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ABSTRACT

Background & Aims: The clinical course of Crohn's disease (CD) is
influenced by a complex interplay between inflammation and malnutrition.
The Haemoglobin, Albumin, Lymphocyte, Platelet (HALP) score is a novel
integrative biomarker that may reflect this interplay. This study aimed to
evaluate the utility of the HALP score as a biomarker for disease activity and
nutritional status in CD. Methods: A cross-sectional study was conducted
on 85 CD patients. Disease activity was assessed using the Harvey-
Bradshaw Index (HBI). Nutritional status was evaluated using
anthropometric measures, biochemical parameters, and the CONUT score.
The HALP score was calculated as (hemoglobin [g/L] x albumin [g/L] x
lymphocytes [x10%L]) / Platelets [x10°L]. Statistical analyses included
Mann-Whitney U tests, Spearman's correlations, and multivariate logistic
regression. Results: The mean HALP score was significantly lower in
patients with active disease (2.90 + 1.26) compared to those in remission
(3.39 + 0.86; p < 0.001). The HALP score showed a strong negative
correlation with CRP (r = -0.62, p < 0.001) and a positive correlation with
albumin (r =0.71, p < 0.001). Patients with a HALP score below the median
(3.24) had a 4.3-fold increased odds of active disease (95% CI: 1.6-11.8,
p=0.004) after adjusting for confounders. The HALP score was also
significantly lower in patients with malnutrition as defined by the CONUT
score (p<0.01). The ROC analysis showed an AUC of 0.78 for HALP in
predicting active disease. Conclusions: The HALP score is a simple, cost-
effective, and promising novel biomarker that effectively integrates
nutritional and inflammatory status in CD. It strongly correlates with disease
activity and conventional nutritional markers, making it a useful tool for the
comprehensive assessment of CD patients.
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Crohn's disease (CD) is a chronic, relapsing-remitting inflammatory bowel disease characterized by transmural inflammation that can
affect any part of the gastrointestinal tract [1]. Its complex pathogenesis involves an aberrant immune response to gut microbiota in
genetically susceptible individuals, leading to a state of chronic inflammation [2]. The worldwide incidence and prevalence of CD have
been steadily increasing, with newly industrialized countries experiencing a particularly rapid rise [3,4].
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The inflammatory process in CD has profound systemic consequences, particularly on the nutritional status of patients. Malnutrition,
micronutrient deficiencies, and sarcopenia are highly prevalent in CD, affecting between 20% and 85% of patients depending on the
population studied and assessment methods used [5,6]. This nutritional impairment results from a multifactorial process involving
reduced oral intake (due to anorexia, abdominal pain, or prescribed restrictive diets), malabsorption (from mucosal inflammation,
surgical resection, or bacterial overgrowth), increased gastrointestinal losses (protein-losing enteropathy, bleeding), and a
hypermetabolic state driven by chronic inflammation [7,8].

The management of CD requires careful monitoring of both inflammatory activity and nutritional status. Current biomarkers include
C-reactive protein (CRP) and faecal calprotectin for inflammation assessment and albumin, prealbumin, or composite nutritional
scores like the CONUT (Controlling Nutritional Status) score for nutritional evaluation [9,10]. However, there is a lack of a single,
integrative biomarker that reflects the complex interplay between inflammation and malnutrition that characterizes CD.
The Haemoglobin, Albumin, Lymphocyte, Platelet (HALP) score is a novel composite index initially developed and validated in
oncological settings as a prognostic factor [11,12]. It synergistically combines parameters indicative of both nutritional status and
systemic inflammation. The rationale for investigating the HALP score in CD stems from its ability to potentially capture the dual
burden of inflammation and malnutrition that characterizes this condition. Each component of the HALP score is frequently abnormal
in active CD: anaemia of chronic disease, hypoalbuminemia, lymphopenia, and thrombocytosis are all well-recognized features of
active inflammation [13,14]. Furthermore, a recent systematic review and meta-analysis has confirmed its prognostic value in various
cancers, demonstrating its robustness as an integrative biomarker [15].

Despite its promising utility in oncology, the HALP score remains largely unexplored in inflammatory bowel diseases. Given that CD is
characterized by both chronic inflammation and nutritional impairment, we hypothesized that the HALP score could serve as a valuable
immuno-nutritional biomarker in this context. This study aimed to investigate, for the first time, the association of the HALP score
with disease activity and nutritional status in a well-characterized cohort of patients with CD.

2. METHODS

Study Design and Population

We conducted a monocentric, cross-sectional, observational study from July 2024 to July 2025 at the Internal Medicine Department
of the University Hospital of Douera, a tertiary referral center for IBD in Algeria. The study was approved by the Institutional Ethics
Committee of the University Hospital of Douera and was performed in accordance with the ethical standards of the Declaration of
Helsinki. Written informed consent was obtained from all individual participants included in the study.

Consecutive adult patients (218 years) with an established diagnosis of CD based on standard clinical, endoscopic, histological, and
radiological criteria [16] were recruited during routine outpatient visits or inpatient hospitalization. Exclusion criteria were (1) age <18
years; (2) inability to provide informed consent; (3) presence of concurrent conditions known to significantly affect nutritional status
independently of IBD (e.g., active cancer, chronic liver or renal failure, congestive heart failure NYHA Class 1lI/IV); (4) pregnancy or
lactation; (5) history of recent blood transfusion (<3 months). These restrictive criteria were applied to minimize confounding variables
and ensure a homogeneous Crohn's disease population. The absence of a healthy control group was a consequence of the study's
observational design, which aimed to compare HALP scores within the disease population.

Data Collection and Variables

Data were collected by trained physicians through direct patient interviews, clinical examination, and thorough review of medical
records using a standardized data collection form.

Demographic and Clinical Data: We recorded age, sex, body mass index (BMI), smoking status, disease duration, age at diagnosis
(categorized by Montreal classification: Al:<17 years, A2:17-40 years, A3:>40 years) [17], disease location (L1: ileal, L2: colonic, L3:
ileocolonic, L4: upper Gl), and behavior (B1: inflammatory, B2: stricturing, B3: penetrating) according to the Montreal classification,
history of intestinal resection, current medications (5-aminosalicylates, corticosteroids, immunomodulators, biologics), and presence
of extra-intestinal manifestations.

Disease Activity Assessment: Disease activity was assessed using the Harvey-Bradshaw Index (HBI) [18]. Patients were classified as
having active disease if HBI > 5 and in remission if HBI < 5. The HBI was chosen as it is a validated, widely used clinical index in routine
practice, especially in resource-limited settings where objective markers like fecal calprotectin are not consistently available for all
patients.

Nutritional Status Assessment: Nutritional status was comprehensively evaluated using: 1. Anthropometric measures: Weight and
height were measured to calculate BMI (kg/m?) . 2. Biochemical parameters: serum albumin, prealbumin, total cholesterol, and 3.
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composite nutritional scores: The CONUT score was calculated as previously described [19] based on serum albumin, total cholesterol
concentration, and total lymphocyte count. Scores were interpreted as 0-1 (normal), 2-4 (mild malnutrition), 5-8 (moderate
malnutrition), and 9-12 (severe malnutrition).

Laboratory Measurements and HALP Score Calculation

Venous blood samples were drawn after a 12-hour overnight fast. Analyses were performed in the central laboratories of CHU Douera
and CHU Blida. Both laboratories used standardized protocols identical analytical platforms and participated in the same external
quality control programs, minimizing inter-laboratory variability. The following parameters were measured: Haemoglobin (HGB, g/L)
- using automated hematology analyzer; Albumin (ALB, g/L)—using the bromocresol green method ; Lymphocyte count (LYM, x10°/L)
- using automated flow cytometry; Platelet count (PLT, x10%/L) - using automated hematology analyzer; C-reactive protein (CRP, mg/L)
- using immunoturbidimetry. The HALP score was calculated using the formula HALP = (HGB x ALB x LYM) / PLT

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0 (Armonk, NY: IBM Corp.). Continuous variables were tested
for normality using the Shapiro-Wilk test and are presented as mean + standard deviation (SD) or median with interquartile range
(IQR) as appropriate. Categorical variables are presented as numbers (n) and percentages (%). Differences in HALP scores between
groups were analyzed using the Student's t-test or Mann-Whitney U test for continuous variables depending on their distribution. The
specific test used for each comparison is indicated in the results. The Chi-square test or Fisher's exact test were used for categorical
variables. Correlations between the HALP score and other continuous variables were assessed using Spearman's correlation
coefficient.

Multivariate binary logistic regression analysis was performed to identify independent factors associated with active disease (HBI > 5).
Variables with p-values <0.1 in univariate analysis were included in the multivariate model. Due to the sample size and risk of
overfitting, the model was limited to key demographic and disease variables (age, sex, disease duration, and location). The results are
presented as odds ratios (OR) with 95% confidence intervals (Cl). The median HALP score (3.24) was used as a cutoff for exploratory
purposes due to the absence of an established clinical threshold for HALP in Crohn's disease. A two-tailed p-value < 0.05 was
considered statistically significant for all analyses. We acknowledge that multiple comparisons were performed without formal
correction, which increases the risk of Type | error. Receiver Operating Characteristic (ROC) curve analysis was performed to evaluate
the discriminatory power of the HALP score for identifying active disease. This study was exploratory in nature, designed as a pilot
analysis; therefore, no a priori power calculation was performed, which is a limitation given the sample size, particularly the number
of patients with active disease (n=21).

3. RESULTS
Participant Characteristics

A total of 85 patients with Crohn's disease were included in the final analysis. The baseline characteristics of the study population are
summarized in Table 1. The mean age was 39.5 * 14.2 years, with a slight female predominance (54.1%). The median disease duration
was 6 years (IQR: 3-11 years). According to the Montreal classification, most patients had ileal disease (L1, 77.6%) and stricturing
disease behavior (B2, 42.4%). Twenty-one patients (24.7%) had active disease at the time of enrollment (HBI > 5). Most patients were
on advanced therapy with biologics (60.0%), while only a small proportion were on corticosteroids (4.7%).

HALP Score and Its Components

The mean HALP score in the overall population was 3.28 + 0.98 (range: 1.12-5.89). The distribution of the individual components of
the HALP score is shown in Table 1.

Association Between HALP Score and Disease Activity

Patients with active disease had significantly lower HALP scores compared to those in remission (2.90 + 1.26 vs. 3.39 + 0.86, t(83) =
3.52, p < 0.001) (Table 2). When patients were stratified by disease activity severity, there was a progressive decrease in HALP score
with increasing disease activity (remission: 3.39 + 0.86, mild activity: 3.02 + 0.94, moderate-severe activity: 2.65 + 1.48, p for trend =
0.003).
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Table 1. Baseline characteristics of the study population (n=85).

Characteristic Value

Age, years, mean = SD 39.5+14.2

Female sex, n (%) 46 (54.1%)

BMI, kg/m?, mean + SD 23.8+4.9

Disease duration, years, median [IQR] 6 [3—-11]

Montreal classification, n (%)

— Age at diagnosis: A1/A2/A3 4 (4.7%) / 65 (76.5%) / 16 (18.8%)
— Location: L1/L2/L3 66 (77.6%) / 11 (12.9%) / 8 (9.4%)
— Behavior: B1/B2/B3 22 (25.9%) / 36 (42.4%) / 27 (31.8%)
Active disease (HBI = 5), n (%) 21 (24.7%)

Previous intestinal resection, n (%) 28 (32.9%)

Current treatment, n (%)

— 5-aminosalicylates 0 (0%)

— Corticosteroids 4 (4.7%)

— Immunomodulators 26 (30.6%)

— Biologics 51 (60.0%)

Biological parameters

— Hemoglobin, g/dL, median [IQR] 12.3[10.8-13.8]

— Albumin, g/L, median [IQR] 39 [35-42]

— Lymphocytes, x10°/L, median [IQR] 1.98 [1.56-2.40]

— Platelets, x10%/L, median [IQR] 268 [218-329]

— CRP, mg/L, median [IQR] 5.2 [2.8-14.6]

HBI = Harvey-Bradshaw Index; IQR = interquartile range; BMI = body mass index.
Numerical values comply with the requested format (decimal point)

Table 2. Comparison of HALP score according to disease activity and nutritional status.

Group n HALP score, pvalue
mean + SD

All patients 85 3.28£0.98

Disease activity <0.001

— Remission (HBI < 5) 64 3.39+0.86

— Active (HBI > 5) 21 2.90+1.26

CONUT score <0.001

—Normal (0-1) 40 3.60 £0.82

— Malnutrition (> 2) 45 2.99+1.02

Albumin level 0.002

—Normal (> 35 g/L) 74 3.40 £0.90

—Low (<35 g/L) 11 2.51+1.08

Anemia 0.005

- No 52 3.52+0.83

—Yes 33 2.95+1.05

HALP = (Haemoglobin x Albumin x Lymphocytes) / Platelets.
Statistical tests: comparison of means (t-test or Mann-Whitney
depending on distribution), p < 0.05 considered significant.

The HALP score showed a strong negative correlation with CRP (r =-0.62, p<0.001) and a moderate negative correlation with HBI score
(r = -0.48, p<0.001). In contrast, it showed a strong positive correlation with albumin levels (r = 0.71, p<0.001).
In multivariate logistic regression analysis adjusted for age, sex, disease duration, and disease location, a HALP score below the median
value (3.24) was associated with a 4.3-fold increased odds of active disease (OR=4.3, 95% Cl: 1.6-11.8, p=0.004) (Table 3).

ROC curve analysis demonstrated that the HALP score had moderate discriminatory power for identifying active disease, with an area
under the curve (AUC) of 0.78 (95% Cl: 0.67-0.89). At a cutoff value of 3.24, the HALP score had a sensitivity of 71.4% and a specificity
of 73.4% for detecting active disease.
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Table 3. Multivariate logistic regression analysis for factors associated with active disease (HBI > 5).

Variable Adjusted odds ratio 95% confidence interval p value
HALP score < 3.24 4.3 1.6-11.8 0.004

lleal location (L1) 3.1 1.1-89 0.035
Disease duration (per year) 1.0 0.9-1.1 0.78

Age (per year) 1.0 0.96-1.04 0.92
Female sex 1.2 0.5-3.0 0.67
Model adjusted for age, sex, duration of illness, and location. 95% confidence intervals are
provided for each OR

Association Between HALP Score and Nutritional Status

The HALP score was significantly lower in patients with malnutrition as defined by the CONUT score (score = 2) compared to those
with normal nutritional status (2.99 + 1.02 vs. 3.60 + 0.82, p < 0.001) (Table 2). There was a moderate negative correlation between
HALP score and CONUT score (r = -0.43, p < 0.001). Patients with hypoalbuminemia (<35 g/L) had significantly lower HALP scores
compared to those with normal albumin levels (2.51 + 1.08 vs. 3.40 + 0.90, p=0.002). Similarly, patients with anaemia (haemoglobin
<12 g/dL for women, <13 g/dL for men) had lower HALP scores than those without anaemia (2.95 + 1.05 vs. 3.52 + 0.83, p=0.005).

Correlation Analysis

The correlation analysis between the HALP score and various biological parameters is presented in Table 4. The HALP score showed
strong correlations with key inflammatory and nutritional markers, with the strongest positive correlation observed with albumin (r =
0.71, p < 0.001) and the strongest negative correlation with CRP (r = -0.62, p < 0.001).

Table 4. Spearman correlation coefficients between HALP score and biological parameters.

Biological parameter Correlation coefficient (r) p value
CRP (mg/L) -0.62 <0.001
Albumin (g/L) 0.71 <0.001
CONUT score -0.43 <0.001
Hemoglobin (g/dL) 0.58 <0.001
Lymphocytes (G/L) 0.39 <0.001
Platelets (G/L) -0.51 <0.001
Body mass index (BMI) 0.21 0.053

Spearman's correlation coefficients (r) reported; p < 0.05 considered significant

4. DISCUSSION

This is the first study to comprehensively evaluate the HALP score in patients with Crohn's disease. Our findings demonstrate that this
novel composite biomarker is significantly associated with both disease activity and nutritional status in CD patients. The main results
show that the HALP score is significantly lower in patients with active disease compared to those in remission; it strongly correlates
with conventional inflammatory markers like CRP; it is associated with nutritional status as assessed by the CONUT score and albumin
levels; a low HALP score is an independent factor associated with active disease after adjusting for potential confounders; and it
shows moderate discriminatory power for identifying active disease with an AUC of 0.78.

The strength of the HALP score lies in its ability to integrate multiple pathophysiological pathways into a single value. Each component
of the HALP score reflects different aspects of the complex interplay between inflammation and malnutrition in CD. Low haemoglobin
levels typically represent the anaemia of chronic disease, which is driven by inflammation-mediated iron sequestration and reduced
erythropoiesis [20]. Low albumin levels reflect both malnutrition (reduced synthesis) and inflammation (increased catabolism and
capillary leakage) [21]. Lymphopenia is a recognized feature of chronic inflammation and malnutrition, reflecting immune dysfunction
[22]. Conversely, thrombocytosis is a well-established acute phase reactant in inflammatory conditions, including CD [23]. Our finding
that the HALP score performs better than its individual components supports the concept that combining these parameters provides
a more comprehensive assessment of the patient's immuno-nutritional status.

The strong negative correlation between HALP score and CRP (r = -0.62, p < 0.001) confirms its sensitivity to inflammation. This
correlation is stronger than those typically reported for individual components of the score, suggesting that the HALP score provides
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a more integrated measure of the inflammatory burden than any single marker alone. The ROC analysis further supports its clinical
utility, showing moderate discriminatory power (AUC=0.78) for identifying active disease.

The association between the HALP score and nutritional status, as evaluated by the CONUT score and albumin levels, highlights its
utility as an immuno-nutritional biomarker. Patients with malnutrition had significantly lower HALP scores than those with normal
nutritional status. This finding is particularly important because malnutrition in CD is not merely a consequence of reduced nutrient
intake but is closely intertwined with the inflammatory process. The HALP score appears to capture this complex relationship
effectively.

Our findings are consistent with recent literature on the HALP score in other clinical contexts. A systematic review and meta-analysis
by Li et al. [15] confirmed its prognostic value in various cancers, demonstrating that low HALP scores were associated with worse
overall survival across different cancer types. Our study extends this concept to inflammatory bowel disease, suggesting that the HALP
score may have broad applicability across different chronic conditions characterized by inflammation and malnutrition.
From a clinical perspective, the HALP score offers several advantages. It is calculated from routine blood tests that are readily available
in most clinical settings, making it a cost-effective tool. The strong association with disease activity suggests that it could serve as a
useful monitoring tool in clinical practice. The multivariate analysis showing that a low HALP score is independently associated with
active disease after adjusting for other factors further supports its potential clinical utility.

Our study has some limitations that should be acknowledged. First, the cross-sectional design prevents us from establishing causal
relationships or evaluating the prognostic value of the HALP score for predicting future clinical outcomes. Therefore, our conclusions
regarding clinical utility must remain cautious and require validation in longitudinal studies. Second, the single-center design may limit
the generalizability of our findings, although our cohort characteristics are similar to those reported in other CD populations. Third,
we used the HBI for clinical activity assessment, which is a subjective measure. However, we also included objective markers of
inflammation (CRP) to strengthen our findings. Fourth, the sample size, particularly of patients with active disease (n=21), was
relatively small, which may limit the power of the multivariate analysis and the precision of some estimates. Fifth, although we
adjusted for key confounders, other potential confounding variables such as therapeutic status, smoking, and anemia were not
included in the multivariate model due to sample size constraints, and their influence cannot be ruled out. Finally, the use of an
exploratory median cutoff for the HALP score and the absence of correction for multiple testing are limitations of the statistical
approach.

5. CONCLUSION

In conclusion, our study demonstrates that the HALP score is a promising novel biomarker that is significantly associated with both
inflammatory and nutritional aspects of Crohn's disease. It strongly correlates with disease activity, inflammatory markers, and
nutritional status. The HALP score has several practical advantages: it is simple to calculate, based on routinely available laboratory
parameters, and cost-effective. Our findings suggest that the HALP score could be associated with the comprehensive assessment of
CD patients in clinical practice. It may help identify patients with significant inflammation and nutritional impairment who might
benefit from further evaluation. The independent association between low HALP score and active disease after adjustment for
potential confounders further supports the need for its further investigation. While further validation in prospective studies is needed
to establish its prognostic value and clinical utility, the HALP score represents a step forward in the search for integrative biomarkers
that capture the complex interplay between inflammation and malnutrition in Crohn's disease. We believe that the HALP
score warrants further investigation as a potential valuable addition to the clinician's toolbox for the management of CD patients.
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