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association between HGS, inspiratory muscle strength and EC, and to 
assess the reliability of the HGS in hemodialysis patients.

Methods
Study design

�is cross-sectional study was conducted between May 2013 and 
January 2015 in the hemodialysis unit of the Santa Casa de Caridade de 
Diamantina Hospital and the Cardiovascular Rehabilitation Laboratory 
(LABCAR) of the Universidade Federal dos Vales Jequitinhonha e 
Mucuri (Diamantina-Minas Gerais state, Brazil). �e research was 
carried out in accordance with the declaration of Helsinki (2013) and 
was approved by ethics committee of the Universidade Federal dos 
Vales do Jequitinhonha e Mucuri (protocol 088/12). All the patients 
gave their written informed consent before participating in the study.

Subjects

ESRD patients older than 18 years who were receiving hemodialysis 
treatment three times a week for at least six months and had an 
arteriovenous �stula for hemodialysis access were included in the 
study. Exclusion criteria were contraindications or inability to perform 
the exercise tests. �e sample size was calculated a priori, considering 
a correlation coe�cient of 0.76 between MIP and HGS [18], statistical 
power of 99% and alpha error of 1%. �e sample size was estimated in 
19 volunteers.

Procedures

�e selected patients underwent clinical evaluation by nephrologists 
following anthropometrics measurements [weight, height, body 
mass index (BMI) and waist circumference] and evaluation of HGS, 
inspiratory muscle strength and EC. All evaluations were performed 
during a week on dialysis days, always on the same day shi�, in the 
following sequence: immediately before �rst weekly hemodialysis 
session – anamnesis and anthropometric measurements; immediately 
a�er second weekly hemodialysis session – inspiratory muscle strength; 
immediately before third weekly hemodialysis session – HGS and EC. 
Prior to all evaluations the volunteers remained seated for 10 minutes. 
�e investigators were blinded to test results, and all volunteers had 
previously been trained to perform the functional tests. A�er 6-to 
8-week (trial 2) patients performed the second HGS [20]. �e interval 
forms part of a control period in a clinical trial. Pre- and post-data were 
used to reliability analysis. 

Handgrip Strength (HGS)

�e HGS was obtained using Jamar® mechanical dynamometer 
with a precision of 0.5 kg (Sammons Preston, Masan, Korea), in the 
arm without arteriovenous �stula [14,16,21]. �e volunteers remained 
seated with the arm and forearm in neutral position and 90° at elbow 
�exion. �ree measurements were performed with intervals of about 
60 s between each run and the highest score was recorded in kilograms. 
HGS values less than the 10th percentile of a Brazilian-based reference 
study were considered low HGS [22].

Inspiratory muscle strength

Respiratory muscle strength was determined using a previously 
calibrated aneroid vacuum manometer (MV-150/300, Ger-Ar, São 
Paulo, Brazil) equipped with a 2 mm diameter hole in the nozzle to 
compensate for the pressure change induced by the oropharynx 
muscles, following recommendations of American �oracic Society/
Europen Respiratory Society [23]. MIP was evaluated based on residual 
volume while the volunteers were seated, and the highest value of 

three valid measurements was retained [23]. �e measurements were 
considered acceptable if the variance between them was less than 10%. 
Respiratory measurements are shown as absolute and relative values 
based on the percentage achieved compared to the maximum predicted 
by age and sex [24]. IMW was de�ned as MIP less than 70% of the 
predicted value [23]. 

Exercise Capacity (EC)

EC was evaluated by the Incremental Shuttle Walk Test (ISWT) 
[25]. Volunteers were instructed to walk or run [26] in a 10 m corridor 
and the minimum speed was determined by an audio signal. �e ISWT 
has 12 progressive intensity levels, and the test is completed when the 
volunteer either completes the 12 levels of intensity or fails to reach 
the minimum speed required on a given level two consecutive times 
[11,27,28]. �e distance walked was recorded, and the predicted values 
were estimated [29]. Prior to data collection, the test-retest reliability 
of the ISWT was evaluated in twenty-two hemodialysis patients [age, 
55.0 years (95% CI 49.4–60.7)] and showed an intra-class correlation 
coe�cient of 0.90 (95% CI 0.77-0.95).

Reliability testing procedures

A�er 6-to 8-week anthropometric measurements were re-
evaluated and patients performed the second HGS (trial 2). Patients 
were instructed to maintain their habitual lifestyle during interval and 
all were weekly monitored. �e same researcher applied all the tests 
and the HGS followed exactly the same protocol in both trials. Test–
retest was used to determine the relative reliability. Standard error of 
measurement (SEM) and minimal detectable change (MDC) scores 
were calculated to determine the absolute reliability of the HGS.

Statistical analysis

Date analysis was performed using SPSS version 22.0 (SPSS Inc., 
Chicago, IL, USA). �e normal distribution and homoscedasticity was 
assessed by Shapiro Wilk test and Levene test, respectively. Categorical 
variables are presented as absolute and relative frequencies, and 
continuous variables are presented as the mean (95% CI). Correlation 
analysis was carried out using the Pearson or Spearman tests 
(continuous variables), as appropriate. We considered a moderate to 
good correlation when “r”=0.50 to 0.75 and values above 0.75 were 
considered to represent a strong or excellent correlation [30]. �e 
associations between HGS and MIP and EC were assessed by univariate 
regression analysis, followed by stepwise multivariate linear regression 
analysis, with adjustment for age, sex and BMI. �e comparisons of the 
HGS between groups strati�ed by MIP (with or without IMW) were 
performed by unpaired two-tailed t-tests. Data from the ISWT (distance 
walked) was divided into tertiles. �e tertiles were de�ned by stratifying 
the sample into three di�erent EC levels to verify the e�ectiveness of the 
HGS in identifying di�erent functional status (low, moderate and high) 
[31,32]. �e comparison of the HGS results among groups divided by 
EC levels was performed by the one-way analysis of variance with a 
post hoc analysis by Bonferroni test. To assess the accuracy of using 
HGS to discriminate between those who had low inspiratory muscle 
weakness and low EC, a receiver operating characteristic (ROC) curve 
was constructed. �e area under the curve was calculated to represent 
the accuracy of the test at discriminating those with inspiratory muscle 
weakness and low EC. An area under the curve of 1.0 corresponds to 
perfect discrimination. �e ROC curve constructed was also used to 
determine the sensitivity and speci�city of di�erent cut-o� values of 
the HGS for the prediction of inspiratory muscle weakness and low 
EC. �e optimal cut-o� value was de�ned by the value with the best 
combination of sensitivity and speci�city. �e test-retest reliability of 
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data for all repeated tests was assessed with the intra-class correlation 
coe�cient (ICC), model alpha, 2-way random e�ects model. We 
considered an ICC ≥ 0.90 as “excellent” [33]. �e absolute reliability 
was evaluated by standard error of measurement (SEM) for repeated 
measures and minimal detectable change (MDC) scores following 
formulas previously [34] described. SEM was calculated by following 
equations: SEM=SD * √ (1-r), where r=ICC for the participant group. 
�e MDC at individual and group levels were calculated at 90% CI 
(MDC90). �e MDC90 was calculated as: MDCindiv=SEM * 1.65 * √2, 
where the 1.65 represents the z-score at the 90%CI. �e √2 represent 
the account for errors associated with repeated measures. Di�erences 
between trials 1 and 2 were evaluates by Wilcoxon test and agreement 
by Bland–Altman plot. �e signi�cance level set at 0.05 in all analyses.

Results
Forty-one ESRD patients were selected and 36 volunteers were 

enrolled in the study (one did not provide consent, one had angina and 
three were unable to perform all the steps of the evaluation protocol). 
�e baseline characteristics are shown in Table 1. �e volunteers were 
predominantly male (66.7%) and with overweight. Systemic arterial 
hypertension was the most prevalent etiology of ESRD (50.0%) and 
kt/v indexes of 1.6 (95% CI 1.5–1.7) demonstrated the e�ciency of 
hemodialysis treatment. All volunteers were taking vitamin C and B 
complex, and 31 (86.1%) were using erythropoietin.
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possible to verify the agreement between trials 1 and 2, with a bias of 
0.5 kg, representing a di�erence lower than 1.5% between then (see S1 
Table Original data from HGS).

Discussion
To the best of our knowledge, this is the first study to demonstrate 

that the reductions of the peripheral muscle strength are associated 
with the inspiratory muscle strength and EC in hemodialysis 
patients. In addition, the HGS is able to identify patients with IMW 
and low EC. The main findings of the present study were: (1) the 
association between HGS and MIP and between HGS and EC; (2) 
HGS cut-off values to identify patients with IMW and with low EC; 

(3) the high reliability of the HGS. These results have important 
clinical meaning, as HGS is an easy-to-perform method with known 
prognostic values and important for the nutritional evaluation of 
this population [14]. Moreover, can also be used on a large scale 
for screening, risk stratification and functional assessment in the 
hemodialysis units.

As previously reported, changes in the characteristic of muscle 
structure and function of people with ESRD may adversely affect 
muscle strength and endurance [35]. Reduction of the oxidative 
capacity, increase of protein depletion, vitamin D deficiency and 
chronic inflammation are cause of worse of muscular function 
[36]. Thus, the reduction of muscular strength in these patients 

Figure 1: Graph of inspiratory weakness.

Figure 2: Graph showing sensitivity values.
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may also be manifested by the weakness of the respiratory muscles. 
The strongest association between MIP and HGS suggests a 
worse of global muscular function in affected patients, a common 
consequence of ESRD [3]. 

It is known that the strengthening of the upper trunk portion is 
decisive for increasing the strength of the upper limbs, as well as the 
MIP [37]. Correlations between upper limb strength and respiratory 
muscle strength have been demonstrated in populations with a 
functional impairment [18,19,38,39], similar results to those observed 
in the present study. In addition, we observed that HGS was di�erent 
between individuals with and without IMW, which demonstrates the 
ability of the HGS, as a measure of muscle function capable of identifying 
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Based on SEM showed in Table 3 (1.3 kg), there is a 68% probability 
that a repeated measure of the test will be within 1 SEM and there is a 
96% probability that a repeated test will be within 2 SEM (2.6 kg). �is 
information is extremely useful in clinical practice. 

We also calculated the MDC90, a score used to di�erentiate a true 
change from an individual variation in the test. Clinically is used to 
determine whether a single patient has made a real improvement. �e 
value of the MDC90 showed for HGS (3.1 kg) was close to 3.4 kg found 
in a previously study [46]. Segura-Ortí and Martínez-Olmos (2011) 
evaluated the highest HGS value in both dominant and nondominan 
arms in older patients and we evaluated the highest value in the arm 
without arteriovenous �stula in younger individuals. In addition the 
time frame of the test–retest assessment was longer in our study (6-8 
weeks). Despite the di�erences pointed out in the HGS assessment 
protocols and in the sample characteristics between our study and 
the previous study, excellent reliability was presented in both. �is 
demonstrates the high reliability of the HGS in this population.

Some limitations needed to be addressed. �e sample of the present 
study was composed of younger individuals with less morbidity than 
those observed in other studies. One possible explanation is that this 
study was conducted in a region with a low human development index, 
where cardiovascular diseases, such as hypertension and diabetes 
are early manifested. In addition, in this region, specialized health 
services (nephrology) are di�cult to reach the population, delaying the 
diagnosis and clinical management of renal disease. Many individuals, 
especially the elderly, die before starting dialysis. �e HGS values of 
the present study sample were close to those observed by other authors 
who studied individuals with similar age [16]. However, we believe that 
the characteristics of our sample may limit external validation. Finally, 
the criteria used for EC classi�cation was based on tertiles of the ISWT. 
Because the ISWT is a functional test with a high correlation with 
the cardiopulmonary exercise test and that individuals can achieve 
values of peak oxygen uptake similar to those obtained in the maximal 
exercise test at ISWT, we believe that this limitation did not in�uence 
the results.

Conclusion
Based on these results, we can conclude that HGS is a reliable 

outcome measures and is directly related to the inspiratory muscle 
strength and EC of hemodialysis patients. Being a simples and easy to 
perform test, the HGS can be applied in large scale in the hemodialysis 
units. In this context, the HGS measurement becomes a useful tool for 
functional evaluation and monitoring of this population. Consequently, 
allowing early detection of functional impairment and contributing to 
the planning of therapeutic strategies for the rehabilitation.
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