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Abstract

Introduction. The aim of the study was to examine muscle strength and bone density in patients with end stage renal disease
on maintenance haemodialysis.

Methods. The study included 76 patients: 29 women and 47 men aged 42-90 years. The time on dialysis varied from 2 mon-
ths to 13 years. Bone density was assessed with the dual-energy X-ray absorptiometry method, and muscle strength of upper
and lower extremities with Rikli and Jones arm curl test and the 30-second sit-to-stand test.

Results. Significant correlations between muscle strength and bone density were found. Results varied in relation to gender.
A higher rate of upper extremity muscle strength loss was noted among men. A higher rate of lower extremity muscle strength
loss was observed in the female group. A higher rate of bone density loss was reported among women than in men.
Conclusions. The relationship between muscle strength and bone mass density among haemodialysis patients warrants
further study to clarify if physical exercise focused on muscle in those patients can improve bone mass density.
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Introduction

Besides cardio-vascular diseases, chronic kidney disease
is considered one of the biggest global health challenges of
the 215 century. Haemodialysis is the most common treat-
ment of end stage renal disease (ESRD) globally and is ap-
plied in 93% of cases in Poland [1].

High incidence of chronic kidney disease is related to
cardio-vascular diseases, the increasing life expectancy, and
low level of physical activity. The progressive nature of the
disease secondarily causes limitations of physical fitness
and dialysis becomes another factor leading to its deterio-
ration [2, 3].

The dialysis patients population are less active, have low
activity tolerance, and demonstrate lower functional level com-
paring with the general population. The decline in function
is associated with low quality of life and high mortality [4, 5].

The main, yet unavoidable causes of physical fitness de-
cline are the prolonged immobility due to the long duration
of dialysis sessions (4—6 hours) and the frequency of therapy
(2-3 times a week), delivered in a sitting or supine position.
In a one-year perspective, it aggregates to 400-900 hours
of immobility. In addition, the significantly lowered level of
physical fitness follows the impaired muscle function related
to uremic myopathy [6-8].

All the above changes result in a deterioration of muscle
strength and endurance, impaired performance in dynamic
activities leading to decline in the activities of daily living, in-
creased fall risk, loss of independence, and increased mor-
tality [9, 10].

Patients undergoing haemodialysis develop various
musculoskeletal complications, mainly due to renal osteo-
dystrophy [11-13]. Renal osteodystrophy is defined by de-
creased synthesis of 1,25(0OH),D vitamin, hypersensitivity
to parathyroid hormone, decreased calcium absorption,
hyperphosphatemia, and increased aluminum deposits in
the bone structure. Patients with osteodystrophy demonstrate
bone demineralization [14].

The chronic kidney disease-related decrease of bone
mineral density (BMD) may lead to increased risk of bone
fractures. Age, postmenopausal status, sedentary lifestyle,
older type corticosteroid treatment, and haemodialysis may
expose patients to higher risk of osteoporosis. However, there
is not enough evidence supporting the possible effects of
these factors [12, 15-17].

Muscle strength seems to decline with age more than
muscle mass. Furthermore, muscle strength loss may not be
related to muscle mass. The correlation between muscle
strength and muscle mass is not linear. Muscle strength loss
is significantly greater, especially in individuals over 70 years
of age, which indirectly suggests that general muscle loss
might be correlated with bone degeneration. Inactivity may
be one of the possible reasons for poor muscle strength
and muscle mass loss at all ages [15, 18].

On the other hand, it has been established that people
with weak bones have tendencies to decreased physical
activity. It has been known that the aging process is charac-
terized by a progressive decline of muscle strength, muscle
mass, balance, and mobility; therefore, muscle strength might
be considered as independent factor of bone degeneration
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risk. Routine exercise improves skeletal integrity and muscle
efficiency, and can decrease the risk of bone fractures [14,
18, 19].

The aim of this study was to assess muscle strength and
bone mass density in patients with ESRD and to determine
if the duration of dialysis therapy interferes with these mea-
sures. The secondary aim was to evaluate the influence of
non-modifiable factors (gender, age, comorbidities) on BMD
and muscle strength.

Subjects and methods
Participants

Overall, 76 patients, including 29 women (38%), were re-
cruited into the study. All participants were stable patients
with ESRD on maintenance haemodialysis qualified to the
study by a nephrologist.

Exclusion criteria were as follows:

— medical contraindications to participate in physical
testing;

— disability preventing performance in or completion of
physical testing;

— lack of patient consent.

The study was performed in the University Clinical Hos-
pital in Wroctaw.

Methods
Assessment of upper and lower extremities muscle strength

Muscle strength was assessed with two trials of Rikli
and Jones test: arm curl test (upper extremity strength) and
30-second sit-to-stand test (lower extremity strength).

Arm curl test

— The subject sits in a 43.18-cm high chair without arm-
rest and straight back, feet flat on the floor.

— In the dominant hand (for dialysis patients, the arm
without the fistula port), the subject holds a dumbbell of
5 Ibs (2.27 kg) for women or 8 Ibs (3.63 kg) for men.

— The subject’s arm is pointing down next to the chair,
perpendicular to the floor, with the hand in suitcase grip
and palm facing towards the body.

— On the administrator’s start command, the subject per-
forms elbow flexion with forearm supination and returns to
the initial position, repeatedly for a total of 30 seconds.

— The administrator controls appropriate test performance
by stabilizing the subject’s arm with fingers in the middle of the
biceps, also assuring elbow full flexion and extension [20].

The test assesses functional upper body strength asso-
ciated with functional activities, including lifting, carrying, and
housekeeping. The score is the total number of controlled
arm curls performed in 30 seconds. ‘Risk zone’ subjects
perform less than 11 repetitions [21].

30-second sit-to-stand test

— The height of the chair and the sitting position the same
as in the previous test.

— Arms crossed and held against the chest.

— On the administrator’s start command, the subject
stands up from the chair and then returns to the initial sit-
ting position.

— In 30 seconds, the subject attempts to perform as many
repetitions as possible. If the time expires when the subject

is still standing, a full repetition is counted and added to the
final score [20].

The test assesses functional lower body strength as-
sociated with functional activities, including stair climbing,
getting up from a chair or tub, and car transfers. The test is
also used to evaluate the risk of falls. The score is the number
of correctly performed repetitions in 30 seconds’ time. ‘Risk
zone’ subjects perform less than 8 repetitions [21].

Before and after the tests, hemodynamic parameters
were measured: blood pressure and heart rate, in accordance
with the Senior Fitness Test protocol [20-22].

Bone mineral density assessment

Bone density was measured with dual-energy X-ray ab-
sorptiometry (DXA) of femoral neck.

Statistical analysis

The statistical analysis of the studied group involved de-
termining the mean variables and standard deviation of linear
variables. On the basis of the minimal and maximal vari-
ables, the range of variability was determined. The Pearson
linear correlation coefficient (r) was used to analyse the cor-
relation of linear variables. The chi-square independence
test served to determine the correlation of categorical vari-
ables. The differences of linear variables between men and
women were evaluated with the Student test for independent
samples, and the significance of the studied variable changes
were assessed with the Student test for dependent samples.
To compare 3 mean variables (3 bone density categories),
one-way analysis of variance (ANOVA) was utilized. The result
of the variance analysis did not require the use of a post-
hoc test. The significance level was analysed with the use
of the critical value of p < 0.05. The analysis was performed
with the Statistica 12 software from StatSoft company.

Ethical approval

The research related to human use has been complied
with all the relevant national regulations and institutional poli-
cies, has followed the tenets of the Declaration of Helsinki, and
has been approved by the Ethics Committee (18.01.2012)
of the University School of Physical Education in Wroclaw.
The study was performed within a project of the National
Science Centre in Poland, grant No. 2011/03/B/NZ7/01764.
The trial was registered in the Australian New Zealand Clin-
ical Trials Registry (ACTRN 12618001870246).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

The demographic and clinical characteristics of the partici-
pants are summarized in Table 1. The subjects’ age ranged
from 42 to 90 years (average age: 64.2 + 10.7 years). Men
had higher values of height and weight in comparison with
women. Years of dialysis in the studied population ranged
from 2 to 13 years, with an average of 6.8 years. The average
time of dialysis in women was significantly longer than in men.

Among the studied population, osteopenia or osteoporosis
occurred in 35 subjects (46% of the studied group). Cases
of osteoporosis were confirmed only in women. Also, cases
of osteopenia were more prevalent in that group (Table 2).

The results of densitometry (T-score and Z-score) indi-
cate a significant correlation with the number of years on
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Table 1. Demographic and clinical characteristics of the study patients

Women (n = 29) Men (n = 47) Student test
Variable
mean + SD mean + SD t p

Age (years) 64.1 £9.5 64.2+11.4 0.013 0.990
Height (cm) 159.7 £ 5.7 1743 +6.3 10.22 < 0.001
Weight (kg) 63.2 +12.2 81.9+10.4 7.13 <0.001

BMI 248 +4.7 27.0+3.7 2.30 0.024
Years on dialysis 8.3+3.4 59+3.2 3.137 0.002
BMI — body mass index

Table 2. Bone density, upper and lower extremity strength, and T-score and Z-score by gender
Student test
Variable Women (n = 29) Men (n = 47)
t p

Bone density (WHO classification), n (%)

Normal 10 (34) 31 (66)

Osteopenia 11 (38) 16 (34)

Osteoporosis 8 (28) 0(0)

Lower extremity muscle strength (30-second sit-to-stand test) 122 +4.3 129+4.2 0.68 0.4970
Upper extremity muscle strength (arm curl test) 13.2+51 16.3 £ 5.1 2.52 0.0140
T-score -1.68 £ 1.42 -0.72 £ 0.83 3.70 0.0004
Z-score -0.55 + 1.54 -0.30 + 0.86 0.91 0.3671

dialysis treatment. Subjects with longer history of dialysis
demonstrated lower bone density (Figure 1).

The number of comorbidities ranged between 1 and 6 in
the studied group. The average number of comorbidities was
2.4 in women and 2.5 in men. The distribution of comor-
bidities is illustrated in Figure 2.
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Figure 1. Correlation of bone density classification
and number of years on dialysis

Extremity muscle strength

Extremity muscle strength was assessed with two trials
of the Senior Fitness Test: 30-second sit-to-stand test (lower
extremity muscle strength) and arm curl test (upper extremity
muscle strength). Men demonstrated a significantly higher
average level of upper extremity muscle strength than women
but the average level of lower extremity muscle strength
(average score of the 30-second sit-to-stand test) was not
significantly different between the genders. Significant differ-
ences between men and women were observed in the aver-
age values of T-score but differences indicated by Z-score
proved to be statistically insignificant (Table 2).

The average results of the 30-second sit-to-stand and
arm curl tests were the highest in the group with normal bone
density and the lowest in the group with osteoporosis. The
tendency was specifically clear with respect to upper extrem-
ities. The ANOVA results did not allow for a statistical con-
firmation of correlation significance between the observed

Women factors (p > 0.05) (Table 3).
38% o Men The value of body mass index (BMI) scale indicates a sig-
. nificant negative correlation with the results of the 30-sec-
0% A% Al

29%
26%
23%
21%

1 2 3 =3
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Figure 2. Distribution of comorbidities in the studied group

ond sit-to-stand test in men. The BMI indicator significantly
correlated with T-score in women. Among men, the correla-
tion between BMI and T-score was weak and statistically
insignificant. In the female group, the number of years on
dialysis negatively correlated with the arm curl test results.
In the male group, a significant negative correlation between
the number of years on dialysis and lower extremity strength
was established, while the number of years on dialysis prac-
tically did not correlate with upper extremity strength in the
same group. The number of years on dialysis showed a sig-
nificant negative correlation with T-score in both women
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Table 3. Correlation of the 30-second sit-to-stand test and arm curl test results and the level of bone density

ANOVA
Test Bone density Mean SD
F P

norm 12.7 3.2

30-second sit-to-stand osteopenia 12.6 5.5 0.03 0.971
osteoporosis 124 4.6
norm 15.9 4.8

Arm curl osteopenia 14.6 6.0 1.38 0.257
osteoporosis 12.8 4.8

Table 4. Pearson linear correlation between the 30-second sit-to-stand and arm curl test results and T-score, and BMI, number of years

on dialysis, number of comorbidities, and age

Correlating variable (r-Pearson) Group 30-second sit-to-stand Arm curl T-score
women -0.13 0.18 0.65*
BMI men -0.42* -0.09 0.09
all -0.26* 0.09 0.46*
women -0.32 —0.43" -0.51*
Number of years on dialysis men -0.29* -0.03 -0.48*
all -0.31* -0.26* —0.55*
women -0.13 -0.20 0.12
Number of comorbidities men -0.26 -0.15 -0.25
all -0.21 -0.15 -0.05
women -0.50" -0.42~ 0.02
Age men -0.61* -0.54* -0.12
all -0.57* -0.48* -0.05
*p <0.05
Table 5. Blood pressure and heart rate changes after the performed physical tests
Tost N— Before test After test Average Student test
mean + SD mean + SD change t p
systolic pressure (mm Hg) 148.3 +21.7 150.9 + 23.8 2.6 1.39 0.170
30-second sit-to-stand | diastolic pressure (mm Hg) 85.5+14.8 86.3+15.7 0.8 0.54 0.590
heart rate 782+ 141 86.2 +15.4 8.0 6.22 < 0.001
systolic pressure (mm Hg) 148.3 +21.7 151.0 £+ 22.2 2.7 1.53 0.129
Arm curl diastolic pressure (mm Hg) 85.5+14.8 89.4+15.7 3.8 2.58 0.012
heart rate 78.2 +14.1 82.2+14.9 4.0 3.04 0.003

Table 6. Pearson linear correlation between the subjects’ age and blood pressure and heart rate changes

after physical test performance

Hemodynamic parameters

Correlation of changes with age (r-Pearson)

After 30-second sit-to-stand

After arm curl

Systolic blood pressure (mm Hg) -0.16 -0.03
Diastolic blood pressure (mm Hg) 0.04 -0.03
Heart rate -0.23* -0.25"
*p<0.05
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and men. No significant correlation was observed between
the number of comorbidities and the results of both physical
tests or T-score. The patients’ age was negatively correlated
with the results of both physical tests but showed no signifi-
cant correlation with T-score (Table 4).

Blood pressure and heart rate changes after activity

The average values of blood pressure and heart rate in-
creased after both physical test performances. The average
increase of heart rate was statistically significant in both
tests; in turn, the average increase of blood pressure was
not statistically significant except diastolic pressure after the
arm curl test (Table 5).

It was confirmed that the statistically significant change
of heart rate value after both tests was also related to the
subjects’ age.

The age of patients significantly correlated with heart
rate change after tests, but did not correlate with blood pres-
sure changes (Table 6). The heart rate increase after the ex-
ercise tests was lower in older patients, which could reflect
a lower intensity of exercise during testing in this age group.

Discussion

In recent years, interest in the effects of physical activ-
ity on the musculoskeletal system and the correlation be-
tween muscle strength and bone density has significantly
increased [15, 16, 18], with findings indicating that system-
atic physical activity leads to an increase of BMD. Those
revelations are associated with Frost’s theory of mechanical
overload and its ability to improve bone modelling and ar-
rangement [23].

In our study, women showed worse results of bone den-
sity than men. Osteoporosis and osteopenia as verified in
the femoral neck DXA occurred more often in women. It is
important to mention that women were longer on dialysis
treatment than men, which suggests that the duration of
dialysis therapy might significantly affect bone density (long
lasting hyperparathyroidism as a frequent form of osteo-
dystrophy).

In research performed by Riggs et al. [24] among over
250 subjects, loss of bone density did not exist until 50 years
of age and after that accelerated between 51 and 65 years
of age, slowing down after 65 years of age. The average BMD
in subjects diagnosed with osteoporosis was lower than in
healthy participants. Half of the healthy women at the age of
65 years and practically all women aged 85 years had sig-
nificantly depleted bone density levels.

In the present study, bone density assessed on femoral
neck was significantly lower in women than in men. In fact,
the BMD results were most probably influenced by the sig-
nificant difference in the time on dialysis between the gender
groups. It looks like even older men who had been long on
dialysis presented no osteoporosis — this might indicate
that male gender is very protective against osteoporosis.

Bone histology assessed by Sherrard et al. [25] in patients
on dialysis treatment was performed with the method of bone
biopsy with quantitative histomorphometry. The results indi-
cated an increased frequency of bone injury among the dialy-
sis population (particularly in patients on peritoneal dialysis).
It confirms that dialysis caused bone damage in all tested
subjects.

The results of our study demonstrate a higher average
strength of upper extremities in men with ESRD. The best
results in both upper and lower extremity physical tests were

achieved by subjects with normal bone density. The worst
outcomes in both upper and lower extremity physical tests
were obtained by subjects with osteoporosis, which confirms
the correlation between muscle strength and bone density.
A study carried out by Johansen et al. [26] showed that
muscles of patients on dialysis were affected by significant
atrophy and increased amount of inactive tissue. The corre-
lation between muscle contraction area and muscle strength
remains intact. Muscle atrophy is associated with poor physi-
cal condition. Therefore, enhanced physical activity or any
other strategy to prevent atrophy can lead to increased bone
density, decreased risk of bone fracture, and improved ef-
ficiency and quality of life.

In the current study, we presented a significant correlation
between bone density and the results of muscle tests per-
formed. The results of the 30-second sit-to-stand test did
not differ significantly, but a difference between subjects
with normal bone density who achieved the best test scores
could be observed. The correlation of both physical test
results with age was distinct and indicative of a decline of
upper and lower extremity muscle strength with age.

Neuromuscular dysfunction is related to frequent lower
extremity fractures in patients undergoing dialysis treatment
[27]. Also, a study by Spindler et al. [28] confirmed a signifi-
cant correlation between hip flexors, extensors and adduc-
tors muscle strength and bone density in the femoral neck
and greater trochanter in both genders, although the differ-
ence in the presented study was insignificant. In turn, on the
basis of the arm curl test results in this study, a significant
correlation can be stated between upper extremity muscle
strength and the level of bone degradation. A clear tendency
of better test scores in relation to bone density can be ob-
served as the average test score was 15.9 in subjects with
normal bone density, 14.6 in those with osteopenia, and
12.8 in patients with osteoporosis.

The above described findings confirm the thesis that the
muscle strength effect on bone density is much more preva-
lent in upper than lower extremities. Previous research per-
formed by Floyd et al. [29] among chronic kidney disease
patients indicates a myopathic nature of muscle strength
loss as evidenced in quantitative electromyography. A part
of the group demonstrated muscle dysfunction with associ-
ated serious bone complications. Administration of high
doses of vitamin D provided significant improvement.

Johansen et al. [26] proved that subjects on dialysis were
weaker and less active, and demonstrated lower walking
speeds than random control group participants. The studied
patients on dialysis developed significant muscular dystrophy.

A study performed by Nelson et al. [30] confirmed a pos-
itive effect of endurance exercise on maintaining bone den-
sity level in post-menopausal women, including an increase
in muscle strength and decrease in the risk of bone fracture.
However, if this effect can be observed in ESRD patients
remains unproved.

According to a study by Stenvinkel et al. [31], one of the
reasons for muscle strength loss is notorious malnutrition
in patients with chronic kidney disease. These patients dem-
onstrate lower body weight, limited energy reserve, notice-
able loss of somatic protein, and associated low muscle mass.
Various studies indicate signs of malnutrition in 23-76% of
patients on dialysis.

In summary, the results of the current study confirm a cor-
relation between muscle strength and bone density but also
the effect of years on dialysis therapy on those parameters.
Patients with impaired muscle strength have more problems
with brittle bones. Frequent dialysis treatment is a forced im-
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mobilization, which limits physical activity, leading to muscle
weakness.

Also, even in older men who had been long on dialysis, no
osteoporosis was observed — this might indicate that male
gender is very protective against osteoporosis.

We postulate that patients on dialysis should have exer-
cise therapy applied because it can improve muscle strength
and BMD and, presumably, lower the risk of bone fracture.

Limitations

A small number of haemodialysis patients and the lack
of a control group (healthy people of the same age) are the
limitations of the presented study.

Conclusions

1. Men demonstrated significantly higher average levels
of upper extremity muscle strength than women, while this
was not observed in lower extremities.

2. Cases of osteoporosis were confirmed only in the fe-
male group, in which osteopenia was also more frequent. The
correlation of bone density and gender was statistically sig-
nificant.

3. The average results of the 30-second sit-to-stand and
arm curl tests were the best in groups with normal bone
density and the worst in groups with osteoporosis.

4. In both gender groups, the test results indicated a de-
crease of upper and lower extremity strength with age.

5. Long time on dialysis mainly weakened upper extremity
muscles, with less effect on lower extremity muscles in women;
in men, the effect was reversed, with increased weakening
of lower extremity muscles and less impact on upper extremity
muscles.

6. The results of densitometry (T-score and Z-score) pre-
sented a clear link with the number of years on dialysis. Pa-
tients with longer time on dialysis demonstrated lower bone
density.

7. Comorbidities did not exert a significant effect on mus-
cle strength in the studied subjects.
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