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Background: Nutritional risk is a significant concern for patients undergoing
peritoneal dialysis (PD), adversely affecting their quality of life and increasing
the risk of infections and complications. Effective screening tools are needed
to identify high-risk patients for targeted interventions. This study investigates
whether different nutritional assessment methods, like the Controlling Nutritional
Status (CONUT) score and Nutritional Risk Index (NRI), correlate with patient
prognosis, highlighting the importance of selecting appropriate screening tools
to improve clinical outcomes in PD patients.

Methods: This multicenter retrospective cohort study initially collected data
from 2,427 patients across 10 centers, but ultimately included a cohort of 2,105
PD patients to evaluate the prevalence of malnutrition assessed using both the
CONUT and NRI and its independent effects on all-cause mortality. Statistical
analyses included log-rank tests, Cox regression models and the receiver
operating characteristic curves to evaluate the association between nutritional
risk and mortality.

Results: Our findings revealed that 76.58% of patients were classified as having
nutritional risk according to the CONUT score, while 79.10% by the NRI. Patients
with nutritional risk exhibited a significantly higher all-cause mortality rate (log-
rank test, p < 0.001). Cox regression analysis demonstrated that severe nutritional
risk was an independent predictor of all-cause mortality, with adjusted hazard
ratios of 2.55 (95% Cl, 1.34-4.85; p = 0.007) for the CONUT score and 2.64 (95%
Cl, 1.74-4.03; p < 0.001) for the NRI. Kaplan—Meier survival curves highlighted
the correlation between nutritional risk and survival.

Conclusion: CONUT and NRI are effective for initial nutritional risk screening in
PD patients, enabling clinicians to identify risk individuals who should undergo
diagnostic assessments for a more comprehensive nutritional evaluation. Their
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simplicity and ease of implementation support integration into routine practice,
making it feasible for healthcare providers to conduct regular screenings. Future
studies should validate dynamic monitoring approaches.

KEYWORDS

peritoneal dialysis, nutritional risk screening, controlling nutritional status score,
nutritional risk index, GLIM criteria, all-cause mortality, multicenter study

Introduction

Nutritional risk is a prevalent complication among patients
undergoing peritoneal dialysis (PD), significantly impacting their
quality of life and overall health outcomes. The increasing utilization
of PD as a replacement therapy for chronic kidney disease has
underscored the urgent need to address nutritional risk stratification
within this population. Despite recognizing this issue, there is a lack
of standardized screening protocols in clinical practice.

While the Global Leadership Initiative on Malnutrition (GLIM)
criteria provide a two-step diagnostic framework (screening followed
by phenotypic/etiologic confirmation), traditional methods like the
Subjective Global Assessment (SGA) require multidisciplinary expertise
and advanced measurements (e.g., muscle mass quantification), limiting
their feasibility in routine practice (1, 2). However, patients undergoing
PD require routine nutritional risk assessments, making it vital to have
simplified tools for initial screening. The Controlling Nutritional Status
(CONUT) score and Nutritional Risk Index (NRI) offer simplified and
cost-effective alternatives, utilizing readily available clinical data. While
these tools have been widely used in assessing nutritional status in other
diseases (3, 4), their application in PD patients remains underexplored.

This multicenter study aims to evaluate the utility of CONUT and
NRI as nutritional risk screening tools in PD patients. First, we assessed
the prevalence of different nutritional risk at baseline using both scores.
Second, we examined their independent associations with long-term
all-cause mortality, adjusting for confounders such as inflammation
and residual renal function. Finally, we propose a stepped care model:

CONUT/NRI for initial risk stratification followed by GLIM-based
confirmation for high-risk cases. Through this approach, we aim to
standardize nutritional risk monitoring in PD care, enabling timely
interventions that may mitigate morbidity and mortality. Our findings
underscore the importance of integrating simplified screening tools
into routine practice while emphasizing the need for confirmatory
diagnostics to address the multifactorial nature of malnutrition.

Materials and methods
Study populations

This multicenter, observational cohort study enrolled 2,427
patients on peritoneal dialysis (PD) from 10 Chinese peritoneal
dialysis centers between March 1, 2005, and February 28, 2023. The
study included patients who started PD and were at least 18 years
old, with a minimum duration of PD of 3 months. Patients were
excluded if they had acute inflammatory disease during the baseline
period or a history of malignant tumors. Ultimately, 2,105 patients
were included and followed up until May 31, 2023, or until reaching
an endpoint (death, kidney transplantation, transfer to
hemodialysis, transfer to other centers, or loss to follow-up)
(Figure 1). All patients provided informed consent. This study was
conducted in accordance with the ethical standards of the
Declaration of Helsinki and its amendments, with approval from

the Human Ethics Committee.

Access for eligibility (n = 2,427)

Exclude
Age < 18 years (n = 19)

A 4

Enroliment (n = 2,105)

PD < 3 months (n = 263)
Acute inflammatory disease (n = 17)
History of malignant tumors (n = 23)

.
L

A 4 A 4

Nomal Nutritional Risk Mild Nutritional Risk

Moderate Nutritional Risa [Severe Nutritional Risk

FIGURE 1

Flowchart of participant enrollment and exclusion criteria. Nutritional risk categories are defined as follows: CONUT score—Normal (0-1), Mild (2-4),
Moderate (5-8), Severe (9-12); NRI—Normal (>100), Mild (97.50-99.99), Moderate (83.50-97.49), Severe (<83.50).
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Baseline investigations

Baseline demographic and clinical information was collected
at the commencement of PD therapy. All baseline demographic
and clinical data were collected within the first 3 months after PD
initiation. The baseline data included demographic information,
medical comorbidities, medications, and laboratory indicators
obtained from electronic medical records. Demographic variables
consisted of age, sex, body mass index (BMI), and medical history
related to diabetes (ICD-10 E10-E14), hypertension (110-I15),
hyperlipidemia (E78), and cardiovascular disease (CVD). CVD
was defined as documented coronary artery disease (120-125),
heart failure (I50), cerebrovascular disease (I160-169), or peripheral
artery disease (I70-179), with all diagnoses based on the
International Classification of Diseases, Tenth Revision (ICD-10)
codes and corroborated by physician assessment from medical
records. Laboratory indicators included leukocyte count,
hemoglobin levels, serum albumin, creatinine, blood urea nitrogen,
triglycerides, total cholesterol, serum phosphorus, serum calcium,
and serum potassium. These laboratory metrics were evaluated
using standard measurement techniques employed by each PD
center’s laboratory.

Medical histories were recorded according to the initial page of
the patients’ medical records, while additional data were gathered
from hospitalization records and physicians orders. Clinicians at each
PD center reviewed the patients’ electronic medical records, and
trained researchers entered the data into a database, which was
subsequently verified by trained graduate students. Patients attended
follow-up assessments at their respective centers every 1 to 3 months,
and trained nurses conducted monthly phone interviews to monitor
their overall health status.

Nutritional risk screening tools

Given the characteristic progression of malnutrition in patients
with peritoneal dialysis (PD) due to factors such as inadequate
nutrient intake, protein losses through dialysis, and chronic
inflammation (5), we selected both the Controlling Nutritional Status
(CONUT) score and the Nutritional Risk Index (NRI) to screen for
nutritional risk in these patients.

The CONUT score is calculated based on serum albumin, total
cholesterol, and lymphocyte count (6). The scoring ranges are
categorized as normal (0-1), mild (2-4), moderate (5-8), or severe
nutritional risk (9-12).

The NRI is calculated using the formula (7):

NRI = (1.519>< serum albumin(g / L))

t body weight (k
| a17x current body weigh ( g)
usual body weight (kg )

For our study, the usual body weight was replaced by the ideal
body weight, following previous studies and using the Lorenz formulas:
For males:
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heigh -
Ideal body weight (kg ) = height (cm)—-100— {elgt(crn)wo:l

4
For females:

Ideal body weight (kg) =height (cm) ~100— {hé!lght(zclsn)—wojl

When the current weight exceeds the ideal weight, we set the
weight ratio as

ideal weight

current weight B

We classified patients into four nutritional risk categories based
on the established NRI grading criteria: severe nutritional risk
(NRI < 83.5), moderate (83.50 < NRI < 97.49), mild
(97.50 < NRI < 100), and normal (NRI > 100).

Outcome

The main outcome assessed was all-cause mortality. Each patient
was monitored until one of the following events occurred: death,
transition to hemodialysis, kidney transplantation, referral to other
medical facilities, loss to follow-up, or until the end of the study on
May 31, 2023.

Statistical analysis

All statistical analyses were performed by SPSS (version 25.0)
and R (version R-4.4.1). All tests were two-sided, and p < 0.05 was
considered statistically significant. The Kolmogorov-Smirnov
normality test was used to determine whether variables conformed
to a normal distribution. Continuous variables that conformed to
a normal distribution were expressed as the mean + standard
deviation (SD), and non-normally distributed variables are
expressed as the median and interquartile range (IQR). Categorical
variables are expressed in terms of numbers and percentage (n, %).

Univariate and multivariate Cox regression analyses were
performed to evaluate hazard ratios (HRs) and 95% confidence
intervals (CIs) of significant risk predictors based on overall
survival. Kaplan-Meier curves and log-rank tests were used to
present time-to-event data and compare survival between groups,
respectively. Time-area under the curve (AUC) were calculated to
assess and compare the discrimination capacity of the three
malnutrition indexes to predict mortality. For the subgroup
analysis, patients were stratified by gender, age, and body mass
index (BMI) to assess the impact of these variables on all-cause
mortality. To test whether the pattern of association varied across
stratifications, we estimated multiplicative interactions by
including the product term (exposure x stratification variable) in
the models.
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Results
Baseline characteristics of the patients

The final sample consisted of 2,105 patients who met the study’s
inclusion and exclusion criteria. At a mean follow-up of 94.62 months,
328 cases of deaths were recorded (Figure 1). The median albumin level
was 36.00 g/L (35.79 £ 6.16 g/L), A significant portion of the PD patients
had comorbid conditions: 23.09% of patients had diabetes, 77.67% had
hypertension, 13.78% had a history of cardiovascular disease (CVD)
events, and 10.21% had hyperlipidemia. Additional baseline
characteristics data for the study population were detailed in Table 1.

Prevalence of nutritional risk

The prevalence of nutritional risk in the study population was
79.10% using the CONUT and 76.58% by used the NRI (Table 1)
Notably, 67.7% of patients were classified as moderate-to-severe risk
by CONUT (53.59% moderate, 14.11% severe), whereas 75.82% fell
into mild-to-moderate risk categories by NRI (47.08% mild, 28.74%
moderate) (Table 2). These discrepancies underscore the tool
dependent variability in risk stratification.

Nutritional risk and mortality

The Kaplan-Meier survival curves indicated significantly higher
all-cause mortality in patients with nutritional risk over the 10-year
follow-up period, irrespective of whether the CONUT or NRI score
was applied (log-rank test, p < 0.001; Figure 2).

The Cox proportional hazards regression analysis was conducted
to evaluate the impact of nutritional risk on all-cause mortality. The
analysis showed that the risk of all-cause mortality increased for each
one-point increment in the CONUT score (aHR, 1.07; 95% CI, 1.02-
1.12; p = 0.008) and decreased for each one-point increment in the
NRI score (aHR, 0.97; 95% CI, 0.96-0.98; p < 0.001).

In the fully adjusted model (Model 3), compared with patients
with normal nutritional status, the adjusted hazard ratio (aHR) for
all-cause mortality was 1.87 (95% CI, 1.30-2.67; p < 0.001) for patients
with mild nutritional risk screened by CONUT, and 1.84 (95% ClI,
1.12-3.03; p = 0.016) for patients with mild nutritional risk screened
by NRI. For severe nutritional risk, the aHRs for all-cause mortality
were 2.55 (95% CI, 1.34-4.85; p < 0.001) and 2.64 (95% CI, 1.74-4.03;
P <0.001) according to CONUT and NRI, respectively (Table 3).

The Receiver Operating Characteristic (ROC) curves in Figure 3
show the time-dependent diagnostic performance of the Nutritional
Risk Index (NRI) and CONUT. For the CONUT dataset (Figure 3A), the
Area Under the Curve (AUC) values for 1-year, 2-year, and 5-year are
0.641, 0.605, and 0.579, respectively. For the NRI dataset (Figure 3B), the
AUC values were 0.677 for 1-year, 0.640 for 2-year, and 0.618 for 5-year.

Subgroups analysis

We performed subgroup analysis in some subgroups that we were
interested in and explored the interaction between the subgroups and
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TABLE 1 Demographic and laboratory values of the study population.

Variables

Total (n = 2,105)

Age, Mean * SD, years

51.07 + 14.54

Gender, 1 (%)

Male 1,125 (53.44)
Female 980 (46.56)
PD Vintage, Mean + SD, Months 94.62 + 45.55

BML M (Q1, Qs), kg/m2

21.63 (19.67, 24.05)

Smoking History, 1 (%)

No

2011 (95.53)

Yes

94 (4.47)

Drinking History, 1 (%)

No

2077 (98.67)

Yes

28 (1.33)

Diabetes, 1 (%)

No 1,619 (76.91)

Yes 486 (23.09)
Hypertension, n (%)

No 470 (22.33)

Yes 1,635 (77.67)

CVD History, n (%)

No

1815 (86.22)

Yes

290 (13.78)

Hyperlipidemia, n (%)

No

1890 (89.79)

Yes

215 (10.21)

Total Kt/V, M (Qi, Q3)

2.21(1.79,2.71)

Serum Albumin, Mean + SD, Months,
g/L

35.79 £ 6.16

RRE M (Qy, Qs), ml/min

3.54 (1.93, 6.45)

WBC, M (Qi, Qs), 10°/L

6.31 (5.00, 7.78)

RBC, M (Qi, Qa), 10"/L

3.16 (2.63, 3.80)

Hemoglobin, M (Qi, Qs), g/L

91.00 (76.00, 109.00)

FBG, M (Q1, Q;), mmol/L

4.70 (4.11, 5.60)

Serum Creatinine, M (Q1, Qs), pmol/L

743.00 (568.00, 966.00)

Calcium, M (Q, Q;), mmol/L

2.13 (1.95, 2.30)

Phosphorus, M (Q;, Q;), mmol/L

1.65 (1.33, 2.01)

iPTH, M (Qi, Qs), pg./ml

190.50 (74.20, 355.00)

Total Cholesterol, M (Q1, Qs), mmol/L

4.50 (3.66-5.40)

Triglycerides, M (Qi, Qs), mmol/L

1.37(0.96, 1.95)

Nutrition Risk

Any degree of nutrition risk, 7 (%)

COUNT

1,612 (76.58)

NRI

1,665 (79.10)

SD: standard deviation, M: Median, Q,: 1st Quartile, Qs: 3rd Quartile. BMI, body mass
index; CVD, cardiovascular disease; RRE, residual renal function; WBC, white blood cell;
RBC, red blood cell; FBG, fasting blood glucose; iPTH, intact parathyroid hormone.
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TABLE 2 Prevalence of nutritional risk according to two different scoring systems.

Nutritional indices

Normal

Nutritional Risk

Mild Moderate Severe

FIGURE 2

CONUT, points (0-1) (2-4) (5-8) (9-12)
Albumin, g/dl (score) >3.5(0) 3.0-3.4(2) 2.5-2.9 (4) <2.5(6)
Total cholesterol, mmol/L
>180 (0) 140-199 (1) 100-139 (2) <100 (3)
Formula (score)
Lymphocyte count, x 10°/L
>1.60 (0) 1.20-1.59 (1) 0.80-1.19 (2) <0.80 (3)
(score)
Study population, # (%) 493 (23.42%) 187 (8.88%) 1,128 (53.59%) 297 (14.11%)
NRI, points >100 97.50-99.99 83.50-97.49 <83.50
Formula 1.519 albumin (g/L) + 41.7 [current body weight [kg]/ideal weight (kg)]
Study population, 1 (%) 440 (20.9%) 991 (47.08%) 605 (28.74%) 69 (3.28%)
A Controlled Nutritional Status Score (CONUT) B Nutritional Risk Index (NRI)
1.0 10 ~ 1. Normal
— 3. Moderate
— 2. Mild
— 4. Severe
0.9
0.9
g z
3 3
8 8
[ 2
= Zo8
E E
2 <
5 5
@08 @
L
Pairwise comparison 07 Pairwise comparison
2. Mild vs 1. Normal: Padj < 0.001 "1 3. Moderate vs 1. Normal: Padj < 0.001
3. Moderate vs 1. Normal: P.adj < 0.001 2. Mild vs 1. Normal: P.adj = 0.036
4. Severe vs 1. Normal: P.adj = 0.019 4. Severe vs 1. Normal: P.adj < 0.001
3. Moderate vs 2. Mild: P.adj = 1.000 2. Mild vs 3. Moderate: P.adj = 1.000
4. Severe vs 2. Mild: P.adj = 1.000 4. Severe vs 3. Moderate: Padj < 0.001
0.71 4. Severevs 3. Moderate: P.adj = 1.000 4. Severe vs 2. Mild: Padj = 0.006
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Follow-up Time (Months) Follow-up Time (Months)
1.Normal{ 440 435 423 408 397 392 366 317268 202 151 122 93 63 43 26 1.Normal{ 493 487 472 460 444 432 404 350285 228 170 130 105 61 45 27
2. Mild{ 991 959 893 834 789 756 697 584476 344 254 182 132 89 55 30 | 3.Moderate{ 1126 1089 1016 948 898 854 790 656533 374 274 206 132 & 54 31
3. Moderate{ 605 583 544 517 484 453 424 360291 214 155 113 64 38 28 20 2. Mild{ 187 184 175 166 161 159 149 129114 8 64 45 30 25 15 9
4.Severe{ 69 64 59 54 52 5 45 38 2 21 16 14 9 6 4 1 4.Severe{ 207 281 256 239 219 206 189 164132 93 68 50 31 23 16 10

Kaplan—Meier (KM) survival curves stratified by different nutritional risk statuses. (A) KM curves according to the Controlled Nutritional Status Score
(CONUT) (unweighted). Log-rank test, p < 0.001. (B) KM curves according to the Nutritional Risk Index (NRI) (unweighted). Log-rank test, p < 0.001.

nutritional risk. The forest plot showed no interaction between the
subgroups (Figure 4).

Discussion

Nutritional risk is a critical issue among patients undergoing
peritoneal dialysis (PD), significantly affecting their overall health and
quality of life. This condition, often worsened by dialysis-related
factors such as protein loss, inadequate intake, and inflammation,
leads to adverse outcomes like increased hospitalization and mortality
(8-10). Thus, effective and standardized nutritional risk screening
protocols are crucial for optimizing patient care (11, 12).

Our multicenter retrospective study with 2,105 PD patients
assessed nutritional risk prevalence and its impact on mortality using
CONUT and NRI. Both scores revealed a high nutritional risk burden,
with 76.58 and 79.10% of patients classified as high-risk by CONUT
and NRI, respectively. Severe nutritional risk was independently
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associated with an increase in mortality hazard (CONUT-adjusted
HR = 2.55; NRI-adjusted HR = 2.64). These findings highlight the
necessity of integrating regular nutritional screening into PD patient
care to improve outcomes (8, 13).

Current approaches to nutritional risk evaluation in PD patients
predominantly rely on established frameworks such as the Global
Leadership Initiative on Malnutrition (GLIM) and the Subjective Global
Assessment (SGA). Notably, the development of GLIM was built upon
earlier standards from the European Society for Clinical Nutrition and
Metabolism (ESPEN) and the American Society for Parenteral and
Enteral Nutrition (ASPEN). The ASPEN 2012 consensus established a
comprehensive framework integrating both subjective assessments (e.g.,
Subjective Global Assessment) and objective tools (e.g., Malnutrition
Universal Screening Tool) to standardize malnutrition diagnosis in
hospitalized populations, emphasizing multidisciplinary collaboration
and proactive nutritional interventions (14). Similarly, the ESPEN 2015
guidelines introduced multidimensional evaluations, combining
anthropometric measurements, biochemical markers, and clinical
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TABLE 3 All-cause mortality hazard ratios (HRs) for patients according to different nutritional risk status.

Risk factor Model 1

Model 2 Model 3

HR (95% CI)

p value

HR (95% CI)

p value

HR (95% Cl)

p value

CONUT, continuous

Per 1-score

increment 1.10 (1.05 ~ 1.15) <0.001 1.08 (1.03 ~ 1.13) <0.001 1.07 (1.02 ~ 1.12) 0.008
CONUT, categorical

Normal Ref

Mild 2.00 (1.41 ~ 2.82) <0.001 2.00 (1.41 ~ 2.83) <0.001 1.87 (1.30 ~ 2.67) <0.001
Moderate 2.32(1.62 ~ 3.33) <0.001 2.17 (1.51 ~ 3.12) <0.001 1.87 (1.27 ~ 2.74) 0.001
Severe 2.46 (1.32 ~ 4.60) 0.005 2.13 (1.13 ~ 4.00) 0.019 2.55 (1.34 ~ 4.85) 0.004
NRI, continuous

Per 1-score

increment 0.96 (0.95 ~ 0.97) <0.001 0.97 (0.95 ~ 0.98) <0.001 0.97 (0.96 ~ 0.98) <0.001
NRI, categorical

Normal Ref

Mild 1.98 (1.20 ~ 3.25) 0.007 1.93 (1.18 ~ 3.18) 0.009 1.84 (1.12 ~ 3.03) 0.016
Moderate 2.46 (1.73 ~ 3.50) <0.001 1.94 (1.35 ~ 2.79) <0.001 1.66 (1.15 ~ 2.39) 0.007
Severe 4.11 (2.78 ~ 6.08) <0.001 3.25 (2.15 ~ 4.90) <0.001 2.64 (1.74 ~ 4.03) <0.001

Model 1: No adjusted. Model 2: Adjusted by age, gender, BMI, hyperlipemia, diabetes, cardiovascular disease. Model 3: Model 2 plus serum uric acid, serum phosphorus, serum potassium,
serum alkaline phosphatase, iPTH, FBG, CRP, HGB, Kt/V. CONUT, the Controlled Nutritional Status Score; NRI, the Nutritional Risk Index; BMI, body mass index; iPTH, intact parathyroid
hormone; FBG, fasting blood glucose; CRP, C-reactive protein; HGB, hemoglobin; HR, hazard ratio; CI, confidence interval.

A : OControIIing Nutritional Status (CONUT)

0.8 -
o
o
= 06 -
2
S
' 0.4
c
h ,
+ COUNT
0.2 1 ~ 1-year (AUC = 0.641)
— 2-year (AUC = 0.605)
— 5-year (AUC = 0.579)
0.0 T T T

00 02 04 06 08 10
1-Specificity (FPR)

FIGURE 3

B i Nutritional Risk Index (NRI)

>
7/
4
7
0.8 - K
E 7’
o P
= 0.6 1 Lt
> ’
2 .’
@ 0.4 .
- 7
3 ~
2T ONRI
0.2 4 7 — 1-year (AUC = 0.677)
§ks — 2-year (AUC = 0.640)
4 — 5-year (AUC = 0.618)
00 T T T T

00 02 04 06 08 10
1-Specificity (FPR)

Time-Dependent Receiver Operating Characteristic (ROC) Curves for Controlling Nutritional Status (CONUT) and Nutritional Risk Index (NRI) over
1-year, 2-year, and 5-year intervals. (A) ROC curves for CONUT with Area Under Curve (AUC) values of0.641, 0.605, and 0.579 for 1-year, 2-year, and
5-year intervals, respectively. (B) ROC curves for NRI with AUC values of 0.677, 0.640, and 0.618 for 1-year, 2-year, and 5-year intervals, respectively.

assessments to enhance diagnostic accuracy, particularly in chronic
disease and surgical patients (15). The GLIM criteria, formalized through
a consensus by major societies including ESPEN and ASPEN, provide a
two-step diagnostic framework: phenotypic criteria (e.g., weight loss >5%,
low body mass index [BMI] < 18.5 kg/m’, or reduced muscle mass—a
hallmark of sarcopenia) and etiologic criteria (e.g., reduced dietary intake
or chronic inflammation) (1). This framework explicitly recognizes
sarcopenia-related muscle depletion as a central component of
malnutrition risk stratification. In contrast, SGA, as the most widely used
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clinical tool, relies on subjective clinician assessments of weight changes,
dietary intake, and physical signs of muscle or fat wasting (16, 17).

The simplicity of SGA allows for quick bedside evaluations but its
reliance on clinician judgment can limit its sensitivity in fluid-overloaded
PD patients, where fluid retention might be mistaken for improved
nutrition (18). Advanced techniques like bioelectrical impedance
analysis (BIA) can more accurately assess dry body weight by
distinguishing fluid from lean and fat mass, providing clearer insights
into nutritional status (19). BIA is crucial for early detection of sarcopenia
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A Controlled Nutritional Status Score (CONUT)
Variables n (%) Normal Malnutrition HR (95%CI) P P for interaction
No. of events/ No. of total E
All patients 2105 (100.00) 40/440 288/1665 2.13(1.53 ~2.97) E —=—q <.001
Sex ; 0.225
Male 1125 (53.44) 15/213 156/912 2.74 (1.61 ~ 4.66) I <.001
Female 980 (46.56)  25/227 132/753 1.77 (1.16 ~ 2.72) EI—-—| 0.009
Age ! 0.777
< 60 1432 (68.03)  18/287 139/1145 2.13 (1.30 ~ 3.48) E A 0.003
> 60 673 (31.97)  22/153 149/520 2.35(1.50 ~ 3.68) E ——A <.001
BMI 5 0.634
Underweight 299 (14.20)  3/66 37/233 3.86 (1.19 ~ 12.54) E f————=—— 0.024
Normal 1267 (60.19)  24/261 170/1006 2.08 (1.35 ~3.18) | ——d <.001
Overweight 438 (20.81) 11/92 65/346 1.73 (0.91 ~ 3.28) ﬁ—-—| 0.093
Obese 101 (4.80) 2/21 16/80 2.12 (0.48 ~ 9.26) } : 0.320
0 1 3 s
Worse better
B Nutritional Risk Index (NRI)
Variables n (%) Normal Malnutrition HR (95%CI) P P for interaction
No. of events/ No. of total i
All patients 2105 (100.00) 37/493 291/1612 2.69 (1.91 ~ 3.78) i f—— <.001
Sex i 0.678
Male 1125 (53.44) 20/263 151/862 2.52(1.58 ~4.02) P <.001
Female 980 (46.56) 17/230 140/750 2.87 (1.73 ~ 4.75) E P <.001
Age i 0.916
< 60 1432 (68.03) 21/373 136/1059 2.50 (1.58 ~ 3.96) i P <.001
> 60 673 (31.97) 16/120 155/553 2.42 (1.45 ~ 4.05) i P <.001
BMI i 0.290
Underweight 299 (14.20) 0721 407278 27394035.95 (0.00 ~ Inf)  + i 0.995
Normal 1267 (60.19)  20/312 174/955 3.22(2.03 ~5.11) i f—e—— <001
Overweight 438 (20.81) 13/126 63/312 2.29 (1.26 ~ 4.18) i f——q 0.007
Obese 101 (4.80) 4/34 14/67 1.85 (0.61 ~ 5.63) I—E—-—> 0.280
0 1 3 s
Worse better
FIGURE 4
Cox proportional hazards regression models of different malnutrition status and all-cause mortality. (A) CONUT, the Controlled Nutritional Status
Score; (B) NRI, the Nutritional Risk Index; BMI, body mass index.

in PD patients, where fluid can mask muscle loss, allowing for timely
nutritional interventions to preserve muscle health (20). This method
provides a more precise evaluation by differentiating between the water
weight and actual body composition, offering a clearer insight into the
patient’s nutritional state (21).

Although these diagnostic frameworks are methodologically
thorough, their implementation often requires specialized resources
(e.g., imaging for muscle mass quantification, multidisciplinary
coordination), which challenges routine use in PD practice. In this
context, CONUT and NRI offer a streamlined alternative for rapid
screening. The CONUT score integrates three routinely measured
total
cholesterol—to generate a risk score ranging from 0 to 12 (7). The NRI

parameters—serum albumin, lymphocyte count, and
calculates risk using current weight/ideal weight and albumin levels
(6). Both tools enable efficient risk stratification, with CONUT
identifying 67.7% of patients with moderate-to-severe risk and NRI
classifying 75.82% as mild-to-moderate risk. These differences
highlight their complementary roles: CONUT’s emphasis on
inflammation may prioritize patients needing anti-inflammatory
interventions, while NRI’s focus on energy-protein balance could

guide dietary support.
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ROC curve analysis provides insights into how well NRI and
CONUT perform as diagnostic tools for predicting mortality in PD
patients over different time periods. Although AUC values suggest an
acceptable but lower predictive ability, NRI generally shows slightly
better. The decline in AUC values over time highlights challenges in
long-term prognostication. Our findings suggest a two-step nutritional
care pathway: first, CONUT/NRI can assist in screening to identify
high-risk patients, followed by a confirmatory evaluation using GLIM
criteria to diagnose and grade malnutrition.

Study limitations include reliance on retrospective data, which
may introduce biases and limit causality. Our sample, though
substantial, is from multiple centers within a single country, affecting
external validity. Additionally, the lack of clinical validation raises
concerns about applicability in practice, necessitating future
prospective studies incorporating diverse demographics and
rigorous validation.

In conclusion, this study suggests that the Controlling Nutritional
Status (CONUT) score and the Nutritional Risk Index (NRI) can assist
in screening for nutritional risk in PD populations. Their ability to
capture both inflammatory and catabolic pathways enables targeted
interventions that address multifactorial nutritional deterioration.
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While these tools incorporate into PD care protocols represent an
important step towards reducing morbidity. Future studies should
focus on validating dynamic monitoring approaches, including the
frequency of re-evaluation and the integration of additional parameters,
to enhance the accuracy and comprehensiveness of nutritional
assessments in this population.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the General Hospital of Ningxia Medical University
(application ID: 2022-410-01). The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

WQ: Conceptualization, Data curation, Formal analysis,
Investigation, Software, Validation, Writing - original draft. RC: Data
curation, Investigation, Methodology, Validation, Writing — original
draft. YM: Conceptualization, Investigation, Writing - review & editing.
JX: Conceptualization, Formal analysis, Investigation, Writing — review
& editing. QX: Resources, Writing — review & editing. YW: Resources,
Writing - review & editing. XZ: Resources, Writing - review & editing.
FP: Resources, Writing — review & editing. XWa: Resources, Writing —
review & editing. JW: Resources, Writing — review & editing. NS:
Resources, Writing - review & editing. XF: Resources, Writing — review
& editing. XT: Resources, Writing - review & editing. XWu: Resources,
Writing - review & editing. QZ: Methodology, Writing — review &
editing. NT: Data curation, Funding acquisition, Project administration,
Supervision, Writing - review & editing.

References

1. Rothenberg E, Tsagari A, Erickson N, Katsagoni CN, Malone A, De Van Der
Schueren M, et al. Global leadership initiative on malnutrition (GLIM) for the diagnosis
of malnutrition - a framework for consistent dietetic practice. Clin Nutr ESPEN. (2024)
60:261-5. doi: 10.1016/j.clnesp.2024.02.009

2. Steiber AL, Kalantar-Zadeh K, Secker D, McCarthy M, Sehgal A, McCann L.
Subjective global assessment in chronic kidney disease: a review. ] Ren Nutr. (2004)
14:191-200. doi: 10.1016/S1051-2276(04)00139-6

3. Zhou X, Lu Y, Xia J, Mao J, Wang ], Guo H. Association between baseline controlling
nutritional status score and clinical outcomes of patients with multiple myeloma. Cancer
Biomark. (2021) 32:65-71. doi: 10.3233/CBM-210073

4. Liu LX, Wang H, Gao B, Xu TT, Yuan QG, Zhou SZ, et al. Preoperative controlling
nutritional status as an optimal prognostic nutritional index to predict the outcome for
colorectal cancer. World ] Gastrointest Oncol. (2024) 16:343-53. doi: 10.4251/wjgo.
v16.i2.343

5. Nephrology B, Ali I, Haddad D, Soliman MA, Al-Sabi A, Jebreen K, et al.
Quality of life and nutritional status in peritoneal dialysis patients: a cross-sectional
study from Palestine. BMC Nephrol. (2024) 25:20. doi: 10.1186/s12882-023-
03422-9

Frontiers in Nutrition

10.3389/fnut.2025.1544338

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the National Natural Science Foundation of China (Grant No.
82360153) and the Ningxia Natural Science Foundation (Key Project,
No. 2022AAC02062).

Acknowledgments

We would like to express our gratitude to the Evergreen Tree
Nephrology Group for their invaluable data support. We also extend
our heartfelt thanks to all the doctors and nurses at the peritoneal
dialysis centers for their dedication and assistance throughout this
study. Lastly, we are deeply thankful to the patients whose participation
made this research viable.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

6. Aula Médica G, Ulibarri DD, Ignacio Gonzalez-Madrofo J, De Villar A, Gonzélez
N, Gonzalez PM, et al. CONUT: a tool for controlling nutritional status. First validation
in a hospital population. Nutr Hosp. (2005) 20:38-45.

7. Raposeiras Roubin S, Abu Assi E, Cespén Fernandez M, Barreiro Pardal C,
Lizancos Castro A, Parada JA, et al. Prevalence and prognostic significance of
malnutrition in patients with acute coronary syndrome. ] Am Coll Cardiol. (2020)
76:828-40. doi: 10.1016/j.jacc.2020.06.058

8. Kiebalo T, Holotka J, Habura I, Pawlaczyk K. Nutritional status in peritoneal
Dialysis: nutritional guidelines, adequacy and the Management of Malnutrition.
Nutrients. (2020) 12:1715. doi: 10.3390/nul2061715

9. Sahathevan S, Khor BH, Ng HM, Abdul Gafor AH, Mat Daud ZA, Mafra D, et al.
Understanding development of malnutrition in hemodialysis patients: a narrative
review. Nutrients. (2020) 12. doi: 10.3390/nul12103147

10.Ionescu C, Ecobici M, Olaru D, Stinescu C, Lupescu I, Voiculescu M.
Pneumoperitoneum--rare complication in end stage renal disease patient on automated
peritoneal dialysis. Rom J Intern Med. (2008) 46:351-5.

11. Luo Y, Huang H, Wang Q, Lin W, Duan S, Zhou J, et al. An exploratory study on
a new method for nutritional status assessment in patients with chronic kidney disease.
Nutrients. (2023) 15:2640. doi: 10.3390/nul15112640

frontiersin.org


https://doi.org/10.3389/fnut.2025.1544338
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.clnesp.2024.02.009
https://doi.org/10.1016/S1051-2276(04)00139-6
https://doi.org/10.3233/CBM-210073
https://doi.org/10.4251/wjgo.v16.i2.343
https://doi.org/10.4251/wjgo.v16.i2.343
https://doi.org/10.1186/s12882-023-03422-9
https://doi.org/10.1186/s12882-023-03422-9
https://doi.org/10.1016/j.jacc.2020.06.058
https://doi.org/10.3390/nu12061715
https://doi.org/10.3390/nu12103147
https://doi.org/10.3390/nu15112640

Qiu et al.

12. Zhang W, Lv ], Li Y, Liang Y, Sun J. Are USPD patients suitable for incremental
peritoneal dialysis: yes or no? Clin Nephrol. (2022) 97:215-25. doi: 10.5414/CN110471

13. Dzekova-Vidimliski P, Nikolov IG, Gjorgjievski N, Selim G, Trajceska L,
Stojanoska A, et al. Peritoneal Dialysis-related peritonitis: rate, clinical outcomes and
patient survival. Pril (Makedon Akad Nauk Umet Odd Med Nauki). (2021) 42:47-55. doi:
10.2478/prilozi-2021-0034

14. White JV, Guenter P, Jensen G, Malone A, Schofield M. Consensus statement:
academy of nutrition and dietetics and American Society for Parenteral and Enteral
Nutrition: characteristics recommended for the identification and documentation of
adult malnutrition (undernutrition). JPEN ] Parenter Enteral Nutr. (2012) 36:275-83.
doi: 10.1177/0148607112440285

15. Bischoff SC, Singer P, Koller M, Barazzoni R, Cederholm T, van Gossum A.
Standard operating procedures for ESPEN guidelines and consensus papers. Clin Nutr.
(2015) 34:1043-51. doi: 10.1016/j.cInu.2015.07.008

16.Shao Z, Chen C, Tong M, Weng N. Clinical observation and influence on
nutritional status of intensive nutritional nursing combined with 3-day dietary
diary intervention in peritoneal dialysis patients. ] Hum Nutr Diet. (2023).

Frontiers in Nutrition

09

10.3389/fnut.2025.1544338

17. Koyuncu S, Sipahioglu H, Uysal C, Karakukcu C. Correlation of serum Asprosin
levels with normalized protein catabolic rate in patients receiving peritoneal Dialysis
treatment. Cureus. (2023) 15. doi: 10.1111/jhn.13270

18. Juarez-Congelosi M, Orellana P, Goldstein SL. Normalized protein catabolic rate
versus serum albumin as a nutrition status marker in pediatric patients receiving
hemodialysis. ] Ren Nutr. (2007) 17:269-74. doi: 10.1053/j.jrn.2007.04.002

19. Chan GC, Ng JK, Chow KM, Cheng PM, Law MC, Leung CB, et al. Polypharmacy
predicts onset and transition of frailty, malnutrition, and adverse outcomes in
peritoneal dialysis patient. ] Nutr Health Aging. (2022) 26:1054-60. doi: 10.1007/
512603-022-1859-8

20. Tian N, Yang X, Guo Q, Zhou Q, Yi C, Lin J, et al. Bioimpedance guided fluid
management in peritoneal dialysis: a randomized controlled trial. Clin ] Am Soc Nephrol.
(2020) 15:685-94. doi: 10.2215/¢jn.06480619

21. Arias-Guillén M, Collado S, Coll E, Carreras J, Betancourt L, Romano B, et al.
Prevalence of protein-energy wasting in Dialysis patients using a practical online tool
to compare with other nutritional scores: results of the Nutrendial study. Nutrients.
(2022) 14:3375. doi: 10.3390/nu14163375

frontiersin.org


https://doi.org/10.3389/fnut.2025.1544338
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.5414/CN110471
https://doi.org/10.2478/prilozi-2021-0034
https://doi.org/10.1177/0148607112440285
https://doi.org/10.1016/j.clnu.2015.07.008
https://doi.org/10.1111/jhn.13270
https://doi.org/10.1053/j.jrn.2007.04.002
https://doi.org/10.1007/s12603-022-1859-8
https://doi.org/10.1007/s12603-022-1859-8
https://doi.org/10.2215/cjn.06480619
https://doi.org/10.3390/nu14163375

	Effectiveness of CONUT and NRI as nutritional risk screening tools in peritoneal dialysis: a multicenter study
	Introduction
	Materials and methods
	Study populations
	Baseline investigations
	Nutritional risk screening tools
	Outcome
	Statistical analysis

	Results
	Baseline characteristics of the patients
	Prevalence of nutritional risk
	Nutritional risk and mortality
	Subgroups analysis

	Discussion

	References

