
  
 

118

Journal of Exercise Physiologyonline 
 
 

February 2019 
Volume 22 Number 1 

  

Editor-in-Chief 
Tommy Boone, PhD, MBA 
Review Board 
Todd Astorino, PhD 
Julien Baker, PhD 
Steve Brock, PhD 
Lance Dalleck, PhD 
Eric Goulet, PhD 
Robert Gotshall, PhD 
Alexander Hutchison, PhD 
M. Knight-Maloney, PhD 
Len Kravitz, PhD 
James Laskin, PhD 
Yit Aun Lim, PhD 
Lonnie Lowery, PhD 
Derek Marks, PhD 
Cristine Mermier, PhD 
Robert Robergs, PhD 
Chantal Vella, PhD 
Dale Wagner, PhD 
Frank Wyatt, PhD 
Ben Zhou, PhD 
 
 
 
  
Official Research Journal 
of the American Society of 

Exercise Physiologists 
 

ISSN 1097-9751 
 

Official Research Journal of 
the American Society of 
Exercise Physiologists  

 
ISSN 1097-9751 

 

 
 
 
 
 
 

 
JEPonline 

 
Higher Handgrip Strength is Associated with Better 
Clinical Outcomes in Hemodialysis Patients 
 
Heitor Ribeiro1,4, Geiane Santos2, Glaydson Soares1, Hugo Corrêa1, 
Áthila Maya1, Thalita Lauanna2, Rodrigo Neves1, Antônio Inda-
Filho3, João Viana4, Aparecido Ferreira2, Thiago Rosa1 
 
1Physical Education, Catholic University of Brasília, Brasília – DF, 
Brazil, 2Faculdade ICESP, Brasília – DF, Brazil, 3NefroIntensimed, 
Brasília – DF, Brazil, 4Research Center in Sports Sciences, Health 
Sciences and Human Development (CIDESD), University Institute  
of Maia (ISMAI), Porto, Portugal 

 
ABSTRACT 

Ribeiro H, Santos G, Soares G, Corrêa H, Maya A, Lauanna T, 
Neves R, Inda-Filho A, Viana J, Ferreira A, Rosa T. Higher 
Handgrip Strength Is Associated With Better Clinical Outcomes In 
Hemodialysis Patients. JEPonline 2019;22(1):118-127. The purpose 
of this study was to verify possible associations between relative 
handgrip strength (HGS) and clinical variables in patients with 
chronic kidney disease (CKD). A total of 39 patients with CKD from a 
private clinic in the city of Brasília participated in this study. The 
subjects’ HGS was measured by a dynamometer. Body composition 
was estimated by bioimpedance. The biochemical analyses were 
performed by the private clinic. The sample was stratified into tertiles 
according to the relative HGS, forming two groups: G1 - lower and 
medium tertiles (n = 26) and G2 - superior tertile (n = 13). Pearson 
correlation test was used and, for the comparative analysis between 
groups, the Student's t-test for independent samples (P<0.05). The 
G2 group presented better results in the variables body mass index, 
fat mass, body fat, C-reactive protein (CRP), and creatine 
phosphokinase (CPK) compared to the G1 group. Relative HGS was 
associated with CRP, CPK, lean body mass, and body fat. Higher 
values of relative HGS presented better results for the variables that 
predict cardiovascular diseases and mortality. 
 
Key Words: Body Composition; End-Stage Renal Disease; Muscle 
Strength; Obesity Paradox 
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INTRODUCTION 
 
The number of people affected by chronic kidney disease (CKD) corresponds to 10% of the 
worldwide population. In Brazil, the total estimated number of patients dependent on 
hemodialysis (HD) is greater than 120,000. The Brazilian Society of Nephrology estimates 
that 90% of patients with CKD are undergoing renal replacement therapy (1). However, 
although 70% of Brazilians present some degree of renal dysfunction, only 10% are aware of 
the diagnosis since the symptoms appear seemingly harmless in advanced stages of the 
disease (2). In addition, the Brazilian Unified Health System points out that for 2017 ~R$ 4 
billion were allocated to hospitalizations, transplants, and medicines. Chronic kidney disease 
resulted in the disbursement of the greatest resource by the Ministry of Health (3). 

 
Although CKD has a varied etiology, the two most common causes are diabetes and high 
blood pressure (4). End-stage patients who undergo HD may experience cramps, 
headaches, hypotension, and dizziness. All are events that are made worse by physical 
inactivity, thus becoming a vicious circle. Fortunately, there is evidence that indicates CKD 
patients with a body mass index (BMI) above 30 kg∙m-2 tend to have a longer life expectancy 
even with a high percentage of body fat and a higher production of proinflammatory cytokines 
(i.e., what is called the obesity paradox) (5-7).  
 
Although the use of BMI is part of the practical practice, using only anthropometric measures 
in the clinical routine may not be the best strategy to predict the health status of the patient. 
For that matter, studies have shown that cardiorespiratory fitness can significantly alter the 
relationship between adiposity and clinical prognosis in patients with cardiovascular diseases 
(8-12). On the other hand, such studies did not address neuromuscular parameters related to 
the obesity paradox, especially in regards to CKD. 

 
It is clear that mass and muscle strength are directly correlated with clinical outcomes, 
especially endocrine-metabolic changes, systemic inflammation, osteomioarticular injuries, as 
well as the increased chance of hypertension and diabetes, which may decrease life 
expectancy (13). Consequently, the use of simple, cheap, and feasible functional tests, such 
as the handgrip strength (HGS) test, is widely adopted in the literature as a clinical practice 
for the prediction of cardiovascular, renal, and mortality outcomes (14). Even though the HGS 
test was previously described as an independent predictor of mortality and renal outcomes in 
CKD patients (15,16), the association of different levels of HGS on metabolic, clinical, and 
biochemical parameters in the HD population it is not fully understood. 

 
Thus, the purpose of this study was to determine the influence of relative HGS on 
anthropometric and immunometabolic variables of patients with CKD. We hypothesized that 
relative HGS would show good discriminatory power for clinical health compared to body 
fatness in patients with CKD undergoing HD.   
 
METHODS 
  
Subjects 
This is a cross-sectional study approved by the Research Ethics Committee of the Catholic 
University of Brasilia (nº 2.497.191). The volunteers who agreed to participate this study 
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signed the informed consent form (ICF) after being informed of the risks and benefits. The 
sample consisted of 39 patients (20 men and 19 women) with CKD from the HD treatment 
program of a private clinic in the city of Brasília, Brazil. 

 
The volunteers who participated in this study included: (a) patients on HD who signed the 
ICF; (b) those who had more than 3 months of HD; and (c) those who were approved by the 
physician. The exclusion factors included the following considerations: (a) decompensated 
arterial hypertension; (b) ischemic heart disease; (c) missing the last dialysis session before 
the physical tests began; (d) recent acute myocardial infarction or by-pass surgery 3 months; 
(e) cognitive changes that affect participation; and (f) disability of performing physical tests. 
 
Procedures 
The subjects completed the International Physical Activity Questionnaire (IPAQ) short version 
and a sociodemographic questionnaire during the HD sessions. In the following sessions, the 
subjects were evaluated after the HD sessions into 2 moments: (a) anthropometric evaluation 
were carried out using tetrapolar bioimpedance (Biodynamics, ®310e, São Paulo, Brazil) in 
which the subjects’ lean mass, fat mass, fat percentage, basal metabolic rate (BMR), BMI; 
stature and body mass via scales and stadiometer (FilizolaTM, Beyond Technology, PL - 
200, São Paulo, Brazil); and (b) evaluation of HGS (Jamar, J00105, Illinois, USA). 

 
The HGS was measured in the non-fistulated or dominant arm for those with catheter access 
while the subjects were seated with the shoulder in a neutral position. The elbow was flexed 
at 90º and the wrist was in the neutral position. Three attempts were performed with an 
interval of 30 sec. The highest value was recorded. The results of the biochemical tests were 
obtained through blood tests carried out in an automated way within the clinic. 
 
Statistical Analyses 
 
Initially, the normality of the data was analyzed through the Shapiro Wilk test. Descriptive 
statistics were used by mean and standard deviation values. The HGS values were adjusted 
to relative strength by the formula (kgf/body mass) and then divided into 2 groups: G1 - lower 
and medium tertiles (n = 26) and G2 - upper tertile (n = 13). The independent Student t-test 
was used to compare the quantitative variables according to the G1 and G2 groups. In 
addition, the Pearson correlation test was used to verify the associations between the 
quantitative variables. The value of P<0.05 was used to point out the statistically significant 
differences. The program Statistical Package for the Social Sciences (SPSS), version 22.0 
(SPSS Inc., Chicago, IL, USA) was used. 
 
RESULTS 
 
Figure 1 shows the correlation analysis between the relative HGS and the CRP (r = 0.51) and 
lean mass (r = 0.35), which were positively associated, as well as body fat and CPK, which 
were negatively associated, with r = -0.44 and r = -0.49, respectively (P<0.05). 
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Figure 1. Correlation of Relative HGS, CPK, CRP, Lean Mass, Fat Mass, and Body Fat 
Variables.
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Patient characteristics were stratified according to relative HGS in two groups, G1 - lower and 
middle tertiles (n = 26) and upper G2 - tertile (n = 13). Both groups are presented in Table 1. 
The variables age, BMI, fat mass, and body fat presented significant differences between the 
groups. As for the values of the biochemical variables, there was a significant difference for 
G1 in the variable CRP and for G2 in CPK. 

 

Table 1. Comparison between Groups by Anthropometric, Functional, and Biochemical 
Variables (n = 39). 

Variables Group 1 (n=26) Group 2 (n=13) P 
HD vintage (months)   19.6 ± 16.8   19.9 ± 15.3 0.943 
Age (yrs)   61.8 ± 13.1   47.3 ± 17.6  0.010* 
Weight (kg)   70.5 ± 13.6   65.6 ± 14.2 0.305 
Height (m)   1.62 ± 0.08   1.65 ± 0.09 0.381 
Abdominal circumference (cm)   99.7 ± 10.4   94.1 ± 16.2 0.216 
Waist circumference (cm)   94.7 ± 11.4   89.3 ± 16.1 0.246 
BMI (kg∙cm-2) 31.8 ± 6.3 27.9 ± 3.6  0.049* 
Lean mass (kg) 42.6 ± 8.8 46.5 ± 9.9 0.234 
Fat mass (kg) 28.2 ± 9.9 20.3 ± 6.8  0.019* 
Body fat (%) 39.2 ± 9.4 30.3 ± 6.8  0.006* 
BMR (kcal) 1315.0 ± 275.9 1414.4 ± 303.6 0.332 
METs   254.4 ± 370.7        874.6 ± 1879.6 0.701 
Glucose (mg∙dL-1) 131.7 ± 53.7  92.8 ± 14.2 0.079 
Triglycerides (mg∙dL-1)   194.2 ± 126.7        167.0 ± 76.2 0.984 
HDL (mg∙dL-1)   42.8 ± 9.21  43.0 ± 13.5 0.959 
LDL (mg∙dL-1)   91.5 ± 27.5 103.9 ± 13.9 0.400 
CRP (mg∙L-1)   10.9 ± 11.1   3.1 ± 3.7  0.005* 
Urea post HD (mg∙dL-1)   63.5 ± 25.2   61.3 ± 24.3 0.803 
Creatinine (mg∙dL-1)    8.4 ± 3.3 10.0 ± 3.1 0.172 
Albumine (g∙dL-1)   3.9 ± 0.2   4.3 ± 0.9 0.129 
CPK (U/L)   82.6 ± 41.9   179.7 ± 154.2  0.037* 

BMI = Body Mass Index; BMR = Basal Metabolic Rate; HD = Hemodialysis; METs = Metabolic Equivalent of 
Task; HDL = High Density Lipoprotein; LDL = Low Density Lipoprotein; CRP = C-Reactive Protein; CPK = 
Creatine Phosphokinase; *Significant difference (P<0.05) 
 

DISCUSSION 
 
Our results indicate that the group with higher relative HGS presented better results in the 
biochemical, anthropometric, and inflammatory variables. Moreover, the relative HGS was 
also moderately associated with variables related to CVD mortality and risk. Thus, we 
confirmed our initial hypothesis that the relative HGS presented good discriminatory power 
for variables related to cardiovascular health in patients undergoing HD.  
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It is known that excess body adiposity is responsible for the overproduction of pro-
inflammatory molecules (e.g., CRP). However, a good level of physical fitness appears to 
protect against these immune-metabolic changes. Anthropometric variables that differ 
between groups (BMI, fat mass, and body fat) have an important relationship with the 
development of CVD, and it has been verified in several studies (17-20) that body 
composition has been shown to be a predictor of mortality in patients with DRC. Caetano and 
colleagues (2) reported that BMI has an important role in predicting 1-yr mortality in HD 
patients. This finding suggested that malnutrition may be a risk factor for mortality, with 2.98 
times more chances than those with BMI ≤18.5 kg∙m-2. Curiously, patients on HD treatment 
who present high BMI (overweight and obesity) have a higher survival rate, and this 
phenomenon is known as the obesity paradox (5).. 
 
Kalantar-Zadeh et al. (13) analyzed the phenomenon of the obesity paradox in more than 
120,000 hemodialytic patients for 5 yrs and identified that high BMI alone does not guarantee 
a higher survival rate. However, when analyzed along with muscle mass, it was observed that 
the overweight and obese patient with elevated serum creatinine levels obtained a higher 
survival rate compared to those with a decrease in serum creatinine. Evaluating muscle mass 
as an indicator of metabolic and functional health seems to be more important than body 
weight per se. Additionally, associating physical fitness in this type of analysis seems to be of 
great importance, since in other special populations, overweight individuals with good 
physical fitness present a lower risk of mortality and development of CVD when compared to 
eutrophic individuals with low physical fitness (8,22).  
 
Likewise, the maintenance and improvement of HGS, a variable of physical fitness, has been 
evidenced as a protective factor for CVD and increased survival (23), which reinforces our 
findings, since in the present study the relative HGS was positively associated with lean mass 
(r = 0.34) and negatively with body fat (r = -0.44). In addition, increased body fat induces an 
inflammatory condition (24), and this low-grade inflammation may impair the production of 
muscle strength via increased oxidative stress (25). Nonetheless, physical fitness is essential 
in the regulation of inflammatory cytokines, since IL-6 derived from muscle contraction 
reduces the production of TNF-α and promotes an increase in the production of other 
cytokines, such as IL-10 and irisin that produce an anti-inflammatory effect (26). This 
suggests that patients with CKD who present greater muscle strength may have higher levels 
of myokine capable of balancing the inflammatory balance, even with high body fat and BMI. 
 
The inflammatory state of patients with CKD directly impacts survival and physical capacity, 
which is evident in this population given the systemic state of inflammation. Of the 
inflammatory markers, CRP has been shown to be the most commonly used for the 
evaluation of the inflammatory state (27). In our study, the group with the highest values of 
relative HGS had a lower value for CRP when compared to the weaker group. In addition, 
there was a negative association between relative HGS and plasma CRP (r = -0.49). This 
finding suggests that patients with greater HGS values manifest better blood inflammatory 
status. In this sense, Moraes et al. (23) evaluated the effects of resistance training, a 
therapeutic exercise that promotes an increase in muscle strength during 6 months of 
intervention in 37 HD patients. They reported a reduction in CRP levels of 2.3 ± 0.9 to 1.6 ± 
0.6 of which they explained was due to the increase in strength levels and muscle mass.  
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When the isolated association between body fat and CRP was analyzed, a significant 
correlation was not observed (Figure 1). This finding seems to indicate that muscle strength 
may be a variable with better discriminatory power for the inflammatory state when compared 
to body fat. These results are supported by other studies which have pointed out that higher 
levels of muscle mass and strength seem to protect the renal tissue from inflammation and 
fibrosis (29,30). Thus, a lower inflammation observed in our patients with higher HGS seems 
to reflect also in renal tissue. Such information should be taken with caution since it was not 
evaluated in the kidney. 
 
Another important finding from the present study was that the CPK levels differed between 
the groups. The higher values were observed in the stronger group while a positive 
correlation was observed with relative HGS (r = 0.51). Meeting these findings, Flahault et al. 
(7) followed up CPK values for 12 yrs in 1,801 pre-dialytic conservative CKD patients, where 
at the end of the study individuals in the lower tertile of CPK had a 40% higher chance of 
mortality. The authors pointed out that the CPK levels indicated a relationship with nutritional 
status, especially with lean mass that was possibly related to the level of physical activity and, 
consequently, muscle-metabolic health.  
 
Limitations in this Study 
 
This study presents some limitations, one of which is the absence of the analysis of other 
inflammatory variables such as IL-6, IL-10, and TNFα, which could have allowed for more 
robust correlations with muscular strength and physical fitness. However, the high cost to 
evaluate these variables allowed for the evaluation for only CRP, a usual marker in the clinical 
routine, low cost, and good applicability. Also, the need to establish a better correlation 
between CPK and physical activity could have been better clarified with the use of other 
tools, which were not available. 
 
CONCLUSIONS 
 
Patients who obtained better values of relative HGS presented better results for 
anthropometric and inflammatory variables, particularly in some related to the development of 
CVD and mortality. Additionally, the relative HGS was also associated with variables related 
to mortality and risk of CVD. Thus, relative HGS seems to be a functional variable with better 
discriminatory power in patients undergoing HD when compared to body composition, which 
leads us to believe that factors related to physical fitness are better predictors than those 
related to body composition. 
 
 
 
 
ACKNOWLEDGMENTS 
We thank the Grupo de Estudos em Fisiologia do Exercício e Saúde (GEFES) for the support 
on data collection and the NefroIntensimed nephrology clinic for opening the doors to our 
research.  
 
 



  
 

125

 
Address for correspondence: Heitor S. Ribeiro, Programa de Pós-Graduação em 
Educação Física – Universidade Católica de Brasília, Campus I - QS 07 – Lote 01 – EPCT  
– Águas Claras – Brasília – DF, CEP: 71966-700. Telephone: +55 61 981224802. Email: 
heitorsiqueira95@gmail.com 
 
 
REFERENCES 

 
1. Brasil G do. Terapia renal recebe investimento de R$ 197 milhões, 2017.  

2. Caetano C, Valente A, Oliveira T, Garagarza C. Body composition and mortality 
predictors in hemodialysis patients. J Ren Nutr. 2016;26(2):81-86. 

3. Chang Y-T, Wu H-L, Guo H-R, et al. Handgrip strength is an independent predictor of 
renal outcomes in patients with chronic kidney diseases. Nephrol Dial Transplant. 2011; 
26(11):3588-3595. 

4. Cobo G, Qureshi AR, Lindholm B, et al. C-reactive protein: Repeated measurements will 
improve dialysis patient care. Semin Dial. 2016;29(1):7-14.  

5. Delgado C, Chertow GM, Kaysen GA, et al. Associations of body mass index and body 
fat with markers of inflammation and nutrition among patients receiving hemodialysis. Am 
J Kidney Dis. 2017;70(6):817-825. 

6. dos Anjos DM da C, Moreira B de S, Kirkwood RN, Dias RC, Pereira DS, Pereira LSM. 
Effects of aerobic exercise on functional capacity, anthropometric measurements and 
inflammatory markers in diabetic elderly women. J Bodyw Mov Ther. 2017;21(3):509-
516. 

7. Flahault A, Metzger M, Chassé J-F, et al. Low serum creatine kinase level predicts 
mortality in patients with a chronic kidney disease. PLoS One. 2016;11(6):e0156433. 

8. Gouveia DS, Bignelli AT, Hokazono SR, et al. Analysis of economic impact among 
modalities of renal replacement therapy. J Bras Nefrol. 2017;39(2):162-171. 

9. Hamer M. The relative influences of fitness and fatness on inflammatory factors. Prev 
Med. 2007;44(1):3-11. 

10. Hanatani S, Izumiya Y, Araki S, et al. Akt1-mediated fast/glycolytic skeletal muscle 
growth attenuates renal damage in experimental kidney disease. J Am Soc Nephrol. 
2014;25(12):2800-2811. 

11. Huang CX, Tighiouart H, Beddhu S, et al. Both low muscle mass and low fat are 
associated with higher all-cause mortality in hemodialysis patients. Kidney Int. 2010;77 
(7):624-629. 

12. Kalantar-Zadeh K, Kopple JD. Obesity paradox in patients on maintenance dialysis. 
Contrib Nephrol. 2006;151:57-69. 

13. Kalantar-Zadeh K, Streja E, Kovesdy CP et al. The obesity paradox and mortality 
associated with surrogates of body size and muscle mass in patients receiving 



  
 

126

hemodialysis. Mayo Clin Proc. 2010;85(11):991-1001. 

14. KIS KIS. Chapter 1: Definition and classification of CKD. Kidney Int Suppl. 2013;3 
(1):19–62.  

15. Lavie CJ, Cahalin LP, Chase P, et al. Impact of cardiorespiratory fitness on the obesity 
paradox in patients with heart failure. Mayo Clin Proc. 2013;88(3):251-258. 

16. Lavie CJ, De Schutter A, Patel D, Artham SM, Milani R V. Body composition and 
coronary heart disease mortality - An obesity or a lean paradox? Mayo Clin Proc. 2011; 
86(9):857-864. 

17. Lavie CJ, Schutter A De, Archer E, McAuley P a, Blair SN. Obesity and prognosis in 
chronic diseases--impact of cardiorespiratory fitness in the obesity paradox. Curr Sports 
Med Rep. 2014;13(4):240-245. 

18. Lavie CJ, Ventura HO. The obesity paradox in heart failure: Is it all about fitness, fat, or 
sex? JACC Heart Fail. 2015;3(11):927-930. 

19. Leal VO, Mafra D, Fouque D, Anjos LA. Use of handgrip strength in the assessment of 
the muscle function of chronic kidney disease patients on dialysis: A systematic review. 
Nephrol Dial Transplant. 2011;26(4):1354-1360.  

20. Marcelli D, Brand K, Ponce P, et al. Longitudinal changes in body composition in patients 
after initiation of hemodialysis therapy: Results from an international cohort. J Ren Nutr. 
2016;26(2):72-80.  

21. Matos CM, Silva LF, Santana LD, et al. Handgrip strength at baseline and mortality risk in 
a cohort of women and men on hemodialysis: A 4-year study. J Ren Nutr. 2014;24(3): 
157-162.  

22. McAuley PA, Beavers KM. Contribution of cardiorespiratory fitness to the obesity 
paradox. Prog Cardiovasc Dis. 2014;56(4):434-440. 

23. Moraes C, Marinho SM, Da Nobrega AC, et al. Resistance exercise: A strategy to 
attenuate inflammation and protein-energy wasting in hemodialysis patients? Int Urol 
Nephrol. 2014;46(8):1655-1562.  

24. Nefrologia SB de. Censo de diálise SBN 2016. 2017 [cited 2018 Sep 4]. 

25. Oktay AA, Lavie CJ, Kokkinos PF, Parto P, Pandey A, Ventura HO. The interaction of 
cardiorespiratory fitness with obesity and the obesity paradox in cardiovascular disease. 
Prog Cardiovasc Dis. 2017;60(1):30-44.  

26. Rosenberger J, Kissova V, Majernikova M, Straussova Z, Boldizsar J. Body composition 
monitor assessing malnutrition in the hemodialysis population independently predicts 
mortality. J Ren Nutr. 2014;24(3):172-176. 

27. Sah S, Siddiqui M, Darain H. Effect of progressive resistive exercise training in improving 
mobility and functional ability of middle adulthood patients with chronic kidney disease. 
Saudi J Kidney. 2015;26(5):912-923. 



  
 

127

28. Souza MK, Neves RVP, Rosa TS, et al. Resistance training attenuates inflammation and 
the progression of renal fibrosis in chronic renal disease. Life Sci. 2018;206(May):93-97.  

29. Stasko SA, Hardin BJ, Smith JD, Moylan JS, Reid MB. TNF signals via neuronal-type 
nitric oxide synthase and reactive oxygen species to depress specific force of skeletal 
muscle. J Appl Physiol. 2013;114(11):1629-1636. 

30. Stenvinkel P, Gillespie IA, Tunks J, et al. Inflammation modifies the paradoxical 
association between body mass index and mortality in hemodialysis patients. J Am Soc 
Nephrol. 2016;27(5):1479–1486. 

31. Vogt BP, Borges MCC, Goés CR de, Caramori JCT. Handgrip strength is an independent 
predictor of all-cause mortality in maintenance dialysis patients. Clin Nutr. 2016;35(6): 
1429-1433. 

 

Disclaimer 
The opinions expressed in JEPonline are those of the authors and are not attributable to 
JEPonline, the editorial staff or the ASEP organization. 
 


