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Objective: To evaluate the effects of a structured nutrition education program
on dialysis adequacy, dietary intake, metabolic parameters, and quality of life
in patients undergoing maintenance hemodialysis, and to determine whether
responses differ according to baseline dialysis adequacy.

Methods: In this multicenter prospective study, patients receiving maintenance
hemodialysis were allocated by center to either a nutrition education group,
in which a researcher from the team delivered the site's standard nutrition
education protocol, or to standard care without protocolized nutrition education,
and were followed for 9 months. Participants were stratified according to baseline
Kt/V (<25th percentile, 25th-75th percentile, and >75th percentile). Clinical,
nutritional, biochemical, and functional outcomes were assessed at baseline
and after the intervention period. Between-group comparisons were performed
within each Kt/V stratum.

Results: A total of 105 patients were included in the final analyses. Baseline
characteristics were generally comparable between intervention and control
groups across Kt/V strata. The response to nutritional education differed
according to baseline dialysis adequacy. Patients with lower baseline Kt/V
showed significant post-intervention improvements in dietary composition,
including lipid quality and selected micronutrient intakes. In the intermediate
Kt/V group, the intervention was associated with improvements in energy
intake balance, systolic blood pressure, and selected hematological parameters.
Patients with higher baseline Kt/V demonstrated significant post-intervention
improvements in dialysis adequacy (Kt/V), body weight, hematological indices,
physical function, and quality of life.

Conclusion: A structured nutrition education program was associated with
differential clinical and nutritional effects in patients undergoing maintenance
hemodialysis, depending on baseline dialysis adequacy. These findings highlight
the importance of considering baseline Kt/V when designing and evaluating
nutritional education interventions in the hemodialysis setting.
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1 Introduction

Chronic kidney disease (CKD) is a growing global health
concern, affecting approximately 10% of the world’s adult
population (1, 2) and representing a major cause of morbidity
and mortality (3, 4). CKD is etiologically heterogeneous, and in
adults its most common causes include diabetes and hypertension,
although many other metabolic, vascular, inflammatory, and
structural disorders may also lead to progressive nephropathy (5).
Among these causes, diabetic kidney disease is particularly relevant
because it remains a leading contributor to CKD and end-stage
kidney disease worldwide, with chronic hyperglycemia, oxidative
stress, and microvascular injury involved in disease progression
(4, 6). This is also consistent with the broader heterogeneity of
diabetes phenotypes, including hereditary forms that increasingly
require individualized clinical management (7).

In advanced stages, the irreversible decline of renal function
requires renal replacement therapy, most commonly hemodialysis
(HD). Although HD partially restores filtration capacity, it
also imposes significant metabolic and nutritional challenges (8,
9). Patients undergoing maintenance HD frequently experience
protein-energy wasting, micronutrient deficiencies, and chronic
inflammation (10), all of which contribute to reduced survival and
impaired quality of life (11). Malnutrition prevalence among HD
patients is estimated to reach 40%—50% (12), and is attributed to
multiple factors, including nutrient loss during dialysis, anorexia
secondary to uremia, metabolic acidosis, comorbidities, and
restrictive dietary prescriptions (13). These restrictions, particularly
those limiting potassium, phosphorus, and protein intake, are
essential for preventing metabolic complications (14), but often
lead to poor dietary adherence and further nutritional decline.

Dialysis adequacy, commonly expressed as Kt/V, is a key
clinical indicator of treatment effectiveness and a predictor of
morbidity and mortality in HD patients (15). The parameter
represents the fractional clearance of urea per session, integrating
the dialyzer clearance rate (K), treatment time (t), and the
volume of distribution of urea (V) (16). Achieving an optimal
Kt/V is essential to prevent uremic toxicity, maintain metabolic
homeostasis, and ensure patient survival. However, despite
technological advances in dialysis equipment and treatment
protocols, inadequate dialysis remains prevalent in many centers
(16). Beyond technical parameters, individual behaviors such
as dietary habits, fluid management, and adherence to medical
recommendations substantially influence the efficiency of urea
removal and, consequently, the Kt/V value.

Nutritional counseling is therefore considered a fundamental
component of multidisciplinary renal care (17). The 2020 Kidney
Disease Outcomes Quality Initiative (KDOQI) Clinical Practice
Guideline for Nutrition in CKD emphasizes structured nutritional
assessment, individualized medical nutrition therapy, and tailored
management of protein, energy, electrolytes, and micronutrients in
patients receiving maintenance dialysis (5). Recent observational
evidence also shows that inadequate nutrient intake in maintenance
HD is associated with poorer nutritional status and less favorable
laboratory profiles (18). In line with this, a 2024 systematic
review concluded that nutrition education interventions in HD
patients can improve biochemical outcomes, dietary behavior,
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adherence, and quality of life, although intervention content
and intensity vary substantially across studies (19). A more
recent systematic review and meta-analysis likewise found that
patient education in HD improves adherence to dietary and fluid
restrictions and may enhance quality of life (20). Importantly,
a recent randomized clinical trial reported that individualized
patient education improved both HD adequacy (Kt/V) and
interdialytic weight gain, supporting the plausibility that education
may influence dialysis-related outcomes in addition to dietary
behavior (21). Recent qualitative work further suggests that dietary
adherence in HD depends not only on knowledge of potassium,
phosphate, and protein sources, but also on thirst management,
food preferences, and access to renal dietitian support (22).

Patient education may help individuals to better understand
how dietary choices influence metabolic balance and dialysis-
related outcomes, thereby improving adherence to dietary and
therapeutic recommendations (19, 20). Several studies have shown
that structured nutrition education programs (NEP) improve
biochemical parameters, dietary behavior, and quality of life
among patients receiving HD (19, 20). Educational strategies
that incorporate individualized counseling, practical workshops,
and behavioral reinforcement appear particularly relevant in
this setting, where patients frequently face barriers related to
food restrictions, thirst management, and limited access to renal
dietitian support (22, 23). Mediterranean-style dietary principles
have also been discussed in CKD as a potentially useful
framework for improving dietary quality when adapted to the
metabolic constraints of kidney disease (24-26). However, although
nutritional education interventions have been shown to influence
biochemical and nutritional parameters in HD patients (18, 27), the
specific impact of such programs on dialysis adequacy, commonly
measured by Kt/V, has not been adequately investigated (19).

The physiological mechanisms linking nutritional behavior
and dialysis efficiency are multifactorial (28). Dietary protein
intake directly determines urea generation, while hydration
status and inter-dialytic weight gain affect urea distribution and
clearance (29). Poor adherence to dietary recommendations can
alter these factors, leading to fluctuations in solute removal
efficiency. Conversely, optimized dietary patterns and improved
self-management may enhance metabolic control and favor more
effective urea clearance. In this context, integrating a NEP
into standard dialysis care could not only mitigate biochemical
disturbances but also improve dialysis performance as reflected
by Kt/V.

Despite consistent evidence supporting the role of dietitians
and nutritional counseling in CKD management (5, 30),
interventional studies specifically evaluating whether structured
educational approaches can modify dialysis adequacy across
patients with different baseline Kt/V values remain scarce (5, 21).
This question is clinically relevant because many patients on
HD face persistent barriers to dietary adherence, including
restrictive food rules, thirst management, food preferences, and
insufficient access to ongoing renal dietitian support (22, 23). Thus,
patient-centered educational interventions that combine practical
guidance with ongoing reinforcement are needed to promote
sustainable behavioral changes and to determine whether these
changes translate into better dialysis-related outcomes.
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The present study aimed to assess the effect of a structured NEP
on dialysis adequacy, expressed as Kt/V, in patients undergoing
maintenance HD. Secondary objectives included evaluating
changes in biochemical, anthropometric, and pharmacologic
parameters following the intervention. We hypothesized that
the educational program would enhance patients’ understanding
of dietary management, promote better metabolic control, and
ultimately result in improved dialysis efficacy.

2 Materials and methods
2.1 Study design and participants

This multicenter, prospective, and educational intervention
study, in which a researcher from the team delivered the sites
standard nutrition education protocol in the nutrition education
group, was conducted in southeastern Spain over a 9-month
period in three HD Centers: the Hemodialysis Unit of Lorca, the
Hemodialysis Unit of San Juan de Alicante, and the Nephrology
Department of Hospital Rafael Méndez. The main objective
was to evaluate the effect of a structured NEP on dialysis
adequacy, expressed as Kt/V, in patients undergoing maintenance
HD. Secondary outcomes included biochemical, anthropometric,
and pharmacologic parameters related to nutritional status and
metabolic control. Data collection was carried out at baseline and
after three, six, and 9 months of follow-up. Participants were
allocated by dialysis center rather than by individual randomization
in order to reduce contamination between patients treated within
the same unit during the educational intervention.

A total of 105 adult patients were included. All participants
had been receiving maintenance HD for at least 6 months and
were clinically stable at the time of recruitment. Exclusion criteria
included active infection, malignancy, severe cognitive impairment,
psychiatric illness, hospitalization within the previous 3 months, or
participation in another study. Patients were fully informed about
the purpose and procedures of the study and voluntarily provided
written consent to participate.

2.2 Nutrition education program

Participants were assigned to one of two groups according
to their treatment center. The control group, consisting of
53 patients from the Hospital Rafael Méndez and San Juan
de Alicante centers, continued receiving routine nephrology
follow-up and the usual non-structured dietary recommendations
customarily provided during standard clinical care. They did not
receive protocolized educational workshops, study-specific written
educational materials, or scheduled reinforcement sessions. The
intervention group, composed of 52 patients from the Lorca unit,
participated in a structured NEP coordinated by a multidisciplinary
team including a nephrologist, a registered dietitian, and specialized
renal nursing staff.

The NEP aimed to enhance patients’ nutritional knowledge,
self-management skills, and adherence to dietary recommendations
through a combination of theoretical instruction and practical
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sessions. During the 1 month, participants attended three
workshops covering key aspects of renal nutrition, adequate
energy and protein intake, management of phosphorus, potassium,
and sodium, and strategies for fluid balance. The sessions also
emphasized portion size, meal planning, and cooking techniques
to reduce mineral content (e.g., soaking or double boiling
of vegetables). Patients were encouraged to prioritize fresh
foods, limit processed products, and adapt their meal plans to
individual preferences and cultural habits. Educational materials
such as printed booklets, recipes, and food exchange tables
were distributed.

Each workshop combined group lectures with interactive case
discussions and hands-on demonstrations (e.g., cooking methods,
label reading). During the intervention period, participants
received individualized follow-up sessions. According to the
original intervention protocol from the site, the nutritionist
visited patients every 4-6 weeks during the first 3 months and
monthly from month 4 to month 9. During these visits, the
dietitian reviewed dietary recalls, reinforced behavioral strategies,
and adjusted recommendations based on biochemical results
and adherence. The intervention followed Mediterranean diet
principles, fluid and sodium management, and coping strategies
for common dietary challenges in HD, those already defined by
the center. Educational activities were delivered during the HD
sessions and were supported by standardized didactic materials,
including PowerPoint presentations, images, and videos adapted
to the patients educational level. Informative posters were
displayed in the dialysis and waiting rooms, and written take-
home material summarizing the recommendations was provided
to patients and relatives for home review. In addition to the
group sessions, personalized nutritional counseling was offered
whenever patients required further clarification or adaptation
of recommendations. Family members were invited to selected
sessions to foster a supportive environment, and the responsible
physician and renal nursing staff were also present during the
educational sessions. Although the intervention schedule and
educational materials were standardized, the exact duration of
each educational session and individual attendance/adherence rates
were not prospectively recorded.

To avoid potential confounding, dialysis prescriptions
(including session duration, dialyzer type, and blood flow rate)
were maintained unchanged for all participants during the
study period.

2.3 Outcome measures

The primary outcome was dialysis adequacy, assessed as single-
pool Kt/V using the Daugirdas equation and calculated from
pre- and post-dialysis serum urea concentrations obtained during
routine laboratory testing. Blood samples were collected monthly
under fasting conditions before and immediately after the mid-
week dialysis session.

Secondary outcomes included biochemical, anthropometric,
pharmacologic, and  self-reported  parameters.  Serum
concentrations of potassium, phosphorus, calcium, parathyroid

hormone, albumin, hemoglobin, urea, and creatinine were
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analyzed in hospital laboratories using a Beckman Coulter AU5800
autoanalyzer (Beckman Diagnostics, Brea, CA, USA). Internal
and external quality controls were performed to ensure analytical
reliability. For hematological determinations, samples were
processed in tubes containing ethylenediaminetetraacetic acid
(EDTA) and analyzed using a Sysmex XE-5000 (Roche Diagnostics,
Germany), with hemoglobin determined by the sodium lauryl
sulfate (SLS) method. Blood samples were centrifuged in a Jouan
C4i Thermo Scientific® centrifuge at 3,500g for 10min prior
to analysis.

Anthropometric parameters [body weight, height, and body
mass index (BMI)] were measured using a digital scale with
integrated stadiometer (Seca, Hamburg, Germany), with patients
wearing light clothing and no shoes. All measurements were taken
by trained personnel following the International Society for the
Advancement of Kinanthropometry (ISAK) and Spanish Group of
Cineanthropometry recommendations. Inter-dialytic weight gain
was calculated as the difference between the post-dialysis weight of
the previous session and the pre-dialysis weight of the following
session. Dietary intake was assessed at baseline and during follow-
up using 24-hour dietary recalls conducted by the dietitian, and
energy and nutrient composition were analyzed with Dietsource®
software (Novartis, Spain). At each dietary assessment point, six
24-h dietary recalls were collected per participant: four on non-
dialysis days, including one holiday day, and two on dialysis
days. Because food intake on dialysis days was frequently altered
when treatment schedules overlapped with usual meal times,
resulting in food choices that were not representative of the
participants’ habitual dietary intake, recalls collected on dialysis
days were excluded from the nutritional analysis. Therefore, energy
and nutrient intake were estimated as the arithmetic mean of
the four non-dialysis recalls. Portion sizes were estimated using
standardized food photographs with predefined food weights and
conventional household measures commonly used in the local
setting. All recalls were administered face to face by the same
nutritionist following the same procedure, which helped minimize
inter-interviewer variability in portion size estimation and dietary
data collection.

Information  about  prescribed  medication—including
phosphate and potassium binders, vitamin D analogs, and
erythropoiesis-stimulating agents—was extracted from medical
records. In addition, patients completed the Nottingham Health
Profile (NHP) to evaluate perceived health status and the short
version of the International Physical Activity Questionnaire (IPAQ)
to assess habitual physical activity.

2.4 Clinical and laboratory procedures

All participants followed their regular HD schedule of three
sessions per week, each lasting approximately 4 hours. Dialysis
was performed using Fresenius 4008B® monitors and high-flux
synthetic dialyzers (Nipro® ELISIO 170 or 190 DH polysulfone
membranes, single-use), selected according to patient body
weight (<65 kg: ELISIO 170 DH; >65 kg: ELISIO 190 DH).
The dialysate composition was standardized across all centers
(bicarbonate 35 mmol/L, calcium 1.5 mmol/L, potassium 1.5
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mmol/L, sodium 140 mmol/L, glucose 1 g/L, osmolarity 295
mmol/L). Blood flow ranged from 350 to 500 mL/min, and
dialysate flow from 500 to 800 ml/min. Vascular access was a
native arteriovenous fistula in all patients. Anticoagulation was
achieved using bemiparin sodium (Hepadren®) administered as
a single bolus at the start of each session, with dosage adjusted to

body weight.
Blood pressure was measured before and after each dialysis
session using an automated sphygmomanometer under

standardized conditions. All biochemical and hematological
analyses were conducted in certified hospital laboratories with
quality assurance programs.

All laboratory, anthropometric, and dietary data were entered
into a dedicated database and verified for completeness before
statistical analysis.

2.5 Statistical analysis

For dietary variables, the arithmetic mean of the four non-
dialysis 24-h recalls collected at each assessment point was
calculated for each participant and used as the representative intake
value in the statistical analyses.

An a priori sample size calculation was performed for the
overall comparison between the nutrition education and standard
care groups, considering Kt/V as the primary outcome. The study
was therefore designed to detect between-group differences in Kt/V
at the overall study-population level. However, the Kt/V-stratified
subgroup analyses were exploratory and were not specifically
powered; therefore, these subgroup findings should be interpreted
with caution.

To evaluate the differential effect of the intervention according
to baseline dialysis adequacy, participants were stratified into
subgroups based on their initial Kt/V values. For the intervention
group, the complete-case sample available for the Kt/V-stratified
post-intervention comparisons was distributed as follows: Q1 (low,
0-25% Kt/V: 0-1.4, n = 10 participants), Q2 (intermediate, 26-75%
Kt/V: 1.5-2.4, n = 26 participants), and Q3 (>75% high Kt/V: >2.5,
n = 17 participants). These strata indicate progressively higher
baseline dialysis adequacy, with Q1 representing lower dialysis
adequacy, Q2 an intermediate status, and Q3 higher baseline
dialysis adequacy. These cut-offs correspond to quartile thresholds;
for analytical purposes, the two middle quartiles (P25-P75) were
combined into a single intermediate group (Q2). This stratification
was performed a priori to identify subgroups with potentially
different capacities for response to the NEP. Data were collected at
baseline and at 3, 6, and 9 months. The analyses were performed
separately at each assessment time point within each baseline
Kt/V stratum. Between-group comparisons were conducted at
each time point using one-way analysis of variance (ANOVA) for
normally distributed variables and Kruskal-Wallis tests for non-
normally distributed variables. In addition, within-group changes
across follow-up were explored through pairwise comparisons
between assessment points. No formal repeated-measures ANOVA
or mixed-effects model was applied. Statistical significance was set
at p < 0.05. All analyses were performed using IBM SPSS Statistics,
version 29.0 (IBM Corp.).
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FIGURE 1

participants completed follow-up and were included in the final analysis.

Flow diagram of participant recruitment, allocation, follow-up, and analysis. A total of 138 patients were assessed for eligibility, 33 were excluded, and
105 patients were allocated by center to the nutrition education intervention group (n = 52) or the standard care/control group (n = 53). All

Analysed (n = 53)
+ Excluded from analysis (n = 0)

2.6 Ethical considerations

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. The research protocol
was approved by the Research Ethics Committee of Universidad
Catdlica de Murcia with reference code CE1872014. All participants
were fully informed about the study objectives and procedures and
voluntarily provided written informed consent for participation
and for the use of their anonymized clinical data for research
purposes. The structured NEP was implemented as part of
standard clinical practice and aimed to enhance patients
understanding and adherence to dietary recommendations. The
intervention did not involve any experimental procedures or
deviations from routine care, and all participant data were
handled confidentially and in accordance with applicable data
protection regulations.

3 Results

A total of 138 patients were assessed for eligibility; 33 were
excluded due to not meeting inclusion criteria (n = 14), declining
participation (n = 11), or other reasons (1 = 8). A total of 105
patients were included and allocated by center to the nutrition
education intervention group (n = 52) or the control group (n =
53). All participants completed follow-up and were included in the
final analyses (Figure 1, Table 1).
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TABLE 1 Demographic characteristics of study sample of participants.

Control (n = 52)

Characteristic Intervention

(n = 53)

M SD SD
Age 67,0 14,3 62,3 14,5
MNA 21,2 2,8 21,3 2,6
SBP basal 127,2 14,4 125,7 9,2
DBP basal 82,5 7,0 81,0 59
Nottingham 45,8 23,8 45,8 22,3
IMC 21,04 2,19 22,08 3,47
Weight basal 70, 4 8,7 71,8 12,5

The study population consisted of patients undergoing
maintenance HD who were stratified into three groups according
to baseline dialysis adequacy, defined by Kt/V values <P25, P25-
P75, and >P75. Within each stratum, participants were assigned
to either the intervention or control group. Baseline comparability
between intervention and control groups was generally preserved
across Kt/V strata. An exception was observed in the intermediate
Kt/V group, in which baseline mean corpuscular volume differed
significantly between groups (Mann-Whitney U test, p = 0.001).

Across all groups, mean age ranged from 61.1 to 69.1
years. Nutritional status, assessed using the Mini Nutritional
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TABLE 2 First Quartile post-intervention comparisons.

Intervention

Outcome

10.3389/fnut.2026.1816453

% saturated fat intake post 6,2 1,8 9,0 3,3 0,015
Diff % lipids (intake-required) post —4,2 53 2,6 7,7 0,011
% MUFA intake post 9,3 2,6 16,5 6,2 0,001
% PUFA intake post 2,1 0,7 2,8 0,7 0, 009
Potassium intake post 2,218,8 704, 4 1,501, 6 597,9 0,013
Vitamin C intake post 87,4 15,5 57,3 29,7 0, 008

TABLE 3 Second quartile post-intervention comparisons.

Intervention

Outcome

Control

SBP 3 121,9 11,4 127,4 9,9 0,032
MCV 3 104, 2 52 99,8 50 0, 002
Energy (intake-required) post —691, 5 903, 3 —1134,7 409, 4 0, 004
% saturated fat intake pre 14,6 25,0 13,0 20, 4 0,018
g PUFA intake post 5,7 2,4 4,3 1,9 0,038
Potassium intake post 1877,6 450, 0 1647,0 439,9 0, 057
Thiamine Bl intake post 0,7 0,2 0,8 0,2 0, 049

Assessment, was comparable between groups and indicated
preserved nutritional status (mean range: 20.9-21.8). Baseline
physical function, measured using the Nottingham scale, showed
variability within groups (mean values ranging from 39.1 to 55.4,
SD = 14.5-27.7), without a consistent pattern favoring either
intervention or control groups. Baseline systolic blood pressure
ranged from 122.4 to 136.0 mmHg, while baseline diastolic blood
pressure ranged from 79.4 to 83.0 mmHg, with no relevant
differences between groups.

Following the intervention period, systolic and diastolic blood
pressure values remained stable in both intervention and control
groups. Final Kt/V values ranged from 1.6 to 3.0, consistent
with the predefined stratification by dialysis adequacy. Parathyroid
hormone concentrations decreased from baseline values (159.6-
249.8 pg/ml) to post-intervention values (112.6-176.3 pg/ml)
across most groups. Changes in phosphate binder use between
baseline and post-intervention were limited (variation range: —0.7
to 0.4), whereas potassium binder use showed a more marked
reduction in the intervention groups compared with controls.

Baseline energy requirements were similar across groups,
ranging from 2,434.7 to 2,573.9 kcal/day. Actual energy intake
at baseline was substantially lower than estimated requirements
in all groups. In the intervention group, baseline energy deficits
ranged from —919.9 to —1,038.5 kcal/day. After the intervention,
energy intake increased modestly, with persistent deficits ranging
from —691.5 to —1,161.1 kcal/day. A significant reduction in
energy deficit was observed in the intermediate Kt/V group.
Vitamin C intake decreased slightly from baseline (57.2-97.9 mg)
to post-intervention values (57.3-87.4mg) across groups. Intake
of B vitamins (thiamine, vitamin B6, and vitamin B12) remained

Frontiersin Nutrition

largely stable between baseline and post-intervention assessments,
with the exception of the highest Kt/V group. Baseline potassium
intake ranged from 1,433.0 to 3,326.8 mg/day and showed
modest reductions following the intervention. Baseline hemoglobin
concentrations ranged from 11.1 to 12.0 g/dL and remained stable
post-intervention (11.0-12.3 g/dL). Mean corpuscular volume
did not differ significantly between groups at baseline or post-
intervention.

3.1 Post-intervention outcomes in Q1
group

In the Q1 group (first Kt/V group), several post-intervention
differences were observed between intervention and control groups
(Table 2). Phosphate binder use differed significantly (p = 0.008).
Significant differences were also observed in total lipid intake (p
= 0.011), saturated fat intake (p = 0.015), the difference between
ingested and required lipid intake (p = 0.011), monounsaturated
fat intake (p = 0.001), and polyunsaturated fat intake (p = 0.009).
Post-intervention potassium intake differed significantly between
groups (p = 0.013), as did vitamin C intake (p = 0.008).

3.2 Post-intervention outcomes in Q2
group

In the second Kt/V group, post-intervention systolic blood
pressure differed significantly between intervention and control
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TABLE 4 Third quartile post-intervention comparisons.

Intervention

Outcome

10.3389/fnut.2026.1816453

NOTTINGHAM 39,1 14,5 55,4 14,7 0.014
Weight index 3 2,1 0,6 2,7 0,3 0.001
Kt/V 3 3,0 1,3 2,0 0,4 0.010
Hemoglobin 3 12,3 0,7 11,3 1,3 0.031
MCV 3 103,2 3,8 95,1 52 <0.001
Thiamine B1 intake post 0,6 0,1 0,9 0,2 0.002
Vitamin B6 intake post 0,6 0,1 0,8 0,3 0.017
Vitamin B12 intake post 1,9 0,4 2,1 2,3 0.047

groups (p = 0.032) (Table 3). Differences were also observed in
phosphate binder use (p = 0.010) and mean corpuscular volume (p
= 0.002). Polyunsaturated fat intake differed significantly between
groups (p = 0.038). Thiamine intake was higher in the intervention
group (p = 0.049). Three-day post-intervention energy intake
showed a significant between-group difference (p = 0.004), as did
the balance between ingested and required energy intake (p =
0.018). Potassium intake showed a borderline difference between
groups ((p = 0.057).

3.3 Post-intervention outcomes in Q3
group

In the third Kt/V group, post-intervention differences between
intervention and control groups were observed for Nottingham
physical function score (p = 0.014), body weight (p = 0.001), and
Kt/V (p = 0.010) (Table 4). Hemoglobin concentrations differed
significantly between groups (p = 0.031), as did mean corpuscular
volume (p < 0.001). Significant differences were also observed for
thiamine intake (p = 0.002) and vitamin B6 intake (p = 0.017),
while vitamin B12 intake showed a marginally significant difference
(p = 0.047).

4 Discussion

A clinically relevant finding of this study is that improvements
in dialysis adequacy, as reflected by Kt/V at 3 months, were
more evident among patients with higher baseline adequacy
values (Q3; Kt/V >2.5). This observation contrasts with the
common assumption that nutritional education mainly benefits
patients with poorer baseline dialysis parameters and suggests a
non-linear interaction between dietary interventions and baseline
physiological conditions (31-33). While previous studies have
primarily focused on quality of life, adherence, and biochemical
outcomes (27, 34), evidence linking nutrition education to changes
in dialysis adequacy remains limited. In this context, our findings
are consistent with those of Sajjadi et al. (21), who reported
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improvements in both interdialytic weight gain and Kt/V following
individualized educational interventions.

The heterogeneous response across baseline Kt/V groups
suggests that nutritional education may act through different
physiological pathways depending on dialysis adequacy. The
pattern observed in Q3 points to a possible effect on dialysis-related
behaviors rather than on dialysis prescription itself.

In patients with higher baseline Kt/V (Q3), the observed
increase in Kt/V may be related to volume-associated mechanisms.
Because Kt/V is determined by solute clearance relative to urea
distribution volume (V), reductions in V in the absence of changes
in dialysis prescription may translate into higher achieved Kt/V
(15, 35). In this study, Q3 patients showed concurrent increases
in Kt/V and reductions in body weight index. This pattern may be
compatible with improved fluid management rather than changes
in lean body mass. The HEMO Study identified modeled urea
distribution volume as an independent predictor of mortality (35).
However, because body composition and objective volume status
were not directly assessed, this interpretation remains speculative
and should be considered hypothesis-generating.

Improved sodium awareness and fluid management may have
contributed to lower interdialytic fluid accumulation and more
stable ultrafiltration, factors associated with improved tolerance
to prescribed treatment time and effective solute clearance (36—
40). However, intradialytic complications, body composition, and
objective fluid status were not directly assessed in the present study.
Therefore, this interpretation should be considered cautious and
hypothesis-generating rather than confirmatory (41).

In contrast, patients with the lowest baseline Kt/V (Q1) did
not show significant changes in dialysis adequacy or hemodynamic
parameters. However, they did show meaningful improvements
in dietary composition. Reductions in saturated fat intake and
increases in monounsaturated and polyunsaturated fatty acids
indicate improved dietary decision-making and adherence to
Mediterranean-style dietary recommendations adapted for HD
(26, 42-45). These qualitative changes are unlikely to modify
dialysis adequacy in the short term. Nevertheless, they may
still be clinically relevant because of their potential effects on
inflammation, endothelial function, and vascular stability (46-
48). The higher vitamin C intake probably reflects improved
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food selection rather than dietary liberalization, given potassium
restrictions in this population.

Patients in the intermediate baseline Kt/V group (Q2) showed
a broader response pattern. The intervention was associated with
metabolic, hemodynamic, and hematological changes, suggesting
that this subgroup may represent a physiological window in
which multiple pathways remain modifiable. Reductions in systolic
blood pressure are consistent with improved sodium and volume
management, a key determinant of blood pressure control in
HD patients (49). This may also contribute to better intradialytic
stability and treatment efficiency (50). In parallel, reductions in
energy deficit may have mitigated maladaptive protein catabolism,
a central feature of protein-energy wasting (10, 51, 52). This
interpretation is supported by increases in mean corpuscular
volume and improved intake of thiamine and other B vitamins,
which are essential for erythrocyte maturation (53-57). The
concomitant increase in polyunsaturated fatty acid intake further
suggests an overall improvement in dietary quality.

Hematological improvements were most evident in Q2 and Q3.
In these groups, increases in hemoglobin and mean corpuscular
volume coincided with higher intakes of thiamine, vitamin B6,
and vitamin B12. Adequate intake of these micronutrients is
critical for effective erythropoiesis, even in patients receiving
erythropoiesis-stimulating agents (53, 54, 56). Improved energy
balance may have potentiated these effects by reducing excessive
protein catabolism and urea generation (29, 51). However, these
mechanisms should be interpreted as biologically plausible rather
than definitively demonstrated.

Phosphorus management also appeared to respond in a
baseline Kt/V-dependent manner. Reductions in phosphate binder
use in Q1 and Q2 are consistent with improved understanding of
dietary phosphorus sources and greater adherence to avoidance-
based
containing phosphate additives (14, 58-60). Importantly, these

strategies, particularly limiting ultraprocessed foods
improvements were not accompanied by deterioration in
nutritional status, suggesting that education can help reconcile
phosphorus restriction with adequate protein intake (58, 59).

Finally, improvements in quality of life were confined to
patients in Q3. In this subgroup, several objective benefits
converged, including improved Kt/V, lower body weight index,
enhanced hematological parameters, and optimized micronutrient
intake. Given the multifactorial nature of quality of life in
HD patients (61-64), individuals with higher baseline adequacy
may have sufficient physiological reserve to perceive incremental
improvements. By contrast, patients with lower adequacy may
require more pronounced or sustained changes before such benefits
become evident. Increased self-efficacy and empowerment through
nutritional knowledge acquisition may also contribute to these
effects (22, 65).

Overall, these findings indicate that the effects of nutritional
education in HD patients are context-dependent and shaped by
baseline dialysis adequacy. The intervention did not produce the
same type of response in all patients. Instead, the dominant effect
appeared to vary according to baseline status. In patients with
lower adequacy, the main response was an improvement in dietary
quality. In intermediate patients, the intervention was associated
with broader metabolic and hemodynamic changes. In patients
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with higher adequacy, the clearest signal involved dialysis-related
and patient-reported outcomes.

This study has several strengths and limitations. Strengths
include its multicenter prospective design, the standardized
delivery of the NEP, and the stratified analysis according to baseline
dialysis adequacy, which allowed a physiologically grounded
interpretation of heterogeneous intervention effects.

Among the limitations, allocation to intervention or
control groups was determined by center rather than individual
randomization, which may limit causal inference. In addition,
because the intervention was delivered at the center level,
differences in local clinical routines, staff expertise, and the way
standard care was provided across centers may have influenced
outcomes independently of the NEP. Although key dialysis
prescription parameters were standardized across centers, residual
center-related confounding cannot be excluded. Although an
a priori sample size calculation was performed for the overall
comparison between groups, the Kt/V-stratified subgroup analyses
were exploratory and were not specifically powered. Accordingly,
findings derived from these subgroup analyses, particularly those
from strata with smaller sample sizes, should be interpreted
cautiously. On the other hand, improvements in dialysis adequacy
were not consistently maintained over time, likely reflecting
attenuation of educational effects in the absence of sustained
reinforcement and a potential Hawthorne effect (66-68). The
lack of direct body composition assessment limits mechanistic
interpretation of changes in urea distribution volume and Kt/V
(35, 36, 69). Furthermore, the inclusion of clinically stable patients
from a specific geographic area may limit generalizability, and
residual confounding related to the complex interplay between
nutritional status, inflammation, anemia, and dialysis adequacy
cannot be fully excluded (22, 28, 32, 37). In addition, because
participants in the intervention group were aware that the
study focused on nutrition education delivered by an external
researcher and following the site’s protocol, social desirability
bias cannot be excluded. Therefore, improvements in dietary
variables should be interpreted as self-reported intake rather than
direct objective confirmation of actual dietary behavior. Finally,
because no repeated-measures ANOVA or mixed-effects model
was applied, any interpretation suggesting temporal trends should
be interpreted cautiously. The results regarding Q1 group should
also be interpreted with caution, given its small sample size.

5 Conclusions

In conclusion, structured nutrition education may contribute
to improvements in dietary quality, metabolic control, and dialysis-
related outcomes in patients undergoing maintenance HD, with
effects that vary according to baseline dialysis adequacy. The main
contribution of this work is to show that baseline Kt/V may help
identify different patterns of response to the same educational
intervention, which supports a more individualized approach to
nutritional counseling in routine HD care. However, because of
the center-based non-randomized design, the exploratory nature
and limited power of the Kt/V-stratified subgroup analyses, the
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limited sample size of some Kt/V strata, and the lack of direct fluid-
status or body-composition measurements, these effects should be
interpreted cautiously.

6 Practical application

From a clinical perspective, nutrition education should be
considered an ongoing component of routine HD care rather
than a uniform, one-size-fits-all intervention. The findings of
this study suggest that nutritional counseling may need to be
prioritized and adapted according to patients’ baseline clinical
status, with emphasis on dietary quality and nutrient selection
in more vulnerable patients and on fluid and treatment-related
behaviors in clinically stable individuals. Integrating structured
nutrition education into standard dialysis workflows may help
reinforce dietary adherence and support comprehensive patient
management beyond dialysis prescription alone.
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