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Original Research Article  

Relationship between the Neutrophil to Lymphocyte Ratio and International 

Prostate Symptoms Score in Men with a Benign Prostatic Enlargement 

 

Abstract 

Introduction: The aim of this study was to investigate whether the neutrophil to 

lymphocyte ratio (NLR) can be used as a biomarker to evaluate the severity of urinary 

symptoms in patients with benign prostatic enlargement (BPE).  

Methods: This study assessed NLR in a cohort of 357 patients with BPE attending to 

our outpatient clinic from May 2022 till May 2023. We also evaluated other relevant 

parameters including the International Prostate Symptom Score (IPSS), prostate 

specific antigen (PSA) level and the maximum urinary flow rate (Qmax). Correlations 

between NLR and, IPSS, PSA, prostate volume and Qmax were assessed statistically.  

Results: The study's findings demonstrated that patients with high IPSS had 

significantly higher NLR with positive correlation (r=0.22, p<0.001). Similar relationship 

was seen between NLR and PSA (r=0.33, p<0.001). Positive correlations were also seen 

between NLR, and age (r=0.014, p=0.79) and prostate volume (r=0.134, p=0.01) but 

there were not statistically significant. Negative correlation between NLR and Qmax 

was seen (r= -0.146, p=0.006). The Receiver-Operating Characteristic (ROC) curve 

analyses showed that NLR of between 1.9 to 2.0 can be used as a parameter to 

differentiate severe and non-severe symptoms with sensitivity of 74% and specificity 

of 34% (p<0.001). 
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Conclusion: These findings justifies that NLR can be utilized as a biomarker, in 

combination with other parameters such as age, Qmax and PSA to accurately and 

more objectively evaluate the severity of lower urinary tract symptoms in patients 

with prostate conditions. Further studies required as its potential usage as a marker 

for monitoring and assessing BPE patients’ progression and response to treatment. 

Keywords: Benign Prostatic Enlargement, Neutrophil to Lymphocyte Ratio, 

International Prostate Symptoms Score

Introduction  

Benign prostatic enlargement (BPE) has been the most common urological case in our 

outpatient department for the last decade. It had been considered the result of age-

related prostatic gland enlargement. It was the most common benign disease in older 

men, affecting 25% of males over 50, 33% of those over 60, and 50% of individuals 

over 80 [1]. (These first two sentences emphasise that BPE is a very common disease 

in our community, hence the need to identify and treat them. Therefore I agreed it is 

very important to community scientifically).  However, such a simple explanation was 

not accepted due to the heterogeneous characteristics of symptoms and their 

relationships with systemic diseases. 

The relationship between inflammation and the biology of BPE has drawn significant 

academic interest over the past years. Gao et al. have presented evidence from the 

MTOPS and REDUCE studies that demonstrate a relationship between the risks of 

experiencing lower urinary tract symptoms (LUTS) as a result of BPE and the 

infiltration of inflammatory cells within the prostate [2]. The REDUCE trial revealed 

that chronic inflammation in the prostate was detectable in 77.6% of BPE patients who 

received prostate biopsies, and several other studies have established a significant 
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association between chronic prostatic inflammation, the severity of LUTS, prostate 

volume, and an increased likelihood of acute urinary retention [3]. 

Since not all patients with BPE need to undergo a prostate biopsy, evaluating the 

influence of chronic prostatic inflammation on BPE is a problem. Some researchers 

analyzed the association between clinical inflammation and BPE, and the results 

suggested a positive correlation [4]. In previous research, various inflammatory 

markers were employed, such as C-reactive protein, neutrophil-lymphocyte ratio (NLR) 

and total white cell count (TWC). 

Objectives  

The primary aim of this research was to assess the suitability of NLR as indicator for 

disease activity in individuals with BPE. It is worth noting that this is the first study of 

its kind in Malaysia. This study aimed to calculate the value of NLR in all BPE patients 

attending the urology clinic Hospital Raja Perempuan Zainab II (HRPZ II) by assessing 

their IPSS and study the correlation between NLR and IPSS. Furthermore, this study 

aimed at estimating the   diagnostic accuracy of NLR, which include sensitivity and 

specificity of NLR for detecting mild/moderate (non-severe) and severe BPE based on 

IPSS score and to assess if there is any correlation (strength, direction and significant) 

between NLR and other secondary parameters such as prostate specific antigen (PSA) 

and maximum urinary flow rate (Qmax) in patients with BPE. 

 

 

Methodology 

Study design 
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This is a prospective cross-sectional observational study conducted in the urology 

clinic HRPZ II from May 2022 till May 2023(not from during 2022). The IPSS was 

obtained during history taking and other demographic and medical information was 

also recorded. This includes age, comorbidities, past and current medications and 

previous prostatic surgeries.  

A routine physical examination, which includes a digital rectal examination, was 

performed to assess the presence of the enlarged prostate clinically. Blood 

investigations, urinalysis and PSA levels were also performed. All patients underwent 

uroflowmetry (Uroflowmetry is a standard voiding test for those having urinary 

symptoms where patients were asked to urinate normally in a toilet bowl where 

special machine connected. After patient voids, the graph of how fast their flow will 

be recorded. Uroflowmetry is a standard non invasive test for BPE patient), and the 

post-voiding residual urine (PVR) was assessed. Formal urinary system ultrasound was 

done by trained radiologists, mainly looking at the prostate volume and intravesical 

prostatic protrusion (IPP). The patients were categorized based on the severity of IPSS, 

distinguishing between mild/moderate (non-severe) and severe symptoms. During the 

clinic appointment, eligible patients were explained about the study and offered 

participation. Once agreed and they had understood, written consent was obtained. 

IPSS was calculated during the interview and recorded in patients' files and study 

proforma. Later they underwent uroflowmetry, and blood investigation and 

ultrasound of the kidney, ureter, bladder, and prostate were arranged. The results 

were reviewed and analyzed. 

Statistical analysis 

The research employed multiple statistical tests to analyze the patient data, including 

the Shapiro-Wilk's tests to assess normality. In order to compare different types of 
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continuous variables, the study utilized either independent sample t-tests for 

dichotomous variables or one-way ANOVA for multi-categorical variables 

The Chi-square distribution test to compare categorical data and Pearson's test for 

correlation analysis. The Chi-square distribution test is a widely used statistical 

method for analyzing categorical data, which we used in comparing the observed 

frequencies of different variable categories with their expected frequencies. On the 

other hand, Pearson's test was used asses the strength and direction of the linear 

relationship between two continuous variables in our study. 

In addition, the study utilized the Receiver Operating Characteristic (ROC) curve 

analysis to evaluate the usefulness of the NLR in assessing symptoms severity of BPE 

patients. We calculated the area under curve (AUC) of the NLR and their respective 

95% confidence intervals. The optimal cutoff values were also determined, which can 

be used to classify patients as having severe (grammatical error – corrected) or non-

severe symptoms. Moreover, the sensitivity and specificity of the test were calculated, 

along with their 95% confidence intervals, which provide an estimate of the precision 

and reliability of the test. 

Results (all changed to past tense) 

The sample consisted of 357 individuals. The age variable ranges from 41 to 93 years, 

with a mean value of 70.68 years and a standard deviation of 8.13 years. 

Out of the 357 individuals in the sample, 53 patients (14.8%) had mild symptoms 

based on IPSS, 195 patients (54.6%) had moderate symptoms and 109 patients (30.5%) 

had severe symptoms. 11.2% of patients had prostate volume of less than 30 grams, 

while 316 people (88.8%) had prostate volume of more than 30 grams. 29.7% of 

patients did not have IPP, while 251 patients (70.3%) had IPP. 30.5% of the patients 

had a Qmax greater than 10mls/s, while 69.5% had a Qmax less than 10mls/s. 250 
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patients (56.5%) had a PVR less than 50mls, 152 patients (33.6%) had a PVR between 

50 to 100mls. The IPSS ranged from 3 to 29, with a mean value of 15.73 ± 6.21.  

The white cell count ranged from 2.90 to 14.20 x 109/L (Mean = 7.50, SD=1.96). The 

mean value (±SD) for neutrophil count was 4.55±2.46 x 109/L, lymphocyte count was 

2.18±2.39 x 109/L. The NLR and PSA mean values (±SD) were 2.35±2.31 and 6.85±7.79 

ng/ml, respectively (Corrected). The mean value (±SD) for Qmax and PVR were 

8.62±2.68 mls/s and 45.72±36.81 mls, respectively.(Corrected)       

 

 

The results of the study suggested that there were significant correlations between 

NLR, IPSS, PSA and Qmax in patients with BPE. Age, NLR and prostate volume were 

found to be positively correlated with IPSS, while Qmax was negatively correlated with 

IPSS. PSA was found to be positively correlated with NLR and prostate volume.  

Prostate volume was positively correlated with PSA (r=0.555, p<0.001),(Corrected) 

IPSS (r=0.163, p=0.002), and NLR (r=0.134, p = 0.011). 

 

The study found no significant correlation between prostate volume and age (r = -

0.013, p =0.805) or Qmax (r=-0.128, p=0.015). However, a significant positive 

correlation was observed between prostate volume and PVR (r =0.193, p <0.001). 

 

There was a weak negative correlation (r=-0.226) between age and Qmax, which was 

statistically significant (p<0.001). There was a strong negative correlation (r=-0.653) 

between the IPSS and Qmax, which was statistically significant (p<0.001).  

The results of the study showed that there were various correlations between Qmax 

and other variables. There was a weak negative correlation between Qmax and the 

NLR (r=-0.146, p<0.001). A weak negative correlation was also observed between 
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Qmax and PSA but not statistically significant (r=-0.097, p=0.068). However, a strong 

negative correlation was found between Qmax and PVR (r=-0.336, p<0.001). 

 

 

 

The main focus of this study, we found a positive correlation between NLR and IPSS 

which was statistically significant (r=0.22, p<0.001). NLR was significantly lower in 

individuals with Qmax of greater that 10mls/s than those with Qmax less than 10mls/s 

(p<0.001). There was no significant difference in NLR between individuals with a 

prostate volume less than 30 grams and those with a prostate volume more than 30 

gram (p=0.473). There was a trend toward higher NLR in individuals with PSA greater 

than or equal to 1.6g/mls n compared to those with PSA less than 1.6ng/mls, but the 

difference was not statistically significant (p-value=0.077). NLR were significantly 

higher in individuals older than 62 years than those younger than 62 years (p-

value=0.015). 

 

 

The results of the ROC curve analysis indicated that, based on NLR, a cutoff value of 

1.99 was found to be optimal for PSA level equal or more than 1.6ng/mls. At this 

cutoff value, the test demonstrated a sensitivity of 57% and a specificity of 32% 

(p=0.009). 

 

The optimal NLR cutoff value for prostate volume more than 30 grams was 2.01, with 

a sensitivity of 51% and a specificity of 28% but was not statistically significant 

(p=0.113) 
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The study identified the optimal NLR cutoff value for the non-severe and severe 

symptoms based on IPSS was 1.9, with a sensitivity of 74% and a specificity of 34% 

(p<0.001). The NLR cutoff for Qmax of less than 10mls/s was 1.94, with a sensitivity of 

34% and a specificity of 70% (p<0.001). 

 

Discussion 

The results indicate that the IPSS was positively correlated with age, NLR and prostate 

volume, while negatively correlated with Qmax. These findings are consistent with 

previous studies that have identified age (more than 60 years), prostate volume (more 

than 30 grams) and Qmax (less than 10mls/s) as significant predictors of BPE severity 

and risk factors for disease progression. 

Thapa & Ghosh proposed a potential explanation for the observed associations, 

suggesting that the inflammatory response could be involved in the pathogenesis of 

prostate disease. Chronic inflammation has been previously linked to the development 

and advancement of both BPH and prostate cancer. Neutrophils, which are crucial 

immune cells involved in the inflammatory response, have been identified as playing a 

role [8] 

Also, the NLR may be a surrogate marker of immune function [7]. Lymphocytes play a 

critical role in the adaptive immune response, essential for recognizing and eliminating 

cancer cells [9]. A lower lymphocyte count and a higher neutrophil count may indicate 

a weakened immune response, which could contribute to the development and 

progression of prostate disease. 

One of the hallmarks of immune-senescence is a shift in the balance of immune cells, 

with a decrease in the number and function of T cells and an increase in the number 
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and position of innate immune cells, such as neutrophils [10]. This shift may contribute 

to the developing of chronic inflammation and age-related diseases, including cancer. 

The lower NLR in younger patients may reflect a more robust and balanced immune 

response. In comparison, the higher NLR in older patients may reflect a shift toward a 

more inflammatory and less effective immune response [11]  

 

The correlation between the IPSS and NLR is that the inflammatory response 

contributes to the development and progression of lower urinary tract symptoms. 

Mounting evidence suggests that chronic inflammation plays a crucial role in the 

pathophysiology of BPH and other prostate diseases. In particular, it has been 

postulated that neutrophils and other immune cells are implicated in the complex 

interplay of molecular and cellular events that underlie the initiation and progression 

of these conditions. By contributing to the recruitment and activation of other 

immune cells, secreting proinflammatory cytokines and reactive oxygen species, and 

inducing tissue damage and remodeling, neutrophils may act as key mediators of the 

inflammatory response in the prostate gland [12]. 

 

The relatively modest performance of NLR in predicting specific parameters related to 

prostate disease, such as PSA levels and Qmax, could be due to several factors. 

Firstly, prostate disease is a complex and multifactorial condition, with many factors 

contributing to its development and progression [13]. As such, it is unlikely that any 

single parameter or biomarker, such as NLR, could predict all aspects of the disease 

with high accuracy. 

 

Secondly, the performance of NLR may be influenced by several external factors, such 

as age, comorbidities, and medication use, which can affect both neutrophil and 
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lymphocyte counts, and hence the NLR [5]. For example, older age is associated with 

higher NLR, which could impact its performance as a predictor of prostate disease in 

older populations. 

 

Differences may influence the performance of NLR as a predictor of prostate disease 

in study populations, such as variations in disease severity, treatment status, and 

underlying comorbidities.   

 

The observed relationship between NLR and the secondary parameters can be 

explained by the underlying biology of BPE. Inflammation has been associated with an 

elevation in the number of neutrophils, which are a type of white blood cell, and a 

reduction in the number of lymphocytes, which are another type of white blood cell.  

Therefore, it is unsurprising that NLR is positively correlated with total white cell count 

and neutrophil count and negatively correlated with lymphocyte count in BPE 

patients. 

 

Moreover, prostate inflammation and infection can increase PSA levels. NLR is a well-

known marker of inflammation, and previous research has indicated that there is a 

significant association between NLR and elevated levels of PSA [6]. Therefore, the 

positive correlation between NLR and PSA in BPE patients attending the clinic can be 

explained by the fact that NLR is a marker of prostate inflammation and infection, 

which can increase PSA levels. 

 

Conclusion 

 



 

11 
 

The findings of this study suggest that NLR may be a useful biomarker in assessing the 

severity of LUTS in individuals with prostate disease. However, further research is 

needed better to understand the relationship between NLR and prostate disease and 

to determine the optimal cutoff for NLR in different populations and clinical settings. 

In this study, NLR cutoff value of 1.9 seems to be optimal to be used for differentiating 

between severe and non-severe BPE patients. It maybe potential to be used as a 

marker for monitoring disease progression and response to BPE treatments. The 

utilization of NLR in BPE progression may be improved by combining it with other 

parameters such as age, prostate volume and Qmax. Ultimately, a better 

understanding of the underlying biology of prostate disease and the role of 

inflammation and immune function in its development and progression may lead to 

more effective diagnostic and treatment strategies for this common and debilitating 

condition. Furthermore, treatment with anti-inflammatory drugs maybe option 

(Corrected) BPE patients considering their pathophysiology discussed above. 

 

 

Consent 

As per international standard or university standard, Participants’ written consent has been collected and 
preserved by the author(s). 

 

Ethical Approval: 

As per international standard or university standard guideline participant consent and ethical approval has 
been collected and preserved by the authors. 

 

 

 

 



 

12 
 

References 

 

[1]. H.A. Guess, H.M. Arrighi, E.J. Metter, J.L. Fozard (1990) Cumulative prevalence of 

prostatism matches the autopsy prevalence of benign prostatic hyperplasia Prostate, 

17 (1990), pp. 241-246. 

[2]. Torkko KC, Wilson RS, Smith EE, Kusek JW, van Bokhoven A, Lucia MS. Prostate Biopsy 

Markers of Inflammation are Associated with Risk of Clinical Progression of Benign 

Prostatic Hyperplasia: Findings from the MTOPS Study. J Urol. 2015;194:454-61 

[3]. Nickel JC, Roehrborn CG, O'Leary MP, Bostwick DG, Somerville MC, Rittmaster RS. The 

relationship between prostate inflammation and lower urinary tract symptoms:  

xamination of baseline data from the REDUCE trial. Eur Urol. 2008;54:1379-Erbay, G., 

& Ceyhun, G. (2022). Association between hyperlipidemia and prostatic enlargement: 

A case-control study. Urologia Journal, 89(1), 58-63. 

[4]. Yan, H., Kuroiwa, A., Tanaka, H., Shindo, M., Kiyonaga, A., & Nagayama, A. (2001). 

Effect of moderate exercise on immune senescence in men. European Journal of 

applied physiology, 86, 105-111. 

[5]. Kim, D. S., Shin, D., Lee, M. S., Kim, H. J., Kim, D. Y., Kim, S. M., & Lee, M. G. (2016). 

Assessments of neutrophil to lymphocyte ratio and platelet to lymphocyte ratio in 

Korean patients with psoriasis vulgaris and psoriatic arthritis. The Journal of 

dermatology, 43(3), 305-310. 

[6]. Abidi, S. H., Bilwani, F., Ghias, K., & Abbas, F. (2018). Viral etiology of prostate cancer: 

Genetic alterations and immune response. A literature review. International Journal of 

Surgery, 52, 136-140. 

[7]. Thapa, D., & Ghosh, R. (2015). Chronic inflammatory mediators enhance prostate 

cancer development and progression. Biochemical pharmacology, 94(2), 53-62. 



 

13 
 

[8]. Elmusrati, A., Wang, J., & Wang, C. Y. (2021). Tumour microenvironment and immune 

evasion in head and neck squamous cell carcinoma. International Journal of oral 

science, 13(1), International immunopharmacology, 36, 94-99. 

[9]. Yan, X., Li, F., Wang, X., Yan, J., Zhu, F., Tang, S. &         Li, D. (2020). Neutrophil to 

lymphocyte ratio as  prognostic and predictive factor in patients with coronavirus 

disease 2019: a retrospective cross‐sectional study. Journal of medical virology, 

92(11), 2573-2581. 

[10]. Trtica Majnarić, L., Guljaš, S., Bosnić, Z., Šerić, V., & Wittlinger, T. (2021). 

Neutrophil-to-lymphocyte ratio as a cardiovascular risk marker may be less efficient 

in women than in men. Biomolecules,  11(4), 528. 

[11]. De Nunzio, C., Presicce, F., & Tubaro, A. (2016).  Inflammatory mediators in 

the development and progression of benign prostatic hyperplasia. Nature reviews 

urology, 13(10), 613-626. 

[12]. Carruba, G. (2007). Estrogen and prostate cancer:   An eclipsed truth in an 

androgen‐dominated scenario. Journal of cellular biochemistry, 102(4), 899–911. 

 

 

 

 

 

 

 

 

 

 

 



 

14 
 

 

 

 

 

 

 

 

 

 

 

Table 1. Descriptive Characteristics  (TABLE REDO AND UNITS ADDED) 

Categories Number, N Mean (Standard 

Deviation) 

Age (years) 357 70.68±8.1 

IPSS score 357 15.73±6.2 

Total White Cell Count (x 

109/L) 

357 7.51±2.0 

Neutrophil Count ((x 

109/L) 

357 4.55±2.5 

Lymphocyte Count ((x 

109/L) 

357 2.18±2.4 

Neutrophil Lymphocyte 

Ratio, NLR 

357 2.35±2.3 

Prostate Specific Antigen, 

PSA (ng/mls) 

357 6.85±7.8 
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Serum creatinine 

(µmol/L) 

357 102.92±43.3 

Prostate Volume (grams) 357 53.42±26.7 

Maximum Urinary Flow 

Rate, Qmax (mls/s) 

357 8.62±2.7 

Post Void Residual, PVR 

(mls) 

356 45.72±36.8 

 

 

 

Table 2. Parameters of Progression According to the NLR 

 

Neutrophil-to-lymphocyte ratio N Mean  p-value  

 

Qmax    <10  248 2.5±2.7  0.007 

   >10  109 2.0±0.8  

 

Prostate volume <30g  40 2.2±1.0  0.473 

   >30g 316  2.4±2.4  

 

Prostate Specific <1.6 59 2.1±0.8  0.077 

Antigen (PSA) >1.6 298 2.4±2.5  

 

Age   <62 68 2.0±0.5  0.015 

  >62 289 2.4±2.6 
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Table 3. Summary of the results of the receiver-operating characteristic (ROC) curve analyses, 

according to the neutrophil-to-lymphocyte ratio.    

    

                Cutoff SEN SPE   p-value       

 

PSA (mg/ml)  1.99 57 32 0.009 

Prostate volume (ml) 2.01 51 28 0.113 

IPPS   1.9 74 34 0.000 

Maximum urinary  

Flow rate (ml/second) 1.94 34 70 0.000 

 

Figure 1. The Correlation of A Neutrophil-Lymphocyte Ratio between International Prostate 

Symptom Score (IPSS), Maximum Urinary Flow Rate (Qmax), and Prostate-Specific Antigen 

(PSA)   (FIGURE REFINED FOR CLEAR VISUALISATION) 
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