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Background: Acute appendicitis continues to be a primary reason for emergency abdominal surgery worldwide. Its 

diagnosis is often challenging due to variable clinical presentations and limited access to advanced imaging, especially in 

resource-constrained settings. Recent research has focused on identifying accessible laboratory markers such as 

monocyte-to-lymphocyte ratio (MLR) and monocyte-to-high-density lipoprotein ratio (MHR) to improve the overall 

diagnostic precision for acute appendicitis, extending beyond merely differentiating between uncomplicated and 

complicated instances.This research focused on assessing the diagnostic significance of the monocyte-to-lymphocyte 

ratio (MLR), the monocyte-to-high-density lipoprotein cholesterol ratio (MHR), and the Alvarado score for diagnosing 

acute appendicitis, as well as their effectiveness in distinguishing disease severity among patients at Hasahiesa 

Emergency Hospital, Gezira State, Sudan. 

 

Methods: A cross-sectional hospital-based study was carried out, enrolling 100 patients diagnosed with acute 

appendicitis from October 2022 to March 2023. MLR, MHR, and Alvarado scores were assessed for each patient. Their 

diagnostic performance for acute appendicitis was assessed, and values were compared between uncomplicated and 

complicated cases. Statistical analysis was performed using SPSS v22.0. 

 

Results: MLR, MHR, and Alvarado scores were significantly elevated in patients with acute appendicitis and showed 

strong associations with disease severity and ultrasound findings (P value <0.05). These markers demonstrated robust 

diagnostic value for detecting acute appendicitis in general, as well as for distinguishing between uncomplicated and 

complicated cases. 

 

Conclusion: MLR, MHR, and Alvarado score are valuable, available aids for diagnosing acute appendicitis and 

assessing its severity. Their integration into clinical protocols can improve early detection, risk stratification, and clinical 

decision-making, particularly in settings where advanced imaging is limited. 
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Introduction 
 

Acute appendicitis (AA) continues to be a primary reason for emergency abdominal surgery worldwide, yet its diagnosis 

remains challenging, especially in resource-limited settings where advanced imaging is often unavailable (Bhangu et al., 

2015; Gorashi et al., 2025). The appendix, once considered vestigial, is now recognized for its immunological and 
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microbial roles, particularly in younger populations, contributing to variable clinical presentations and disease 

progression (Bollinger et al., 2007). Epidemiological studies consistently show that AA incidence peaks in adolescence 

and young adulthood but can occur at any age, with recent data highlighting a narrowing gender gap (Bollinger et al., 

2007; Ferris et al., 2017). Clinically, AA frequently shows classic signs—pain in the lower right abdomen, nausea, 

vomiting, and loss of appetite—though up to one-third of patients have atypical presentations, complicating prompt 

diagnosis and increasing the risk of complications like perforation and peritonitis (Di Saverio et al., 2020). Diagnosis is 

primarily clinical, supported by scoring systems like the Alvarado which combine symptoms, signs, and laboratory 

findings for risk stratification (Ohle et al., 2011). Imaging such as ultrasound or CT improves accuracy but may not be 

accessible everywhere (Alvarado, 1986). Laboratory investigations are essential adjuncts. Leukocyte count is commonly 

elevated but lacks specificity, as it can rise in many inflammatory or infectious conditions (Mohamedahmed et al., 2019; 

Mohamedahmed & Abakar., 2021). Newer markers, including the monocyte-to-lymphocyte ratio (MLR) and monocyte-

to-high-density lipoprotein cholesterol ratio (MHR), show promise for differentiating uncomplicated from complicated 

cases and for risk stratification (Albiston, 2002). MLR and MHR reflect the balance of immune response and systemic 

inflammation, with higher values indicating more severe disease (Sammalkorpi et al., 2015; Moosazadeh et al., 2019). 

Combining these laboratory markers with clinical scores may enhance diagnostic precision, especially in settings with 

limited imaging resources (Kuvvetli et al., 2020). Recent meta-analyses and systematic reviews validate the diagnostic 

value of MLR and MHR in AA, emphasizing their role in early detection and risk stratification, though additional 

investigation is necessary to create standardized cutoff values and validate findings in larger, multi-center studies 

(Echevarria et al., 2023; Kucukakcali & Akbulut, 2025). 

 

Materials and Methods 
 

Study design and duration 

 

This cross-sectional study was carried out at Hasahiesa Emergency Hospital, Gezira State, Sudan from October 2022 to 

March 2023. 

 

Study population 

 

The study included 100 consecutive patients who were identified as having acute appendicitis according to clinical 

assessment, ultrasonographic findings (presence pf non-compressible blind-ended tubular structure in the right lower 

quadrant, peri-appendiceal inflammatory changes, appendicolith and hyperemia), and the Alvarado scoring system (more 

than 5). Patients were excluded if they had received antibiotics or corticosteroids within the preceding two weeks or had 

evidence of concurrent infections. 

 

Sampling and sample size 

 

The samples were collected using a simple randomized method from patients with AA. The sample size was 100 samples 

(convenience sampling). 

 

Data collection 

 

Demographic and clinical information were systematically collected using a structured validated questionnaire (tested 

previously by pre-tested questionnaire) administered at the time of admission. 

 

Laboratory analysis 

 

Venous blood samples were collected from every participant for laboratory evaluation, which included a complete blood 

count (CBC) (was done by a full automated hematological analyzer Sysmex XP-300 (Sysmex Corporation, Kobe, 

Japan)), and serum high-density lipoprotein (HDL) cholesterol measurement (was measured using a fully automated 

Cobas 311 analyzer (Roche Diagnostics, Germany) based on an enzymatic colorimetric method). The samples were 

analyzed within 3 hours. 

 

The ratio of monocytes to lymphocytes (MLR) was determined by dividing the absolute count of monocytes by the 

absolute count of lymphocytes normal range (< 0.4) (Yang et al., 2025). The ratio of monocytes to HDL cholesterol 

(MHR) was calculated by dividing the total monocyte count by the serum HDL cholesterol concentration, normal range 

10 – 12 (Zhang et al., 2024). 
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Classification 

 

Patients were categorized as having uncomplicated or complicated appendicitis determined through clinical, laboratory, 

and imaging results. Criteria of uncomplicated refers to inflammation confined to the appendix, non-compressible 

appendix, wall thickening, and mild peri-appendiceal fat stranding without evidence of perforation, abscess, or diffuse 

peritonitis. In contrast, criteria of complicated appendicitis include cases with perforation, gangrene, peri-appendiceal 

abscess, phlegmon, or diffuse peritoneal contamination. 

 

Statistical analysis 

 

Data were analyzed using SPSS v21.0. T-test, correlation test, One Way ANOVA, and ROC curve were used to compare 

the results, at a 95% confidence interval, P value < 0.05 was considered as significant. 

 

Results 
 

The study included a total of 100 patients diagnosed with acute appendicitis. Among these, 44% were male and 56% 

were female, with an average age of 22.3 years. Most patients (45%) fell within the 11–20-year age range. Complicated 

appendicitis was identified in 53% of cases, and leukocytosis was observed in 55% of patients (Table 1). Analysis of the 

Alvarado score revealed that 43% of patients had intermediate scores (4–6), while 57% had high scores (7–9). Regarding 

laboratory markers, MLR and MHR were both significantly higher in patients suffering from complicated appendicitis 

compared to those with uncomplicated cases (p < 0.05) (Table 2) and between Alvarado score (p < 0.05) (Table 5). MLR 

and MHR statistically insignificant variation regarding ultrasound (Table 3) and types of complicated appenciditis (Table 

4). 

 

Table 1. Socio-demographic and clinical profile of participants 

Variable Category Frequency n (%) 

Age Categories 

Less than 10 years 7 (7%) 

11–20 years 45 (45%) 

21–30 years 24 (24%) 

More than 30 years 24 (24%) 

Sex 
Male 44 (44%) 

Female 56 (56%) 

Employment Status 

Student 60 (60%) 

Self-employed 10 (10%) 

Homemaker 13 (13%) 

Other 17 (17%) 

Family History of Appendicitis 
Present 53 (53%) 

Absent 47 (47%) 

Appendicitis Severity 
Uncomplicated 54 (54%) 

Complicated 46 (46%) 

Type of Appendicitis 

Suppurative 9 (9%) 

Abscess Formation 6 (6%) 

Perforated 22 (22%) 

Appendicular Mass 7 (7%) 

Peritonitis 2 (2%) 

White Blood Cell Count 

Normal 42 (42%) 

Leukopenia 3 (3%) 

Leukocytosis 55 (55%) 
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Table 2. Comparison of study parameters according to appendicitis severity 

Parameters Severity P. value 

Uncomplicated (N=47) Complicated (N=53) 

TWBCs 9.7 ± 3.7 12.0 ± 7.0 0.035* 

Lymphocyte 1.9 ± 0.8 2.0 ±1.2 0.843 

Monocyte 0.6 ± 0.07 1.7 ± 0.2 0.000* 

HDL 38.5 ± 13.5 30.1 ± 10.4 0.001* 

MLR 0.32 ± 0.1 1.4 ± 0.3 0.001* 

MHR 17.1 ± 1.7 58.1 ± 5.4 0.000* 

Alvarado score 6.5 ± 1.2 6.5 ± 1.6 0.938 

 

Table 3.Comparison of study parameters between ultrasound results 

Parameters Ultrasound results P. value 

Normal (N=70) Abnormal (N=30) 

TWBCs 10.4 ± 6.2 12.2 ± 4.6 0157 

Lymphocyte 2.0 ± 0.8 1.9 ± 1.4 0.938 

Monocyte 1.2 ± 0.2 1.2 ± 0.2 0.861 

HDL 32.7 ± 14.2 37.1 ± 7.2 0.044* 

MLR 0.93 ± 0.2 0.76 ± 0.1 0.630 

MHR 38.5 ± 4.5 39.5 ± 5.9 0.895 

Alvarado score 6.3 ± 1.4 7.0 ± 1.4 0.018* 

 

Table 4. Comparison of between types of complicated appendicitis 

Parameters Type of severity P. value 

Suppurative  

(N=9) 

Abscess 

(N=6) 

Perforation 

(N=22) 

Mass 

(N=7) 

Peritonitis  

(N=2) 

TWBCs 8.3 ± 3.4 12.9 ± 5.7 13.8 ± 9.1 16.6 ± 5.7 13.1 ± 0.0 0.236 

Lymphocyte 1.3 ± 0.8 1.8 ± 0.4 1.87 ± 0.5 2.7 ± 1.7 5.2 ± 0.0 0.000* 

Monocyte 1.4 ± 0.6 1.8 ± 0.8 2.0 ± 0.5 1.4 ± 0.4 0.8 ± 0.0 0.703 

HDL 24.4 ± 12.1 33.7 ± 2.9 26.3 ± 9.5 38.1 ± 6.8 32.0 ± 0.0 0.021* 

MLR 1.2 ± 0.3 1.1 ± 0.3 1.1 ± 0.2 0.5 ± 0.06 0.1 ± 0.0 0.240 

MHR 62.8 ± 15.9 55.2 ± 11.8 61.8 ± 10.3 41.0 ± 10.3 25.0 ± 0.0 0.647 

Alvarado score 6.3 ± 1.3 7.3 ± 1.9 6.7 ± 1.9 7.1 ± 1.5 6.0 ± 0.0 0.752 

 

Table 5. Comparison of study parameters between Alvarado score 

Parameters Alvarado score P. value 

4-6 (N=43) 7-9 (N=57) 

TWBCs 7.0 ± 2.5 13.8 ± 5.8 0.000* 

Lymphocyte 1.9 ± 1.2 2.0 ± 0.9 0.886 

Monocyte 0.7 ± 0.07 1.5 ± 0.2 0.001* 

HDL 37.3 ± 13.0 31.6 ± 11.9 0.026* 

MLR 0.4 ± 0.04 1.2 ± 0.3 0.004* 

MHR 23.4 ± 3.0 50.4 ± 5.5 0.000* 

 

Discussion 
 

The identification of acute appendicitis continues to pose a clinical challenge because of its non-specific presentation and 

symptom overlap with other abdominal pathologies. This complexity underscores the need for reliable diagnostic 

markers to between uncomplicated and complicated appendicitis, which is crucial for timely intervention and improved 

patient outcomes. Our study demonstrates that the MLR), MHR, and the Alvarado score are significant markers for this 

differentiation, supporting their integration into clinical protocols. Demographically, our findings of a slight female 

predominance and a majority of young adult patients are consistent with recent epidemiological data from various 

regions, although some studies report a slight male predominance in acute appendicitis cases (Ferris et al., 2027). These 

discrepancies may reflect differences in local health-seeking behaviors, access to healthcare, and population 

demographics (Bhangu et al., 2015). The noted highest occurrence during the second decade of life corresponds with 

recognized epidemiological patterns (Anderson et al., 2012) and may be attributed to immunological, anatomical, and 
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lifestyle factors (Ferris et al., 2017). Recent studies and meta-analyses have demonstrated that MLR and MHR can 

enhance diagnostic accuracy in differentiating types of appendicitis (Xu et al., 2015; Kaminskas et al., 2021; Kuvvetl et 

al., 2020). These markers reflect a more pronounced systemic inflammatory response in complicated cases, which is 

typically characterized by elevated monocyte counts, reduced lymphocyte counts, and lower HDL cholesterol levels (Lin 

et al., 2015; Du et al., 2023). These hematological ratios are accessible, cost-effective, and particularly valuable in 

resource-limited settings where advanced imaging may not be readily available (Bhangu et al., 2015; 24). The Alvarado 

score remains a validated and widely utilized clinical tool for risk stratification in suspected appendicitis (Alvarado, 

1986; Ohle et al., 2011). Our research validates its efficacy and its significant correlation with the severity of the disease. 

However, its diagnostic performance may vary depending on population characteristics, local disease prevalence, and 

healthcare access (Kollar et al., 2015). This variability underscores the importance of incorporating adjunctive laboratory 

markers—such MLR and MHR—to enhance diagnostic precision and facilitate early identification of complicated cases 

(Kuvvetl et al., 2020; Lin et al., 2015). A newly systematic reviews and meta-analyses have validated the diagnostic 

value of combining these hematological ratios with clinical scores, emphasizing their role in early detection and risk 

stratification, especially where imaging resources are scarce (Kuvvetl et al., 2020; Lin et al., 2015, Duke et al., 2016). 

Despite these promising findings, further research is required to establish standardized cutoff values for MLR and MHR 

and to validate these results in larger, multi-center studies to ensure applicability across diverse populations (Bhangu et 

al., 2015; Bessoff & Forrester, 2020; Zhou et al., 2022; Dahiya et al., 2024; Alper et al., 2025; Salö et al., 2025). Such 

efforts will be essential for the widespread adoption of these markers in routine clinical practice. 

 

Conclusion 
 

In conclusion, the integration of MLR, MHR, and the Alvarado score into diagnostic algorithms offers a robust, 

evidence-based approach for differentiating uncomplicated from complicated appendicitis. This strategy enhances 

diagnostic accuracy, optimizes patient management, and aligns with the growing body of evidence supporting the use of 

combined clinical and laboratory assessments in acute appendicitis. 
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