet in the present study. Impairment of endothelial dependent
relaxation (Fukao et al, 2010), elevated resting pro-inflammatory cytokine concentrations (Aji-
jola et al, 2009) and the progression of atherosclerosis in the apoE-/- mouse are highly depen-
dent on dietary fat content. Whether exercise is effective in reducing vascular impairments
(induced by high fat feeding) in the presence of kidney disease, where systemic cytokine con-
centrations are elevated up to 10 fold, remains to be determined.

While exercise is associated with an acute increase in both pro- and anti-inflammatory cyto-
kines [31], long term exercise training has been shown to reduce resting systemic pro-inflam-
matory cytokines in patients with cardiovascular disease [32] and mice with advanced, but not
early, atherosclerotic lesions [23]. In the present study post-exercise (6 hours following the last
exercise bout) cytokine concentrations were determined. Interestingly, there was a large to very
large increase in post-exercise cytokine concentrations in control mice compared to nephrecto-
my mice (d = 1.22 to 2.7). Exercise induced increase in cytokines, particularly IL-6 and IL-10,
is often dependent on exercise intensity [33, 34]. While both nephrectomy and control groups
covered similar distances it is possible that the intensity of the exercise was reduced in the ne-
phrectomy mice. Exercise capacity is reduced in end stage kidney disease [35] and there is evi-
dence that left ventricular hypertrophy, which has been shown to reduce exercise capacity, is
present in early to moderate stage CKD [36]. As mice were exercising voluntarily it is still of
note that the volume of exercise the nephrectomy mice were able to engage in conferred a ben-
efit to reduce atherosclerotic plaque area.

There is a pathophysiological interaction between the kidney and heart which is associated
with a number of systemic disturbances such as elevated levels of uremic toxins and inflamma-
tion that adversely affect the cardiovascular system [2]. Although we showed that voluntary
aerobic exercise results is less aortic plaque, plasma creatinine concentration did not change in
response to exercise. This finding may suggest that kidney dysfunction in the presence of car-
diovascular disease was not influenced by voluntary aerobic exercise. A recent study by Boor
et al [37] investigated the effects of exercise in a rat model of diabetic nephropathy. They dis-
covered that exercise reduced tubulointerstitial fibrosis, despite plasma creatinine concentra-
tions remaining unchanged, perhaps due to changes in muscle mass. Creatinine concentrations
in the present study were reflective of moderate to severe CKD at 12 weeks [38, 39]. The effects
of exercise on CKD progression in the presence of cardiovascular disease therefore warrants
further investigation.

In the ApoE-/- mouse model with 5/6 nephrectomy voluntary exercise for 12-weeks was ef-
fective in reducing plaque area. The progression of CKD is associated with increased cardiovas-
cular morbidity and mortality [1], and as such reducing plaque formation may influence CKD
mortality. Future work should determine the effect of exercise on both CKD and cardiovascular
disease progression with a view to determining the mechanisms behind less plaque formation
in CKD associated cardiovascular disease, particularly as exercise modifies numerous physio-
logical variables including blood pressure and adiposity. Voluntary aerobic exercise is an effec-
tive means of reducing atherosclerosis both in the presence of, and without kidney disease in
this model, and may be an effective therapy to reduce plaque formation in early stage CKD
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