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Abstract
Aims and objectives: Hemodialysis is a main treatment for patients with renal failure. The improvement
of dialysis adequacy is the most important factor in
reducing complications and mortality in hemodialysis
patients. This study was conducted to examine the effect of muscle relaxation on dialysis adequacy in patients on hemodialysis.

Results: The results showed no significant difference
between the two groups in terms of dialysis adequacy
before the intervention (P = 0.818) although the difference was significant after the intervention (P = 0.003).
Moreover, the dialysis adequacy significantly correlated with patients’ age (P = 0.001), sex (P = 0.039), and
occupation (P = 0.024).

Design and Methods: This randomized controlled clinical trial was performed on 90 hemodialysis patients
in Khatam al-Anbia and Imam Ali hemodialysis centers in Zahedan, Iran in 2014. The participants were
selected through convenience sampling and assigned
to the control and case groups through stratified block
randomization with the block size of quadripartite (23
blocks of 4 /quadripartite). The control group received
routine therapeutic measures, and the case group
were trained for Benson muscle relaxation in three
sessions in addition to the routine therapeutic measures. The patients in the case group were requested to
do relaxation exercises for 15-20 minutes twice a day
for one month. The dialysis adequacy was measured
using the z02 software of the Health Ministry before
and after the intervention. The data were analyzed in
SPSS21 software using Chi-square test, independent
t test, Mann-Whitney test, Pearson’s correlation coefficient, ANOVA, and ANCOVA at significance level
lower than 0.05.

Conclusion: Regarding increased dialysis adequacy
and its safety and ease of use, it is recommended that
muscle relaxation be taught in hemodialysis wards.
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Introduction
Chronic renal failure is generally a progressive and
irreversible disorder in renal function that creates numerous
complications due to systemic effects. Dialysis and
eventually renal transplantation are the main treatments
for end-stage renal disease (Mollahadi et al., 2010).
Hemodialysis is the most common method of treatment for
kidney patients in all countries (Namdar et al., 2013). In
a study published in 2012, the prevalence rate of chronic
renal failure was 242 cases per million people in the world
which increases by 8% annually (Tayyebi et al., 2011).
The annual prevalence rate of renal failure in Iran is 375
people. Dialysis patients experience many problems
regarding their special physical and mental conditions.
Measuring dialysis adequacy is one of the most important
influential factors for Assessment of hemodialysis process
(Esmaili et al., 2016). Promotion of dialysis adequacy has
attracted medical researchers because it is one of the major
determinants of life adequacy, disability, and mortality in
dialysis patients (Hassanzadeh et al., 2010).
It is difficult to define and determine dialysis adequacy
due to its abundant and variable parameters. The best
indicator for the quality of dialysis is urea clearance. The
best indicator for measuring the adequacy of dialysis is
amount of urea clearance which is obtained by the KT/ V
formula(Tayyebi et al., 2012, Borji et al., 2016).
Dialysis adequacy is the state of having Kt/V higher than
1.2; where k is the urea clearance by the dialysis machine,
t is the duration of dialysis, and v is the concentration of
urea (Kalender and Tosun, 2014).
Results of numerous studies have shown that increasing
the Kt/V to 1.2 and URR to 65% is effective in prognosis
of dialysis patients (Kalender and Tosun, 2014, Tayyebi
et al., 2012, Borzou et al., 2009). Many factors, including
duration of dialysis, velocity of dialysate, the use of highspeed dialyzer, and blood flow velocity affect dialysis
adequacy(Shahdadi et al., 2017 but it is not possible or
cost-effective to use some of these methods, also new
hemodialysis methods are not sufficiently adequate (Salehi
et al., 2016, Shahdadi et al., 2017).
Studies performed on the effect of some variables on
dialysis adequacy include “The effect of hatha yoga
exercises on dialysis adequacy” (Tayyebi et al., 2011),
“The comparison of the effect of Quran recitation with that
of normal condition, silence, Arabic music, and Iranian
music on dialysis adequacy” (Alavi Majd et al., 2010), and
“The effect of increased blood flow on side effects and
adequacy of dialysis in hemodialysis patients with a low Kt/
v” (Shahdadi et al., 2017) (BasiriMoghadam et al., 2014).
The use of non-pharmacological complementary therapies
has been further accepted and emphasized too much in
the health system, (Hadadian et al., 2011). Relaxation is
one of the complementary therapies. There are various
methods of relaxation, including progressive muscle
relaxation (Jacobson’s), and Basirimoghadam examined
the effect of progressive muscle relaxation technique on
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fatigue of the patients on hemodialysis (Bassiri moghadam
et al., 2014). However, the method introduced by Herbert
Benson in 1970 is more favorable because it is easy to
learn and teach to others (Monahan et al., 2007). Benson
relaxation is a method of concentration that influences a
wide range of physical and mental signs and symptoms,
such as anxiety, pain, depression, temper, and selfconfidence, and reduces stress (Otaghi et al., 2016, Kiani et
al., 2017, Hinkle and Cheever, 2013, Yazdani and Setareh,
2012). Relaxation is expected to affect dialysis adequacy.
In regard to the many studies performed on effects of facial
relaxation, few studies have been performed on the effects
of muscle relaxation on hemodialysis patients, including
the effect of progressive muscle relaxation technique
on blood pressure and dialysis adequacy of patients on
hemodialysis (BasiriMoghadam et al., 2014), the effect of
muscle relaxation on these patients’ stress and anxiety (Elali
et al., 2012), the effect of advanced muscle relaxation on
these patients’ sleep quality (Saeedi et al., 2012), and that
the muscle relaxation reduces heart rate, reduces blood
pressure, increases vasovagal blood flow, and reduces
activity of the sympathetic nervous system (MOLAIE et al.,
2012). Therefore, this study was conducted to examine
the effect of muscle relaxation on dialysis adequacy in
hemodialysis patients.

Design and methods
This randomized controlled clinical trial was registered
under the ethics code GMU.REC.1392.43 and the Iranian
Registry for Clinical Trials code IRCT2014051117656N.
The study population included all patients on hemodialysis
in Khatam al-Anbia and Imam Ali hemodialysis centers
in Zahedan, Iran in 2013-2014. The sample size was
calculated as 42 patients in each group using formula for
comparisons of means after a pilot study and taking into
account the confidence interval of 0.95 and test power of
80%; however, 45 patients were assigned to each group
to cover potential sample loss, and totally, 90 patients
entered the study. The inclusion criteria of the study were
as follows: minimum age of 18 years and maximum age
of 65 years, a family history of hemodialysis for at least 2
months, undergoing hemodialysis 2-3 times a week, being
conscious, acceptable listening and speaking ability for
learning the relaxation method, no known mental diseases,
such as severe anxiety and depression, no known muscular
diseases, and having active medical records in the abovementioned centers. The exclusion criteria of the study
were as follows: any condition that occurred during the
intervention and rendered the intervention impossible, such
as death and travel, unwillingness to continue participation
in the study, and failure to attend the training sessions.
Once the participants were selected on the basis of the
inclusion criteria, and written consent was received from
them, they were randomly assigned to the control and
case groups through stratified block randomization with
the block size of 4 patients. The instruments used to collect
the data included a demographic questionnaire consisting
of two parts, personal information (sex, age, marital status,
educational level, and occupation) and information on the
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disease and its treatment (a history of hypertension and
diabetes and duration of renal failure and hemodialysis),
a checklist for recording the dialysis adequacy before and
after the intervention on the basis of the software found
in the website of Transplantation and Special Diseases
Management(Rafiee 2009), and relaxation record form.
First, the patients were requested to complete the
demographic questionnaire, and their dialysis adequacy
was determined. Then, the muscle relaxation technique
was taught to the participants individually in the case group
in three sessions. The patients practised the technique at
home twice a day for 30 days. The patients performed the
technique as follows: 1- sitting quietly in a comfortable
position, 2- closing eyes gently, 3- relaxing all the muscles
from the feet to the face and keeping calm, 4- breathing in
through the nose, being aware of their breathing, breathing
out gently through the mouth, and when the air comes out,
mutter number one and breathe comfortably and normally,
5- continuing for 15-20 minutes and keeping the muscles
relaxed, and then opening the eyes and not standing for
a few minutes, and 6- not worrying if they have reached a
deep level of relaxation but allowing relaxation to occur at
its own pace. They should ignore disturbing thoughts, if any
(elali et al., 2012). To ensure the exercise of the relaxation
technique during the intervention, a checklist (relaxation
record form) was given to the participants in order to record
the day, time, and duration of relaxation and the cause of
failure to exercise the technique, if any. An audio and video
file of the relaxation training was also given to the patients.
Furthermore, the researcher controlled the course of
exercising the technique and completing the relaxation
record form by telephone every other day in order to
resolve possible problems related to the relaxation. The
dialysis adequacy was eventually examined in both groups
after the intervention. To calculate the dialysis adequacy
of each session (the first and the thirtieth day), a blood
sample was drawn from the patients once immediately
before dialysis and once immediately after the dialysis
and delivered to the laboratory for determining the level
of urea. To draw the blood sample before hemodialysis, it
was drawn from an arterial line before turning on the blood
pump of the dialysis machine and immediately delivered to
the laboratory. To draw the blood sample after hemodialysis
in the last 10 minutes of dialysis: the speed of the dialysis
machine’s pump was set at 50 ml/m 20-30 seconds before
drawing blood, and the sample was drawn from an arterial
line before the sample clearance. Concentrations of urea
were determined spectrophotometrically using assay kits
from Pars Azmoon Company, Iran.
The patients’ weight was determined before and after
dialysis using a scale (Seca Co.) that was checked with a 2kilo weight every morning. The patients’ dialysis adequacy
was examined using Kt/V and urea reduction ratio (URR)
methods and the relevant software.
The velocity of dialysate was 500 ml/m and equal in
all patients. Moreover, a dialysate containing sodium
bicarbonate buffer was used for all patients, and the
velocity of blood flow comprised 300 ml/m that was equal
for all patients. In general, the type of filter, site of needle,

speed of the machine, time of dialysis, size of needle,
drugs used during dialysis, temperature of the machine,
and expertise of the personnel, which all somehow affect
the dialysis adequacy, were equalized in all patients (in the
case and control groups) on the blood sampling day.
Qualitative variables were reported as absolute and
relative frequency, and quantitative variables were
reported as mean and standard deviation values. The
data were collected using SPSS 21 software and paired t
test for comparing the degree of dialysis adequacy before
and after intervention in both groups, independent t test
for comparing mean age of participants and comparing
differences in means of dialysis adequacy before and
after intervention in both groups, Chi-square test for
comparing the qualitative variables, ANOVA for examining
the correlation of some qualitative variables with dialysis
adequacy, Pearson’s correlation coefficient for examining
the correlation of Quantitative variables (age, weight before
dialysis, hemoglobin, and pain) with dialysis adequacy, and
ANCOVA for variables with P < 0.2, at significance level
lower than 0.05.

Results
The results showed that male and female patients
respectively comprised 52 patients and 37 patients (totally
90 patients, of whom one patient died and was thus
excluded from the study), and married and single patients
respectively comprised 68 patients and 21 patients. Mean
age of the participants was 43 ± 15 years. The independent
t test showed no significant difference between the two
groups in terms of age. Most of the participants in both
groups were male, married, illiterate, and housekeeper.
According to the Chi-square test, the case and control
group did not differ significantly and were equal in terms
of demographic variables, including sex, marital status,
education, and occupation. Moreover, most of the
participants had a history of hypertension with no history
of diabetes. The course of treatment with hemodialysis
in the patients lasted 1-10 years. The Chi-square test did
not show any significant difference between two groups
in terms of the mentioned variables, and the groups were
similar in this regard (Table 1 - next page).
The results of the dialysis adequacy showed the mean Kt/
V higher than 1.2 and the mean URR higher than 0.65
before intervention in the case and control groups. The
independent t test did not show any significant difference
between the two groups in terms of dialysis adequacy
before intervention although it showed a significant
difference between the two groups in terms of mean Kt/
V, as the mean Kt/V in the case group increased to 1.5.
Although mean URR increased to 0.79 after intervention
in the case group, the independent t test did not show any
significant difference in this regard (Table 2).
ANOVA showed a significant correlation between dialysis
adequacy after intervention and occupation (P = 0.024), as
the dialysis adequacy was higher in housekeeper patients.
The independent t test showed that the dialysis adequacy
significantly correlated with sex (P = 0.039) and marital
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Table 1: Frequency distribution of demographic information and disease-related information of the
participants

Table 2. Comparison of the dialysis adequacy indexes before and after intervention in the case and
control group

status (P = 0.018) in a way that female patients and
single patients had higher dialysis adequacy. Pearson’s
correlation coefficient also showed a significant correlation
between dialysis adequacy and age (P = 0.001), as the
dialysis adequacy decreased with an increase in age.
There was no significant correlation between dialysis
adequacy and educational level in this study (P = 0.413).
There was also no significant statistical correlation between
dialysis adequacy and blood pressure in this study (P
= 0.882). The results of ANCOVA showed that upon
44

reduction of the effect of confounders, including fasting,
history of hemodialysis, urea nitrogen, and potassium,
before intervention the two groups still differed significantly
in terms of the dialysis adequacy (P = 0.012). The effect of
the confounder variable of potassium on dialysis adequacy
was not significant (P 0.372), but the effect of confounding
variables of fasting, history of hemodialysis, and urea
nitrogen before intervention on dialysis adequacy was
significant (P < 0.05).
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Discussion
The results showed the mean Kt/V and URR before
intervention respectively as 1.3555 ± 0.3990 0.6666 ±
0.9356, which did not conform to the results of previous
studies, Raeisifar’s study (Raiesifar A. et al., 2009)and
Tayyebi’s study (Tayyebi et al., 2011) in which Kt/V was
lower than the minimum level determined in Iran (1.2), and
were higher than the standard values determined in Iran.
These higher values might be due to timely and adequate
provision of nursing care practices and instructions,
following up the patients more than before, establishment
of quality promotion and accreditation offices in hospitals
for control of the course of treatment and patient care, daily
patient visits by a nephrologist, use of more modern and
efficient medical equipment, such as the new hemodialysis
machine (Bibaran), and use of new high-efficient filters.
Results of a study performed by Windus and Delmaz in
France showed the mean Kt/V as 1.67 which, as in the
present study, was higher than the standard level and
resulted in survival of patients (Kelber et al., 1993).
The mean Kt/V increased in the case group after
exercising the relaxation technique. The complementary
medicine in other studies also tremendously affected
the course of treatment in patients. The correlation of
relaxation technique with variables affecting the dialysis
adequacy, such as urea nitrogen and ultrafiltration, was not
significant. However, the relaxation technique significantly
correlated with patients’ weight before dialysis, which was
another influential variable (P < 0.011), in a way that Kt/
V decreased with an increase in weight before dialysis.
As shown by the formula of Kt/V (V is in the denominator
and has an inverse relationship with Kt/V) V refers to
distribution volume of urea in body fluids. given that urea is
simply distributed in all body fluids, V equals to the volume
of body fluids and depends on sex, weight, and length of
the body(Druml et al., 2017). Therefore, the weight before
dialysis is inversely related to Kt/V, and this was confirmed
also by the results of this study. As quoted by Daugidas,
variations in body mass index (BMI) also affected the
mean blood urea in Covasys’s study(Druml et al., 2017,
Daugirds et al., 2007).
The effect of relaxation technique has been examined in
Ilali’s study “The effect of Benson relaxation on the level
of stress in hemodialysis patients” (elali et al., 2012)
and Koushan’s study “The effect of Benson relaxation
techniques on the level of fatigue in hemodialysis patients”
(Koushan et al., 2014) They achieved a decrease in the
patients’ stress and fatigue after intervention; patients
undergoing hemodialysis for a long time suffer physiological
mental stressors and experience changes in personality
and lifestyle (elali et al., 2012). Furthermore, dialysis is a
stressful process and is followed by various psychological
and social problems that predispose patients to mental
disorders (Elali et al., 2012). Fatigue is an important
normal response to physical activities and long-term
mental stressors (Koushan et al., 2014a). It seems that
the relaxation technique affects the dialysis adequacy in
regard to its influence on patients’ stress and fatigue.

In Tayyebi et al.’s study “The effect of hatha yoga exercises
on dialysis adequacy,” the patients’ dialysis adequacy
increased significantly” (Tayyebi et al., 2011), and this
agreed with the results of the present study. In Hojjat et
al.’s study (2008) on the effect of Quran recitation and
music on dialysis adequacy in hemodialysis patients,
mean dialysis adequacy increased significantly (Alavi
Majd et al., 2010), and more interestingly, Quran recitation
was more efficient than music in dialysis adequacy.
Basiri Moghadam et al.’s study (Basiri Moghadam et al.,
2014) on the effect of advanced relaxation technique
on blood pressure and dialysis adequacy in patients
on hemodialysis in 2013 showed the improvement of
dialysis adequacy by that technique, and this conformed
to the results of the present study. Although Jacobson’s
technique was used in the above study, the duration of
exercising the technique (one month) was equal to that
in the present study. The results of this study showed a
significant correlation between sex and Kt/V (P = 0.039).
Results of Raeisifar et al.’s study (Raiesifar A. et al., 2009)
did not show any significant correlation between sex and
dialysis adequacy. The mean Kt/V in men and women in
Lesan Pezeshki et al.’s study (Lesan Pezeshki et al., 2001)
was respectively 0.45 and 0.48, and they associated this
result with the better administration of dialysis in women
probably due to the use of filters similar to those used for
men although women are smaller than men. The result
in the above study agreed with that in the present study.
The independent t test showed a significant correlation
between Kt/V and marital status (P = 0.018), as the mean
Kt/V in single patients was significantly higher than that in
married patients probably due to the higher mental relief,
lower daily preoccupation, and lower age of single patients
against married patients.
Moreover, the results of ANOVA in this study showed a
significant correlation between Kt/V and occupation, and
the results of Tukey’s post hoc test showed a significant
correlation between dialysis and adequacy and employed
and housekeeper patients, as employed patients had
higher dialysis adequacy probably due to the mental
relief and lower mental and physical stresses caused by
the occupation in housekeeper patients against those in
employed patients. According to the results of this study,
there was a significant correlation between age and Kt/
V (P = 0.001), as Kt/V decreased with an increase in
age, and this conformed to results of Mogharab et al.’s
study (2010) in which the dialysis adequacy decreased
with an increase in age although the correlation was not
significant. However, Mousavi Movahed et al ( 2007)
found a significant correlation in this regard; it seems that
the dialysis adequacy greatly decreased with an increase
in age and its adverse effects on the body, including
lower concentration and learning ability. Therefore, it is
suggested to take steps, such as increasing the duration
of dialysis, changing the type of dialysis, and performing
more sessions of dialysis, to improve dialysis adequacy.
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Conclusion
Methods used today to increase dialysis adequacy in
patients include increasing the speed of pump, using
high-flux filters, and increasing number and duration
of hemodialysis sessions. Regarding the results of this
study, the dialysis adequacy can be easily improved in
hemodialysis patients through simple and costless Benson
relaxation technique.
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