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Abstract

Background Sarcopenia and chronic kidney disease (CKD) have been associated with negative outcomes in older people,
including inflammatory profile and anemia biomarkers.

Aims To investigate the effects of pre-dialysis resistance training (RT) on sarcopenia, inflammatory profile, and anemia
biomarkers in older patients with CKD.

Methods A total of 107 patients with CKD (65.4+3.7 years) were randomly allocated into four groups: sarcopenic RT
(n=37), non-sarcopenic RT (n=20), sarcopenic control (n=28), and non-sarcopenic control (n=22). DXA and handgrip
strength were used to classify sarcopenia according to EWGSOP-2. Treatment groups underwent a 24-week intervention
with RT before each dialysis session, three times per week. Blood sample analysis for ferritin, hepcidin, iron availability, and
inflammatory profile (TNFa, IL-6, and IL-10) was conducted. All-cause mortality was recorded over 5 years.

Results Sarcopenic RT group increased iron availability after the intervention, while their counterparts decreased. Ferritin
and hepcidin significantly decreased in sarcopenic RT group. RT elicited a reduction in both TNFa and IL-6, while increasing
IL-10 in both intervention groups. The rate of sarcopenic subjects substantially decreased after the intervention period (from
37 to 17 in the RT group; p=0.01). The proportion of deaths was higher (P =0.033) for sarcopenic subjects (Controls 35.7%
vs RT 29.7%) when compared to non-sarcopenic subjects (Controls 18% vs RT 10%). The proportion of deaths decreased
according to the randomization group (X2 =38.704; P<0.1).

Conclusions The 24-week RT intervention elicited a better sarcopenia status, better inflammatory profile, and improved
anemia biomarkers. Sarcopenia was associated with higher mortality rate in older patients with CKD.
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Introduction

Chronic kidney disease (CKD) is a progressive and irre-
versible disease of kidney function [1], which has been
recognized as an important health concern. In fact, it is
associated with an increased risk of mortality and negative
health-related outcomes [2—4]. It is estimated that 15% of
the worldwide population is affected by CKD [2]. In the
United States, a recent estimate of CKD-related illness
amounted to annual health care costs of nearly $20,000 per
patient [5]. CKD has been one of the focuses of healthcare
efforts, in the past 2 decades as its global prevalence has
grown to around 87%, while the death rate rose by 98%
[6]. It is known that aged people are more susceptible to
CKD when compared to other age groups, being its preva-
lence higher than triple of young populations [7].

World population aging has been recognized as one of
the most critical health challenges of the current century
[8]. A salient feature of the aging includes loss of skeletal
muscle mass, being that the muscle health conditions rep-
resent a global threat to healthy aging [9]. The significant
decrease of muscle mass and strength is recognized as
sarcopenia [10], and has been linked to multiple adverse
outcomes among the aging population [11, 12]. Although
sarcopenia is recognized as an emerging health problem,
an agreement on its classification has been widely dis-
cussed in recent years [10, 13]. In this sense, the European
Working Group on Sarcopenia in Older People (EWGSOP)
was created and recently updated to provide a consensual,
practical definition to implement in the clinical setting [10,
13]. Traits of sarcopenia (i.e., low muscle mass and poor
muscle strength) are frequently observed in CKD patients,
and have been related to a higher risk of morbidity and
mortality in this population [14].

The negative effects for the coexistence of CKD and
sarcopenia have been investigated because both muscle
wasting and loss of strength have been linked to mortal-
ity [15-18], and these conditions are highly prevalent in
patients with CKD [14, 15, 18-20]. In addition, it is known
that anemia is an important condition for the rate of deaths
among CKD patients [21, 22], which can be aggravated by
a decrease in muscle mass and strength [23-25]. Important
factors that might mediate the relationship between ane-
mia and cardiovascular disease with CKD patients mor-
tality are the unregulated inflammatory profile and low
iron availability [26, 27]. Recent efforts have been carried
out to determine non-pharmacological interventions to
decrease inflammation and up-regulate iron-related sign-
aling in CKD patients [26, 27].

Among interventions known to improve health in older
patients with CKD, resistance training (RT) has shown
to be beneficial for counteracting sarcopenia as well as

@ Springer

up-regulating the inflammatory profile and iron avail-
ability [26, 28, 29]. However, most of the clinical trials
available in the field have conducted RT protocols during
the dialysis sessions [30, 31]. Noteworthy, there are inves-
tigations that have used exercise training before dialysis,
but not systematically in all participants as some patients
within studies perform their exercises after hemodialysis
[32]. In addition, this might have limited the RT prescrip-
tion due to the possible reduced number of exercises (usu-
ally unilateral, single-joint, and fixed-form), the discom-
fort caused by the fistula, and the safety of the training
itself. It could be important to explore the effects of RT
conducted immediately before the dialysis, when the inter-
vention may be more properly performed and exploit its
full beneficial potential [33-35].

To the best of our knowledge, there is a lack in literature
regarding the effects of RT conducted before the dialysis
session in older patients with CKD on sarcopenia, inflam-
matory profile, and anemia biomarkers. Therefore, the pre-
sent study aimed (i) to investigate the effects of pre-dialysis
RT on sarcopenia, inflammatory profile, and anemia bio-
markers in older community-dwelling patients with CKD;
and (ii) to describe the rate of mortality over 5 years after
interventions.

Methods
Participants

One hundred and seven patients undergoing maintenance
phase hemodialysis volunteered for this study. Eligibility
criteria for participants were: (i) age equal to or older than
60 years; (ii) hemodialysis for at least 3 months; (iii) dialysis
at least three times per week; and (iv) no significant medi-
cal complications in the last 3 months, except for vascular
access correction. Exclusion criteria were: (i) recent acute
myocardial infarction (within the past 3 months) or unstable
angina; (ii) systemic lupus erythematosus; (iii) congenital
kidney malformation or some auto-immune disease that
affects the kidneys; (iv) osteoarticular complications that
could compromise physical exercise; (v) decompensated
heart failure that could limit participation in training; (vi)
severe decompensated diabetes; or (vii) severe neuropathy,
retinopathy, or diabetic nephropathy.

All participants were informed about the study pro-
cedures and voluntarily signed an informed consent
form. All experiments on human subjects were con-
ducted under the Declaration of Helsinki, and the study
protocol was previously approved by the Institutional
Review Board (08856012.6.0000.5505 and updated
23007319.0.0000.0029). This study was recorded in the
Brazilian clinical trials registration website (URL: http://


http://www.ensaiosclinicos.gov.br/rg/RBR-3gpg5w/
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www.ensaiosclinicos.gov.br/rg/RBR-3gpg5w/, protocol
number: RBR3gpg5w), and in the World Health Organi-
zation international clinical trial registry platform (URL:
http://apps.who.int/trialsearch/utn.aspx, protocol number
Ul111-1237-8231).

Study design

The flowchart of the trial is presented in Fig. 1. Participants
were divided into two groups according to the EWGSOP-2
sarcopenia definition [10]. The non-sarcopenic patients
(n=42) were then randomized into two groups, the non-
sarcopenic controls (n=22) and non-sarcopenic RT (n=20).
The same procedure was performed for the sarcopenic group
(n=65), which was randomized in sarcopenic controls
(n=28) and sarcopenic RT (n=37). The randomization was
conducted individually using an automated tool (http://www.
randomization.com). The researcher doing the randomiza-
tion process was not involved in the participants’ treatment.

All patients received the same recommendations from a mul-
tidisciplinary team: nutritionist, psychologist, social worker,
nurse, pharmacist, and nephrologist. After training period,
patients were tracked over 5 years during their dialysis treat-
ment and were included in the final analysis to investigate
the associate between sarcopenia and rate of mortality in
patients with CKD.

Anthropometric and body composition assessments

All subjects were weighed on a mechanical scale (Filizola®,
Sao Paulo, Brazil), and height was measured with a stadi-
ometer built into the scale. Body mass index was calculated,
dividing body weight by the height squared (kg/m?). Body
composition was measured using a Prodigy Advance Plus
(LUNAR, Corp/General Electric; Madison, Wisconsin,
USA) dual-energy X-ray absorptiometry (DXA) according
to procedures specified elsewhere [29]. Briefly, participants

Enrollment

Assessed for eligibility (n= 173)‘

f—— W

Excluded (n=34)
Not meeting inclusion criteria (n= 19)
= Decline to participate (n=15)

‘ Randomized (n=139) k

Allocation

Allocated to CTL group (n=67)
= Not received intervention

Allocated to RT group (n=72)
= Received intervention

Follow-Up

Lost to follow up (n=17)
= Family problems (n=7)
=  Withdrawal (n=6)

= Sleep disorders (n=4)

Lost to follow up (n=15)

= Physical complications (n=6)
= Family problems (n=4)

= Withdrawal (n=5)

Analysis

Directed for CTL (n=50)
= Non-sarcopenic (n=22)
= Sarcopenic (n=28)

Fig. 1 Flow chart outlining participation in this study

Directed for RT (n=57)
= Non-sarcopenic (n= 20)
= Sarcopenic (n=37)
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laid face up on the DXA table with body centered. The soft-
ware provided measures of fat-free mass for whole body.

Handgrip strength

Handgrip strength was measured with a hydraulic hand
dynamometer (J amar®—Sammons Preston, Bolingbrook,
USA), according to the American Society of Hand Thera-
pists’ recommendations [36]. Measurements were performed
with participants in sitting position, elbow joint at 90°, fore-
arm in a neutral position, and wrist between 0° and 30° of
extension. The best performance of three trials in the con-
tralateral arm of arteriovenous fistula was recorded and used
for the present analyses.

Sarcopenia classification

Sarcopenia was defined according to the EWGSOP-2 rec-
ommendations [10]. Briefly, this classification considered
results from both muscle strength (i.e., handgrip strength)
and body composition [i.e., fat-free mass divided by height
squared (fat-free mass index, FFMI)] assessments. Given the
high specificity presented by this sample (sarcopenic and/or
CKD patients) for muscle mass, the lowest tertile of FFMI
was classified as low muscle mass [37, 38]. The cut-points
for the FEMI were 15.3 and 15.6 kg/m? for men and women,
respectively. Cut-points for the handgrip strength were 30 kg
and 20 kg for men and women, respectively [39]. The sar-
copenia condition was characterized by the simultaneous
presence of low handgrip strength and low FFMLI.

Resistance training protocol

Subjects allocated in the intervention groups took part in a
24-week RT program. Before the training period, partici-
pants underwent through three familiarization sessions over
a week. The RT program was performed three times per
week for 24 weeks, 1 h previous the hemodialysis and each
training session took approximately 40 min. The protocol
was conducted immediately before each dialysis session. It
involved the following exercises: chest press, squat, unilat-
eral row, unilateral knee extension, unilateral knee flexion,
unilateral shoulder press, hip thrust, biceps curl, unilateral
hip adduction, unilateral hip abduction, elbow extension
with dumbbells, and seated calf raise. The e-Lastic cable was
used to perform the chest press, unilateral row, unilateral
hip adduction, and unilateral hip abduction exercises [the
e-Lastic load record was the peak (maximum) load achieved
in each movement to count the repetitions]. Dumbbells were
used for the performance of the shoulder press, biceps curl,
and elbow extension. Weighted cuffs were used for the knee
extension (wrapped at the ankle), knee flexion (wrapped at
the ankle), hip thrust (positioned at the hips), and seated calf
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raise (wrapped across the quadriceps). In the squat exer-
cise, due to the fragility of the lower limbs of hemodialysis
patients, we chose to use only bodyweight to perform the
squat exercise with just four repetitions at the beginning of
the protocol. For upper-limb exercises, we prioritized unilat-
eral exercises as a conservative measure to preserve arterio-
venous fistula. Training loads were monitored and adjusted
using the OMNI rating of perceived exertion (RPE) scale
[40]. Initially, participants trained with a load corresponding
to 8 repetitions at an RPE scale of 5-6 for the first 12 weeks,
and 7-8 over the final 12 weeks. When the RPE indicated
the load was too easy, the number of repetitions was first
increased. If the participant exceeded 12 repetitions, then the
load was increased. Each exercise was performed in 3 sets
with approximately 2-min rest between the sets. All train-
ing sessions were supervised by experienced professionals.
Moreover, except for the implementation of the RT program,
all patients (controls and RT) were asked to maintain their
habitual physical activity throughout the study.

Functional performance

Functional performance was measured by the Timed Up-
and-Go test (TUG) (Mathias, Nayak, and Isaacs, 1986).
Procedures were fully explained before the assessment, fol-
lowed by a familiarization attempt. Briefly, volunteers were
individually seated in a standard chair with 45 cm of height,
with the back against the chair, both arms resting along the
body, and both feet completely resting on the floor. Partici-
pants were instructed to get up and walk 2 m forward, as
fast as possible, turn around an obstacle, return to the chair,
and sit down again. Three attempts with 60 s of rest between
them were timed. The best performance was recorded and
used for the present analyses.

Ascertainment of deaths

All-cause mortality events were recorded over 5 years. In
summary, as a clinic routine procedure, every single outflow
was monitored regarding transplantations, deaths, or change
of clinic for 5 years after RT protocol.

Statistical analysis

The primary outcome of the present study was the effect of
RT on inflammatory and anemia biomarkers in sarcopenic
CKD patients. The secondary outcome was the effect of RT
on body composition, handgrip strength, and functional per-
formance. In addition, the present study also described the
rate of mortality over 5 years after interventions. Descrip-
tive characteristics are presented as means and standard
deviations unless otherwise noted. The Shapiro—Wilk test
and Levene were used to verify data distribution nature
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and homogeneity, respectively. X tests were performed to
compare categorical variables, while continuous variables
were tested for significance by performing a multivariate
two-way mixed analysis of variance [2 X 2 groups (sarco-
penic and non-sarcopenic) X treatments (Control and RT)].
Kruskal-Wallis test and Dunns’ multiple comparison analy-
sis were applied when necessary. Results were considered
significant at P <0.05, and all statistical analyses were per-
formed using SPSS 20.0 (SPSS Inc., Chicago, United States
of America).

Results

The baseline characteristics of the participants are presented
in Table 1. The prevalence of sarcopenia was 60.7% (95%
confidence interval, 95% CI 50.5-70.1), and no differences

for handgrip strength were observed among the groups
(Table 1).

Changes in the traits of sarcopenia, functional variables,
and renal and profiles of the participants after the RT are
presented in Table 2. Handgrip strength increased after the
RT program, regardless of sarcopenia. TUG and body fat
mass significantly improved (Table 2).

Sarcopenic patients allocated in the RT group increased
iron after the training period (24-week intervention), mean-
while their counterparts decreased (P <0.05). On the other
hand, ferritin and hepcidin significantly decreased for sar-
copenic subjects submitted to RT program (Fig. 2). RT elic-
ited similar responses in both groups (non-sarcopenic and
sarcopenic) promoting a reduction in both TNFa and IL-6,
while increasing IL-10 and its ratios (Fig. 3).

Figure 4 presents the prevalence of sarcopenic and non-
sarcopenic patients according to each group, before and after

Table 1 Baseline characteristics stratified by groups and its comparisons. Data are expressed as mean + standard deviation

Variables Non-sarcopenic (n=42) Sarcopenic (n=65) P values

CTL RT CTL RT Interaction Non-sarcopenic CTL vs RT

(n=22) (n=20) (n=28) (n=37) Vs sarcopenia
Time in hemodialysis (months) 58.4+9.7 543+11.5 50.0+8.4 53.5+11.1 0.183 0.331 0.218
Age (years) 65.6+2.9 68.1+3.3 63.8+4.1 65.0+3.6 0.492 <0.0001 0.007
Body mass (kg) 75.5+10.7 83.8+14.0 72.7+20.9 61.9+12.5 0.001 <0.0001 0.563
BMI (kg/m?) 27.3+2.0 29.7+3.5 25.1+3.0 23.1+2.2 0.001 <0.0001 0.905
Free fat mass (kg) 44.5+3.5 47.6+4.9 42.0+7.1 39.3+4.6 0.006 <0.0001 0.804
Body fat (kg) 30.3+6.4 36.2+9.8 30.2+13.3 22.5+8.2 0.001 <0.0001 0.474
Handgrip (kgf) 20.6+6.2 21.4+4.5 20.7+4.7 20.8+5.7 0.981 0.9166 0.444
Time up-and-go (s) 92+19 10.0+1.4 8.5+2.2 7.8+1.9 0.009 <0.0001 0.819
Clinical and renal profile
Kvv 1.6+0.3 1.5+0.2 1.4+0.2 1.6+0.2 0.183 0.7318 0.5662
Hemoglobin (g/dL) 12.1+2.2 12.3+0.9 12.8+1.0 113+1.3 0.077 0.1796 0.8884
Iron (pg/dl) 65.8+14.8 57.1+11.2 67.9+7.2 70.0+18.2 0.32 0.1712 0.5454
Ferritin (ng/mL) 282.6+251.2 433.8+127.9 3458+115.0 457.1+127.1 0.711 0.4243 0.0185
Hepcidin (ng/mL) 532452 39.0+10.1 45.0+8.4 453+11.1  0.085 0.8171 0.0994
Albumin (g/dL) 38+1.1 35+04 39+0.5 35+04 0.524 0.7485 0.0943
Urea pre-dialysis (mg/dL) 125.5+9.2 146.0+21.9 141.8+17.8 149.9+22.0 0473 0.2428 0.1014
Urea post-dialysis (mg/dL) 119.0+0.1 146.4+19.6  139.7+209  151.3+244 0.384 0.1629 0.0357
Potassium (mEq/L) 49+0.4 5.0+0.6 54+04 4.9+0.6 0.109 0.3385 0.4277
Phosphorous (mg/dL) 4.5+0.1 5.6+0.5 5.1+0.8 59+0.8 0.675 0.1220 0.0013
Calcium (mg/dL) 9.5+0.1 8.8+0.6 9.0+0.6 9.2+0.5 0.045 0.7319 0.4196
Inflammatory profile
TNF-a (pg/mL) 17.1+10.6 20.7+5.0 15.8+5.2 144+6.3 0.313 0.1220 0.6458
IL-10 (pg/mL) 7.6+4.6 8.2+2.0 7.0+2.8 9.3+25 0.435 0.8130 0.1938
IL-6 (pg/mL) 43+03 35+0.8 3.6+1.0 3.8+0.9 0.191 0.5673 0.3914
IL-10/TNF ratio 0.7+0.7 04+0.2 0.5+0.3 0.8+0.4 0.085 0.4569 0.8243
IL-10/IL-6 ratio 1.8+1.2 25+1.0 21+1.2 2.5+0.8 0.73 0.6605 0.1937

Data expressed by mean + standard deviation

CTL control group, RT resistance training group, BMI body mass index, K#/V K-dialyzer clearance of urea, ¢ dialysis time, V volume of distribu-

tion of urea, TNF-a tumoral necrosis factor, /L interleukin
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Table 2 Comparison between Post-pre deltas (A) of the secondary outcomes according to Sarcopenia classification

Outcomes Non-sarcopenic (n=42) Sarcopenic (n=65) P value

CTL RT CTL RT

(n=22) (n=20) (n=28) (n=37)
Body mass (kg) —-0.80+2.3 —3.90+4.93 0.43+1.78" —-0.2+2.49° 0.0013
BMI (kg/m?) -0.29+0.84 -1.33+1.78 0.10+0.65° —0.06+0.86 0.0023
Waist circumference (cm) 2.90+1.26 —3.49+3.36° 3.00+2.11° 0.60+3.14%b< <0.0001
Free fat mass (kg) —1.29+1.46 0.32+4.20° —-0.12+0.84 0.81+1.88% 0.0002
Body fat (kg) 0.33+1.28 —4.23+3.66" 0.72+1.56° —1.03+1%¢ <0.0001
Handgrip (kgf) -095+1.93 59+2.51% —0.42+1.61° 6.64 +3.59%¢ <0.0001
Time up-and-go (s) 0.67+1.29 -2.08+0.71% 1.08 + 1.44° —1.94+0.56*¢ <0.0001
Six-minute test (m) —4.63+39.39 128.7 +£36.66* 13.71+25.83° 86.35+29.95%¢ <0.0001
Pain perception (score) -0.81+1.91 17.1+5.05? —-0.1+£1.95° &€ <0.0001
KtV 0.03+0.27 -0.02+0.31 0.06+0.21 —-0.03+0.34 0.6974
Albumin (g/dL) 0+£043 —-0.1+0.45 —-0.32+0.28 -0.03+0.51 0.1740
Urea pre-dialysis (mg/dL) —101.4+£19.31 —101.64 +21.81 -97.12+19.97 —-102.8+31.66 0.6005
Urea post-dialysis (mg/dL) —102.86 £22.62 —101+£22 —94.5+26.05 —103.47+33.29 0.5020
Potassium (mEq/L) 0.12+0.47 0.16+0.49 0.24+0.51 0.06+0.55 0.7894
Phosphorous (mg/dL) -0.3+0.49 —-0.27+0.5 0.01+0.63 —0.13+0.83 0.4265
Calcium (mg/dL) 0.23+0.57 0.12+0.57 0.12+0.54 -0.12+0.52 0.2583

Data expressed by mean + standard deviation

CTL control group, RT resistance training group, BMI body mass index, K#/V K-dialyzer clearance of urea, ¢ dialysis time, V volume of distribu-

tion of urea

4P <0.05 vs non-sarcopenic CTL
P <0.05 vs non-sarcopenic RT
¢P <0.05 vs sarcopenic CTL

the intervention. Considering all subjects allocated into the
intervention groups, the number of sarcopenic patients sub-
stantially decreased after the RT program (from 37 to 17;
P=0.01). No differences were observed for what concerns
the prevalence of sarcopenia in the Control Group.

Death events over the 5-year period of follow-up accord-
ing to groups are presented in Fig. 5. The overall deaths
rate was 25.2% (95% CI 16.8-33.6). It was observed that
the proportion of deaths was higher for sarcopenic subjects
(Control n=35.7% vs RT n=29.7%) compared to non-sar-
copenic subjects (Control n=18% vs RT n=10%). Mortality
was lower in those who had been included in the RT group
(P=0.03; Fig. 5).

Prevalence of men was 52.4% and 75.4% (P=0.01)
among non-sarcopenic and sarcopenic subjects, respectively.
The prevalence of diabetes was higher for non-Sarcopenic
when compared to sarcopenic subjects (71.4% vs 30.8%;
)(2 =16.94; P <0.0001), while no differences were found for
smoking status (23.8% vs 21.5%; y*=0.076; P=0.783). No
differences were found for the following medicines: ACE
inhibitors, ATIR antagonist, Statins, Anti-hyponitic, Anti-
depressive, Erythropoietin, and Ferrous sulfate (y* < 3.92;
all P>0.05). All participants were hypertensive.
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Discussion

This randomized controlled trial sought to investigate the
chronic health benefits of RT immediately conducted before
the dialysis session in older patients with CKD. In our study,
RT positively influenced traits of sarcopenia also reducing
the prevalence of sarcopenia in older subjects with CKD.
Furthermore, subjects submitted to pre-dialysis RT posi-
tively increased iron status, while reducing ferritin, hepcidin,
TNFa, and IL-6. It is noteworthy that the sarcopenic group
presented higher all-cause mortality rates over 5 years.
Sarcopenia is defined as the progressive decline of skel-
etal muscle mass and strength that occurs with advancing
age [10]. Muscle wasting and loss of strength are prevalent
in patients with CKD [14, 19], which has a multifactorial
cause. The current findings revealed that the RT admin-
istered immediately before dialysis positively influenced
both muscle strength and mass in older people with CKD.
An increase in muscle mass might be attributed to either
a decrease in protein degradation, or an increase in pro-
tein synthesis, which might explain CKD-induced skeletal
muscle modifications [14]. It is expected that RT improves
protein signaling synthesis, which favors the process of
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increasing muscle mass and strength [41]. In addition,
neuromuscular responses imposed by RT may explain the
increase in muscle strength [42]. Even though it is well
established that RT can positively influence neuromuscular
and metabolic aspects of aged people, including CKD [42,
43], to the best of our knowledge, there are no previous stud-
ies that have investigated the effects of RT before dialysis
sessions on sarcopenia in CKD patients.

Evidence has already demonstrated the benefits of RT
on muscle mass and strength in the persons with CKD [26,
42]. However, most clinical trials have administered the RT
protocol during the dialysis session [30, 31]. Despite the
emerging interest in managing RT during the dialysis ses-
sion, it can make the prescription of training limited due to
the reduced number of exercises (usually unilateral, single-
joint, and fixed-form), the discomfort caused by the fistula,
and the training safety itself. In this sense, further research
should explore exercise prescriptions immediately before
dialysis due to their potential for proper full-body training.
Moreover, according to the movement specificity theory, it is
postulated that the closer movement patterns during RT are
to the desired activity (i.e., free weight and full-body exer-
cise are closer to daily living activities), greater will be the
functional gains; hence, RT has been presented to be highly
effective in improving performance and functionality in

different populations [33—35]. Thus, prescribing RT imme-
diately before dialysis can provide a broader range of exer-
cises (including full-body and free weights), increasing the
possibility of functional transfer to activities of daily living.

In addition to the aforementioned neuromuscular gains,
sarcopenic subjects with CKD had iron status positively
modified, while their counterparts were negatively modi-
fied. Noteworthy, iron supplements were equally distributed
across the four groups. In general, older subjects with CKD
present low iron availability [23, 44], which has been linked
to an increased risk of anemia [25]. It can be explained by
a decreased glomerular filtration rate leading to inadequate
production of erythropoietin for erythropoiesis and, conse-
quently, iron deficiency [26, 45]. In addition, very low iron
availability and anemia conditions have been associated with
higher levels of inflammatory markers [46, 47], inducing a
negatively impact on sarcopenia [48-50].

The RT protocol also promoted a decrease in ferritin,
hepcidin, and inflammatory markers (TNF-a and IL-6).
Recently, Ray et al. [26] showed that a 24 week RT led to an
increase in iron bioavailability, a decrease in hepcidin levels,
and an improvement of the inflammatory profile (increas-
ing IL-10 levels; decreasing TNF-o and IL-6) in older indi-
viduals with end-stage renal disease. Thus, as related in the
previously mentioned study, the improvement in iron levels
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g 407 process; thus, the improvement of the inflammatory profile
g 204 i influenced by the RT protocol may explain its reduction [24].
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Fig.4 Rates of sarcopenic and non-sarcopenic subjects according to
each group (Control and RT) pre- and post-RT protocol
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subgroup undergoing the RT protocol presented a lower
mortality rate. Although the present study recorded only
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Fig.5 Proportion of deaths (all-cause mortality) over 5 years period
according to each group. a Comparisons between control groups (sar-
copenic vs non-sarcopenic; P=0.021). b Comparisons between RT
groups (sarcopenic vs non-sarcopenic; P=0.010)

all-cause mortality, it is reported that most deaths among
CKD patients have been linked to cardiovascular dis-
eases. Furthermore, iron deficiency has also been linked
to higher cardiovascular risk factors [52]. Thus, we specu-
late that the lack of responsiveness to an increase in iron
from sarcopenic subjects who did not undergo the RT
protocol might be an indicator for a higher mortality rate
in this group. Moura et al. [26] demonstrated that RT up-
regulated iron availability among CKD patients, and this
effect might be important in the management of anemia
and cardiovascular complications in this population [21,
53].

The current study has several strengths and limita-
tions. The strengths are RT protocol immediately before
the dialysis, objective measurements of sarcopenia, and
the many biomarkers related to CKD. A limitation of the
present study could be found in the low internal valid-
ity of the load progression during the 24-week RT pro-
tocol. However, our findings demonstrated that the RT
protocol was effective for both strength and lean mass
gains, demonstrating an opportunity with high ecological
validity. The study sample was composed of function-
ally independent community-dwelling older people with
CKD, so the results may not apply to frailer individu-
als. A relatively high number of participants dropped out
(RT =20.8% and Control =25.4) and were excluded from
the present analysis. However, participants who quit the
project were checked for similarity to those who com-
pleted the 24-week follow-up at the baseline analysis and
no differences were found. Moreover, food intake, espe-
cially regarding protein consumptions was not controlled
in the present analysis. Finally, the present study did not
perform a sample size calculation, thus, we recognize it
as a potential limitation of the present study and encour-
age further studies to control the aforementioned topics.

Conclusion

In summary, a 24-week program of RT administrated before
dialysis promoted clinical and biological benefits in older
patients with CKD, especially in terms of muscle health,
inflammatory profile, and anemia biomarkers. Sarcope-
nia was also associated with higher mortality rate in older
patients with CKD. Further studies are needed to confirm
and extend our findings, in particular, to find ways for
large-scale implementation of physical activity protocols in
patients with CKD.
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