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Abstract

between SPBT and PTH (r=—0.503, P=0.01).

Background: Chronic kidney disease increases the risk of fractures and altered bone and mineral metabolism.
Exercise training could be a non-pharmacological therapeutic intervention. The aim of this work is to evaluate the
effect of intradialytic exercise training on bone markers in hemodialysis (HD) patients.

Results: Forty adult patients on regular HD participated in the study. Twenty of which completed 3 months
supervised intradialytic cycling exercise program and 20 served as controls. At baseline, there was no difference
between both groups regarding age, sex, physical performance, and laboratory studies performed. After 3 months,
the exercise group showed significant improvement in short performance battery test (SPBT) total score (P<0.001)
associated with significant decrease in serum parathormone (PTH) (P=0.01) and increase in serum alkaline
phosphatase (ALP) and bone specific alkaline phosphatase (BALP) (P<0.05 and P<0.001 respectively). Controls did
not show similar change in SPBT or laboratory studies. There was no significant change in serum calcium or
phosphorus in both groups. A significant positive correlation was observed between SPBT scores post-exercise and
both BALP and ALP levels (r=0.432, P=0.01 and r=0.645, P<0.01 respectively). Also, an inverse relation was observed

Conclusion: Intradialytic cycling exercise program resulted in significant increase in physical performance
associated with decrease in serum PTH and increase in BALP and ALP in HD patients. This indicates the positive
influence of exercise not only on physical performance in dialysis patients but also on bone metabolism.
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Background

Chronic kidney disease mineral and bone disorder
(CKD-MBD) is common among patients with chronic
kidney disease (CKD) and contributes to the high inci-
dence of fracture and cardiovascular mortality risk in
these patients [1]. This systemic disorder CKD-MBD
manifests by one or more of the following: abnormalities
in serum calcium, phosphorus, parathyroid hormone
(PTH), or vitamin D, and also bone histological lesions
marked by changes in bone turnover, mineralization,
volume, growth, and the presence of extraosseous
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vascular or other soft tissue calcification [2]. Renal
osteodystrophy (ROD) is the bone component of CKD-
MBD. Rate of bone turnover may be low, high, or nor-
mal. Also, rate of mineralization is either low or normal.
Bone mass is physiologically linked to rate of change in
bone remodeling [3].

Although the golden standard for diagnosis of CKD-
BMD is bone biopsy, this procedure is invasive and in-
convenient for repetition [2]. According to Kidney
Disease: Improving Global Outcomes KDIGO 2017
guidelines, bone turnover in these patients could be
monitored using serum markers: bone specific alkaline
phosphatase BALP and parathyroid hormone PTH [4].

Patients with end-stage renal disease (ESRD) are char-
acterized by low levels of physical activity and
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continuous decline in physical function associated with
increased risk of morbidities and mortalities [5, 6].

The effect of exercise on bone metabolism has been
highlighted in healthy adults. Exercise has osteogenic
effect on bone [7]. In CKD, few studies are available to
support the positive effect of exercise on bone metabol-
ism in these patients [8].

The aim of this work is to evaluate the effects of intra-
dialytic exercise on bone markers in hemodialysis HD
patients.

Methods

Study design and participants

This prospective case-control study included 40 patients
with end stage renal disease on regular hemodialysis re-
cruited from hemodialysis unit at Ain Shams University
Hospital.

Inclusion criteria

All patients on HD 3 times/week for at least 6 months,
age 218 years, could walk unaided, fit for exercise by
functional assessment using 6 min walk test [9], and
hemoglobin level 210

Exclusion criteria

Patients with other chronic illness, endocrinal, malig-
nancy, liver disease, medications that could affect bone
metabolism. Patients with any mechanical disorder or
disability that prevented cycling, uncontrolled diabetes,
uncontrolled hypertension, history suggestive of recent
angina or cardiopulmonary disease. Acute infection,
hyperkalemia, or hypokalemia

The study was performed in accordance with the Dec-
laration of the Helsinki. It was approved by the Ethics
Committee of Faculty of Medicine, Ain Shams Univer-
sity, approval number MS285/2020. Written informed
consent was obtained from all the participants.

Patient volunteers fulfilling the inclusion criteria were
equally stratified according to age and gender and di-
vided into exercise group who participated in exercise
program and control group who did not participate in
exercise in any form. All patients were subjected to full
history taking and complete clinical examination, includ-
ing musculoskeletal and neurological examination.

Anthropometric assessment
Body mass index (BMI) was calculated as dry body
weight (kg) divided by the squared height (meter).

Physical performance assessment

1. Six-minute walk test was performed at baseline [9].
2. Short physical performance battery test (SPBT)
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It included gait speed (usual time to walk 4 m), five
chair-stand test (time to rise from a chair and return to
the seated position five times without using arms), and
balance test (ability to stand with the feet together in the
side-by-side, semi-tandem, and tandem positions). A
score from 0 to 4 was assigned to performance on each
task. Individuals received a score of 0 for each task they
were unable to complete. Summing the three individual
categorical scores, a summary performance score was
created for each participant (range, 0-12), with higher
scores indicating better lower body function [10].

Laboratory assessment

Blood samples were withdrawn early morning before
dialysis at baseline and after 3 months of exercise train-
ing from each subject for complete blood picture, albu-
min, serum calcium and phosphorus, PTH, total ALP,
and BSAP using enzyme-linked immunosorbent assay
ELISA (Kit from Bioassay technology, Shanghai).

Physical exercise program included

Patients received education on importance of exercise
and physical activity, how to monitor their physical exer-
tion, and when to stop exercise.

Patients received supervised, intradialytic exercise ses-
sions, three times per week, during the first 2 h of dialy-
sis. Patients exercised on pedal trainer exercise bike. The
exercise peddler was placed in front of hemodialysis
chair, and patients were allowed to pedal freely while sit-
ting upright. Precautions and progression were accord-
ing to protocol recommended previously by Southern
Albert Renal Program [11]. Each exercise session con-
sisted of three basic phases:

a) Warming up part: 5-min light exercise

b) Main part: start with 10-min cycling in conditioning
phase and gradual progression in the later phase up
to 30-min cycling.

c) Final part (cooling down): 5 min of relaxation and
breathing exercise.

The recommended intensity of exercise was within
submaximal range which is 60-70% of the maximal HR.
Intensity was monitored by Borg scale [12] starting at
low-intensity exercise with rate of perceived exertion
(RPE) of 7-9 and progressing to RPE of 12-13 (moder-
ate or somewhat hard intensity) according to patient’s
tolerance.

During the exercise sessions, patients were monitored
for heart rate, blood pressure, and signs of fatigue. Exer-
cise was terminated in case of intense physical fatigue,
chest pain, dizziness, pallor, tachycardia, hypotension, or
hypertension.
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Reassessment of patients in both exercise and control
group after 3 months included clinical, anthropometric,
laboratory, and physical performance assessment.

Statistical analysis

Recorded data were analyzed using the statistical pack-
age for social sciences, version 20.0 (SPSS Inc., Chicago,
IL, USA). Quantitative data were expressed as meant
standard deviation (SD). Qualitative data were expressed
as frequency and percentage. Independent samples ¢-test
of significance was used when comparing between two
means. Mann-Whitney U test was used for two-group
comparisons in non-parametric data. Chi-square (y*) test
of significance was used in order to compare proportions
between qualitative parameters. Spearman’s rank correl-
ation coefficient (r) was used to assess the degree of as-
sociation between two sets of variables if one or both of
them were skewed. The confidence interval was set to
95%, and the margin of error accepted was set to 5%. So,
the probability P-value was considered significant as fol-
lows: P-value <0.05 was considered significant, P-value
<0.001 was considered as highly significant, P-value
>0.05 was considered insignificant.
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Results

This study included 40 patients on hemodialysis. All pa-
tients in period of study continued regular HD sessions,
3 times/week. Patients were divided equally into exercise
group (n=20) and controls (n=20). No difference was de-
tected between patients and controls regarding baseline
age, sex, and body mass index (P>0.05). Physical per-
formance levels measured using 6-min walk test and
SPBT were comparable at baseline between both groups
(P>0.05) as seen in Table 1.

Also, no difference between groups was detected re-
garding baseline bone profile, hemoglobin (Hgb), and al-
bumin levels (P>0.05) as seen in Table 1.

In this work, there was no difference between groups re-
garding percentage of patients with special habits like
smoking and percentage of patients with HTN, dyslipid-
emia, and DM (P>0.05). None of the patients suffered from
chronic obstructive pulmonary or ischemic heart disease.

After completion of 3 months exercise program, the
exercise group showed statistically significant increase in
SPBT total score and its components, including balance,
gait speed, and chair stands as seen in Table 2. However,
the control group showed no significant change in SPBT
as seen in Tables 3 and 4.

Table 1 Comparison between exercise and control group regarding baseline demographic data, physical performance scores and

laboratory tests

Groups Exercise Gr (n=20) Control Gr (n=20) t-test P-value

Age (years) Mean+SD 44.20+13.04 46.05+£11.59 0474 0.638
Range 22-61 22-65

Gender Females 8 (40.0%) 6 (30.0%) )(2:0.440 0.507
Males 12 (60.0%) 14 (70.0%)

BMI [Kg/mz] Mean+SD 2640+2.87 27.00£3.09 0.635 0529
Range 22-32 24-33

6-min walk (m) Mean+SD 361.00+12.94 358.50+13.68 0.635 0529
Range 340-380 345-370

SPBT Mean+SD 6.40+1.05 6.55+£1.10 —0442 0.661
Range 5-8 5-8

HGB (g/dl) Mean+SD 11.06+1.09 11.26+1.12 0.000 1.000
Range 10-14.2 10-13.7

Albumin (g/dl) Mean+SD 3.78+0.29 3.80+049 0.025 0.876
Range 33-42 3-45

ALP (U/L) Mean+SD 100.20+48.16 102.25+36.10 0.023 0.880
Range 50-189 51-165

Calcium (mg/dl) Mean+SD 9.11+0.54 8.46+0.88 1.797 0.207
Range 84-104 6.3-9.7

Phosphorus (mg/ml) Mean+SD 3.99+1.46 3.64+132 0.809 0424
Range 0.9-6.5 1.1-6

PTH (pg/ml) Median (IQR) 343 (534) 297 (608) z=0.049 0.825
Range 46-1727 45-1080

BALP (ng/ml) Mean +SD 10.22+6.28 11.64+6.34 0.505 0482
Median (IQR) 12 (16.32) 16.88 (10.31)
Range 5-24 5-24

t independent sample t-test, x* Chi-square test, z Mann-Whitney test, QR interquartile range, P-value>0.05 is considered significant (less than or equal 0.05 is
significant) NS, BMI body mass index, SPBT short performance battery test, ALP alkaline phosphatase, PTH parathyroid hormone, BALP bone-specific

alkaline phosphatase
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Table 2 Effect of exercise on short performance battery test
and its components

Exercise group Before  After Mean Diff. t-test P-value
N=20

Balance test 1152037 160+050 045051  —3.943 <0.001**
Gait speed test  2.70£080 2.95+069 025+055 —2.032 0046*
Chair stand test 2.55+051 325+064 0702080 —3.907 <0.001**
Total score 640£1.05 7.80£1.06 140+099 —6294 <0.001**

t paired sample t-test; P-value>0.05 is considered significant (less than or
equal 0.05 is significant) NS
*P-value <0.05 S; **P-value <0.001v HS

Bone profile showed favorable outcome in exercise
group following completion of 3 months exercise. Para-
thormone level decreased significantly post-exercise
from median (IQR) of 343 (534) to 231 (379) pg/ml, P=
0.01. Also, mean serum ALP levels increased from
100.20+48.16 at baseline to 111.35+33.84 IU/L post-
exercise (P<0.05). Serum BALP very highly significantly
increased from 10.22+6.28 at baseline to 14.54+3.59 ng/
ml post exercise (P<0.001). However, no similar change
was detected in controls. Serum levels of Ca and P
showed no significant difference from baseline in both
groups as seen in Tables 3 and 4.

In this work, a significant positive correlation was
detected between short performance battery test
scores and serum levels of BALP and ALP levels (r=
0.432, P=0.01 and r=-0.503, P=0.01 respectively). Also,
a significant negative correlation between SPBT and
serum PTH levels post-exercise (r=-0.503, P=0.01) as
seen in Table 5.
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Discussion

Renal Association has recently set clinical practice
guidelines for hemodialysis (HD) recommending that
intradialytic exercise (IDE) should be available in all
units, as a treatment for enhancing physical function in
patients without contraindications [13].

Functional capacity should be measured and followed
up in dialysis patients. According to Nogueira et al,
owing to the busy schedule in HD unit and for practical-
ity, short physical performance battery test (SPBT), sit
stand test, timed up and go tests, and 6-min walk test
are the most widely used for functional assessment in
these patients [14]. Six-min walk test mean values in the
exercise and control group in this study was comparable
to that measured by Manfredini et al. in dialysis patients
328+ 96 m [15]. Renal failure is a significant negative
predictor of performance at 6-min walk test [16]. For
follow-up of functional capacity of patients, we used
SPBT, which has the advantage of being quick, easy to
complete for heterogenous group of patients, and useful
for monitoring change. Variation of at least 1 point in
SPBT score has clinical significance [14, 17]. The SPBT
total score and all its components including gait speed,
balance, and chair stand test significantly increased in
the exercise group at follow-up (P<0.05, P<0.001, P<
0.05, P<0.001 respectively). However, controls showed
no similar change. Previous studies revealed the positive
effect of exercise on physical performance, functional
capacity, and quality of life in HD patients [18, 19-21

In the present study, mean hemoglobin level of pa-
tients in exercise and control group were comparable at

Table 3 Comparison between exercise and control group regarding physical performance scores and laboratory tests after 3

months follow-up

Groups Exercise Gr (n=20) Control Gr(n=20) Test P-value
t-test

SPBT MeantSD 7.80+1.06 6.10+0.97 5.307 <0.001**
Range 6-10 5-8

HGB (g/dl) Mean+SD 11.43+1.29 10.94+1.39 1.169 0.250
Range 9.7-138 9.8-126

Albumin (g/dl) Mean+SD 4.58+0.46 3974035 9.292 <0.001**
Range 37-53 34-46

ALP (U/L) Mean+SD 111.35+33.84 107.90+35.28 2.100 0.046*
Range 56-177 62-180

CALCIUM (mg/dl) Mean+SD 9.20+0.57 8.58+0.74 1817 0.205
Range 8.1-10.3 74-99

Phosphorus (mg/ml) MeantSD 4.09+1.20 3.98+1.21 0.302 0.765
Range 23-66 1.6-6.3

PTH (pg/ml) Median (IQR) 231 (379) 292 (599) 7=2712 0.037*
Range 45-1200 39-880

BALP (ng/ml) Mean +SD 14.54+3.59 12.20+7.01 7=2.571 0.035%
Range 9.45-22.75 5-24

t independent t-test, z Mann-Whitney test, P-value>0.05 is considered significant (less than or equal 0.05 is significant) NS, IQR interquartile range, SPBT short
performance battery test, ALP alkaline phosphatase, PTH parathyroid hormone, BALP bone-specific alkaline phosphatase

*P-value <0.05 S; **P-value <0.001
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Table 4 Change in physical performance and laboratory data in the exercise group and control group after 3 months follow-up

Exercise group (n=20)

Control group

(n=20)
Mean difference +SD t-test P-value Mean difference +SD t-test P-value
SPBT 1.40+£0.99 —6.294 <0.001** -0.45+0.83 1.764 0.082
HB (mg/dl) 0.17+1.46 -0.522 0.608 —0.33+1.55 0.938 0.360
Albumin (g/dl) 0.80+£0.57 -2.136 <0.001** 0.17£0.30 —-1.046 0.308
ALP (U/L) 111542051 -0.369 0.025* 5.65+6.66 1.122 0276
CALCIUM (mg/dl) 0.09+0.38 6.304 0.024* 0.12+0.39 —1.841 0.129
Phosphorus (mg/ml) 0.10+£0.74 2431 0.552 0.34+0.58 -1.147 0.224
PTH (pg/ml) —27.70+£59.76 2.331 0.011* 8.25£102.55 -1376 0.185
BALP (ng/ml) 4.32+3.20 —-0.606 <0.001** 0.56+1.77 -1.503 0.182

t paired sample t-test, P-value>0.05 is considered significant (less than or equal 0.05 is significant) NS, SPBT short performance battery test, HB hemoglobin, ALP
alkaline phosphatase, PTH parathyroid hormone, BALP bone-specific alkaline phosphatase,

*P-value <0.05 S; **P-value <0.001v HS

baseline and follow-up. This was in agreement with
Afshar et al. who found that aerobic exercise in HD pa-
tients had no influence on hemoglobin levels [22]. How-
ever, in the work by Assawasaksakul et al, IDE
improved hemoglobin levels in patients [20]. Also, re-
garding serum albumin levels at baseline, no difference
was detected between groups, but its levels increased
significantly in the exercise group after 3 months (P<
0.05) with no similar change in the controls. Previous
work showed significant increase in serum albumin (g/
dL) following aerobic exercise in dialysis patients [21].
This could be attributed to effect of exercise in helping
to decrease infection, reducing inflammatory markers,
and improving nutritional and psychological status in
hemodialysis patients [23]. However, others found exer-
cise had no influence on serum albumin level in dialysis
patients [22].

As regards bone markers, there was no difference be-
tween both groups regarding serum levels of PTH, ALP,
BSAP, calcium, and phosphorus at baseline. At follow-
up, PTH levels decreased significantly in exercise group
P=0.01. However, controls showed no similar change.
According to KDIGO guidelines [4], maintenance of
serum PTH levels in dialysis patients within a range of 2
to 9 times the upper limit of normal range of the assay
is recommended, but the lowest risk of mortality was
observed with a PTH of 398 pg/ml [24]. In end-stage
renal disease (ESRD), there is a tendency for PTH to

Table 5 Showing the relation between physical performance
and serum levels of ALP, BALP, and PTH post-exercise

ALP (u/l) PTH (pg/ml) BALP (ng/ml)
r P-value r P-value r P-value
SPBT 0645 0.006* —-0.503 0.012* 0432 0.013*

r Spearman’s rank correlation coefficient, P-value >0.05 NS, SPBT short
performance battery test, HB hemoglobin, ALP alkaline phosphatase, PTH
parathyroid hormone, BALP bone-specific alkaline phosphatase

*P-value <0.05 S

increase reflecting increased bone turnover in these pa-
tients [25]. Parathormone inhibits the production of os-
teoprotegerin and stimulates the expression of bone
nuclear factor kappa-B ligand on osteoblasts favoring
bone resorption [26]. Research on effect of exercise on
PTH is limited, but it is affected by physical activity. Its
levels can vary after physical exercise depending on the
duration and intensity of the activity. It has been shown
to increase with acute and decrease with chronic exer-
cise especially in sedentary population [27]. Previous
work showed that exercise decreased plasma PTH levels
in CKD patients [28]. The fact that it decreased with ex-
ercise showed favorable effect of exercise on bone me-
tabolism helpful for maintaining bone quality. However,
bone turnover is very slow, and PTH secretion is quickly
influenced by level of serum-ionized calcium. Moreover,
resistance to PTH action can occur with progression of
renal disease [27].

Alkaline phosphatases (ALP) are glycoproteins pro-
duced in different organs. In CKD, ALP is more reliable
than many other biochemical bone markers because
serum concentrations of ALP are not influenced by the
glomerular filtration rate (GFR) [29]. Bone-specific alka-
line phosphatase (BALP) is released from osteoblasts
and plays a major role in bone mineralization. In studies
of bone histology, BALP showed higher significant cor-
relation with bone formation than total ALP [30]. Also,
it showed higher sensitivity and specificity for bone turn-
over compared to PTH [31]. In this work, mean serum
ALP levels significantly increased in exercise group, but
controls showed no similar change on follow-up. Previ-
ous study by Gomes et al. showed there was significant
increase in ALP levels following 24 weeks of aerobic ex-
ercise in patients with CKD despite no observed changes
in other bone markers [32]. Serum BALP level in the
present work also increased significantly in the exercise
group on follow-up (P<0.001). The controls showed no
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similar change. Previous studies on osteoporotic patients
revealed increased serum levels of BALP following exer-
cise [33]. This implies that the osteogenic stimuli trig-
gered by exercise may have an important impact on
bone formation in HD patients.

In the present work, serum calcium and phosphorus
levels showed no change in either group at follow-up.
Salhab et al. also failed to retrieve in their systemic re-
view any influence of exercise on serum phosphorus
[34]. However, previous studies revealed that IDE exer-
cise programs reversed hyperphosphatemia commonly
seen among HD patients [20, 35]. Perhaps, more studies
with larger number of participants and longer time
frame are needed.

Physical performance using SPBT in the present work
showed an inverse correlation with serum PTH levels
and positive significant correlation with both ALP and
BALP levels in exercise group following 3 months of
cycling exercise implying that improvement in physical
performance was associated with bone formation and
decreased bone resorption. Cardoso et al. in their sys-
temic review found evidence supporting a positive rela-
tion between physical activity and bone outcomes in
patients with CKD [8]. Previous studies recommended
the implementation of resistance exercise for improving
bone mass because of osteogenic effect induced due to
mechanical load [7, 8, 36]. However, in ESRD sedentary
patients, not enrolled in any previous exercise routine,
cycling could have provided load enough on muscles, ex-
ceeding levels of activities of daily living and inducing an
osteogenic stimulus. Further prolonged studies in HD
patients comparing aerobic, resistance, and combined
exercise are recommended.

Conclusion

Intradialytic exercise resulted in improvement in phys-
ical performance, decreased serum PTH level, and in-
creased serum ALP and BSAP levels in HD patients.
Aerobic exercise has a favorable outcome, not only on
physical performance but also on bone metabolism in
HD patient.

Limitation of the study

The limitations of this study included the small number
of patients, short duration of follow up and not measur-
ing the effect of exercise on bone mass. Indeed, not
measuring bone mineral density in this work is a limita-
tion as bone strength depends on bone quality and
quantity, but it would have required longer period of
follow-up to 6 months or more for changes to be ob-
served. Future work should focus on observing the effect
of different types of exercise on bone mass in HD pa-
tients, with bone turnover markers as primary endpoints
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because of their ease and practicality of measurement in
the busy HD unit environment.
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