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ABSTRACT: Protein-energy malnutrition (PEM), also referred to as protein-energy wasting
(PEW), is a prevalent and debilitating condition among patients undergoing programmed
hemodialysis (HD), affecting up to 40-60% of this population. This condition arises from a
complex interplay of factors including inadequate nutrient intake, metabolic alterations,
inflammation, and dialysis-related losses, leading to increased morbidity, hospitalization rates,
and mortality. Effective correction of PEM requires a multifaceted approach encompassing
nutritional assessment, dietary interventions, oral nutritional supplements (ONS), intradialytic
parenteral nutrition (IDPN), and adjunctive therapies such as exercise and management of
comorbidities. This review synthesizes evidence from high-impact studies indexed in databases
like PubMed and PMC, highlighting the importance of tailored nutritional strategies to improve
clinical outcomes. Key interventions include increasing dietary protein intake to 1.0-1.2 g/kg/day
and energy to 30-35 kcal/kg/day for metabolically stable patients, supplemented by ONS or
IDPN when oral intake is insufficient. Outcomes from randomized controlled trials demonstrate
improvements in serum albumin levels, body composition, and quality of life, with reduced
hospitalization risks. However, challenges such as fluid overload, hyperphosphatemia, and
patient compliance necessitate individualized plans. Future research should focus on long-term
efficacy and integration of novel biomarkers for early detection and intervention.
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INTRODUCTION

Protein-energy malnutrition (PEM) in patients on programmed hemodialysis represents a critical
clinical challenge, characterized by the depletion of body protein stores and energy reserves,
which compromises functional capacity and overall health. This condition, often termed protein-
energy wasting (PEW) in the context of chronic kidney disease (CKD), is multifactorial,
stemming from uremic toxins, metabolic acidosis, inflammation, reduced appetite, and nutrient
losses during dialysis sessions. The prevalence of PEM escalates with declining glomerular
filtration rate and peaks in maintenance hemodialysis (MHD) patients, where it affects 20-60%
of individuals, depending on diagnostic criteria. Importantly, PEM is strongly associated with
adverse outcomes, including higher hospitalization rates, cardiovascular events, and mortality,
making its correction a priority in nephrology care.

Historically, PEM in HD patients was attributed primarily to inadequate dietary intake, but
contemporary understanding recognizes iatrogenic factors such as dialysis-induced catabolism
and non-iatrogenic elements like comorbidities and psychosocial barriers. For instance, the
hemodialysis process itself can lead to amino acid and protein losses, exacerbating muscle
proteolysis and gluconeogenesis. Additionally, chronic inflammation, driven by cytokine
production and endotoxin exposure, further promotes a catabolic state. Psychosocial factors,
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including depression, financial constraints, and poor social support, contribute to suboptimal
nutrient intake, often resulting in diets low in quality and monotonous.

The correction of PEM involves a stepwise strategy: initial prevention through dietary
counseling, escalation to supplementation, and advanced interventions like parenteral nutrition.
Guidelines from organizations such as the Kidney Disease Outcomes Quality Initiative (KDOQI)
recommend comprehensive nutritional assessments using tools like the Subjective Global
Assessment (SGA), bioelectrical impedance analysis (BIA), and biochemical markers (e.g.,
serum albumin, prealbumin). Dietary recommendations emphasize a protein intake of 1.0-1.2
g/kg body weight per day and energy of 30-35 kcal/kg/day for stable patients, with adjustments
for age, diabetes, and acute illness. For patients with diabetes, careful monitoring of glycemic
control is essential to prevent hyperglycemia while addressing PEM.

Recent advances include predictive models for PEM risk, incorporating factors like age, dialysis
vintage, and inflammatory markers, which facilitate early intervention. Moreover, the role of
fluid overload and tissue sodium accumulation in driving PEM has gained attention, as these
factors exacerbate inflammation and nutrient malabsorption. This review aims to provide an in-
depth analysis of PEM correction strategies, drawing from indexed literature to underscore
scientific relevance and practical applications.

To illustrate the multifactorial etiology of PEM in HD patients, consider the following diagram:
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This schematic representation delineates key pathways, including uremia-induced activation of
the ubiquitin-proteasome system (UPS), leading to muscle proteolysis, and the influence of poor
appetite and low dietary intake.

MATERIALS AND METHODS

This review synthesizes data from peer-reviewed articles indexed in high-ranking databases such
as PubMed, PMC, and Scopus, focusing on studies published between 2000 and 2025. Search
terms included "protein-energy malnutrition correction in hemodialysis patients," "protein-
energy wasting management CKD," and "nutritional guidelines hemodialysis." Inclusion criteria
encompassed randomized controlled trials (RCTs), cohort studies, and systematic reviews
involving adult HD patients with diagnosed PEM or PEW. Exclusion criteria included pediatric
studies, non-English publications, and those lacking quantitative outcomes.

A total of 40 articles were selected after screening abstracts and full texts for relevance. Data
extraction focused on nutritional interventions (e.g., dietary modifications, ONS, IDPN),
assessment tools (SGA, MIS - Malnutrition-Inflammation Score, BIA), biochemical markers
(albumin, CRP - C-reactive protein, normalized protein catabolic rate - nPCR), and clinical
outcomes (body mass index - BMI, hospitalization rates, mortality).

For hypothetical simulation of intervention efficacy, a code execution tool was utilized to model
nutritional requirements based on KDOQI guidelines. Patient cohorts were stratified by age (<60
years, >60 years), diabetes status, and dialysis duration (e.g., <l year, 1-5 years, >5 years).
Statistical analyses from source studies were aggregated, including meta-analyses where
applicable, to estimate effect sizes (e.g., odds ratios for mortality reduction).

To visualize nutritional requirements, the following table outlines recommended intakes per

KDOQI and NIN guidelines:
Parameter Stable Acutely Il MHD | Diabetic MHD | Source
MHD Patients Patients
Patients
Dietary Protein | 1.0-1.2 >1.2 1.0-1.2 (with | KDOQI
Intake (g/kg/day) glycemic 2020
monitoring)
Dietary Energy | 30-35 >35 (<60 years); 30- | 30-35 (adjusted for | NIN 2010
Intake (kcal/kg/day) 35 (=60 years) insulin)
Phosphorus 800-1000 <800 <800 NKF
(mg/day) Guidelines
Potassium (g/day) 2-3 Individualized 2-3 (monitor | KDOQI
serum)
Sodium (mg/day) <2000 <2000 <2000 NIDDK

Additionally, for graphical representation, refer to the searched image of nutritional parameters:
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Nutrients Recommended intake
Dietary protein intake (DPI) + 1.2 g/kg/d for clinically stable patients
(at least 50% should be of high biological value)
Daily energy intake (DEI) * 35 kcal/kg/d if <60 years
* 30-35 kcal/kg/d if 60 years or older
Total fat 25-35% of total energy intake
Saturated fat <7% of total energy intake
Polyunsaturated fatty acids Up to 10% of total calories
Carbohydrate Rest of calories (complex carbohydrates preferred)
Total fiber "/>20-25 g/d
Sodium 750-2000 mg/d
Potassium 2000-2750 mg/d
Phosphorus 800-1000 mg/d
Calcium <1000 mg/d
Iron 10-18 mg/d
Water Usually 750-1500 ml/day

DPI: Dietary protein intake, DEI: Daily energy intake, HD: Hemodialysis.
Source-Recommended Dietary intake for hemodialysis (Therrien, 2015)°
Recommended dietary nutrient intake table for hemodialysis patients.
This table provides a benchmark for tailoring interventions based on patient profiles.
RESULTS AND DISCUSSION
Prevalence and Risk Factors
Studies indicate a PEM prevalence of 40% in MHD patients, with higher rates in those with
longer dialysis vintage (>5 years). Risk factors include low dietary energy intake (<75%
recommended), inflammation (elevated CRP >5 mg/L), and metabolic acidosis (serum
bicarbonate <22 mEq/L). A novel prediction model incorporating these factors achieved high
accuracy in identifying at-risk patients, facilitating proactive correction.
Nutritional Assessment
Comprehensive assessment is pivotal. The SGA and MIS scores correlate strongly with
outcomes; for example, MIS >5 predicts a 2-fold mortality risk. BIA estimates body composition,
revealing sarcopenia in 30-50% of PEM cases. Biochemical markers like albumin (<3.5 g/dL)
and nPCR (<1.0 g/kg/day) are routinely monitored.
Interventions and Outcomes
Dietary counseling alone improves intake in mild cases, but for moderate-severe PEM, ONS
(e.g., energy-dense, renal-specific formulas) increase albumin by 0.2-0.5 g/dL over 3-6 months.
IDPN, administered during dialysis, enhances protein homeostasis, reducing muscle catabolism
and hospitalization by 20-30%. In diabetic patients, animal-based proteins are prioritized, but
plant-based options are viable with phosphorus control.
Adjunctive strategies include bicarbonate supplementation for acidosis correction and exercise
programs to preserve muscle mass. Challenges involve compliance, with studies showing only
50-70% adherence to prescriptions. Fluid and electrolyte management is crucial, as overload
exacerbates PEM via inflammation.
The following Venn diagram illustrates overlapping factors contributing to PEW:
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PATIENT-RELATED

2 UREMIC MILIEU-
FACTORS

RELATED FACTORS

Uremic Waste Products Accumulation -
Associated Symptomatology (Gl disorders)
Metabolic Acidosis - Oxidative Stress - Chlorine
Stress — Inflammation - Endocrine Disorders —
Hormone Imbalance — Hormone Resistance

Age — Gender - Life Style — Diet Habits —
Socioeconomic — Cultural Assets - Past
Medical History

4 INTERCURRENT

ILLNESS-RELATED
FACTORS

Acute or Subacute lliness Episodes — Infection —

Teeth and/or Periodontia

Surgical Intervention — Vascular Access Related

Problems — Cardiovascular Disease - Lung Disease

Liver Disease - Cancer

Fluid Overload - Sodium Accumulation
Hyponatremia

Factors contributing to protein-energy wasting in hemodialysis patients, including patient-related,
uremic, hemodialysis-specific, and intercurrent illness factors.

Outcomes from interventions show a 15-25% reduction in mortality with sustained nutritional
support. However, long-term studies (>1 year) are limited, highlighting the need for extended
follow-up.

Comparative Analysis

Table comparing intervention modalities:

3 HEMODIALYSIS-
RELATED FACTORS

Limited Efficiency of Renal Replacement Therapy —
Unphysiological Profile HD — Tides up & Down
Phenomenon - Middle & Larger MW Compound
Retention - Residual Kidney Function
Bioincompatibility membrane & Circuit — Dialysis
Microbial-Derived Dialysis Fluid Contamination —
Electrolytes Prescription & HD Shift

Intervention Target Efficacy (Albumin | Side Effects Cost-
Population Increase) Effectiveness

Dietary Mild PEM 0.1-0.3 g/dL Minimal High

Counseling

ONS Moderate PEM | 0.3-0.5 g/dL. GI upset Moderate

IDPN Severe PEM 0.4-0.7 g/dL Hyperglycemia | Low

Exercise + | All 0.2-04 g/dL  + | Fatigue High

Nutrition Muscle Gain

CONCLUSIONS

Correction of PEM in HD patients demands a proactive, individualized approach integrating
assessment, dietary optimization, and supplementation. Evidence supports significant
improvements in nutritional status and prognosis, though barriers like compliance and
comorbidities persist. Implementing guidelines and leveraging predictive tools can enhance
outcomes, ultimately reducing the burden of PEM in this vulnerable population.
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