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Abstract
Background:

Poor muscle quality has been associated with mortality in patients undergoing hemodialysis (HD).
Handgrip strength (HGS) has gained considerable attention as a marker of nutritional status and muscle
function. The aim of this study was to verify the association between HGS and mortality in patients
undergoing maintenance HD in Taiwan.

Methods:

A total of 188 stable HD patients from January to December 2009 were enrolled in the study. We used a
standard handgrip dynamometer to measure the HGS. HGS was measured on enrolment at the beginning
of the study. Each measurement was repeated three times for each patient, and the average value was
recorded for analysis.

Results:

During a mean follow-up period of 47 ± 11 months, 34 of the 188 patients died. The all-cause mortality
rate was 18%. Higher HGS (hazard ratio [HR] 0.891, 95% con�dence interval [CI] 0.838–0.948; p < 0.001)
and Kt/V (HR 0.086, 95% CI 0.018–0.421; p = 0.002) were independent factors associated with survival in
HD patients. For female patients, an HGS < 17 kg had a positive predictive value (PPV) of 39% and a
negative predictive value (NPV) of 96% for predicting mortality. For male patients, an HGS < 26 kg had a
PPV of 29% and an NPV of 84% for predicting mortality.

Conclusion:

HGS provides a good marker for survival in HD patients. Our results indicate that HGS can identify male
and female patients undergoing maintenance HD with an increased risk of all-cause mortality, with
different cut-off values for each sex.

Background
Previous studies have suggested that markers of muscle mass and muscle function could have
important prognostic values for patients with end-stage renal disease [1-3]. Poor muscle quality has been
associated with mortality in patients undergoing hemodialysis (HD). In the past decades, handgrip
strength (HGS) has gained considerable attention as a marker of nutritional status and muscle function.
HGS measurement is a validated method of assessing nutritional status [4]. It is a simple, safe, non-
invasive, radiation-free, and low-cost technique. According to a recent study, HGS seems to be unaffected
by hydration status [5], thus making it a potentially better indicator of muscle mass or quality in
maintenance HD (MHD) patients. HGS has been recognized as a reproducible and easy-to-measure
variable that correlates with lean body mass. It predicts malnutrition and prognosis in patients with
chronic kidney disease. However, how well HGS can predict mortality in HD patients has not been
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investigated in Taiwan. Therefore, the aim of this study was to verify the association between HGS and
mortality in patients undergoing MHD in Taiwan.

Methods
Study design and subjects

A total of 188 stable HD patients (78 males, 110 females) at Kaohsiung Chang Gung Memorial Hospital
from January to December 2009 were enrolled in the study. The inclusion criteria were age >20 years and
regular 4-h HD sessions 3 times per week for at least 3 months. The exclusion criteria were viral hepatitis,
active malignancy, acute infection, or hospitalization within 3 months before enrolment.

Assessment of muscle function

We used a standard handgrip dynamometer (Fabrication Enterprises, White Plains, NY) to measure HGS.
The dynamometer was adjusted according to the hand size of each patient. HGS was measured on
enrolment, at the beginning of the study. In patients without an arteriovenous �stula (AVF), HGS was
measured in the dominant arm. In patients with an AVF, HGS was measured in the arm without the AVF.

Mid-arm circumference (MAC) and triceps skinfold thickness (TSFT) were determined using a plastic tape
measure and a Lange skinfold caliper (Beta Technology, Santa Cruz, CA) [6]. Mid-arm muscle
circumference (MAMC) was calculated as MAC – (π × TSFT). The MAMC area was calculated as
(MAMC)2 / (4 × π). Each measurement was repeated three times for every patient, by experienced
research staff who were blinded to all clinical and biochemical data, and the average value was recorded
for analysis.

Statistical analysis

Statistical analysis was performed using SPSS (version 12.0; IBM, Armonk, NY). The results are
expressed as mean ± standard deviation or median (interquartile range) for non-parametric data, and
frequencies are expressed as percentages. Comparisons between sexes and between surviving and non-
surviving patients were performed using Student’s t test. Cox regression hazard analysis was used to
assess the relationship between HGS and survival time. A receiver operating characteristic curve was also
used to establish an optimal HGS cut-off point for males and females.

Results
During a mean follow-up period of 47 ± 11 months, 34 (17 men) of the 188 patients died. The all-cause
mortality rate was 18% (34/188). The baseline biochemical data and demographic features of the 188
stable HD patients are shown in Table 1. The underlying etiologies of end-stage renal disease in these
patients included chronic glomerulonephritis (35%), diabetes mellitus (27%), hypertension (17%),
polycystic kidney disease (7%), interstitial nephritis (4%), and unknown (10%). The mean age was 59.5 ±
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10.6 years. HGS (19.6 ± 6.3 vs. 28.4 ± 10.4 kg [males], p < 0.001), waist circumference (82.2 ± 10.9 vs.
89.1 ± 13.4 cm [males], p < 0.001), MAMC area (34.5 ± 11.5 vs. 39.4 ± 9.9 cm2 [males], p = 0.004), and
serum creatinine level (10.4 ± 1.8 vs. 11.5 ± 2.2 mg/dL [males], p < 0.001) were signi�cantly lower in
females.

Univariate analysis showed that survivors had signi�cantly higher HGS and Kt/V, and lower waist
circumference and interleukin-6 level. Survivors also included a lower proportion of patients with diabetes
(23% [35] vs. 47% [16], p = 0.004) and cardiovascular disease (41% [63] vs. 62% [21], p=0.027) (Table 2).
To identify the independent predictors for survival, Cox regression hazard analysis was performed. Cox
regression hazard analysis identi�ed higher HGS (hazard ratio [HR] 0.891, 95% con�dence interval [CI]
0.838–0.948; p < 0.001) and Kt/V (HR 0.086, 95% CI 0.018–0.421; p = 0.002) as the two independent
factors associated with survival in HD patients. We also used receiver operating characteristic curves to
determine the best HGS cut-off points for each sex. For female patients, an HGS of <17 kg had a positive
predictive value (PPV) of 39% and a negative predictive value (NPV) of 96% for predicting mortality, with
an area under the receiver operating characteristic curve of 0.864 (95% CI 0.761–0.966, p < 0.001) (Fig.
1). For male patients, an HGS of <26 kg had a PPV of 29% and an NPV of 84% for predicting mortality,
with an area under the receiver operating characteristic curve of 0.747 (95% CI 0.589–0.904, p = 0.016)
(Fig. 2).

Table 3 summarizes the univariate associations between HGS and other variables. In our study, HGS was
correlated with serum albumin level (positively), serum creatinine level (positively), MAMC area
(positively), age (negatively), and TSFT (negatively).

Discussion
Our study demonstrated the utility of HGS in predicting mortality in MHD patients. Utilizing this simple
tool to identify MHD patients at an increased risk of death may be bene�cial for healthcare systems. The
results of the present study can be used to identify MHD patients who are at a high risk for mortality.
Together with the subjective global assessment or malnutrition in�ammation score, HGS offers other
important tool for nutritional assessment.

HGS is a widely used measure in clinical practice because it is a simple, easy-to-determine, non-invasive,
and reliable nutritional marker [5]. In fact, HGS has been recognized as a simple and easy-to-measure
variable that correlates with lean mass in patients soon after the start of dialysis [7]. Additionally, several
studies have shown that HGS is a good indicator of nutritional status, enabling the early diagnosis of
malnutrition due to changes in muscle function [5, 8-10].

Moreover, our results indicated that HGS can identify an increased risk of mortality in both male and
female MHD patients, with a different cut-off for each sex. This study provides direct evidence supporting
HGS as a valid tool for predicting mortality in Taiwanese MHD patients. The optimized cut-off point for
HGS as a predictor for mortality in males was 26 kg and 17 kg in females. According to the 2019 Asian
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Working Group for Sarcopenia (AWGS) recommendation [11, 12], the diagnostic cut-off point for low
muscle strength is HGS < 28.0 kg for men and <18.0 kg for women among elderly Asian populations (age
> 65 years). In comparison, the HGS cut-off points for poor outcomes in dialysis patients are relatively
lower than those in the elderly population.

The mechanisms and mediators underlying the association between low HGS and high mortality risk are
not fully understood. Several mechanisms have been hypothesized to explain the signi�cant association
of muscle strength and mortality. Physical disability and cognitive decline are risk factors for higher
mortality in old-aged populations, which may be a result of reduction in muscle mass [13-17]. For
example, low muscle mass may increase the risk of falls in elderly people, resulting in a greater risk for
disability and, consequently, death. However, previous reports have shown that resistance training
enhances muscle quality, reduces the risk of cardiovascular disease, and improves the quality of life in
the general population [18]. In our study, the non-surviving group had a higher proportion of patients with
cardiovascular disease. Moreover, muscle strength is considered a marker of nutritional status [19, 20].
Malnutrition has been recognized as a de�nite predictor of mortality in HD patients [21]. Nutritional status
is usually reduced in chronic diseases, and malnutrition also exerts a substantial impact on muscle
strength. A poor nutritional status is more associated with increased risk factors for death, such as
infection. The above reasons may explain the association between HGS and mortality risk (Fig. 3).

Most previous studies that examined the association between muscle strength and death were performed
in Caucasian patients or in patients of African descent. Recent studies investigated the association
between muscle strength and death in the Japanese population [1, 22]. These studies con�rmed that low
muscle strength is associated with an increased risk of mortality in Asian populations. Similarly, we
applied HGS to the Taiwanese dialysis population, and our results also proved the correlation between
muscle strength and mortality.

Although diagnostic cut-off points for low muscle strength of HGS < 28.0 kg for men and HGS < 18.0 kg
for women were recommended by the AWGS 2019 for elderly Asian populations [11, 12], there is a lack of
consensus on HGS reference values for dialysis patients. Leal et al. [23] showed in their systematic
review that the HGS values of dialysis patients range from 12 to 38 kg in men and from 12 to 26 kg in
women. In the study by Vogt et al. [24] (N = 265; HD: 82.3%, peritoneal dialysis: 17.7%), the HGS cut-off
values were 24 kg for men and 12.5 kg for women. In the study by Matos et al. [3] (N = 443), HGS values
of 28.3 kg for men and 21.5 kg for women were the best cut-off points for predicting mortality in Brazilian
HD patients. Moreover, the values were 26 kg for males and 17 kg for females in our study. As in the
general population, a large discrepancy in muscle strength is observed in MHD patients according to age,
race, and sex. In summary, the difference of muscle strength between the sexes is already well known.
Moreover, recent studies have proved that different races and ages are associated with different cut-off
values [3, 12, 22, 24, 25].

Muscle mass assessed using MAMC area and TSFT had no signi�cant difference between survivors and
non-survivors in our analysis. In contrast, higher HGS and higher Kt/V were both signi�cant independent
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predictors for better outcome in HD patients, similar to the results of previous studies. In the study by
Isoyama et al. [2] (N = 330), decreased muscle strength was more strongly associated with mortality than
decreased muscle mass in dialysis patients. Lopes et al. [25] included 413 patients with <3 months of HD
in their study. However, other studies that investigated the association between HGS and mortality in the
MHD population mainly comprised prevalent patients with >6 months of dialysis. The results presented
here might have been in�uenced by the HD vintage, which was 72–75 months in our study. Another
previous study suggested that muscle mass wasting is highly prevalent among MHD patients, with
signi�cant evidence of wasting in 18–75% of the patients [26]. The longer the HD vintage, the greater the
possibility for muscle strength reduction. Therefore, the cut-off point might be different in patients with
different dialysis vintages. However, uremic toxins may play an importance role in muscle wasting, which
might explain why the cut-off for low muscle strength in HD patients is lower than that in the general
population. Furthermore, a lower mortality rate was observed in patients with higher uremic toxin
clearance in our study.

Strength training is associated with important clinical outcomes, including increased muscle strength and
improved self-rated physical health and function. However, particularly in HD patients, it may be di�cult
to increase muscle mass with strength training. Muscle growth may be impaired as a result of several
catabolic conditions, such as insulin resistance, reduced levels of and resistance to anabolic hormones,
acidosis, or chronic in�ammation [27]. In our analysis, patients with high Kt/V had a lower mortality rate.
Therefore, a high quality of HD can reduce the accumulation of uremic toxins and consequently reduce
muscle wasting. In other words, simple muscle training might play a limited role in improving muscle
strength in HD patients. Clinicians should pay more attention to the dialysis quality or the nutritional
status of patients rather than to muscle training.

Limitations

This study had several methodological limitations. First, our sample was limited to the Taiwanese
population, which mainly consisted of Asian patients. Therefore, this may limit the extrapolation of our
�ndings to other ethnic groups. Second, de�nite causal conclusions cannot be reached in our analysis
owing to its prospective observational nature. For example, it is not possible to evaluate whether the
association of HGS with mortality varies according to the cause of death. Nevertheless, previous studies
have indicated that the mortality risk associated with nutritional indicators is usually due to
cardiovascular disease [28].

Although the results of this study showed the association of HGS with mortality in both male and female
MHD patients, randomized controlled trials are still required to con�rm our results. Third, our sample size
was small, and patients were enrolled from a single medical center. Finally, we addressed the mortality
risk based on single-point measurements of muscle strength in the beginning of the study. Because HGS
was measured only at the start of the study, our data were not suitable for determining the in�uence of
changes in muscle strength during the follow-up on mortality risk. A time-averaged analysis based on

http://ovidsp.dc2.ovid.com/sp-4.05.0b/ovidweb.cgi?&S=OGEKFPIGABEBJFIKIPBKLGPEMJBOAA00&Search+Link=%22Lopes+MB%22.au.&Counter5=CRS_author%7c30200792%7cpomm%7cmedline%7cmed15
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sequential measurements during the follow-up period may provide more direct evidence on the
association between muscle strength and prognosis in MHD patients.

Further studies are required to assess whether serial changes in muscle function may better predict
mortality than a single measurement in MHD patients. Age-speci�c HGS should also be assessed in
future investigations. In addition, further studies should be conducted to evaluate the association
between HGS and mortality risk in PD patients. HGS may also play a role in predicting mortality in the PD
population.

Conclusion
This study has important implications for clinical practice in MHD patients. It provides evidence that HGS
can predict mortality in MHD patients. Thus, this simple, objective, non-invasive tool can be used in the
clinical setting to identify MHD patients at an increased risk of death. In addition, our results indicate that
HGS can identify male and female MHD patients with an increased risk of all-cause mortality, with
different cut-off values for each sex. The HGS cut-off points for predicting mortality are 26 kg for males
and 17 kg for females in Asian populations. In conclusion, this study shows that HGS is a good marker
for survival in HD patients.
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PPV, positive predictive value; NPV, negative predictive value

Declarations
Ethics approval and consent to participate:

This study was conducted according to the Declaration of Helsinki and approved by the Institutional
Review. Board and Ethics Committee in Chang Gung Memorial Hospital (IRB No. 98-2685B), and informed
consents were obtained from all participants.

Consent for publication: Not applicable.

Availability of data and materials: Not applicable at this stage.

Competing interests:

The authors declare that they have no competing interests.

Funding:



Page 8/15

This study was supported by funding from the Kaohsiung Chang Gung Memorial Hospital, Taiwan
(CMRPG890171).

Authors’ contributions:

Y.T. Chu and Terry T.Y. Chiou made conception and design of this study. P.C. Hsu, C.H. Liu and Terry T.Y.
Chiou acquired the data. Y.T. Chu and Terry T.Y. Chiou did analysis besides Terry T.Y. Chiou, W.C. Lee and
C.H. Wu interpreted the data. Y.T. Chu drafted the manuscript and prepared all �gures and tables as well.
Terry T.Y. Chiou and W.C. Lee revise the manuscript critically for important intellectual content. All authors
reviewed the manuscript.

Acknowledgements:

We gratefully acknowledge the biostatistics center in Kaohsiung Chang Gung Memorial Hospital for their
valuable comments on this study.

References
1. Yoda, M., et al., Poor muscle quality as a predictor of high mortality independent of diabetes in

hemodialysis patients. Biomedicine & Pharmacotherapy, 2012. 66(4): p. 266-70.

2. Isoyama, N., et al., Comparative associations of muscle mass and muscle strength with mortality in
dialysis patients. Clinical Journal of The American Society of Nephrology: CJASN, 2014. 9(10): p.
1720-8.

3. Matos, C.M., et al., Handgrip strength at baseline and mortality risk in a cohort of women and men on
hemodialysis: a 4-year study. Journal of Renal Nutrition, 2014. 24(3): p. 157-62.

4. Norman, K., et al., Hand grip strength: outcome predictor and marker of nutritional status. Clinical
Nutrition, 2011. 30(2): p. 135-42.

5. Leal, V.O., et al., Handgrip strength and its dialysis determinants in hemodialysis patients. Nutrition,
2011. 27(11-12): p. 1125-9.

�. Williams, A.J. and A. McArley, Body composition, treatment time, and outcome in hemodialysis
patients. Journal of Renal Nutrition, 1999. 9(3): p. 157-62.

7. Wang, A.Y., et al., Evaluation of handgrip strength as a nutritional marker and prognostic indicator in
peritoneal dialysis patients. American Journal of Clinical Nutrition, 2005. 81(1): p. 79-86.

�. Silva, L.F., et al., Handgrip strength as a simple indicator of possible malnutrition and in�ammation
in men and women on maintenance hemodialysis. J Ren Nutr, 2011. 21(3): p. 235-45.

9. Flood, A., et al., The use of hand grip strength as a predictor of nutrition status in hospital patients.
Clinical Nutrition, 2014. 33(1): p. 106-14.

10. Humphreys, J., et al., Muscle strength as a predictor of loss of functional status in hospitalized
patients. Nutrition, 2002. 18(7-8): p. 616-20.



Page 9/15

11. Chen, L.K., et al., Asian Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia
Diagnosis and Treatment. Journal of the American Medical Directors Association, 2020. 21(3): p.
300-307.e2.

12. Auyeung, T.W., et al., Letter to the editor: Normative data of handgrip strength in 26344 older adults -
a pooled dataset from eight cohorts in Asia. Journal of Nutrition, Health & Aging, 2019. 24(1): p. 125-
126.

13. Metter, E.J., et al., Skeletal muscle strength as a predictor of all-cause mortality in healthy men.
Journals of Gerontology Series A-Biological Sciences & Medical Sciences, 2002. 57(10): p. B359-65.

14. Brill, P.A., et al., Muscular strength and physical function. Medicine & Science in Sports & Exercise,
2000. 32(2): p. 412-6.

15. Giampaoli, S., et al., Hand-grip strength predicts incident disability in non-disabled older men. Age &
Ageing, 1999. 28(3): p. 283-8.

1�. Alfaro-Acha, A., et al., Handgrip strength and cognitive decline in older Mexican Americans. Journals
of Gerontology Series A-Biological Sciences & Medical Sciences, 2006. 61(8): p. 859-65.

17. Takata, Y., et al., Physical �tness and 4-year mortality in an 80-year-old population. Journals of
Gerontology Series A-Biological Sciences & Medical Sciences, 2007. 62(8): p. 851-8.

1�. Ruiz, J.R., et al., Association between muscular strength and mortality in men: prospective cohort
study. 2008.

19. Pupim, L.B., et al., Accelerated lean body mass loss in incident chronic dialysis patients with diabetes
mellitus. Kidney International, 2005. 68(5): p. 2368-74.

20. Dong, J., et al., Correlations of lean body mass with nutritional indicators and mortality in patients on
peritoneal dialysis. Kidney International, 2008. 73(3): p. 334-40.

21. Leavey, S.F., et al., Simple nutritional indicators as independent predictors of mortality in
hemodialysis patients. American Journal of Kidney Diseases, 1998. 31(6): p. 997-1006.

22. Yuki, A., et al., Sarcopenia based on the Asian Working Group for Sarcopenia criteria and all-cause
mortality risk in older Japanese adults. Geriatrics & gerontology international, 2017. 17(10): p. 1642-
1647.

23. Leal, V.O., et al., Use of handgrip strength in the assessment of the muscle function of chronic kidney
disease patients on dialysis: a systematic review. Nephrology Dialysis Transplantation, 2011. 26(4):
p. 1354-60.

24. Vogt, B.P., et al., Handgrip strength is an independent predictor of all-cause mortality in maintenance
dialysis patients. Clin Nutr, 2016. 35(6): p. 1429-1433.

25. Lopes, M.B., et al., Sex-age-speci�c handgrip strength and mortality in an incident hemodialysis
cohort: The risk explained by nutrition and comorbidities. International Journal of Arti�cial Organs,
2018. 41(12): p. 825-832.

2�. Fouque, D., et al., A proposed nomenclature and diagnostic criteria for protein-energy wasting in
acute and chronic kidney disease. Kidney International, 2008. 73(4): p. 391-8.



Page 10/15

27. Molsted, S., A.S.D. Bjorkman, and L.H. Lundstrom, Effects of strength training to patients undergoing
dialysis: a systematic review. Danish Medical Journal, 2019. 66(1).

2�. Fung, F., et al., Increased risk for cardiovascular mortality among malnourished end-stage renal
disease patients. American Journal of Kidney Diseases, 2002. 40(2): p. 307-14.

Tables

Table 1. Baseline characteristics of 188 HD patients and comparison between male and female
patients

Characteristics Total (N=188) Male (N=78) Female (N=110) P-value

Age (years) 59.5 ± 10.6 61 ± 9.1 58.4 ± 11.4 0.093

HD vintage (months) 61(36.3-107.3) 55.5(34.8-110.8) 68(40.0-105.8) 0.957

BMI (kg/m2) 22.9 ± 3.9 23.4 ± 4.4 22.5 ± 3.6 0.103

HGS (kg) 23 ± 9.2 28.4 ± 10.4 19.6 ± 6.3 <0.001

Waist circumference (cm) 85 ± 12.5 89.1 ± 13.4 82.2 ± 10.9 <0.001

TSFT (mm) 15.9 ± 6.4 12.6 ± 5 18.3 ± 6.3 <0.001

MAMC area (cm2) 36.6 ± 11.1 39.4 ± 9.9 34.5 ± 11.5 0.004

Kt/V (dialysis adequacy) 1.7 ± 0.3 1.5 ± 0.2 1.8 ± 0.3 <0.001

Hemoglobin (g/dL) 10.5 ± 1.2 10.5 ± 1.2 10.6 ± 1.2 0.612

Serum albumin (g/dL) 3.9 ± 0.2 3.9 ± 0.2 3.9 ± 0.3 0.531

Serum creatinine (mg/dL) 10.9 ± 2.1 11.5 ± 2.2 10.4 ± 1.8 <0.001

Serum calcium (mg/dL) 9.3 ± 0.8 9.2 ± 0.8 9.4 ± 0.8 0.041

Serum phosphate (mg/dL) 4.9 ± 1.4 4.8 ± 1.4 4.9 ± 1.4 0.411

Hs-CRP (mg/L) 2.9(1.3-6.8) 3.7(2.0-7.4) 2.4(1.1-6.1) 0.158

Interleukin-6 (pg/mL) 2.6(1.5-4.3) 2.8(1.6-4.1) 2.4(1.4-4.6) 0.159

TNF-α (pg/mL) 6.4(4.1-10.7) 6.5(4.6-11.0) 6.4(3.8-10.6) 0.385

HD, hemodialysis; BMI, body mass index; HGS, handgrip strength; TSFT, triceps skinfold thickness;
MAMC, mid-arm muscle circumference; Hs-CRP, high-sensitivity C-reactive protein; TNF-α, tumor
necrosis factor alpha.
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Table 2. Clinical and nutritional characteristics and comparison between survivors and non-survivors

Univariate analysis Multivariate analysis with Cox
proportional hazards models

Characteristics Non-survival
(N=34)

Survival
(N=154)

P-
value

Hazard Ratio (95% CI) P-value

Age (years) 62±9 59±11 0.148 — 0.559

HD vintage
(months)

51.0(28.8-
98.3)

63.0(36.8-
108.3)

0.79 — —

Male (%) 50 40 0.266 — 0.769

Diabetes mellitus
(%)

47 23 0.004 — 0.226

CVD (%) 62 41 0.027 — —

BMI (kg/m2) 23.2±3.6 22.8±4 0.567 — —

HGS (kg) 16.4±8.4 24.2±8.8 <0.001 0.891(0.838-0.948) <0.001

Waist
circumference
(cm)

89.3±10 84.1±12.8 0.028 — 0.766

TSFT (mm) 15.4±6.5 16.0±6.4 0.638 — —

MAMC area
(cm2)

36.1±10.2 36.8±11.8 0.735 — —

Kt/V (dialysis
adequacy)

1.3±0.2 1.4±0.2 0.022 0.086(0.018-0.421) 0.002

Hemoglobin
(g/dL)

10.4±0.9 10.6±1.3 0.301 — —

Serum albumin
(g/dL)

3.9±0.2 3.9±0.3 0.141 — 0.119

Serum creatinine
(mg/dL)

10.3±2.2 11±2 0.087 — —

Serum calcium
(mg/dL)

9.3±1 9.3±0.8 0.702 — —

Serum phosphate
(mg/dL)

5.1±1.5 4.8±1.4 0.267 — —

Hs-CRP (mg/L) 4.2(2.4-9.9) 2.5(1.2-
6.2)

0.073 — 0.677

Interleukin-6
(pg/mL)

3.4(1.7-7.5) 2.3(1.4-
4.0)

0.048 — 0.136

TNF-α (pg/mL) 5.7(3.4-10.4) 6.5(4.1- 0.472 — —
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10.8)

CI, con�dence interval; HD, hemodialysis; CVD, cardiovascular disease; BMI, body mass index; HGS,
handgrip strength; TSFT, triceps skinfold thickness; MAMC, mid-arm muscle circumference; Hs-CRP,
high-sensitivity C-reactive protein; TNF-α, tumor necrosis factor alpha.

 

Table 3. Correlation between handgrip strength and other variables

Variables Pearson correlation P-value

Age -0.249 0.003

HD vintage -0.002 0.982

BMI 0.162 0.056

Waist circumference 0.118 0.164

TSFT -0.185 0.037

MAMC area 0.221 0.012

Serum albumin 0.245 0.004

Serum creatinine 0.357 <0.001

Hs-CRP -0.040 0.641

Interleukin-6 -0.143 0.093

HD, hemodialysis; BMI, body mass index; TSFT, triceps skinfold thickness; MAMC, mid-arm muscle
circumference; Hs-CRP, high-sensitivity C-reactive protein

Figures
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Figure 1

Receiver operating characteristic curve for handgrip strength (HGS) of female maintenance hemodialysis
patients. CI, con�dence interval.
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Figure 2

Receiver operating characteristic curve for handgrip strength (HGS) of male maintenance hemodialysis
patients. CI, con�dence interval.
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Figure 3

Several mechanisms may explain the signi�cant association between muscle strength and mortality risk.
HD, hemodialysis.


