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Abstract

Background—The current study was designed to determine the effect of short-term moderate

intensity exercise training (MEX) on arterial stiffness in patients with chronic kidney disease

(CKD) stage 3.

Study Design—The study was a randomized controlled trial with a parallel group design.

Setting & Participants—Testing and training sessions were performed at Springfield College.

Forty-six (treatment group, n=25; control group, n=21) CKD patients with diabetes and or

hypertension completed the study.

Intervention—The aerobic training program consisted of 16 weeks of supervised exercise

training at 50%–60% peak oxygen uptake (VO2peak), 3 times per week, while the control group

remained sedentary. Identical testing procedures were performed following the 16-week

intervention.

Outcomes—The primary outcome was arterial stiffness. Secondary outcomes were aerobic

capacity, various blood parameters (endothelin 1 [ET-1], nitrate/nitrite, high-sensitivity C- reactive

protein), and health-related quality of life (HRQoL).
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Measurements—Arterial stiffness was assessed with aortic pulse wave velocity (aPWV),

aerobic capacity by VO2peak, blood parameters by ELISAs, and HRQoL by SF-36. Subjects

attended four sessions before being randomized to either the treatment or control groups. Subjects

gave consent during the first session while a graded exercise test, with the measurement of

VO2peak, was completed during the second session. During sessions three and four, aPWV was

measured at rest prior to 40-min of either MEX or seated rest. A venous blood sample was taken

prior to exercise or rest and participants completed the SF-36 questionnaire.

Results—Sixteen weeks of training led to an 8.2% increase in VO2peak for the treatment group (p

=0.05) but no changes in aPWV.

Limitations—Randomization was not concealed and was violated on one occasion. Furthermore,

the use of an indirect measurement of endothelial function and the short duration of the

intervention are both limitations.

Conclusions—Short-term MEX does not alter arterial stiffness in CKD patients but it seems to

reduce endothelin 1 levels.

Index words

Arterial stiffness; carotid-femoral arterial stiffness; pulse wave velocity; vasoactive balance;
vascular function; short-term; aerobic training; endothelium; chronic kidney disease (CKD)

Cardiovascular disease (CVD) is the main cause of death in people with chronic kidney

disease (CKD) 1,2. The traditional risk factors for the development of CVD in the general

population do not completely explain the higher than normal prevalence of CVD in CKD3.

The stiffness of central arteries has emerged as a powerful independent risk factor for CVD

in persons with CKD2,4,5.

Elevated arterial stiffness is believed to be related to structural changes that occur within the

media of the arterial wall caused by abnormal calcification6. The relative levels of key

vasoactive substances is believed to affect vascular function and contribute to CVD.

Endothelin 1 (ET-1) is a vasoconstrictor, the levels of which are elevated in some diseased

populations7. In contrast, nitric oxide (NO) is a vasodilator, the levels of which are reduced

in CKD8. Exercise training favorably alters the levels of these peptides and other vasoactive

substances 9,10,11.

Sixteen weeks of aerobic training reduced central aortic pulse wave velocity (aPWV) in a

sample of normotensive middle-aged sedentary men12. Twelve weeks of endurance training

in hemodialysis patients decreased the central augmentation index (AIx)—a secondary

measure of arterial stiffness 13. A year-long aerobic training program reduced AIx in a small

sample of CKD patients14. Whether or not short-term exercise training, of the type utilized

in rehabilitation programs, would improve aPWV in non–dialysis-dependent CKD patients

and presumably reduce their risk of a future cardiac event has not been well studied.

Therefore, the primary purpose of the present study was to ascertain the effect of short-term

moderate-intensity aerobic exercise on aPWV in patients with CKD stage 3 who had

diabetes (DM) and or hypertension (HTN) as the primary cause of their CKD. Secondary

purposes of the study were to determine the impact of the exercise program on biomarkers
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that are known to affect vascular function and health-related quality of life (HRQoL) of our

study sample. We hypothesized that the 16-week training program would lead to a reduction

in aPWV in patients with CKD stage 3 and this reduction would be associated with

favorable changes in the selected biomarkers and some components of HRQOL.

METHODS

Trial Design and Participants

The current study was a randomized clinical trial with a parallel group design. Patients with

kidney disease were included if they were between the ages of 35–70 years, had an

estimated glomerular filtration rate (GFR; calculated by the MDRD (Modification of Diet in

Renal Disease) Study equation) of 30–59 ml/min/1.73 m2 and had either DM or HTN as the

primary cause of their CKD. Potential participants were identified from the database of

patients at a private nephrology practice. Individuals were excluded if they were smokers, if

they were currently (i.e., within the previous 3-months) involved in a structured exercise

program, if they had atrial fibrillation, or if they had any absolute contraindication to

exercise as defined by the American College of Sports Medicine 15. Any patient with a prior

cardiovascular diagnosis was cleared by their cardiologist before they were permitted to

participate. All testing and training sessions occurred at Springfield College.

Exercise Intervention

At the end of the fourth session, participants were randomly assigned to either the treatment

or the control group. Individuals who were assigned to treatment were prescribed 16 weeks

of aerobic training, 3 times per week, at Springfield College. Most participants started with

15–30 minutes of continuous aerobic exercise utilizing a variety of apparati. They gradually

progressed toward a goal of 55 minutes, composed of 5-minutes of warm-up, 45-minutes of

conditioning, and 5-minutes of cool-down. Participants worked at 50%–60% of the VO2peak

achieved during the graded exercise test (GXT). Heart rates (HR) and rate of perceived

exertion were monitored to make sure that participants stayed within their prescribed

intensity ranges. Individuals assigned to the treatment group were allowed to make up

missed sessions within a two-week period. Participants randomized to the control group

were told to follow the instructions of their nephrologist or primary care physician but not to

start a structured exercise program.

Outcomes

The primary outcome for this study was aPWV, assessed by applanation tonometry using a

SphygmoCor device (AtCor Medical, Sydney, Australia). aPWV was assessed at baseline

during sessions three and four prior to randomization and in an identical manner following

16 weeks of training during sessions seven and eight. For statistical purposes, baseline

aPWV was calculated as the mean of assessments taken before the 40 minute exercise bout

and before the equivalent control period during sessions three or four. At week 16, (from

sessions seven and eight) similar averages for aPWV were used. The AIx at a heart rate of

75 bpm (AIx at 75 bpm) was calculated in a similar way to aPWV for both baseline pre-

intervention and following the 16 week intervention period.
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Secondary outcome measures were blood parameters used to assess vascular status and

systemic inflammation: endothelin 1 (ET-1, Biomedica, GmbH, Austria), nitrate/nitrite

(NOx, R&D Systems, Minneapolis, MN), and high-sensitivity C-reactive protein (hsCRP,

MP Biomedicals, Orangeburg, NY). Fasting blood samples were taken at rest during

baseline sessions three and four prior to the intervention and at rest, post intervention during

sessions seven and eight. All blood parameters were processed and then stored in a −80°C

freezer and later analyzed using commercial ELISA kits. The coefficient of variation for

these assays were all <10%. The HRQOL was assessed using the 36-Item Short Form Health

Survey (SF-36)16.

Testing Sessions

Each participant attended four sessions before being randomized to either the treatment or

control groups. During the first session, participants read and signed a consent form that had

been approved by the institutional review board of Springfield College. Resting blood

pressures (systolic and diastolic) were taken in duplicate after a 5-minute rest period, using

an automated sphygmomanometer (Tango; Sun Tech Medical, Morrisville, NC). A third

reading was taken if the two readings differed by more than 6 mmHg. During the second

session, anthropometric variables were assessed using standard procedures.17. Participants

were administered a GXT using a computerized metabolic cart (MAX-II, Physio-Dyne,

Quogue, NY). The Modified Bruce protocol was used during this test. The GXT was used to

determine peak oxygen uptake (VO2peak) and to develop an appropriate exercise

prescription. Approximately one week later, participants returned to the laboratory for their

third session. The third and fourth baseline testing sessions were performed in random order

and were separated by at least 72 hours. These sessions were identical with the exception

that during one visit participants exercised for 40 minutes, while during the control session

they sat quietly for an equal period of time. Sessions three and four were performed at the

same time of day for each participant (in the morning) and environmental conditions were

consistent between research sessions.

Participants came to sessions three and four (considered baseline sessions) following an

overnight fast including abstinence from caffeine for at least 8 hours and alcohol for 10

hours18. Participants also collected their urine for a full 24-hour period prior to these

sessions. Throughout the study, participants took their medications as prescribed.

Participants completed 3-day diet logs prior to attending these baseline sessions and prior to

sessions seven and eight following the 16-week training program. They were instructed to

replicate their food intake each time they came to the laboratory for these testing sessions.

On testing days, when participants arrived at the laboratory, they were prepped and asked to

lie supine for at least 10 minutes in accordance with the recommendations for the

assessment of arterial stiffness.18 Then AIx at 75 bpm and aPWV measures were taken in

duplicate using applanation tonometry. Values that did not meet the quality control

guidelines, as defined by the manufacturer, were rejected and the reading was repeated.

Throughout the study, standardized procedures were followed by all technicians19.

Following the assessment of baseline aPWV, a blood sample was taken via venipuncture

and processed. Samples were stored at −80°C until analyses were performed. After giving
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the blood sample, participants warmed up for 5 minutes and walked for 30 minutes on a

treadmill at 50%–60% of their VO2peak. Participants then completed a 5-minute cool-down.

They completed the SF-36 during the control session prior to the 16-week intervention (i.e.,

baseline) and during session eight after the intervention (post-training).

Follow-up Testing

Participants were retested at week 8 for some variables (weight, systolic and diastolic blood

pressures, and Aix at 75 bpm) and for all variables after 16 weeks, using identical

procedures as at baseline. Session six was a repeat of the GXT while sessions seven and

eight were a repeat of sessions three and four. Testing occurred at least 48 hours following

the last training session for those assigned to the treatment group (See Figure 1).

Sample Size

A power analysis (G*power version 3.03) was performed using PWV data from a published

study20. The following PWV data were used to compute expected mean differences in this

variable: before training, 9.37±3.4 (standard error of the mean) m/s; after training, 8.71 ± 3.2

m/s. Using these data, and assuming a correlation of 0.8 between pre-intervention and post-

intervention measures, an effect size of 0.76 was computed. With power set at 0.80, and the

α level at 0.05, approximately 16 subjects were expected to be needed to detect a significant

change in the treatment group. The addition of an equivalent control group brought the total

subjects required to 32 (i.e., 16 per group) to detect a significant difference in PWV. We

added additional subjects to this number to account for anticipated dropouts.

Randomization

An on-line random generator (www.randomization.com) was used to determine the

allocation of 50 participants into 25 blocks. Participants were made aware of their

assignment at the completion of session 4. The principal investigator (S.H.) was responsible

for obtaining the randomization sequence and he, along with the Research Coordinator (J.J.),

supervised participant enrollment. As subjects were added to the study, they were assigned

the next available number in the sequence. When a subject dropped out, we replaced that

person with the next new person. This occurred 3 times for the treatment group. One

individual from the control group dropped out towards the end of the study and was not

replaced. Subjects were only told of their assignment after completing session 4.

Statistical Methods

A series of analyses of covariances (ANCOVAs), with condition as the independent variable

and age and baseline measures as covariates, were used to determine the effect of the 16-

week intervention on the primary (aPWV,) and secondary outcome variables (ET-1, nitrite/

nitrate, hsCRP, VO2peak, HRQOL scores). For the analysis of AIx at 75 bpm, systolic and

diastolic blood pressures and 2×2 ANCOVAs were used. The independent variables were

condition (exercise or control) and time (week 8 or 16) with age and baseline readings for

each of the variables as covariates. Prior to data analysis, all variables were screened for

normality, and appeared to meet assumptions. The α level was set at the 0.05 level and SPSS

version 19 (SPSS Inc., Chicago, IL) was used for all analyses.
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RESULTS

Patient Characteristics

Forty-six participants completed the study. Fifty one patients were assigned to the treatment

(n=28) or control (n=23) group, (see Figure 2). The physical characteristics of the

participants and pertinent clinical information are presented in Table 1. There were no

differences in any of these variables at baseline. Analyses were conducted on all non-

missing data; if a participant missed an assessment, they were excluded from that particular

analysis.

Exercise Intervention Responses

Compliance was computed as the number of sessions attended out of a possible 48

expressed as a percentage. The average compliance to exercise was 96.9%±7.2% (standard

deviation). The weekly time spent exercising in the treatment group was 128.7 ± 25.9

minutes. This was associated with a weekly caloric expenditure of 733.1 ± 380.7 kcal.

Peak Exercise Data

The 16-week exercise training program led to an increase in VO2peak in the treatment group

of 1.6 mL/kg/min (or 8.2%; p=0.05), whereas over time the VO2peak in the control group

declined by 0.5 ml/kg/min (or approximately 2.8%). Apart from peak HR, there were no

differences in other exercise data after the 16-week intervention. There were no statistically

significant differences in body composition post- versus pre-intervention in the treatment

and control groups (p = 0.6) (Table 2).

Arterial Stiffness

The 16 week exercise training program did not affect aPWV (p = 0.8; partial η2 = 0.002.

(see Figure 3). Furthermore, results of the 2×2 ANCOVA revealed that there was no

significant difference between the treatment and control groups for AIx at 75 bpm (p = 0.8;

partial η2 = 0.02) or interaction between time of assessment and condition (p = 0.6; partial

η2 = 0.01).

Blood Parameters

ET-1 data were obtained on 44 subjects at both pre and post testing times. One subject in the

control group had an extremely high level at both times (> 18.0 fmol/ml), and this level was

recoded to 1 U more than the next highest level at each time. Two subjects had ET-1 levels

that were below the detectable range of the assay kit. Results of an ANCOVA analysis

revealed a significant difference between the treatment and control groups at week 16 (p =

0.03; partial η2 = 0.1); ET-1 decreased over the 16-week intervention in the treatment group

while there was an increase in the control group (see Figure 4). There were no statistically

significant group differences for NOx (p = 0.9; partial η2 = 0.01) or hsCRP (p = 0.9; partial

η2 = 0.01), (see Table 2).
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Ratio of NOx/ET-1

As described in Beck et al9, we examined ratios of NOx to ET-1 values as an indicator of

vasoactive balance. Two ET-1 values that were below the detectable range were deleted

from the analysis in addition to three outliers (values > 100, much greater than 3 standard

deviation above the mean). The results of an ANCOVA on the remaining observations

revealed a significant difference between the treatment and control groups after the 16 week

intervention (p = 0.02; partial η2 = 0.1). The NOx:ET-1 ratio increased in the treatment

group but decreased in the control group (see Figure 3).

HRQoL

The SF-36 assessments were compared in a series of ANCOVAs. Group differences on each

subscale were examined through an ANCOVA analysis, with SF-36 subscale values post

exercise used as the dependent variable and age and the SF-36 subscale value at baseline

prior to the 16-week intervention used as covariates. Scores for Physical Functioning (p =

0.02; partial η2 = 0.2), Vitality (p = 0.05; partial η2 = 0.1) and Bodily Pain (p = 0.02; partial

η2 = 0.02) were higher in the treatment group than the control group at session eight,

indicating an improvement in these variables (See Table 3).

Discussion

The present study was designed to ascertain the effect of short-term supervised moderate

intensity aerobic training on aPWV in CKD stage 3. The 16- week exercise program did not

change aPWV, but it led to a reduction in ET-1 and to a favorable vasoactive balance as

evidenced by an increase in the NOx;ET-1 ratio9. We also found that the intervention

improved some aspects of HRQOL.

The 16-week exercise training study did not alter aPWV in this sample of patients with CKD

stage 3. This is in contrast to the findings of Hayashi et al.12 who reported a decrease in

aPWV following an exercise program of similar duration in 17 healthy, sedentary middle-

aged men. The current study was adequately powered to detect a difference in arterial

stiffness if one existed. However, it is possible that the exercise intensity could have been a

factor since Hayashi et al.12 used a higher intensity (60%–75% heart rate reserve) in contrast

to our 50%–60% VO2peak. Mustata et al.13, who aerobically trained hemodialysis patients

twice weekly for 3 months, also used a higher intensity (60%–80% maximum heart rate

[≈50%–70% VO2peak]) and found that this led to a reduction in arterial stiffness. However,

Mustata et al.13 used AIx to assess arterial stiffness rather than aPWV, which is the

preferred method. In the current study, both of these methods were used and gave similar

results. 13

One explanation for the difference between our findings and those reported by Hayashi et

al.12 could relate to the physical structure of the arterial wall in CKD patients. Arterial

stiffness and remodeling are known to occur as GFR declines with medial calcification

believed to be linked to the observed increased stiffness2, 20. Furthermore, there is a

reduction in the relative amount of elastin, concomitant with an increase in abnormal

collagen, possibly mediated by chronic inflammation6. These structural alterations in the
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vessel walls of patients with CKD stage 3 may partially explain the differences observed in

this study compared to the findings reported by Hayashi et al.12

It is therefore possible that by the time a CKD patient progresses to stage 3 of the disease,

their arteries have become so stiff that a 16-week exercise intervention would not evoke any

improvement. Recently, Howden et al. 21 reported similar findings even after 12-months of

exercise training. Coupled with our findings, the results reported by Howden et al. 21 might

suggest that lifestyle interventions should be initiated earlier in the disease process prior to

the development of irreversible structural changes in the arterial wall.

The most noteworthy finding of this study is the 20.6% reduction in ET-1 that occurred in

the treatment group. This reduction in ET-1 following exercise training is consistent with

other researchers who have reported similar results in persons with prehypertension or

hypertension 7,9. In the current study, 16 weeks of training had no effect on the stable

markers of NO. A similar finding was reported by Hansen et al. in a 16-week training study

involving hypertensive individuals.22 However, this is in contrast to the findings of Beck et

al.9 who studied non-CKD pre-hypertensive individuals, in an 8-week training program that

resulted in a similar reduction (≈20%) in ET-1 as we observed but this was associated with

an increase (≈25%) in NOx. The production of NO is known to be blunted in CKD, with

researchers reporting increases in NO synthase inhibitors 6, 8. Furthermore, the high

oxidative stress state in CKD is believed to inactivate NO, and therefore the measurement of

circulating NOx may not fully reflect the biologic activity of endogenous NO in this

population22, 24.

The exercise program led to an improvement in vasoactive balance as indicated by an

increase in the NOx:ET-1 ratio. A favorable change in vasoactive balance, using metabolites

of the arachidonic acid pathway, has also been observed in a sample of hypertensive

individuals following 16 weeks of exercise training. However, unlike in the current study,

these changes were associated with a reduction in blood pressure23. A reciprocal

relationship is believed to exist between ET-1 and NO in CKD, thereby producing a low

NOx:ET-1 ratio that seems to be associated with poor cardiovascular outcomes24. Our

finding of a favorable improvement in this ratio, with a low volume of exercise, could

indicate a possible mechanism by which exercise training may be cardioprotective in CKD.

In contrast to its impact on ET-1, the exercise intervention had no effect upon hsCRP. This

observation is consistent with our previous findings and those reported by Wilund et al.25,26.

In the current study, HRQOL was assessed using the SF-36 form. The scores that we

recorded at baseline prior to the intervention are similar to those reported by Padilla et al27

in a sample of CKD patients. Of particular note is the observation that our 16-week

intervention led to significant improvements in self-reported Physical Functioning, Vitality,

and Bodily Pain. An increase in any subscale score in the SF-36 represents an improvement

in that health outcome, so the increase in Bodily Pain score actually represents an

improvement (i.e., less) in this parameter. Our results support the recommendation that CKD

patients should follow public health guidelines and exercise on a regular basis even if there

is no appreciable improvement in some clinical markers, such as arterial stiffness, since

some aspects of HRQOL will improve.
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The current study was limited by the short exercise duration and the relatively small volume

(128.7 ± 25.9 min; 733.1 ± 380.7 kcal) of exercise completed by the participants. However,

even this relatively small exercise dose resulted in an increase in aerobic capacity (8.3%) in

addition to a reduction in ET-1. The magnitude of the increase in aerobic capacity is

consistent with results that we and others have found following similar training in this

population (Howden et. al.21, Headley et al.25, Edemak et al.28). Perhaps these results would

have been more marked if we had used a higher exercise intensity (≈60%–70% VO2peak) or

longer duration. However, we chose an intensity range that was unlikely to produce adverse

events, patients are more likely to use long-term, and is recommended for high risk

patients15. We do acknowledge that it would have been ideal to have included a measure of

endothelial function, and such a measurement should be included in future studies of this

type.

In conclusion, short-term exercise training of a moderate intensity that leads to an

improvement in aerobic capacity of patients with CKD stage 3 does not alter aPWV.

However, this type of training seems to be effective in reducing ET-1 levels and it also

improves some aspects of HRQOL. Future studies should be designed to further explore the

impact of exercise training on other markers of vascular function and to determine if this

intervention reduces the excess cardiovascular morbidity and mortality observed in the CKD

population.
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Figure 1.
Overview of Study
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Figure 2.
Consort Flow Diagram of Study
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Figure 3.
Individual plots of pulse wave velocity (a PWV) at baseline and following the 16 week

intervention, p = 0.8, ---- represents mean values for each group.
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Figure 4.
Nitrate/nitrite (NOx), endothelin-1 (ET-1) and NOx:ET-1 ratio. T = Treatment group, C =

Control group. * = p <0.05
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Table 1

Characteristics of Study Sample at Baseline.

Variable Treatment (n= 25) Control (n=21) p value

Age (y) 58.0 (8.0) 57.1 (9.0) 0.7

Height (cm) 169.7 (10.5) 170.3 (10.5) 0.8

Weight (kg) 101.7 (24.9) 104.8 (29.8) 0.7

Waist (cm) 108.7 (13.3) 107.4(16.9) 0.8

Sex 0.8

 Female 9 7

 Male 16 14

Disease status 0.7

 HTN 15 10

 DM 1 1

 HTN and DM 9 10

Heart rate (bpm) 64.3 (8.9) 65.5 (12.0) 0.7

SBP (mm Hg) 126.4 (17.7) 132.9 (19.0) 0.2

DBP (mm Hg) 79.5 (10.1) 77.8 (11.9) 0.6

Cholesterol (mg/dl) 191.7 (40.6) 182.7(49.0) 0.5

eGFR (ml/min/1.73 m2) 47.0 (12.0) 48.3 (12.7) 0.8

Urine protein (g/24 h) 0.5 (1.2) 1.6 (3.7) 0.3

Note: Values for categorical variables are given as number; values for continuous variables, as mean ± standard deviation. Conversion factor for
cholesterol in mg/dL to mmol/L, ×0.02586.

DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HTN, hypertension; SBP, systolic blood pressure
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