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Background: Exercise and nutritional support are effective strategies in hemodialysis patients who often face health issues like protein-energy wasting (PEW). Therefore, this study aimed to evaluate whether combining exercise with nutritional support offers additional benefits for anthropometry, body composition, and biochemical markers of nutrition in hemodialysis patients.

Methods: This systematic review searched databases, including PubMed, Scopus, and Web of Science, until 14 February 2024 to identify relevant randomized controlled trials. Following screening and data extraction, quality assessment was conducted using the revised Cochrane Risk of Bias tool (ROB2). The study was reported following PRISMA guidelines.

Results: Six studies comprising 199 male and female hemodialysis patients were included. These studies did not report any significant differences in anthropometry, body composition, and nutritional status between individuals who received an exercise program along with nutritional support and those who received only nutritional support.

Conclusion: This systematic review suggests that the combination of exercise with nutritional support may not improve the positive effects of nutritional support on anthropometry, body composition, and nutritional status in hemodialysis patients. However, due to the low quality and significant heterogeneity among the existing studies, further research is required to draw definitive conclusions.

Systematic review registration: PROSPERO (www.crd.york.ac.uk/prospero; registration no: CRD42024542613).
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1 Introduction

End-stage renal disease (ESRD) is the final and permanent stage of chronic kidney disease, which occurs when the kidneys are no longer able to function well enough to support long-term survival without renal replacement therapy (1). Globally, its prevalence is projected to increase from 2.6 million in 2010 to 5.4 million in 2030 (2). Renal replacement therapy has different approaches, with hemodialysis being the most common choice for ESRD patients (3–5). However, it often causes protein-energy wasting (PEW), a syndrome defined by adverse nutrition and body composition changes leading to fat and muscle depletion (6). Hormonal imbalances, systemic inflammation, increased catabolism, the release of myocytokines, and the retention of toxins due to uremic syndrome are some factors contributing to decreased functionality and PEW (7). Various nutritional and body composition markers are used to identify PEW, such as hypoalbuminemia, a key biomarker and a strong predictor of mortality in this population (8–10). Unintentional weight loss or a decrease in BMI can also be important indicators of PEW (8). Chronic kidney disease (CKD), particularly in those undergoing dialysis, often leads to impaired physical function and physical inactivity (11). However, regular exercise has been shown to be beneficial in preventing and treating uremic muscle wasting, improving cardiac function, reducing cardiovascular risk factors, increasing muscular strength, and enhancing exercise capacity (12–14). The Kidney Disease Improving Global Outcomes (KDIGO) 2024 Guideline even recommends that CKD patients undertake moderate-intensity physical activity for at least 150 min a week, or to a level suited to their cardiovascular and physical tolerance (15). Olvera-Soto et al. (16) found that three-month resistance exercise significantly increased arm muscle area, arm muscle circumference, handgrip strength, and body fat percentage. In addition, Torres et al. (17) demonstrated that a combination of resistance training and flexibility exercise for 3 months improved body composition parameters (BMI and lean tissue index) and lipid profiles (total cholesterol, LDL, and triglycerides). In another study, Liao et al. (18) indicated that three-month cycling exercise significantly increased albumin levels and BMI and reduced inflammatory cytokines such as hs-CRP and IL-6. Similarly, optimal nutritional support has shown the potential to improve lean body mass or albumin levels (19, 20). Some studies also explored the effects of nutritional support in these patients. Qin et al. (21) observed that two-month oral nutritional supplementation significantly increased serum albumin, hemoglobin, and dietary energy intake among hemodialysis patients (21). Furthermore, a recent consensus statement suggests that the combination of adequate nutrition and exercise may be more effective than either intervention alone in preventing muscle loss among dialysis patients. However, this study also indicated that further investigation in clinical trials is necessary (22). Therefore, our study aims to systematically summarize randomized controlled trials that concentrated solely on hemodialysis patients to evaluate if the addition of exercise to nutritional support demonstrates any extra benefits on biochemical markers of nutrition, anthropometry, and body composition in this population.



2 Materials and methods


2.1 Study design

This systematic review was reported following the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines (23), with the protocol registered on PROSPERO (www.crd.york.ac.uk/prospero; registration no: CRD42024542613).



2.2 Search strategy

We systematically searched PubMed, Web of Science, and Scopus databases until 14 February 2024, using the following search strategy: (“Exercise” OR “Physical fitness” OR “Sports” OR “Exercise therapy” OR “Physical Activity” OR “Exercise training” OR “Physical exercise”) AND (“Nutritional support” OR “Nutritional supplementation” OR “Oral nutritional supplementation” OR “Nutritional intervention” OR “Nutritional therapy” OR “Enteral nutrition” OR “Parenteral nutrition”) AND (“Biomarkers of nutritional status” OR “Nutritional status indicators” OR “Nutritional status” OR “Nutritional assessment” OR “Nutritional biomarkers” OR “Malnutrition” OR “Biochemical indicators” OR “Biochemical parameters”) OR (“Body composition” OR “Body fat distribution” OR “Body fat percentage” OR “Lean body mass” OR LBM OR “Body weights and measures” OR “Body mass index” OR BMI OR “Anthropometry” OR “Skinfold thickness” OR “Waist-Hip ratio”; Supplementary Tables 1, 2). Moreover, the references of the retrieved articles and existing reviews were manually checked for additional resources.



2.3 Inclusion and exclusion criteria

We only included randomized controlled trials (RCTs) evaluating the effects of combining an exercise program with nutritional support on nutritional biochemical markers, anthropometric indices, and body composition in male and female hemodialysis patients undergoing dialysis at least twice a week. Only English-language articles, with no restrictions on publication date, were included. Moreover, we excluded studies other than RCTs, those lacking relevant data, and studies that involved individuals under the age of 18. In addition, we excluded RCTs investigating the sole effect of either exercise or nutritional support. We also excluded studies with a control group not receiving nutritional support. The PICO (Population, Intervention, Comparison, and Outcomes) framework is shown in Table 1.



TABLE 1 PICO for study inclusion.
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2.4 Study screening

Two independent reviewers (RKY, NR) carefully reviewed all retrieved articles by reading their titles and abstracts. If there was any uncertainty about excluding a study, it was reviewed in full to reduce the risk of accidental exclusion. Two reviewers then independently analyzed the full texts of potentially relevant papers. Any disagreements were resolved by a third party (AO). We used a PRISMA flowchart to summarize this process.



2.5 Data extraction

The studies included in the analysis underwent a standardized data extraction process using a spreadsheet prepared by one of the authors (RKY). A second reviewer (NR) verified the extracted data to minimize errors and bias. If any data was missing from the reports, we made efforts to contact study authors to obtain necessary information. In cases where a study had more than two comparisons, only the ones meeting the eligibility criteria were considered. The following details were extracted: first author, publication year, study location, health status, age, gender, study design, sample size, type and protocol of exercise program, amount of nutritional support received, method of nutritional support administration in both intervention and control groups, duration of interventions, and the means and standard deviations or median (first and third quartiles) of the outcomes at baseline and post-intervention.



2.6 Quality assessment

Two reviewers (RKY, NR) independently assessed the quality of the articles using the Cochrane tool for assessing the risk of bias in randomized controlled trials (RoB 2) (24). This tool consists of seven domains: (I) random sequence generation; (II) allocation concealment; (III) blinding of participants and personnel; (IV) blinding of outcome assessment; (V) incomplete outcome data; (VI) selective reporting; and (VII) other sources of bias. Any disagreements were reconciled by a third party (AO). The risk of bias is presented in Table 2.



TABLE 2 Risk of bias assessed according to the revised cochrane risk-of-bias tool for randomized trials (RoB 2).
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2.7 Data synthesis

We extracted data from the included studies and presented it in table format. The study outcomes are outlined in the results section. Due to the limited number of studies and the high heterogeneity, we could not conduct a meta-analysis.




3 Results


3.1 Study selection and characteristics

A total of 928 articles were discovered through a comprehensive search, and four more were found from reference lists. After removing duplicates, 629 papers were screened for eligibility by reviewing their titles and abstracts. Thirty articles were then assessed in full-text form, and 24 studies were excluded for the following reasons: (a) studies with non-hemodialysis population, (b) review and observational studies, (c) studies with insufficient data on baseline or endpoint of outcome variables, (d) non-English articles, (e) studies solely focused on either exercise or nutritional support, and (f) studies with a control group not receiving nutritional support. Ultimately, six articles, including two pilot studies, were included in the current review (25–30). The flow chart for the process of the study selection is displayed in Figure 1. A total of 199 male and female hemodialysis patients were included in the study. There were 94 individuals in the intervention group (exercise program and nutritional support) and 105 participants in the control group (nutritional support). All subjects received oral nutritional supplements (ONS) or intradialytic parenteral nutrition (IDPN) for nutritional support. The protein content of each can of ONS was between 16.7 and 20 grams. Those in the intervention groups also participated in resistance, aerobic, or a combination of both exercise programs. In addition, one study implemented the exercise program 30 min before hemodialysis (25), and other studies conducted it during dialysis (26–30). The duration of the studies varied from 3 to 12 months, and the mean age of the patients ranged from 29 to 70 years. All studies were published between 2011 and 2022. Three trials [Martin-Alemañy et al. (27); Martin-Alemañy et al. (29); and Martin-Alemañy et al. (30)] were conducted in Mexico, one trial [Hristea et al. (26)] was performed in France, and two trials [Dong et al. (25); and Jeong et al. (28)] were conducted in the USA. Studies by Hristea et al. (26) and Martin-Alemañy et al. (30) were pilot studies. The characteristics of the studies are presented in Table 3.

[image: Figure 1]

FIGURE 1
 Flowchart of study selection for inclusion trials in the systematic review.




TABLE 3 The characteristics of the included randomized clinical trials.
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3.2 Exercise plus nutritional support versus nutritional support

Eligible studies, including two pilot studies, compared the effects of exercise combined with nutritional support to nutritional support alone on biochemical markers of nutrition (albumin, C-reactive protein (CRP), and creatinine levels), weight, BMI, fat mass percentage (FM%), muscle mass and muscle strength in hemodialysis patients (25–30). The intervention group underwent both exercise and nutritional support, while the control group received only nutritional support.


3.2.1 Biochemical markers of nutrition

Four studies [Dong et al. (25); Martin-Alemañy et al. (27); Jeong et al. (28); and Martin-Alemañy et al. (29)] found no statistically significant differences in albumin levels between the intervention and control groups. Similarly, three studies [Dong et al. (25); Jeong et al. (28); and Martin-Alemañy et al. (29)] observed no statistically significant intergroup differences in CRP levels. Likewise, three studies [Dong et al. (25); Martin-Alemañy et al. (27); and Martin-Alemañy et al. (29)] also revealed no statistically significant differences in creatinine levels between the groups. These results were supported by pilot studies conducted by Hristea et al. (26) and Martin-Alemañy et al. (30), which reported no significant intergroup differences in albumin, CRP, and creatinine levels. The changes in biochemical markers of nutrition are detailed in Table 4.



TABLE 4 “Biochemical Markers of Nutrition” changes.
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3.2.2 Anthropometry and body composition


3.2.2.1 Body weight

Three studies [Dong et al. (25); Martin-Alemañy et al. (27); and Martin-Alemañy et al. (29)] indicated no statistically significant differences in body weight between the intervention and control groups. Similarly, a pilot study by Martin-Alemañy et al. (30) also revealed no significant intergroup differences in body weight. The changes in body weight are displayed in Table 5.



TABLE 5 “Anthropometry and Body Composition” assessment.
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3.2.2.2 BMI and FM %

Four studies [Dong et al. (25); Martin-Alemañy et al. (27); Jeong et al. (28); and Martin-Alemañy et al. (29)] reported no statistically significant differences in BMI and FM % between the groups. Two pilot studies also confirmed these findings, which Hristea et al. (26) found no significant intergroup differences in BMI and Martin-Alemañy et al. (30) found no significant intergroup differences in FM%. The changes in BMI and FM% are reported in Table 5.



3.2.2.3 Muscle mass

Two studies [Martin-Alemañy et al. (27); and Martin-Alemañy et al. (29)] assessed muscle mass using mid-arm circumference (MAC), arm muscle circumference (AMC), arm muscle area (AMA), and triceps skinfold thickness. They both reported no statistically significant differences in muscle mass between the intervention and control groups. Likewise, a pilot study by Martin-Alemañy et al. (30) observed no significant intergroup differences in muscle mass. The detailed results regarding muscle mass are available in Table 5.



3.2.2.4 Muscle strength

Four studies [Dong et al. (25); Martin-Alemañy et al. (27); Jeong et al. (28); and Martin-Alemañy et al. (29)] used handgrip strength (HGS), one Repetition Maximum (1-RM), knee extension maximal strength, and leg maximal flexion force as the measures of muscle strength for comparison. They all indicated no statistically significant differences in muscle strength between the intervention and control groups. Additionally, pilot studies by Hristea et al. (26) and Martin-Alemañy et al. (30) also reported no significant intergroup differences in muscle strength (26, 30). The detailed results for muscle strength assessment are provided in Table 6.



TABLE 6 “Muscle strength” assessment.
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4 Discussion

We conducted this systematic review to investigate whether the addition of exercise to nutritional support provides further benefits for biochemical indicators of nutritional status and body composition in hemodialysis patients. Given the potential advantages of exercise and nutritional care in this population, exploring the combined effects of these approaches might contribute to improving the overall well-being of patients.


4.1 Main findings

This review revealed that combining an exercise program with nutritional support does not produce synergistic effects on biochemical markers of nutrition, anthropometry, and body composition in hemodialysis patients. However, when these two interventions are examined separately, studies suggest that both exercise and nutritional support may induce anabolic effects. For instance, adequate nutritional support can enhance nutritional markers and improve protein homeostasis (31). Protein intake—especially essential amino acids (EAAs)—activates the mTORC1 pathway in skeletal muscle cells. This activation results in phosphorylating two key downstream targets: eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1) and ribosomal protein S6 kinase beta-1 (S6K1). This process promotes protein synthesis by facilitating the assembly of the translation initiation complex and recruiting ribosomes to mRNA (32). Additionally, exercise alone may help prevent muscle atrophy by inhibiting apoptotic processes and protein degradation (33). Exercise also stimulates muscle protein synthesis by activating mTORC1 through the Akt/PKB pathway. Akt/PKB further phosphorylates and inhibits glycogen synthase kinase three beta (GSK-3β), a negative regulator of mTORC1 (32). Given the ability of exercise to enhance the sensitivity of muscle cells to amino acids (32), we hypothesized that a combination of protein ingestion and physical exercise may offer additional benefits for hemodialysis patients. However, comparing changes between groups receiving both interventions and those receiving only nutritional support did not confirm our hypothesis. Although this systematic review was conducted rigorously and considered all available data, the findings should be interpreted cautiously due to concerns about the quality of the included studies.



4.2 Overview of the studies reviewed

This systematic review included six randomized controlled trials that examined the effects of adding exercise to nutritional support compared to receiving nutritional support alone (25–30). The interventions spanned from 3 to 12 months and involved supervised exercise programs (such as resistance, aerobic, or a combination) along with oral nutritional supplements (ONS) or intradialytic parenteral nutrition (IDPN). In our review of the included trials, we observed that some studies, emphasizing a resistance training program, demonstrated significant improvements in albumin and some body composition indices across all participants (27, 29). This may suggest the potential of resistance exercise to ameliorate muscle wasting; however, the findings also indicated no statistically significant differences in nutritional status and body composition between the groups receiving both interventions and those receiving only nutritional support. Several factors may explain the lack of significant impact of combining exercise with nutritional support. For instance, the studies provided data on the caloric or protein content of the nutritional support, but the adequacy of these values in relation to the patients’ overall dietary intake remains uncertain, making it difficult to understand the effectiveness of the exercise programs in improving body composition (25–30). Some studies did not also report sample size calculations, leaving the power to detect differences unclear (26–28). Additionally, high dropout rates may have influenced the results (26, 28), and there were issues with adherence reporting (25, 26, 28, 30) and the short duration of some interventions (27, 29). Furthermore, the inclusion of younger patients with good nutritional status or physical performance may have restricted the ability to detect clear benefits (25, 29, 30). Overall, due to the insufficient power, we could not conclusively determine the effects of combined nutritional and exercise interventions in hemodialysis patients.



4.3 Strengths and limitations

The present literature review consists of some strengths and limitations. This is the first systematic review which evaluates the potential effects of adding exercise to nutritional support in hemodialysis patients. We included studies with a control group receiving nutritional support to observe the effects of exercise clearly. Our literature search was also comprehensive, and the included articles were relatively new and well-designed. However, most studies had a small number of patients and a short duration of follow-up. High heterogeneity, failure to find the source of the heterogeneity, and the risk of bias in some factors should be considered limitations. Additionally, two of the included studies were pilot studies, so their findings may not be conclusive due to the low power. Moreover, we did not assess the risk of publication bias due to the inability of performing a meta-analysis, which is considered a methodological limitation of this review.




5 Conclusion

In conclusion, our findings suggest that adding exercise may not enhance the anabolic effects of nutritional support on anthropometry, body composition, and nutritional status in hemodialysis patients. However, these conclusions are not definitive due to the limited statistical power and heterogeneous nature of the existing studies. The low quality of these studies warrants cautious interpretation of the results. Therefore, further high-quality clinical trials with larger sample sizes, longer durations, and more robust designs are recommended to provide more accurate and comprehensive insights into the potential benefits of combining exercise with nutritional support in hemodialysis patients.
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