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Purpose: IgA nephropathy (IgAN) is the most common primary glomerulonephritis and is characterized by highly variable renal
outcomes. Conventional prognostic factors, including proteinuria, hypertension, estimated glomerular filtration rate (¢GFR), and the
MEST-C classification, provide limited predictive accuracy. This study aimed to evaluate the prognostic value of inflammatory and
nutritional indices, particularly the Hemoglobin—Albumin—Lymphocyte—Platelet (HALP) score, in patients with IgAN.

Patients and methods: This retrospective cohort included 204 patients with biopsy-proven IgAN. Baseline demographic, clinical,
laboratory, and histopathological data were collected. Inflammatory and nutritional indices (HALP, Systemic Immune-Inflammation
Index [SII], Neutrophil-to-Lymphocyte Ratio [NLR], Platelet-to-Lymphocyte Ratio [PLR], Glasgow Prognostic Score [GPS/mGPS],
and Controlling Nutritional Status [CONUT]) were calculated from routine laboratory parameters. Associations with renal outcomes,
particularly progression to end-stage kidney disease (ESKD), were analyzed using Cox regression, Kaplan—Meier survival, and
receiver operating characteristic (ROC) analyses.

Results: During a median follow-up of 39.5 months, 17.1% of patients progressed to ESKD. Higher HALP scores were significantly
associated with better renal survival, whereas other indices showed no consistent prognostic value. In multivariate analysis, HALP
remained an independent predictor of renal outcome (hazard ratio = 0.13; p < 0.001). ROC analysis confirmed its prognostic performance
(AUC = 0.65; 95% CI: 0.56-0.74; p < 0.001) with an optimal cut-off value of 42.4 (sensitivity: 72.7%; specificity: 55.0%).
Conclusion: The HALP score is a strong and independent prognostic biomarker in IgAN, outperforming other inflammatory and
nutritional indices. Incorporating HALP into current risk-stratification models may enhance prognostic assessment and guide clinical

management.

Plain Language Summary: IgA nephropathy (IgAN) is the most common kidney disease caused by the body’s immune system
attacking its own tissues. The disease can lead to kidney failure in some people, but predicting who will experience this outcome has
been difficult.

In this study, researchers looked at several simple blood test scores that reflect inflammation and nutrition in the body. Among them,
the HALP score—which combines levels of hemoglobin, albumin, lymphocytes, and platelets—was found to be the most useful.

The study included 204 adults with biopsy-proven IgAN who were followed for an average of about three years. People with lower
HALP scores had a much higher chance of developing kidney failure compared to those with higher scores. Other scores, such as SII,
NLR, PLR, GPS, and CONUT, did not show the same reliability.

This finding suggests that a single routine blood test can provide helpful information about how a patient’s disease may progress.
Doctors could use the HALP score to identify patients who need closer monitoring or earlier treatment to protect their kidneys.
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Introduction

IgA nephropathy (IgAN) is the most common primary glomerulonephritis worldwide, exhibiting marked heterogeneity in
its clinical manifestations and outcomes.' While some patients experience an indolent course, 5—15% progress to end-
stage kidney disease (ESKD) within the first five years after diagnosis, and this rate increases to 10-50% after 20 years,
with approximately 30-40% ultimately requiring renal replacement therapy (RRT).'

The prognostic evaluation of IgAN primarily relies on conventional clinical and pathological parameters, including
proteinuria, hematuria, hypertension, estimated glomerular filtration rate (eGFR) at diagnosis, and the MEST-C classi-
fication (mesangial hypercellularity [M], endocapillary proliferation [E], segmental glomerulosclerosis [S], tubular
atrophy/interstitial fibrosis [T], and presence of crescents [C]).>® However, several studies have demonstrated that
these parameters alone may not adequately predict disease progression.>¢

The pathogenesis of I[gAN involves chronic inflammation triggered by the overproduction of galactose-deficient IgA1
(Gd-IgA1l) molecules and the subsequent formation of immune complexes with anti-glycan antibodies, which deposit
within the glomerular mesangium.”'! Inflammatory and nutritional indices have emerged as valuable tools for assessing
systemic inflammation and the contribution of nutritional status to disease progression. These scores, derived from routine
laboratory parameters, offer a practical and cost-effective means to monitor inflammatory burden and its impact on renal
outcomes. When integrated with classical clinical and histopathological predictors, such indices may provide a more
comprehensive assessment of prognosis. However, evidence regarding their clinical significance in I[gAN remains limited.

Beyond conventional clinical and histopathological predictors, systemic inflammatory and nutritional status plays an
important role in the progression of IgA nephropathy (IgAN). The Hemoglobin—Albumin—Lymphocyte—Platelet (HALP)
score integrates key biological factors involved in chronic kidney disease. Anemia and hypoalbuminemia, common in IgAN,
reflect chronic inflammation, protein loss, and poor nutritional status and are associated with renal hypoxia, tubular injury, and
interstitial fibrosis.'*'*> Lymphocyte and platelet counts further capture immune dysregulation and inflammatory activation,
linking HALP to the malnutrition—inflammation—atherosclerosis (MIA) syndrome and disease progression in IgAN.'#!3

Although several inflammatory and nutritional indices, including SII, NLR, PLR, CONUT, and GPS, have been
evaluated in IgAN, existing evidence remains limited by small sample sizes, short follow-up periods, and a lack of direct
comparison between multiple indices.'>'® Moreover, few studies have examined the association between these systemic
biomarkers and histopathological features such as MEST-C components or crescent formation, which are central to
disease activity and prognosis in IgAN.*!” These gaps support the need for integrated analyses combining clinical
outcomes, pathology, and multiple biomarker scores.

Recent studies published have highlighted the potential prognostic relevance of inflammatory and nutritional indices,
including the Systemic Immune-Inflammation Index (SII), Hemoglobin—Albumin—-Lymphocyte—Platelet (HALP) score,
Glasgow Prognostic Score (GPS/mGPS), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR),
and Controlling Nutritional Status (CONUT) score, in patients with IgA nephropathy,'!!3-!5-16-18-20

These studies reported heterogeneous findings: while some demonstrated associations between individual indices
(such as NLR, PLR, or albumin-based scores) and renal outcomes, others found limited or inconsistent prognostic value,
often constrained by small sample sizes, short follow-up durations, or the evaluation of single indices without direct
comparison,1-1315:16.18-20

The present study aimed to retrospectively evaluate the prognostic impact of these inflammatory and nutritional
indices (SII, HALP, GPS/mGPS, NLR, PLR, and CONUT) on renal outcomes and survival in patients with IgAN.
Additionally, we assessed the relationships between these indices and conventional prognostic factors, including

histopathological features defined by the MEST-C classification.

Methods

Patient Selection
A total of 280 patients diagnosed with IgA nephropathy (IgAN) by kidney biopsy at Ege University Faculty of Medicine
between 2012 and 2023 were retrospectively reviewed. Among them, 204 patients with available baseline and follow-up
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data between January 1, 2012, and October 31, 2024, and with a minimum follow-up duration of six months were
included in the study.

Inclusion Criteria
Age >18 years, biopsy-proven primary IgAN, and follow-up of at least six months.

Exclusion Criteria
Secondary IgAN (Henoch—Schonlein purpura, spondyloarthropathies, chronic liver disease, celiac/gluten enteropathy, or
malignancy) and follow-up shorter than six months.

Clinical Data
The following variables were retrospectively obtained from patient records:

e Sociodemographic characteristics: age, sex, body mass index (BMI), follow-up duration, presence of hyperten-
sion, and blood pressure measurements.

¢ Biochemical parameters: hemoglobin, hematocrit, lymphocyte count, neutrophil count, platelet count, albumin,
total protein, serum creatinine, serum uric acid, estimated glomerular filtration rate (eGFR), serum C3 and C4
levels, immunoglobulins (IgG, IgA), lipid profile (total cholesterol, LDL, HDL, triglycerides), ferritin, C-reactive
protein (CRP), 24-hour urinary protein, hematuria, and urinary erythrocyte count.

e Histopathological data: MEST-C classification, including mesangial hypercellularity (M: M0 <50%, Ml
>50%), endocapillary hypercellularity (E: absent EO, present El), segmental glomerulosclerosis (S: absent
S0, present S1), tubular atrophy/interstitial fibrosis (T: <25% TO0, 26-50% T1, >50% T2), and cellular or
fibrocellular crescents (C: absent C0, <25% C1, >25% C2).Additional variables included the degree of global
glomerulosclerosis and treatments with renin—angiotensin system (RAS) inhibitors or immunosuppressive
agents. Histopathological evaluation was performed by two experienced renal pathologists blinded to clinical
outcomes.

Baseline laboratory parameters were obtained at the time of kidney biopsy or at first presentation.

Inflammatory and Nutritional Scores
Inflammatory and nutritional indices were calculated from baseline laboratory parameters as follows:

e SII: neutrophil (x10°/L) x platelet (x10°/L) / lymphocyte (x10°/L)

e HALP: hemoglobin (g/L) x albumin (g/L) x lymphocyte (x10°/L) / platelet (x10°/L)

¢ GPS/mGPS: Glasgow Prognostic Score (Supplementary Table 1)

e NLR: neutrophil (x10°/L) / lymphocyte (x10%/L)

e PLR: platelet (x10°/L) / lymphocyte (x10°/L)

e CONUT: calculated based on serum albumin, lymphocyte count, and total cholesterol (Supplementary Table 2)

Outcomes
The study endpoints were defined as:

1. <30% decline in eGFR compared with baseline

2. 230% decline in eGFR compared with baseline

3. End-stage renal disease (ESKD), defined as eGFR <15 mL/min/1.73 m? or initiation of renal replacement therapy
(RRT) or kidney transplantation.
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The eGFR was calculated using the 2021 CKD-EPI creatinine equation:
eGFR = 142 x min(Scr/x, 1)*a x max(Scr/x,1)"— 1.200times (0.9938)"Age x (1.012if female)

where Scr = serum creatinine (mg/dL); k = 0.7 for females and 0.9 for males; a = —0.241 for females and —0.302 for
males.
Patients with missing key baseline or follow-up data were excluded from the analysis.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA). Categorical
variables were expressed as numbers and percentages, whereas continuous variables were presented as median (inter-
quartile range [IQR]) or mean + standard deviation (SD), depending on distribution assessed by the Shapiro—Wilk test.

Group comparisons were conducted using the independent-samples #-test, Mann—Whitney U-test, or Kruskal-Wallis
test as appropriate. Post hoc analyses after Kruskal-Wallis testing were performed with the Dunn—Bonferroni correction.
The chi-square or Fisher—Freeman—Halton tests were used for categorical variables.

Multinomial and binary logistic regression analyses were employed to identify factors associated with adverse renal
outcomes. Renal survival was analyzed using Kaplan—Meier survival curves.

Propensity score matching (PSM) was performed to reduce potential confounding related to RAS inhibitors use and
baseline disease severity. Propensity scores were calculated using a logistic regression model including age, sex, and
baseline serum creatinine level as matching variables. One-to-one nearest-neighbor matching without replacement was
applied using a caliper width of 0.1. Balance between matched groups was assessed before and after matching, and
subsequent analyses were conducted in the matched cohort.

Cox proportional hazards regression analysis was used to evaluate the independent association between the HALP
score and progression to ESKD. Variables included in the multivariable models were selected based on clinical relevance
and prior evidence and included age at diagnosis, sex, baseline estimated glomerular filtration rate, 24-hour proteinuria,
presence of hypertension, use of RAS inhibitors, number of globally sclerotic glomeruli, and the tubular atrophy/
interstitial fibrosis (T) component of the MEST-C classification. The proportional hazards assumption was assessed
and confirmed prior to model interpretation.

Results
Baseline sociodemographic, clinical, and pathological characteristics of the study cohort according to ESKD status were
presented in the Table 1. Supplementary Tables 3—8 provide detailed data on demographic, laboratory, pathological, and

treatment-related variables that complement the main results presented in the manuscript. In addition, Supplementary
Figure la-b offer further visual analyses of renal outcomes. These supplementary materials are intended to enhance
transparency and allow readers to explore the extended dataset underlying the study’s findings.

No significant differences were observed among outcome groups for SII, PLR, NLR, CONUT, GPS, or mGPS
(Table 2). In contrast, HALP scores differed significantly (p = 0.035), being higher in the >30% eGFR decline group
(median 45.5, IQR 25) and lower in the ESKD group (median 36.4, IQR 16.5) (Table 2).

Patients were stratified into three groups according to baseline HALP scores: Group 1 < 36.6 (n = 68, 33.3%), Group
2>36.6-<51.4 (n= 67, 33.4%), and Group 3 > 51.4 (n = 69, 33.3%).

No differences were found among HALP groups in BMI or blood pressure. Female sex, mean age at diagnosis, and
hypertension were less frequent in the high-HALP group. No significant differences were observed among HALP groups
in proteinuria, hematuria count, uric acid, IgG, IgA, C3, C4, ferritin, or neutrophil counts. However, patients with higher
HALP scores had significantly higher GFR, albumin, hemoglobin, and lymphocyte levels, and lower creatinine, CRP, and
platelet counts. The presence of cellular crescents was also lower in the high-HALP group (Supplementary Table 9).

ESKD outcomes were significantly lower in the high-HALP group (Table 3). Patients in Group 3 were more protected
against ESKD (p < 0.01) and had significantly longer renal survival (log-rank p < 0.01) (Figure 1). Conversely, patients
with low HALP (Group 1) had a higher risk of ESKD.
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Table | Baseline Sociodemographic, Clinical, and Pathological Characteristics of the Study Cohort According to ESKD Status

Variable Total <30% Decline in | >230% Decline in ESKD p value
(n=204) eGFR (n=145) eGFR (n=24) (n=35)

Age at diagnosis, years (IQR) 41 (21) 42 (21) 40.5 (20) 39 (25) 0.790
Male sex, n (%) 137 (67.2) 94 (64.8) 17 (70.8) 26 (74.3) 0.519
Body mass index, kg/m? (IQR) 262 (4.7) 26.3 (5.0) 26.9 (3.9) 247 (5.2) 0.157
Hypertension at diagnosis, n (%) 108 (52.9) 66 (45.5)*° 18 (75.0) 24 (68.6) 0.003
Diabetes mellitus, n (%) 26 (12.7) 21 (14.5) 4 (16.7) I (2.9) 0.149
Use of RAS blockade at baseline, n (%) 88 (43.1) 64 (44.1) 12 (50.0) 12 (34.3) 0.441
Baseline eGFR, mL/min/1.73 m? (IQR) 63.5 (41-96.2) 73 (62)° 75.5 (32)* 33 (29)° <0.001
Serum creatinine, mg/dL (IQR) 1.32 (0.95-1.92) 1.1 (0.8)* 1.1 (0.5)* 2.3 (1.6)° <0.001
24-hour proteinuria, g/day (IQR) 1.26 (0.61-2.29) LE(n? .1 (22)? 25 (34)° <0.001
Presence of hematuria, n (%) 176 (86.3) 125 (86.2) 19 (79.2) 32 (914) 0.419
Number of globally sclerotic glomeruli (mean * SD) 73+7.1 5.0 t 6.8° 8.0+ 70° 120 £ 7.4° | <0.00I
MEST-C T score, n (%)

TO 36 (17.6) 25 (17.2) 7(29.2) 4(11.4)

TI 98 (48.1) 80 (55.2) 10 (41.7) 8 (22.9)

T2 70 (34.3) 40 (27.6)* 7 (29.2)° 23 (65.7)° <0.001

Notes: Continuous variables are presented as median (interquartile range) or mean * standard deviation, as appropriate. Categorical variables are presented as number
(percentage). Group comparisons were performed using the Kruskal-Wallis test, one-way ANOVA, or chi-square/Fisher—Freeman—Halton test, as appropriate.
Superscript letters indicate statistically significant pairwise differences: * difference compared with the ESKD group. ® difference compared with the <30% decline in

eGFR group. A p value < 0.05 was considered statistically significant.

Abbreviations: eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; RAS, renin—angiotensin system; SD, standard deviation; IQR, interquartile

range; MEST-C, mesangial hypercellularity, endocapillary hypercellularity, segmental sclerosis, tubular atrophy/interstitial fibrosis, crescents.

Table 2 Inflammatory and Nutritional Scores

Total <30% Decline >30% Decline ESKD P
in eGFR in eGFR

Sl 560.1 (407.6) 538.3 (429.2) 605.3 (480.9) 572.9 (293.2) 0.599

HALP 42.5 (24.6) 43.9 (25.2)* 455 (25.4)* 36.4 (16.5)° 0.035

PLR 122.9 (55.9) 120.3 (57.7) 122.9 (64.2) 130.8 (45.2) 0.262

NLR 2.1 (1.2) 2.1 (1.3) 2.1 (1.5) 2.1 (1.0 0.504

CONUT Score 1 (2) 1 (2) 0 () I (2) 0.172

CONUT Group

Normal 149 (73%) 107 (73.8%) 20 (83.3%) 22 (62.9%)

Mild 48 (23.5%) 33 (22.8%) 3 (12.5%) 12 (34.3%)

Moderate 5 (2.5%) 3 (2.1%) 1 (4.2%) | (2.8%)

Severe 2 (1%) 2 (1.3%) 0 (0.0%) 0 (0.0%) 0.162

GPS

0 151 (74%) 108 (74.5%) 21 (87.5%) 22 (62.5%)

1 42 (20.6%) 28 (19.3%) 2 (8.3%) 12 (34.2%)

2 Il (5.4%) 9 (6.2%) 1 (4.2%) | (2.8%) 0.146
(Continued)
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Table 2 (Continued).

Total <30% Decline >30% Decline ESKD P
in eGFR in eGFR
mGPS
0 169 (82.8%) 117 (80.7%) 21 (87.5%) 31 (88.6%)
| 24 (11.8%) 19 (13.1%) 2 (8.3%) 3 (8.6%)
2 11 (5.4%) 9 (6.2%) | (4.2%) | (2.8%) 0.435

Notes: Continuous variables are presented as median (interquartile range), and categorical variables as number (percentage).
Group comparisons were performed using the Kruskal-Wallis test. Superscript letters indicate statistically significant pairwise
differences between outcome groups: * significant difference compared with the <30% decline in eGFR group; ® significant
difference compared with the end-stage renal disease (ESKD) group. A p value < 0.05 was considered statistically significant.
Abbreviations: SlI, Systemic Immune-Infllammatory Index; HALP, Hemoglobin—Albumin—-Lymphocyte—Platelet score; PLR,
Platelet-Lymphocyte ratio; NLR, Neutrophil-Lymphocyte ratio CONUT, Controlling Nutritional Status; GPS, Glasgow
Prognostic Score; mGPS, Modified Glasgow Prognostic Score; eGFR, estimated glomerular filtration rate; ESKD, end-stage
renal disease.

Table 3 Outcome Status in Different HALP Score Groups

Outcome Status Group | Group 2 Group 3 p-value
<30% decline in eGFR | 43 (63.2%) | 45 (67.2%) | 57 (82.6%)

>30% decline in eGFR | 7 (10.3%) | 9 (13.4%) | 8 (11.6%)

ESKD 18 (26.5%) | 13 (19.4%) | 4 (5.8%) 0.025

Notes: Values are presented as number (percentage). Group comparisons were performed
using the chi-square test. A p value < 0.05 was considered statistically significant.
Abbreviations: ESKD, end-stage renal disease; eGFR, glomerular filtration rate; HALP,
hemoglobin—albumin—lymphocyte—platelet score.

In the unadjusted model, Group 3 had an 87% lower ESKD risk compared with Group 1 (HR = 0.13, p <0.01). This
effect remained significant after adjustment in Model 1 (HR = 0.16, p < 0.01) and Model 2 (HR = 0.13, p < 0.01). No
significant differences were observed between Group 2 and Group 1 (p > 0.05) (Table 4).
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Figure | Kaplan—Meier renal survival curves according to HALP tertiles. The high HALP tertile is shown in green, the intermediate tertile in red, and the low tertile in blue.
Patients in the high HALP group demonstrated significantly longer renal survival compared with those in the low HALP group (log-rank p < 0.01).
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Table 4 Effect of HALP Score Tertiles on ESKD in Unadjusted and Adjusted Cox Regression Analysis Models

Unadjusted HR (95% CI) | p Model | HR (95% Cl) | p Model 2 HR (95% CI) | p
Group | (£36.6) | (reference) | (reference) I (reference)
Group 2 (36.6-51.4) 0.73 - 0.56 - 0.83 -
Group 3 (>51.4) 0.13 (0.03-0.27) <0.01 | 0.16 (0.05-0.60) <0.01 0.13 (0.03-0.48) <0.01
Proteinuria (g/24h) - 0.14 1.27 (1.10-1.46) <0.01 1.21 (1.04-1.40) 0.01
Use of RAS blockade 0.23 (0.08-0.64) <0.01 | 0.25 (0.11-0.54) <0.001 | 0.37 (0.17-0.81) <0.01
Number of global sclerosis | 1.06 (1.02—1.10) <0.01 | — - 1.07 (1.03-1.11) <0.01

Notes: Group | (£36.6) was used as the reference category in all analyses. Model | was adjusted for age, sex, hypertension, diabetes mellitus, hematuria, 24-hour
proteinuria, and use of RAS blockade. Model 2 included all variables in Model | with additional adjustment for the number of globally sclerotic glomeruli. A p value < 0.05
was considered statistically significant. “-” indicates not applicable/not calculated.

Abbreviations: HALP, hemoglobin—albumin—lymphocyte—platelet score; HR, hazard ratio; Cl, confidence interval; ESKD, end-stage renal disease; RAS, renin—angiotensin

system.

Table 5 Predictive Value of HALP Score for ESKD

Variable AUC (95% CI) | Cut-off | p-value | Sensitivity (%) | Specificity (%)

HALP Score | 0.65 (0.56-0.74) | 424 <0.01 727 55.0

Notes: ROC curve analysis was used to evaluate the predictive performance of the HALP score for end-stage
kidney disease. The optimal cut-off value was determined based on the Youden index. A p value < 0.05 was
considered statistically significant.

Abbreviations: HALP, hemoglobin—albumin—lymphocyte—platelet score; ESKD, end-stage renal disease; AUC,
area under the curve; Cl, confidence interval.

Each unit increase in proteinuria increased ESKD risk (HR = 1.27, p = 0.001; HR = 1.21, p = 0.01). Patients using
RAS blockers had significantly lower risk compared with non-users (HR = 0.23-0.37, p < 0.01). Each unit increase in
global sclerosis count increased ESKD risk (HR = 1.06—1.07, p < 0.001) (Table 4). After propensity score matching, the
associations between HALP and renal outcomes remained consistent with the primary analyses.

ROC curve analysis for HALP demonstrated an AUC = 0.65 (p < 0.01). At a cutoff value of 42.4, HALP predicted
ESKD with 72.7% sensitivity and 55.0% specificity (Table 5 and Figure 2).
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Figure 2 Receiver operating characteristic (ROC) curve demonstrating the predictive ability of the HALP score for ESKD. The area under the curve (AUC) was 0.65 (95%
Cl: 0.56-0.74; p < 0.01). A cutoff value of 42.4 yielded 72.7% sensitivity and 55% specificity.
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Discussion

The HALP score emerged as the most significant prognostic biomarker in our cohort of patients with IgA nephropathy
(IgAN), with lower values associated with a markedly higher risk of ESKD and shorter renal survival. While several
inflammatory and nutritional indices have been proposed in recent years, evidence regarding their role in IgAN prognosis
remains inconsistent. In this study, we systematically evaluated these indices and demonstrated the superior predictive
performance of HALP compared with SII, NLR, PLR, CONUT, and GPS.

The systemic immune-inflammation index (SII) did not show any prognostic association in our cohort, although
previous reports suggested a link with ESKD progression.'® A possible explanation for this discrepancy may be the
higher rate of renin—angiotensin system (RAS) blocker use in our ESKD group, as the anti-inflammatory effects of RAS
inhibition could mitigate the prognostic value of SII.%'

The neutrophil-to-lymphocyte ratio (NLR) also yielded inconsistent results. Some investigations identified lower
values as a risk factor,'” while others associated higher values with ESKD progression.”’ In our cohort, no significant
relationship was detected. It is plausible that higher NLR reflects acute neutrophil-driven inflammation, whereas lower
NLR may indicate chronic immune dysregulation, both potentially influencing IgAN progression.'* The uncertainty
regarding disease onset relative to the time of diagnosis may further explain the variability across studies.

The platelet-to-lymphocyte ratio (PLR) has been associated with worse renal outcomes in IgAN;'®*? however,
although our ESKD group exhibited higher values, the difference did not reach statistical significance. This pattern
suggests that PLR may have prognostic potential but requires validation in larger and more homogeneous populations.

The Controlling Nutritional Status (CONUT) score showed no differences across outcome groups in our analysis,
despite reports of higher values in patients progressing to ESKD.'? Similarly, the Glasgow Prognostic Score (GPS) and
its modification (mGPS) were not associated with outcomes, although prior studies described their role in rapidly
progressive CKD or their prognostic value in univariate analyses.'>'? The lower serum albumin but higher cholesterol
levels in our ESKD group may have offset the CONUT score, while methodological and population differences likely
contributed to the lack of reproducibility of GPS in our study.

By contrast, the HALP score, which integrates hemoglobin, albumin, lymphocyte, and platelet values, demonstrated
robust prognostic value in our cohort. Patients who progressed to ESKD had significantly lower HALP values. Prior
studies have also emphasized albumin-based indices as independent prognostic factors in IgAN.**%> Hemoglobin reflects
anemia and renal hypoxia,”® lymphocyte count mirrors immune competence,'> and platelets contribute to inflammation
and cytokine release.'*?’ The combination of these parameters into a single score enables HALP to serve as
a comprehensive indicator of both inflammatory and nutritional status, which may explain its superiority over other
indices.

Sex-related differences in HALP have been reported, with males typically showing higher values,'*® largely
attributable to baseline hemoglobin levels.”>*® Consistent with previous findings, our study showed that higher HALP
scores were associated with better renal function parameters, including higher eGFR and lower creatinine, as well as
more favorable albumin and lymphocyte counts.'*® Although proteinuria was higher in low-HALP groups, the
difference was not statistically significant in our dataset; however, urinary albumin loss remains a biologically plausible
contributor to reduced HALP values.*'~?

Histopathological evaluation revealed more frequent crescent lesions in patients with low HALP, a finding consistent
with previous reports linking low HALP to severe chronic lesions such as tubular atrophy and interstitial fibrosis.'***
Although the associations with other MEST-C components varied between studies, the overall evidence supports HALP
as a marker reflecting both clinical and structural disease severity.

Survival analyses confirmed that patients with low HALP values had a markedly higher risk of ESKD. Although the
discriminatory performance of HALP was moderate (AUC = 0.65), this level of accuracy is comparable to that of several
single biomarkers used in IgAN prognosis and suggests that HALP should be considered a complementary tool rather
than a standalone predictor, particularly when integrated with established clinical and histopathological risk factors. In
our cohort, a cutoff of 42.4 yielded 72.7% sensitivity and 55% specificity, consistent with previously reported
thresholds.'**® Multivariable Cox regression demonstrated that higher HALP values were independently associated
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with an 87% reduction in ESKD risk (HR = 0.13, p < 0.001). These results strongly support the role of HALP as an
independent biomarker for renal prognosis in IgAN.

Study Limitations

This study has inherent limitations. Its retrospective, single-center design limits the generalizability of the results, and the
relatively small sample size restricted subgroup analyses. In addition, IgA nephropathy is a slowly progressive disease,
and although a minimum follow-up duration of six months was required for inclusion, the relatively short and non-
uniform follow-up period may have limited the number of long-term renal events and, consequently, the precision of
long-term prognostic estimates. Longer and more homogeneous follow-up could increase event rates and allow more
robust evaluation of late renal outcomes. Furthermore, due to the retrospective design of the study, a formal a prior power
calculation was not performed. This should be considered when interpreting the results, particularly for subgroup
analyses. In addition, although age and sex were included in multivariable analyses, more detailed sociodemographic
factors could not be fully explored, which may influence components of the HALP score, particularly hemoglobin and
nutritional parameters. Nevertheless, the sample size and number of outcome events in the present study are comparable
to or exceed those reported in several previously published IgAN cohorts, supporting the overall robustness of the
analyses.

Conclusion

The HALP score emerged as the most significant and independent prognostic biomarker in IgAN, with lower values
predicting a higher risk of ESKD and shorter renal survival. At a cutoff value of 42.4, HALP predicted ESKD with
72.7% sensitivity and 55% specificity. Given its higher sensitivity than specificity, HALP appears to be more useful as
a screening and risk-identification tool rather than a definitive diagnostic marker, enabling the early identification of
patients who may require closer monitoring or timely therapeutic intervention. The superior performance of HALP
compared with other inflammatory and nutritional indices may be explained by its ability to integrate key components of
the malnutrition—inflammation—atherosclerosis (MIA) axis, providing a more comprehensive reflection of systemic
disease burden than single-ratio markers such as NLR or PLR. Importantly, the association between low HALP values
and the presence of cellular crescents suggests that HALP may also reflect active inflammatory disease, with potential
implications for therapeutic decision-making, including immunosuppressive strategies in selected patients. However,
given its moderate predictive accuracy, HALP should be regarded as a complementary prognostic marker and interpreted
in conjunction with established clinical and pathological predictors such as proteinuria, baseline renal function, and
MEST-C scores. Because HALP is derived from routinely available and low-cost laboratory parameters, it may be
particularly useful in resource-limited settings. When integrated with established clinical and histopathological risk
factors, the HALP score may contribute to more refined risk stratification and individualized follow-up strategies in
patients with IgAN.

Practical Application
The HALP score, derived from routine laboratory tests, may help clinicians identify IgAN patients at higher risk of
progression. Incorporating HALP into routine evaluation could support earlier interventions and closer monitoring.
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