
ORIGINAL RESEARCH
published: 31 May 2017

doi: 10.3389/fphys.2017.00288

Frontiers in Physiology | www.frontiersin.org 1 May 2017 | Volume 8 | Article 288

Edited by:

Yih-Kuen Jan,

University of Illinois at

Urbana–Champaign, United States

Reviewed by:

Ayman A. Mohamed,

University of Illinois at

Urbana–Champaign, United States

Yi Sun,

University of Illinois at

Urbana–Champaign, United States

Marko S. Laaksonen,

Mid Sweden University, Sweden

Giorgos K. Sakkas,

University of St. Mark & St. John,

United Kingdom

*Correspondence:

Bechir Frih

frih.bechir@gmail.com

Specialty section:

This article was submitted to

Clinical and Translational Physiology,

a section of the journal

Frontiers in Physiology

Received: 03 March 2017

Accepted: 20 April 2017

Published: 31 May 2017

Citation:

Frih B, Jaafar H, Mkacher W, Ben

Salah Z, Hammami M and Frih A

(2017) The Effect of Interdialytic

Combined Resistance and Aerobic

Exercise Training on Health Related

Outcomes in Chronic Hemodialysis

Patients: The Tunisian Randomized

Controlled Study.

Front. Physiol. 8:288.

doi: 10.3389/fphys.2017.00288

The Effect of Interdialytic Combined
Resistance and Aerobic Exercise
Training on Health Related Outcomes
in Chronic Hemodialysis Patients:
The Tunisian Randomized Controlled
Study
Bechir Frih 1*, Hamdi Jaafar 2, 3, Wajdi Mkacher 4, Zohra Ben Salah 5, Mohamed Hammami 1

and Ameur Frih 6

1Department of Biochemistry, Human Nutrition and Metabolic Disorders, Functional Foods and Vascular Health (LR12ES05),

Faculty of Medicine of Monastir, University of Monastir, Monastir, Tunisia, 2 Institut du Savoir Montfort—Recherche, Hôpital

Montfort, Ottawa, ON, Canada, 3 Biochemistry, Microbiology and Immunology Department, Faculty of Medicine, University of

Ottawa, Ottawa, ON, Canada, 4Department of Research, Exercise Physiology and Pathophysiology, Biology, Medicine and

Health (UR12ES06), Faculty of Medicine of Sousse, University of Monastir, Sousse, Tunisia, 5Department of Physical

Medicine and Rehabilitation, CHU Fatuma Bourguiba Monastir, Monastir, Tunisia, 6Nephrology and Internal Medicine Service,

CHU Fatuma Bourguiba Monastir, Monastir, Tunisia

Background: Tunisia has the highest prevalence of hemodialysis patients compared

to the other countries in North Africa. Dialysis centers rarely offer an exercise program

to prevent physiological and psychological dialysis therapy-related alterations in chronic

hemodialysis patients.

Aim: To examine the effect of combined endurance-resistance training program on

physiological and psychological outcomes in patients undergoing hemodialysis.

Methods: We designed a single blinded, randomized, controlled study for a period of 4

months. Patients were randomized to intervention group or control group. Intervention

group patients received 4 training sessions per week, held on non-hemodialysis days for

a period of 4 months, whereas control group patients continued their regular lifestyle

practice without direct intervention from the personnel of this investigation. Patients

were evaluated at baseline (initial assessment) and after the four-month study period

(final assessment) by the same investigator blinded to treatment group assignment using

physical, physiological, and psychological measurements.

Results: Compared with control group, intervention group showed significant

improvement in physical performance during the sit-to-stand-to-sit tests (STS10:

−16.2%, ES = −1.65; STS-60: +23.43%, ES = 1.18), handgrip force task (+23.54%,

ES = 1.16), timed up and go test (−13.86%, ES = −1.13), and 6-min walk test

(+15.94%, ES = 2.09). Likewise, mini nutritional assessment long form scores after

intervention period were significantly higher in the intervention group compared to

the control group (ES = 1.43). Physical and mental component scores of SF-36
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questionnaire increased significantly in the intervention group (ES = 1.10 and

ES = 2.06, respectively), whereas hospital anxiety and depression scale scores

decreased significantly (ES = −1.65 and ES = −2.72, respectively). Regarding

biological parameters, intervention group displayed improvement in systolic and diastolic

blood pressures (ES = −2.77 and ES = −0.87, respectively), HDL-cholesterol,

LDL-cholesterol, and triglycerides systematic levels (ES = 1.15, ES = −0.98, and ES =

−1.01, respectively); however no significant effect of intervention period was observed

on C-reactive protein, hemoglobin, albumin, and total cholesterol levels (P > 0.05).

Conclusion : The current study showed that combined endurance-resistance training

program had a beneficial effect on physical capacity and quality of life in chronic

hemodialysis patients.

Keywords: exercise, physical capacity, hemodialysis, physiological responses, psychological responses

INTRODUCTION

Chronic kidney disease is characterized by a progressive loss of
renal function and considered as a serious public health problem
worldwide with incidence much higher in the developing
world. In North Africa, the reported annual incidence of end-
stage kidney disease ranges from 34 to 200 cases per million
population, depending on the country (Barsoum, 2003; Counil
et al., 2008). Hemodialysis (HD) remains the most frequent renal
replacement therapy for patients at end-stage kidney disease
particularly in developing countries. In North Africa, Tunisia
has the highest prevalence of HD patients with 680 patients
per million population compared with the other countries
(Benghanem Gharbi, 2010).

It is well-known that deconditioning infers the loss of physical
capacity in response to physical inactivity or chronic disease and
refers to a decreased aerobic fitness, muscle force, and endurance
(Verbunt et al., 2005). The deconditioning spiral associated with
end-stage renal disease (Painter, 1994) arises from inactivity
which has a major impact on normal physical function and
will result in disability associated with an increased mortality
risk in people undergoing HD (Moore et al., 1993; Johansen
et al., 2003; Sietsema et al., 2004). Indeed, these patients have
a reduced aerobic fitness with a decreased peak oxygen uptake
and skeletal muscle wasting. This wasting occurs due to factors
such as aging, dietary intake, sedentary behavior, and comorbid
illnesses (Clyne, 1996; Pupim et al., 2004). Dialysis treatment also
induces significant metabolic changes such as hypovolemia due
to ultrafiltration, rapid changes in electrolyte concentrations, and
systemic inflammation, all of which can adversely affect physical
function (Cheema et al., 2005).

Previous reports showed that HD patients have impaired
mobility and balance (Blake and O’Meara, 2004), which is
linked to an elevated risk of falling (Abdel-Rahman et al.,
2011; Rossier et al., 2012). This can often result in multiple
complications such as injuries, disability, loss of independence,
poor quality of life, and nursing home placement (Cook and
Jassal, 2005). Moreover, these complications yield high cost to the
health system particularly in developing countries, e.g., dialysis
expenditures in Tunisia represent as much as 4.5% of the health

budget compared with 2.5% in France (Counil et al., 2008).
The attempt to change sedentary behavior in HD population
is relatively recent in Tunisia, where the dialysis centers rarely
offer an exercise program in primary prevention strategies for
HD-associated complications.

Numerous health-related benefits are derived from engaging
in various physical training regimens (e.g., endurance or
resistance training) in frail elderly persons and patients with
a wide range of chronic diseases (Singh, 2002). In patients
undergoing HD, most of previous studies examined the effects
of intradialytic (i.e., during dialysis treatment) endurance or
resistance training on physiological outcomes (Anderson et al.,
2004; Pupim et al., 2004; Parsons et al., 2006). To our knowledge,
no studies have examined the effect of interdialytic (i.e., on
non-hemodialysis days) combined endurance-resistance training
program on both physiological and psychological outcomes in
HD patients using the magnitude-based inferences as proposed
by Hopkins et al. (2009). In the current study, we compared
changes in outcome variables to the smallest worthwhile change
(SWC). We also reported both quantitatively and qualitatively
the probabilities for these changes to be real for each measured
variable. Hence, the aim of this study was to examine the
effects of an adapted endurance-resistance training program held
on non-hemodialysis days on physical capacity, biochemical
markers, nutritional status, and psychological outcomes in
Tunisian chronicHDpatients.We hypothesized that interdialytic
combined endurance-resistance exercise training would improve
health-related outcomes.

MATERIALS AND METHODS

Participants
We recruited patients undergoing HD from the Nephrology
and Internal Medicine Service of CHU Monastir in Tunisia.
The study was conducted between March 2012 and June 2013.
Participation in the study was voluntary. Exclusion criteria
were as follows: (i) patients who had chronic lung disease,
(ii) patients who had ischemic heart disease, (iii) patients who
had uncontrolled arrhythmias or hypertension, (iv) patients
who had hemodynamic instability or musculoskeletal disorders
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exacerbated by exercise, and (v) patients who had been exercising
regularly before starting the experiment. Eligible patients were
randomized into two groups using a computer-generated
randomization list. A flow diagram shows the progress of the
patients through the phases of the study (Figure 1). Intervention
group consisted of 21 exercising male patients and control group
consisted of 20 non-exercising male patients (Table 1). The study
protocol was approved by the local Ethics Committee on Human
Research (ECHR) of CHU Monastir (Tunisia). All experimental
procedures were carried out in accordance with the principles
outlined in the Declaration of Helsinki. Prior to any data
collection, all patients were fully informed about experimental
procedures and were asked to adhere to the experimental
protocol. Each patient provided written informed consent.

Study Design
We designed a single blinded, randomized, controlled trial to
examine the effect of endurance-resistance training program
on physical capacity, biochemical markers, nutritional status,
and psychological outcomes in chronic HD patients. Control
group patients continued their regular lifestyle practice without
direct intervention from the personnel of this investigation
but underwent the same testing battery and participated
in all assessments. Intervention group patients received 4
training sessions per week for a period of 4 months. All

patients underwent 3 testing sessions before intervention (initial
assessment) and 3 identical testing sessions immediately after
the four-month intervention period (final assessment). The
experimental sessions were conducted on non-dialysis days,
18–24 h following a dialysis treatment. On the first visit, patients
completed the medical outcomes study short form 36-item
(SF-36) and hospital anxiety and depression scale (HADS)
questionnaires and underwent 24-h ambulatory blood pressure
monitoring (ABPM). Blood samples (15 mL) were also collected
in EDTA-containing tubes and immediately centrifuged (4◦C)
for 15min at 3,000 rpm. Serum was stored at −80◦C until
further analysis. On the second visit, patients were assessed
for nutritional status using the mini nutritional assessment
long form (MNA-LF) and carried out sit-to-stand-to-sit tests
(STS). On the third visit, patients performed the handgrip

TABLE 1 | Baseline characteristics for the two groups.

Characteristic Control group

(n = 20)

Intervention group

(n = 21)

Age (years) 65.2 ± 3.1 64.2 ± 3.4

Dialysis prescription (h, days) 4 h, 3 days 4 h, 3 days

Months on hemodialysis 73.6 ± 13.4 72.7 ± 12.7

BMI (kg/m2) 24.3 ± 3.2 25.4 ± 2.8

FIGURE 1 | Flow diagram of the progress through the study phases.
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task, the timed up and go test (TUG), and the 6-min walk
test (6MWT). Physical tests were interspaced by a period
of recovery. All assessments were performed by the same
experienced investigator who was blinded as to the patients’
group assignment.

Training Program
The training program had been previously developed with the
Department of Physical Medicine and Rehabilitation of CHU
Monastir, Tunisia (Frih et al., 2017). All training sessions (64
sessions) were supervised by two professional physiotherapy
and physical training technicians. Training session was done
four-fold weekly in non-hemodialysis days and lasted for ∼60
min. The training program was composed of both resistance
and endurance training exercises. Each training session began
with a 10-min warm-up period progressing from isolated
mobilizing to gross mobilizing exercises. Resistance program
specifically targeted anaerobic capacity where patients performed
dynamic closed and open-chain strengthening exercises. For
this purpose, the quadriceps muscles, pectoral muscles, triceps
brachia muscles, biceps brachia muscles, and hamstrings were
trained on a multigym. Patients started at 50% of their initial
one-repetition maximum (1-RM) with 12–15 repetitions for each
exercise. Each month the load was increased by 5% of the 1-RM.
Endurance program specifically targeted aerobic capacity where
patients performed ergometer cycling and treadmill walking for
20 min. Exercise intensities were adapted to each patient by
monitoring heart rate (Polar RS400, Polar Electro, Finland) and a
Borg score of 5–6 for dyspnea or fatigue was set as a target (Borg,
1982). In order to avoid monotony, patients were encouraged to
perform as many bouts as possible with the greatest variety of
exercises during each training session. Additionally, a datasheet
was created for each patient to monitor the appearance of adverse
effects related to exercise, such as symptomatic hypotension
and severe muscle symptoms (e.g., pain, muscle cramps).
Each training session ended with a 10-min cool-down period
consisting of stretching and balancing exercises.

Biochemical Analyses
Biochemical assays were performed using standard techniques
at the Central Laboratory of the University Hospital, Monastir,
Tunisia. Hemoglobin was analyzed by routine high-performance
liquid chromatography based ion-exchange procedure (HA-
8140, Rungis, France). Serum albumin was measured by
the bromcresol green method. Total cholesterol, HDL-
cholesterol, and triglyceride levels were determined using
spectrophotometric methods (AU2700-Olympus, Beckman
Coulter). LDL-cholesterol was then calculated using the
Friedewald formula. C-reactive protein was measured by
immunoturbidimetry (Dupuy et al., 2003). These parameters
were measured in fasting blood samples.

Ambulatory Blood Pressure Monitoring
(ABPM)
For blood pressure assessment, patients underwent 24-h ABPM
during the non-dialysis days. ABPM was performed using
oscillometric monitor (SpaceLabs 90207, Spacelabs Medical,

Créteil, France). This device was programmed to take readings at
20-min intervals during the wakeful period (from 7:00 to 23:00 h)
and at 30-min intervals during the sleeping period. During the
monitoring, patients were instructed to maintain their normal
activities.

Medical Outcomes Study Short Form
36-Item (SF-36)
The SF-36 questionnaire was used to evaluate self-reported
domains of health status (Ware and Sherbourne, 1992). This
questionnaire consists of 36 items compiled into 8 scales: physical
functioning (PF), role functioning/physical (RP), bodily pain
(BP), general health (GH), vitality (VT), social functioning
(SF), role functioning/emotional (RE), and mental health (MH).
These scales range from 0 to 100; a higher score is more
positive (i.e., less pain or less limitation). Normalized scores
representing overall physical functioning andmental functioning
are calculated from the individual scales and are presented as
the physical component scale (PCS) and the mental component
scale (MCS). The PCS includes the following dimensions: PF, RP,
BP, GH, VT, and SF. The MCS is composed by the RE and MH
items, and includes elements of the GH, VT, and SF scales (Ware,
2000).

Hospital Anxiety and Depression Scale
(HADS)
The HADS was developed to assess both anxiety and depression.
This questionnaire consists of an anxiety symptoms subscale and
a depressive symptoms subscale (Zigmond and Snaith, 1983). It
has been found to be a valid assessment of the risk in primary care
(Zigmond and Snaith, 1983).

Sit-to-Stand-to-Sit Tests (STS)
The STS-10 and STS-60 were performed to measure lower-
extremity muscle capacity force (Csuka and McCarty, 1985).
The STS-10 measures the time in s required to complete 10
consecutive repetitions of sitting down on and getting up from
a chair, whereas the STS-60 measures the number of repetitions
achieved in 60 s. The STS-10 was performed first, and the STS-
60 was performed after a 15-min recovery period. During the
STS-10, patients were instructed to perform the task as fast as
possible, starting and finishing at the sitting position. Patients
were allowed a practice trial before the beginning of the test.
They began the test by crossing their arms on their chest and
sitting with their back against the chair (44 cm high and 38
cm deep), which was backed up against a wall in order to
minimize the risk of falling (Cho et al., 2004; Whitney et al.,
2005). This test is simple, inexpensive, rapid, and reproducible
(Csuka and McCarty, 1985) and is included in the battery of
tests used for people with renal disease (Headley et al., 2002).
The STS-60 measured the number of repetitions of sitting down
on and getting up from a chair achieved in 60 s. The number
of repetitions achieved was recorded at the end of the test for
analysis. The STS-60 has been found to be a valid measure of
lower body muscle endurance force (Ritchie et al., 2005).
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Six-Minute Walk Test (6MWT)
The 6MWT was conducted according to the recommendations
of the American Thoracic Society (ATS, 2002). The 6MWT was
performed in a 20-m-long corridor; tape was placed every 2 m.
Patients were asked to walk the longest distance possible in 6 min
by walking continuously the 20m indicated on the floor, turning
around at the final mark without stopping, and covering as much
ground as possible (ATS, 2002). The standardized instruction
given to the patients was as follows: Walk as far as possible
for 6 min, but don’t run or jog (ATS, 2002). They could stop
if needed and restart later. The distance covered in meters was
recorded at the end of the test for analysis. The 6MWT is a simple,
valid tool for testing the ability to perform activities of daily life
(e.g., walking; Fitts andGuthrie, 1995). The physiological exercise
capacity testing usually requires people to perform at maximal
or nearly maximal levels in laboratory-based environments and
involves techniques and tasks with which people are not always
familiar.

Timed Up and Go Test (TUG)
The TUG was used to provide a timed measure of balance and
functional mobility (Podsiadlo and Richardson, 1991). The test
requires the patient to rise from a standard armchair, walk 3m
at a comfortable pace, walk back to the chair, and sit down.
A practice trial was performed. Normative data are available
for elderly individuals who reside in the community (Steffen
et al., 2002). The TUG has high intra- and inter-reliability and
predictive validity for falls in community living adults (Podsiadlo
and Richardson, 1991). A cut-off score of 16 s or more has been
shown to predict falls in community-dwelling elderly (Okumiya
et al., 1998).

Handgrip Force Dynamometry
Handgrip force wasmeasured using a dynamometer (T.K.K. 5401
GRIP D, Takei Science Instruments, Niigata, Japan). Patients
were positioned standing with the elbow extended at the moment
of the test, according to the manufacturer’s instructions. Three
consecutive repetitions of 4 s, interspaced by 90 s of rest, were
performed with the dominant arm. Verbal encouragement was
given during the task and the highest peak force was used for
analysis.

Nutritional Status
Nutritional status was assessed using the mini nutritional
assessment long form (MNA-LF) tool (Guigoz et al., 1996),
which is an internationally validated method for the nutritional
assessment of elderly patients (Vellas et al., 1999). The MNA-
LF consists of a screening part and an assessment part. The
screening part contains 6 items concerning decline of food intake,
weight loss in the past 3 months, acute mobility, disease/distress,
neuropsychological problems, and additional anthropometric
measures. The assessment part consists of 12 items concerning
housing, medicine use, pressure ulcers, dietary intake, and self-
rated nutritional and health status. The MNA-LF provides a total
score that ranges from 0 to 30 points. A score ≤17 points is
regarded as evidence of malnutrition, 18–23 points indicate a risk

of malnutrition, and ≥24 points an adequate nutritional status
(Beck et al., 1999).

Statistical Analysis
The Statistica software version 10.0 for windows (StatSoft,
Maisons-Alfort, France) was used for data analysis. Data
are reported as mean and standard deviation (± SD). The
distribution of each variable was examined using the Shapiro-
Wilk test for normality. Data were analyzed using a mixed
measures (group × period) analysis of variance (ANOVA) for
repeated measures. Bonferroni tests were used as a means by
which to locate significant differences. The level of significance
was predetermined to be P < 0.05 for all statistical analyses.
Relative changes (%) with corresponding 95% confidence interval
(95% CI) were calculated for each physical performance variable.
Additionally, data were assessed for clinical significance using
an approach based on the magnitude of changes proposed by
Hopkins et al. (2009). For between-group comparisons, the effect
size (ES) of change with corresponding 95% confidence interval
(95% CI) in each measured variable between the control and
intervention groups was calculated using the pooled SD (Cohen,
1992). Threshold values for the interpretation of ES were 0–0.19
(trivial), 0.2–0.49 (small), 0.50–0.79 (medium),>0.79 (large). For
between-group comparisons, the likelihood that the true values
of the estimated difference were better/beneficial, similar, or
worse/detrimental than the SWC was calculated for each variable
(Hopkins et al., 2009). Threshold values for assigning quantitative
chances of better/beneficial or poorer/detrimental effect were:
<1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely;
25–75%, possible; 75–95%, likely; 95–99%, very likely; and>99%,
almost certain. The true difference was assessed as unclear when
the chance of having better/beneficial or poorer/detrimental
value was both >10% (Hopkins et al., 2009).

RESULTS

Physical Capacity
The mean values of physical capacity tests are displayed in
Table 2. The analysis revealed a significant group × period
interaction effect for STS-10 [F(1, 39) = 19.60, P < 0.001], STS-
60 [F(1, 39) = 7.76, P = 0.008], handgrip force [F(1, 39) = 12.32,
P = 0.001], TUG [F(1, 39) = 9.71, P = 0.003], and 6MWT
[F(1, 39) = 32.59, P < 0.001]. Post-hoc test revealed a significant
improvement in performance during the STS-10 (−16.2%), STS-
60 (+23.43%), handgrip force (+23.54%), TUG (−13.86%), and
6MWT (+15.94%) tests for the intervention group compared to
the control group (P < 0.001, Figure 2). Practically worthwhile
differences between the control and intervention groups were
also evident, as supported by large ESs and qualitative outcomes,
suggesting very likely to almost certainly true changes (Table 2,
Figure 2).

Biological Parameters
Table 3 shows the results of baseline and final assessments for
both groups. Analysis showed a significant group × period
interaction effect for systolic and diastolic blood pressures
[F(1, 39) = 66.87, P < 0.001 and F(1, 39) = 11.38, P = 0.002,
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TABLE 2 | Baseline and final assessments for physical capacity in both groups.

Outcome

variable

Control group (n = 20) Intervention group (n = 21) Changes observed for the intervention group compared to the

control group

Initial

assessment

Final

assessment

Initial

assessment

Final

assessment

Effect size (95% CI) Rating Chances of beneficial/

trivial/detrimental effect (%)

STS-10 (s) 31.7 ± 2.5 32 ± 3.1 32 ± 3.5 27 ± 2.9* −1.65 (−2.41 to −0.90) Large 100/0/0

STS-60 21.6 ± 4.2 21.7 ± 4.1 21.5 ± 4.2 26.6 ± 3.5* 1.18 (0.31 to 2.05) Large 99/1/0

Handgrip

force (N)

29.3 ± 5.6 30 ± 5.2 29.8 ± 6.0 37.4 ± 4.8* 1.16 (0.46 to 1.86) Large 100/0/0

TUG (s) 15.3 ± 1.6 15.2 ± 1.9 15.1 ± 2.0 12.9 ± 1.6* −1.13 (−1.86 to −0.40) Large 99/1/0

6MWT (m) 422.2 ± 26.6 415.6 ± 36.3 420 ± 35.1 480.5 ± 31.9* 2.09 (1.33 to 2.85) Large 100/0/0

STS-10, sit-to-stand-to-sit 10 test; STS-60, sit-to-stand-to-sit 60 test; TUG, timed up and go test; 6MWT, 6-min walk test.

*Significantly different from baseline (P < 0.05).

FIGURE 2 | Relative differences between the intervention group and the

control group for the 6-min walk test (6MWT), timed up and go test (TUG),

handgrip force, and sit-to-stand-to-sit tests (STS-10 and STS-60). Bars

indicate uncertainty in the true mean changes with 95% confidence intervals.

Trivial areas were calculated based on the smallest worthwhile change (SWC).

respectively]. Post-hoc analysis revealed that final assessments
of these parameters were significantly lower compared to initial
assessments in the intervention group. Likewise, large ESs were
obtained for the differences between the intervention group and
the control group with almost certainly and very likely beneficial
effect of the training program (Table 3). A significant group
× period interaction effect was obtained for HDL-cholesterol
[F(1, 39) = 4.91, P = 0.032], LDL-cholesterol [F(1, 39) = 6.30, P
= 0.016], and triglycerides levels [F(1, 39) = 6.18, P = 0.017].
Post-hoc analysis revealed that HDL-cholesterol was significantly
higher at the final assessment, whereas LDL-cholesterol and
triglycerides were significantly lower at the final assessments
compared to baseline values in the intervention group.Moreover,
large ESs were observed for these parameters with qualitative
outcomes suggesting likely beneficial effect of the training
program (Table 3).

No significant group× period interaction effect was observed
for C-reactive protein [F(1, 39) = 0.04, P = 0.834], hemoglobin

[F(1, 39) = 0.21, P = 0.648], albumin [F(1, 39) = 0.001, P = 0.976],
and total cholesterol levels [F(1, 39) = 0.06, P = 0.806]. Likewise,
trivial ESs were obtained for these variables with qualitative
outcomes suggesting unclear effect (Table 3).

Nutritional Status
Table 4 presents MNA-LF scores for both groups. The analysis of
MNA-LF scores revealed a significant group× period interaction
effect [F(1, 39) = 25.27, P < 0.001]. Post-hoc analysis revealed
that MNA-LF scores after intervention period were significantly
higher in the intervention group compared to the control
group (ES = 1.43 [0.86 to 2.00], Rating: Large). Chances
that the true differences were beneficial/trivial/detrimental
effect were 100/0/0% (Almost certainly). Indeed, patients in
the intervention group were 4.8% undernourished, 85.7% at
risk of malnutrition, and 9.5% normal nourished at initial
assessment. After intervention period, the percentages were 4.8%
undernourished, 23.8% at risk of malnutrition, and 71.4% normal
nourished (Table 4).

Psychological Parameters
Figure 3 displays psychological scores at initial and final
assessments for both groups. The analysis revealed a significant
group × period interaction effect for physical and mental
component scores of SF-36 [F(1, 39) = 9.99, P = 0.003 and F(1, 39)
= 20.27, P < 0.001, respectively] as well as the anxiety and
depression scores of HADS [F(1, 39) = 16.07, P< 0.001 and F(1, 39)
= 43.91, P < 0.001, respectively]. Post-hoc tests revealed that
physical and mental component scores increased significantly in
the intervention group, whereas anxiety and depression scores
decreased significantly. Differences between groups were also
rated as large (ES ranged from 1.10 to 2.75) and qualitative
outcome with almost certainly beneficial effect.

DISCUSSION

In the present investigation, we examined the effect of
interdialytic endurance-resistance training on chronic HD
patients’ physiological and psychological outcomes. The main
findings were that combined endurance-resistance training
program has been shown to be very likely effective for enhancing
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TABLE 3 | Baseline and final assessments for biological parameters in both groups.

Variable Control group (n = 20) Intervention group (n = 21) Changes observed for the intervention group compared to the

control group

Initial

assessment

Final

assessment

Initial

assessment

Final

assessment

Effect size (95% CI) Rating Chances of beneficial/trivial/

detrimental effect (%)

Systolic blood pressure

(mmHg)

148 ± 6 149.2 ± 5.1 147.5 ± 4.1 134.1 ± 5.2* −2.77 (−3.48 to −2.07) Large 100/0/0

Diastolic blood

pressure (mmHg)

80.5 ± 4.7 78.4 ± 3.4 78.8 ± 3.6 73 ± 3.6* −0.87 (−1.40 to −0.34) Large 99/1/0

C-reactive protein

(mg/L)

4.1 ± 1.1 4 ± 1.4 4.1 ± 1.3 4.1 ± 1.2 0.09 (−0.76 to 0.94) Trivial 40/36/25

Hemoglobin (g/dL) 10.1 ± 2 10 ± 1.6 10.2 ± 1.8 10.4 ± 1.7 0.17 (−0.58 to 0.91) Trivial 47/37/16

Albumin (g/L) 39.9 ± 3.7 40.4 ± 3.7 39.6 ± 3.5 40 ± 2.6 −0.10 (−0.41 to 0.39) Trivial 17/68/15

Total cholesterol

(mmol/L)

4.2 ± 0.4 4.1 ± 0.6 4 ± 0.5 3.9 ± 0.4 −0.12 (1.10 to 0.87) Trivial 43/31/26

HDL-cholesterol

(mmol/L)

1.3 ± 0.4 1.4 ± 0.4 1.2 ± 0.3 1.7 ± 0.4* 1.15 (0.10 to 2.19) Large 96/3/1

LDL-cholesterol

(mmol/L)

2.6 ± 0.5 2.5 ± 0.4 2.4 ± 0.3 1.9 ± 0.3* −0.98 (−1.79 to −0.16) Large 97/3/0

Triglycerides (mmol/L) 1.9 ± 0.6 1.9 ± 0.5 1.9 ± 0.5 1.4 ± 0.4* −1.01 (−1.83 to −0.19) Large 98/2/0

*Significantly different from baseline (P < 0.05).

TABLE 4 | Mini nutritional assessment long form (MNA-LF) scores at initial and

final assessments in both groups.

Control group

(n = 20)

Intervention group

(n = 21)

Initial

assessment

Final

assessment

Initial

assessment

Final

assessment

Scores 21.3 ± 2.3 21.8 ± 1.9 21.2 ± 2 24.9 ± 2.4

Undernourished 2 (10%) 1 (5%) 1 (4.8%) 1 (4.8%)

Risk of malnutrition 14 (70%) 17 (85%) 18 (85.7%) 5 (23.8%)

Normal nourished 4 (20%) 2 (10%) 2 (9.5%) 15 (71.4%)

physical capacity in chronic HD patients. Indeed, this training
program lowered the total time in the STS-10 and TUG tests
and improved handgrip force, the number of repetitions in the
STS-60, and total distance covered during 6MWT. Likewise,
it had a likely beneficial effect on blood pressure parameters,
HDL-cholesterol, LDL-cholesterol, and triglycerides levels. This
intervention modality impacts positively patients’ nutritional
status and psychological outcomes.

Physical Capacity
The physical tests used in the present study are widely used in
clinical setting (ATS, 2002; Headley et al., 2002; Ritchie et al.,
2005). In a reliability study, Segura-Orti and Martinez-Olmos
(2011) reported high absolute reliability and lower relative test–
retest reliability for the STS-10, STS-60, 6MWT, and handgrip
force test in patients undergoing HD. In the present study, we
assessed the effectiveness of the endurance-resistance exercise
intervention in HD patients using controlled study design and
an approach based on the magnitude of changes (Hopkins et al.,

2009), which allows us to study quantitatively and qualitatively
the observed changes for each performance variable.

The gold standard measure for assessment of physical
function is the peak oxygen uptake in a graded exercise test.
Because of the need for special and high-cost equipment and the
limited functional status in HD patients, this test is less used in
the clinical setting. Interestingly, the 6MWT is a useful tool and
widely used to assess the effect of dialysis therapy on physical
function (Segura-Orti and Martinez-Olmos, 2011). The mean
6MWT distance of our patients at the initial assessment was
similar to values reported in previous studies conducted in HD
patients (Painter et al., 2000; Headley et al., 2002; Parsons et al.,
2006; Reboredo Mde et al., 2010). After intervention period, the
6MWT distance was significantly increased in the intervention
group compared with the control group, indicating that the
endurance-resistance program increased physical functioning in
HD patients. These findings are in agreement with previous
reports on exercise in HD patients (Parsons et al., 2006; Reboredo
Mde et al., 2010). For instance, Reboredo Mde et al. (2010)
showed that 3 months of aerobic exercise training performed
during hemodialysis sessions increased significantly by 9% the
6MWT distance in 14 HD patients. In another study, Parsons
et al. (2006) showed that 5 months of endurance exercise training
during dialysis in 13HDpatients were associated with an increase
of 14% in the 6MWT distance.

In the previous studies, the authors administered intradialytic
exercise training program (Painter et al., 2000; Headley et al.,
2002; Parsons et al., 2006; Reboredo Mde et al., 2010).
However, performing physical exercise during HD may induce
complications. Indeed, it is documented that dialysis therapy
induces acute complications such as hypotension, muscular
cramps, arrhythmia, nausea, vomiting, and headaches, among
others, which could be magnified by exercising (Himmelfarb,
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FIGURE 3 | Physical component scores (A), mental component scores (B), anxiety scores (C) and depression scores (D) at initial and final assessments in both

groups. *Significantly different from initial assessment (P < 0.01). §Significantly different from control group (P < 0.01). Values are means ± SD.

2005). In the current study, we used an interdialytic prescription,
which showed better compliance with exercise training in
HD patients. Additionally, this prescription allows various
movements with wide range of motion that are not possible
during dialysis.

The present study’s results showed that the intervention
program improves significantly force production of lower and
upper body limbs in HD patients assessed by STS and handgrip
force tests, respectively. The literature revealed that skeletal
muscle wasting is common in HD patients, which is a strong
predictor of mortality in this population (Carrero et al., 2008).
This wasting contributes to reductions in muscular force and
associated functional impairment such as impaired mobility and
balance. In accordance with previous studies, resistance training
may be efficient in terms of clinical outcomes in these patients
(Cheema et al., 2005; Chan et al., 2007; Chen et al., 2010).

Previous reports showed that falls can be markers of poor
health and declining function, and are often associated with
significant morbidity and mortality in HD population (Li et al.,
2008). It has been shown that a cut-off score of 16 s or more
during the TUG predicts falls in older subjects (Okumiya
et al., 1998). At the initial assessment of the current study,
patients classified as at risk of falls were 30 and 35% for
control and intervention group, respectively, whereas at final
assessment these percentages were 40 and 0% for control and

intervention group, respectively. These findings are in agreement
with a recent study which reported a significant improvement
in balance following a resistance-endurance training program in
HD patients (Frih et al., 2017). Therefore, endurance-resistance
exercise should be recommended as a central component of the
exercise prescription for HD patients.

Biological Parameters
Regarding blood pressure parameters, the current study’s results
showed that both systolic and diastolic blood pressure levels
of the intervention group decreased significantly after the
intervention period. These results were in accordance with
previous reports (Anderson et al., 2004; Reboredo Mde et al.,
2010), which reinforces the benefit of exercise training for blood
pressure control in HD patients.

Many patients with renal failure show abnormalities of lipid
metabolism. Indeed, hypertriglyceridemia and low levels of
HDL-cholesterol are frequent abnormalities in HD (Pennell
et al., 2006). The various disturbances of lipoprotein metabolism
in uremia can be summarized as decreased catabolism of
lipoproteins with an inappropriate synthesis of LDL-cholesterol
(Heuck and Ritz, 1980). There is a decreased lipoprotein
catabolism, resulting in incompletely cleared intermediate
particles and diminished formation of HDL-cholesterol. In the
current study, no significant changes were observed for total
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cholesterol levels between groups, however, the intervention
group increased HDL-cholesterol and reduced triglycerides and
LDL-cholesterol levels after the training period. Therefore,
exercise prescription may be useful to mitigate dyslipidemia,
which is considered as a risk factor for cardiovascular disease in
HD patients (Pennell et al., 2006).

Regarding systemic inflammation, C-reactive protein level
was similar between the two groups after the intervention
period. These findings are in agreement with the results
reported by Wilund et al. (2010) after 4 months of intradialytic
endurance exercise training. Likewise, Cheema et al. (2011)
reported no significant improvement of circulating pro- and anti-
inflammatory markers after 12 weeks of intradialytic progressive
resistance training. In the present study, we did not measure
circulating levels of other pro-inflammatory mediators such as
tumor necrosis factor α and interleukin-6. Indeed, C-reactive
protein is the major acute phase protein secreted by the liver due
to interleukin-6 stimulation in humans (Heinrich et al., 1990).
In another study, Cheema et al. (2007) showed that C-reactive
protein level tended to decrease (P = 0.05) after prolonged
intradialytic progressive resistance training (24 weeks) compared
to short-duration training (12 weeks). Future studies with large
sample and/or longer duration are required to determine the
effects of exercise intervention on pro-inflammatory markers as
well as anti-inflammatory cytokines in HD patients.

Nutritional Status
The literature revealed a causal relationship between
malnutrition and poor physical performance particularly in
elderly persons and patients (Vellas et al., 1999; Rossier et al.,
2012). In the current study, improvement in functional capacity
assessed by the 6MWT was associated with improvement
in nutritional status assessed by MNA-LF (r = 0.51, P =

0.018). At initial assessment, normal nourished HD patients
were 20 and 9.5% in the control group and intervention
group, respectively, whereas after the intervention period
10 and 71.4% of patients in the control and intervention
group were with adequate nutritional status, respectively.
Furthermore, few exercise intervention studies have examined
changes in dietary intake in HD patients. Therefore,
studies aiming to examine changes in subjective ratings
of appetite or possible changes in the composition of
energy intakes (e.g., carbohydrate vs. fat vs. protein) are
warranted.

Psychological Outcomes
Anxiety and depression disorders have been found to be
associated with an increased risk of mortality and poor

health-related quality of life in HD population (McKercher et al.,
2013). Indeed, patients undergoing HD have low quality of life
scores that are frequently related to hospitalization and death
(Lowrie et al., 2003). Recent research studies suggested the
role of physical activity in improving quality of life in various
disorders such as patients with stroke, Parkinson’s disease, and
chronic low back pain (Moussouli et al., 2014; Rafferty et al.,
2017). The present study’s results revealed a beneficial effect
of the training program on exercising patients’ psychological
outcomes. Indeed, the improvement in physical capacity was
accompanied by a significant improvement in quality of life and
decrease in anxiety and depression scores. These findings are
in agreement with the results reported by other authors among
HD patients after exercise training (Painter et al., 2000, 2002;
van Vilsteren et al., 2005). Therefore, exercise training can be a
safe supplement and non-pharmaceutical therapeutic agent for
HD patients to reduce the severity of complications that occur
during dialysis as well as to avoid the development of depression
comorbidity.

Limitations
Limitations of our study include the single geographical HD
center utilized and lack of female patients due to cultural reasons.
Furthermore, the four-month intervention period may have been
too short to improve serum parameters such as markers of
inflammation.

CONCLUSION

The current study showed that combined endurance-resistance
training program had a very likely beneficial effect on
physiological and psychological outcomes in chronic HD
patients. We recommend that nephrologists consider and
implement such training programs as standard clinical practice
in HD units.
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