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ABSTRACT
Objective  This study aimed to systematically investigate 
the relationship between immune-inflammatory indexes 
with lower urinary tract symptoms (LUTSs).
Design  Cross-sectional study.
Setting  National Health and Nutrition Examination Survey 
(NHANES) (2005–2008).
Participants  A total of 2709 men with complete 
information for immune-inflammatory indexes and LUTSs 
were included from NHANES 2005–2008.
Outcomes and analyses  Automated haematology 
analysing devices are used to measure blood cell counts, 
and LUTSs were presented by standard questionnaires. 
Non-linear and logistic regression analyses were used 
to estimate their association after adjustment for 
confounders.
Results  Multivariate logistic regression showed that pan-
immune-inflammation value (OR (95% CI)=1.60 (1.14 to 
2.23)), systemic inflammation response index (SIRI) (OR (95% 
CI)=1.82 (1.21 to 2.73)), neutrophil/lymphocyte ratio (NLR) 
(OR (95% CI)=1.81 (1.31 to 2.49)), derived NLR (dNLR) (OR 
(95% CI)=1.91 (1.35 to 2.70)) and C reactive protein (CRP) 
(OR (95% CI)=1.71 (1.05 to 2.79)) was positively associated 
with LUTS. Additionally, composite immune-inflammation 
markers exhibited a stronger association with LUTS than 
any single index, with the ORs for high SIRI+high CRP, high 
NLR+high CRP and high dNLR+high CRP being 2.26, 2.44 
and 2.16, respectively (all p<0.05). Furthermore, subgroup 
analyses revealed that age, smoking status and hypertension 
have different effects on the relationship between immune-
inflammatory markers and LUTS.
Conclusions  This study indicated that high levels of immune-
inflammatory markers were associated with an increased risk 
of clinical LUTS. The combination of CRP with SIRI, NLR and 
dNLR, respectively, showed a stronger positive correlation with 
clinical LUTS compared with any single index.

INTRODUCTION
Lower urinary tract symptoms (LUTS) are a 
common complaint among ageing men, with 
approximately 80% experiencing at least one 

urine symptom by the age of 80.1 LUTS is now 
widely recognised as a term that encompasses 
various urinary symptoms, including storage, 
voiding, postmicturition and nocturia, nega-
tively impacting on patients’ quality of life.2 3 
In the USA), nearly US$194 million is spent 
annually on LUTS drugs, which can impose 
a heavy strain on the economy and public 
health.4 5 Thus, it is essential to identify the 
factors that contribute to the development 
and progression of LUTS in ageing men.

Several inflammatory markers, including 
the pan-immune-inflammation value (PIV), 
systemic inflammation response index 
(SIRI), systemic immune-inflammation index 
(SII), neutrophil/lymphocyte ratio (NLR), 
derived NLR (dNLR), monocyte/lympho-
cyte ratio (MLR), platelet/lymphocyte ratio 
(PLR) and C reactive protein (CRP), have 
been considered in the development and 
progression of inflammatory and infectious 
diseases.6–10 Interestingly, studies have also 
identified positive associations between 
inflammatory markers, such as CRP10–12 and 
NLR,13 14 and the risk of LUTS, suggesting 
that inflammation may play an important 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The National Health and Nutrition Examination 
Survey dataset, representing the national popula-
tion, enhances the generalisability of our findings to 
a broader context.

	⇒ This study investigated the correlation between var-
ious immune-inflammatory indexes, as well as com-
posite markers, and lower urinary tract symptoms.

	⇒ It is important to recognise that drawing causal 
conclusions from cross-sectional analyses presents 
challenges.
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role in the development of LUTS. For instance, prostate 
tissue samples taken from individuals with benign pros-
tatic hyperplasia (BPH), a condition often associated 
with LUTS resulting from bladder outlet obstruction, 
commonly exhibit acute and chronic inflammation.2 15 16 
Additionally, inflammation may contribute to overactive 
bladder, which is another cause of LUTS.2 17

In recent years, a number of new inflammatory markers, 
such as PIV,18 SIRI19 and SII,19 have been developed, yet 
no study has explored their relationship with LUTS. 
Furthermore, using these markers as single risk factors for 
LUTS could be limited by their low discriminatory power. 
Since the interplay between immunity, inflammation and 
diseases involves complex networks, composite markers 
would be a more accurate and meaningful approach to 
capture the overall inflammatory status and reflect various 
immuno-inflammatory populations.20–22 Therefore, this 
study aims to systematically investigate the relationship 
between blood immune-inflammatory indexes and their 
combinations with LUTS, using representative National 
Health and Nutrition Examination Survey (NHANES) 
data. This study sought to advance the understanding of 
the pathogenesis of LUTS and provide insights for poten-
tial interventions.

METHODS
Study design and participants
The NHANES is a cross-sectional survey that employs a 
sophisticated multistage sample methodology to inves-
tigate the health and nutritional status of the non-
institutionalised population in the USA.23

In this study, we used publicly accessible data from two 
2-year cycles of NHANES (2005–2006 and 2007–2008) 
and restricted the analysis cohort to men aged 40 years or 
older. Initially, there were 3506 male participants aged 40 
years and older in our data. We excluded 417 participants 
with incomplete LUTS status and 150 participants with a 
history of prostate cancer. Additionally, 230 participants 
with incomplete variables data were excluded. Finally, 
2709 participants were included in this study (online 
supplemental figure 1).

Questionnaire data assessment
LUTSs were assessed by four questions, including: (1) 
‘Do you usually have trouble starting to urinate (pass 
water)?’ (hesitancy, defined as the answer is yes); (2) 
‘After urinating (passing water), does your bladder feel 
empty?’ (incomplete emptying, defined as the answer 
is no); (3) ‘How often do you have urinary leakage?’ 
(urinary frequency, defined as the answer is 1 or greater) 
and (4) ‘During the past 30 days, how many times per 
night did you most typically get up to urinate, from the 
time you went to bed at night until the time you got up 
in the morning?’ (nocturia, defined as an answer is 2 or 
greater). Daytime LUTS was defined as a participant with 
one or more of the first three symptoms listed above. 

Clinical LUTS was defined as a participant having two or 
more of the mentioned symptoms.1

Definition of immune-inflammation indexes
Automated haematology analysing devices (Coulter 
DxH 800 analyser) are used to measure lymphocyte, 
neutrophil, monocyte and platelet count, which are 
presented as x109/L. The Behring Nephelometer is used 
to measure serum CRP levels by latex-enhanced neph-
elometry, with a lower limit of detection of 0.2 mg/L. 
The immune-inflammatory indexes in our study were 
calculated as follows: PIV=platelet×neutrophil×mono-
cyte/lymphocyte18; SIRI=neutrophil×monocyte/
lymphocyte19; SII=platelet×neutrophil/lymphocyte24; 
NLR=neutrophil/lymphocyte24; dNLR=neutrophil/
(leukocyte-neutrophil)25; MLR=monocyte/lymphocyte 
and PLR=platelet/lymphocyte.24

Ascertainment of covariates
Our study considered several covariates that could 
potentially influence the association between immune-
inflammatory indexes and clinical LUTS, daytime LUTS 
and nocturia. These covariates included age, race, educa-
tion level, smoking status, alcohol use, body mass index 
(BMI, kg/m2), blood total cholesterol concentration, and 
history of hypertension and diabetes. Hypertension was 
defined as a mean systolic blood pressure greater than 
140 mm Hg, or a mean diastolic blood pressure less than 
90 mm Hg, or a self-reported history of hypertension. 
Diabetes was defined as the use of antidiabetic treatment, 
an glycated haemoglobin A1c (HbA1c) level of ≥6.5% or 
a self-reported history of diabetes.

Statistical analysis
To obtain nationally representative findings for the men 
population aged 40 and over in the USA, survey weights 
were included in the analysis in accordance with NHANES 
standards. Baseline feature indicators were presented as 
weighted mean and SE for continuous data and weighted 
ratio for classified data. The difference between baseline 
characteristics was assessed using the Student’s t-test on 
continuous data and the χ2 test on classified data. We used 
restricted cubic splines with three nodes at the 5th, 50th 
and 95th percentiles to evaluate the nonlinear correlation 
between immune-inflammatory indexes and clinical LUTS, 
daytime LUTS and nocturia. Multivariate logistic regres-
sion was used in three models to explore the association 
between immune-inflammatory indexes and clinical LUTS, 
daytime LUTS and nocturia. Covariates were not adjusted 
in crude model, age, race, education level, smoking status, 
alcohol use and BMI were adjusted in model 1, and model 
2 was further adjusted for blood total cholesterol, and a 
history of diabetes and hypertension. Additionally, we 
conducted multivariate logistic ordinal regression analyses 
to verify the association of immune-inflammatory indexes 
with the number of positive symptoms associated with clin-
ical LUTS (0, 1, 2, 3, 4). Furthermore, multiple logistics 
regression was used to explore whether there is a stronger 
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correlation between SIRI+CRP, NLR+CRP, dNLR+CRP and 
clinical LUTS. Subgroup analyses were performed for the 
association between immune-inflammatory indexes and 
clinical LUTS, stratified by age, smoking and a history of 
hypertension, and multiplicative interaction terms were 
used to test for interactions.

All statistical analyses were performed using R (V.4.2.2, 
http://www.r-project.org/). Statistical significance was 
defined as a two-sided p<0.05.

Patient and public involvement
None.

RESULTS
Baseline characteristics
As shown in table 1, we included 2709 men participants 
aged 40 and above with complete information, including 
399 men who met the diagnostic criteria of clinical LUTS, 
675 men who met the diagnostic criteria of daytime LUTS 
and 946 men who had nocturia symptoms. Compared with 
men without clinical LUTS, men with clinical LUTS were 
older, less educated, smokers and non-alcohol users, more 
prone to have lower blood cholesterol concentration, 
and higher hypertension, diabetes, PIV, SIRI, SII, NLR, 
dNLR and MLR values (all p<0.05). Similarly, compared 
with men without daytime LUTS, men with daytime LUTS 
were older, non-alcohol users, more likely to have hyper-
tension, diabetes, and higher PIV, SIRI, NLR, dNLR and 
MLR values (all p<0.05). Furthermore, compared with 
men without nocturia, men with nocturia were found 
to be older, non-Hispanic black, less educated, smokers 
and non-alcohol users, more prone to have lower blood 
cholesterol concentration, and higher BMI, hypertension, 
diabetes, PIV, SIRI, NLR and MLR values (all p<0.05).

Dose–response relationships between immune-inflammatory 
indexes and LUTS
We used restricted cubic splines to assess the non-linear 
correlation between immune-inflammatory indexes and 
LUTS. After adjusting for covariates, we found that PIV, 
SIRI, SII, NLR, dNLR, MLR and CRP had a linear rela-
tionship with clinical LUTS, daytime LUTS and nocturia 
(all p for non-linearity>0.05). Specifically, the prevalence 
of clinical LUTS increased by 14%, 22%, 16%, 24%, 21% 
and 21% per SD of PIV, SIRI, SII, NLR, dNLR and CRP, 
respectively (all p<0.05) (figure  1). The prevalence of 
daytime LUTS increased by 15%, 23%, 20% and 15% 
per SD of SIRI, NLR, dNLR and CRP, respectively (all 
p<0.05) (online supplemental figure 2). The prevalence 
of nocturia increased by 15%, 12%, 19% and 23% per 
SD of SIRI, NLR, MLR and CRP, respectively (all p<0.05) 
(online supplemental figure 3).

Multivariate logistic regression analyses between immune-
inflammatory indexes and LUTS
To further clarify the relationship between immune-
inflammatory indexes and LUTS, we classified each 
index into quartiles (Q1, Q2, Q3, Q4) and performed 
multiple logistic regression analyses with the Q1 group 

as a reference. Our results showed that Q4 groups of PIV, 
SIRI, NLR, dNLR and CRP were positively correlated 
with clinical LUTS in all three models (all p<0.05, all p 
for trend<0.05). After adjustment for all confounders, 
PIV (OR=1.60, 95% CI=1.14 to 2.23), SIRI (OR=1.82, 
95% CI=1.21 to 2.73), NLR (OR=1.81, 95% CI=1.31 to 
2.49), dNLR (OR=1.91, 95% CI=1.35 to 2.70) and CRP 
(OR=1.71, 95% CI=1.05 to 2.79) in the Q4 group were 
significant risk factors for clinical LUTS in model 2. 
In the crude model, we also found that SII (OR=1.45, 
95% CI=1.02 to 2.06) and MLR (OR=1.96, 95% CI=1.17 to 
3.28) in the Q4 group were positively correlated with LUTS 
(table 2). Furthermore, to confirm the linear relationship 
between these immune-inflammatory indexes and LUTS, 
we conducted a multiple ordinal logistic regression anal-
ysis and found a significant positive correlation between 
SIRI, SII, NLR, dNLR, MLR and CRP and the number of 
positive symptoms associated with clinical LUTS (online 
supplemental table 1).

Regarding the presence of daytime LUTS, we found 
a significant association between NLR (Q4, OR=1.82, 
95% CI=1.21 to 2.74), dNLR (Q4, OR=1.81, 95% CI=1.20 
to 2.71), and SIRI (Q4, OR=1.82, 95% CI=1.05 to 3.17) 
and increased risk of daytime LUTS (online supple-
mental table 2). By contrast, in the outcome of nocturia, 
MLR (Q4, OR=1.49, 95% CI=1.07 to 2.08) and CRP (Q4, 
OR=1.59, 95% CI=1.08 to 2.34) were significantly associ-
ated with nocturia (online supplemental table 3). Given 
the varying associations between immune-inflammatory 
indexes and different LUTS characteristics, we combined 
different indexes based on the results in table  2. We 
selected cut-off values of 1.14, 2.08, 1.84 and 0.43 for 
SIRI, NLR, dNLR and CRP, respectively, and divided 
them into high and low-level groups. We then combined 
SIRI, NLR and dNLR with CRP in pairs to explore the 
correlation between the combined markers and clinical 
LUTS. The reference groups were the low CRP+ low SIRI, 
low CRP+low NLR and low CRP+low dNLR groups. As 
expected, when combined in pairs, the markers showed 
a stronger association with clinical LUTS than any single 
index alone, with the ORs for high SIRI+high CRP, high 
NLR+high CRP and high dNLR+high CRP being 2.26 
(95% CI=1.56 to 3.26), 2.44 (95% CI=1.60 to 3.71) and 
2.16 (95% CI=1.21 to 3.87), respectively, and there was a 
significant increasing trend for the prevalence of clinical 
LUTS (all p<0.05) (table 3).

Subgroup analyses
In our subgroup analyses, we examined the impact of age, 
smoking and hypertension on the relationship between 
immune-inflammatory indexes and LUTS (figure  2). 
Using the Q1 group as a reference, we found a more 
pronounced positive association between PIV, SIRI, 
SII, NLR, dNLR, MLR, CRP and clinical LUTS in older 
men aged 60 years and older in the Q4 group compared 
with those under 60 years (all p<0.05, all p for inter-
action<0.05). Similarly, smokers exhibited a stronger 
positive correlation between PIV, SIRI, NLR, CRP and 
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clinical LUTS in the Q4 group than non-smokers (all 
p<0.05, all p for interaction<0.05). Additionally, hyper-
tensive men in the Q4 group showed a significantly 
positive association between SIRI, NLR, dNLR and clin-
ical LUTS than those without a history of hypertension 
(all p<0.05, all p for interaction<0.05). These findings 
suggested that age, smoking and hypertension might 
modify the impact of immune-inflammatory status on 
clinical LUTS and should be taken into consideration in 
clinical practice.

DISCUSSION
This study represents the first attempt to systematically 
investigate the association between different immune-
inflammatory markers and LUTS risk, and to explore 
the potential effects of combining them. These findings 
revealed strong positive linear correlations between PIV, 
SIRI, NLR, dNLR and CRP with clinical LUTS. Inter-
estingly, when CRP was combined with SIRI, NLR and 
dNLR, respectively, the positive correlations with clinical 
LUTS became even stronger compared with any of the 

Figure 1  Dose–response relationships between blood immune-inflammatory indexes and clinical LUTS (A) PIV and clinical 
LUTS; (B) SIRI and LUTS; (C) SII and LUTS; (D) NLR and LUTS; (E) dNLR and LUTS; (F) MLR and LUTS; (G) PLR and LUTS; 
(H) CRP and LUTS. They are adjusted for age, race/ethnicity, education level, smoking status, alcohol use, and BMI, total 
cholesterol, and a history of diabetes and hypertension. The shaded part represents the 95% CI. BMI, body mass index; CRP, C 
reactive protein; dNLR, derived NLR; LUTS, lower urinary tract symptoms; MLR, monocyte to lymphocyte ratio; NLR, neutrophil 
to lymphocyte ratio; PIV, pan-immune-inflammation value; PLR, platelet to lymphocyte ratio; SII, systemic immune-inflammation 
index; SIRI, systemic inflammation response index.
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Table 2  OR (95% CI) for LUTS across quartiles of blood immune-inflammatory indexes*

Crude model P value Model 1 P value Model 2 P value

PIV

 � Q1 (<181.50) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (181.50–276.64) 1.15 (0.73 to 1.80) 0.53 1.11 (0.69 to 1.79) 0.65 1.14 (0.71 to 1.85) 0.56

 � Q3 (276.65–421.83) 0.86 (0.59 to 1.24) 0.39 0.79 (0.54 to 1.17) 0.22 0.82 (0.57 to 1.18) 0.26

 � Q4 (≥421.84) 1.85 (1.34 to 2.56) <0.01 1.59 (1.14 to 2.24) 0.01 1.60 (1.14 to 2.23) 0.01

P for trend <0.01 0.01 0.02

SIRI

 � Q1 (<0.80) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (0.80–1.14) 1.01 (0.58 to 1.73) 0.98 0.98 (0.56 to 1.70) 0.93 0.97 (0.55 to 1.72) 0.92

 � Q3 (1.15–1.65) 1.39 (1.06 to 1.84) 0.02 1.26 (0.94 to 1.69) 0.12 1.23 (0.91 to 1.66) 0.17

 � Q4 (≥1.66) 2.35 (1.61 to 3.44) <0.01 1.91 (1.30 to 2.82) <0.01 1.82 (1.21 to 2.73) 0.01

P for trend <0.01 <0.01 <0.01

SII

 � Q1 (<356.13) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (356.13–500.41) 0.97 (0.68 to 1.39) 0.86 0.97 (0.65 to 1.43) 0.86 1.02 (0.71 to 1.48) 0.89

 � Q3 (500.42–702.31) 0.98 (0.67 to 1.43) 0.91 1.00 (0.66 to 1.51) 0.99 1.04 (0.71 to 1.54) 0.82

 � Q4 (≥702.32) 1.45 (1.02 to 2.06) 0.04 1.37 (0.94 to 2.00) 0.09 1.40 (0.97 to 2.04) 0.07

P for trend <0.01 0.03 0.03

NLR

 � Q1 (<1.56) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (1.56–2.08) 1.08 (0.74 to 1.60) 0.67 1.15 (0.76 to 1.75) 0.50 1.16 (0.75 to 1.80) 0.48

 � Q3 (2.09–2.72) 1.75 (1.16 to 2.63) 0.01 1.73 (1.12 to 2.66) 0.02 1.71 (1.10 to 2.66) 0.02

 � Q4 (≥2.73) 2.21 (1.60 to 3.04) <0.01 1.89 (1.39 to 2.56) <0.01 1.81 (1.31 to 2.49) <0.01

P for trend <0.01 <0.01 <0.01

dNLR

 � Q1 (<1.13) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (1.13–1.44) 1.09 (0.80 to 1.49) 0.55 1.09 (0.80 to 1.50) 0.56 1.10 (0.80 to 1.51) 0.55

 � Q3 (1.45–1.84) 1.32 (0.92 to 1.89) 0.12 1.32 (0.92 to 1.89) 0.12 1.33 (0.92 to 1.90) 0.12

 � Q4 (≥ 1.85) 2.17 (1.55 to 3.04) <0.01 1.98 (1.42 to 2.77) <0.01 1.91 (1.35 to 2.70) <0.01

P for trend <0.01 <0.01 <0.01

MLR

 � Q1 (<0.22) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (0.22–0.29) 1.27 (0.72 to 2.24) 0.39 1.24 (0.69 to 2.25) 0.45 1.25 (0.69 to 2.27) 0.43

 � Q3 (0.30–0.37) 1.49 (0.87 to 2.56) 0.14 1.38 (0.79 to 2.41) 0.24 1.38 (0.77 to 2.46) 0.26

 � Q4 (≥0.38) 1.96 (1.17 to 3.28) 0.01 1.51 (0.89 to 2.57) 0.12 1.44 (0.82 to 2.53) 0.18

P for trend <0.01 0.09 0.16

PLR

 � Q1 (<97.90) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (97.90–124.74) 0.94 (0.59 to 1.49) 0.79 0.97 (0.61 to 1.55) 0.90 1.00 (0.62 to 1.62) 0.98

 � Q3 (124.75–159.41) 0.70 (0.49 to 0.99) 0.04 0.81 (0.56 to 1.18) 0.26 0.86 (0.58 to 1.27) 0.41

 � Q4 (≥159.42) 1.09 (0.72 to 1.63) 0.68 1.09 (0.73 to 1.64) 0.65 1.14 (0.74 to 1.74) 0.53

P for trend 0.77 0.70 0.57

CRP, mg/dL

 � Q1 (<0.09) 1 (Reference) 1 (Reference) 1 (Reference)

 � Q2 (0.09–0.20) 0.88 (0.56 to 1.38) 0.57 0.84 (0.53 to 1.34) 0.45 0.83 (0.51 to 1.34) 0.41

Continued
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individual indexes alone. Additionally, subgroup anal-
ysis found that the effects of age, smoking and history of 
hypertension varied in their influence on the relation-
ship between immune-inflammatory indexes and clinical 
LUTS.

Previous studies have investigated the mechanisms 
underlying the association between inflammation and 
LUTS. As a common disease in ageing men that can 
contribute to LUTS, the development and progression of 
BPH are closely related to prostatic inflammation.2 3 In 
fact, Theyer et al reported that human BPH tissue had 
a substantial influx of activated T cells, which secret 
various growth factors that facilitate prostate stromal 
and glandular hyperplasia.26 Additionally, stromal cells 
in BPH patients can stimulate the production of proin-
flammatory cytokines and chemotherapeutic kinases in 
a state of inflammation,27 such as IL-2, IL-4, IL-7, IL-17 

and IFNy.28–30 Moreover, chronic inflammation in BPH is 
linked to the focal overexpression of cyclooxygenase two 
in the glandular epithelium, which results in the produc-
tion of proinflammatory prostaglandins and prostate 
cell proliferation.27 31 Furthermore, the pathogenesis of 
LUTS may involve different types of bladder dysfunction, 
such as detrusor overactivity or underactivity.2 There is a 
possible connection between inflammation and overac-
tive bladder, which could be due to inflammation-induced 
remodelling of extracellular matrix and an increase in 
tissue stiffness.3 All the above studies have shown that 
there is a certain relationship between immune inflam-
mation and LUTS.

The risk of LUTS has been found to be associated with 
immune-inflammation indexes, which are readily avail-
able and inexpensive biomarkers. Although Rohrmann et 
al did not find a positive correlation between CRP and 

Crude model P value Model 1 P value Model 2 P value

 � Q3 (0.21–0.43) 1.12 (0.66 to 1.92) 0.66 1.05 (0.59 to 1.88) 0.86 1.05 (0.58 to 1.88) 0.87

 � Q4 (≥0.43) 2.03 (1.28 to 3.22) <0.01 1.78 (1.09 to 2.90) 0.02 1.71 (1.05 to 2.79) 0.03

P for trend <0.01 <0.01 <0.01

Model 1 was adjusted for age, race/ethnicity, education level, smoking status, alcohol use and BMI.
Model 2 was additionally adjusted for total cholesterol, and a history of diabetes and hypertension.
*Values are numerical values or weighted OR (95% CI).
BMI, body mass index; CRP, C reactive protein; dNLR, derived NLR; LUTS, lower urinary tract symptoms; MLR, monocyte to lymphocyte 
ratio; NLR, neutrophil to lymphocyte ratio; PIV, pan-immune-inflammation value; PLR, platelet to lymphocyte ratio; SII, systemic immune-
inflammation index; SIRI, systemic inflammation response index.

Table 2  Continued

Table 3  OR (95% CI) for clinical LUTS across combined blood immune-inflammatory indexes*

Crude model P value Model 1 P value Model 2 P value

SIRI+CRP (low SIRI<1.14, high SIRI≥1.14; low CRP<0.43, high CRP≥0.43)

 � Low SIRI and low CRP 1 (Reference) 1 (Reference) 1 (Reference)

 � High SIRI and low CRP 1.83 (1.34 to 2.50) <0.01 1.60 (1.13 to 2.25) 0.01 1.56 (1.10 to 2.21) 0.02

 � Low SIRI and high CRP 2.28 (1.28 to 4.07) 0.01 2.15 (1.12 to 4.14) 0.02 2.10 (1.09 to 4.03) 0.03

 � High SIRI and high CRP 2.90 (2.04 to 4.12) <0.01 2.39 (1.65 to 3.48) <0.01 2.26 (1.56 to 3.26) <0.01

NLR+CRP (low NLR<2.08, high NLR≥2.08)

 � Low NLR and low CRP 1 (Reference) 1 (Reference) 1 (Reference)

 � High NLR and low CRP 2.06 (1.54 to 2.77) <0.01 1.82 (1.37 to 2.41) <0.01 1.78 (1.33 to 2.38) <0.01

 � Low NLR and high CRP 2.69 (1.57 to 4.62) <0.01 2.40 (1.33 to 4.32) 0.01 2.31 (1.29 to 4.14) 0.01

 � High NLR and high CRP 3.07 (2.11 to 4.46) <0.01 2.59 (1.73 to 3.86) <0.01 2.44 (1.60 to 3.71) <0.01

dNLR+CRP (low dNLR<1.84, high dNLR≥1.84)

 � Low dNLR and low CRP 1 (Reference) 1 (Reference) 1 (Reference)

 � High dNLR and low CRP 2.03 (1.39 to 2.97) <0.01 1.88 (1.24 to 2.84) <0.01 1.87 (1.22 to 2.87) 0.01

 � Low dNLR and high CRP 2.16 (1.37 to 3.41) <0.01 2.01 (1.23 to 3.26) 0.01 1.99 (1.23 to 3.23) 0.01

 � High dNLR and high CRP 2.84 (1.66 to 4.87) <0.01 2.38 (1.35 to4.21) <0.01 2.16 (1.21 to 3.87) 0.01

Model 1 was adjusted for age, race/ethnicity, education level, smoking status, alcohol use and BMI.
Model 2 was additionally adjusted for total cholesterol, and a history of diabetes and hypertension.
*Values are numerical values or weighted OR (95% CI).
BMI, body mass index; CRP, C reactive protein; dNLR, derived NLR; LUTS, lower urinary tract symptoms; NLR, neutrophil to lymphocyte 
ratio; SIRI, systemic inflammation response index.
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LUTS using NHANESIII data,32 several studies revealed 
that an elevated level of CRP was related to an increased 
risk of LUTS,10–12 33 consistent with our findings. The 
discrepancy in results may be due to differences in CRP 
classification criteria. Additionally, previous small-scale 
studies have identified a link between elevated NLR levels 
and the progression of LUTS/BPH without performing 
multivariable analysis.13 14 By contrast, our study provides 
strong evidence for a significant relationship between 
NLR and the prevalence of LUTS, regardless of whether 
NLR was treated as a continuous or categorical variable 
in multivariable regression analysis. Specially, we found 
that elevated levels of CPR were primarily associated with 
nocturia, while NLR, dNLR and SIRI were associated 
with daytime LUTS. Given that previous studies have 
combined inflammatory markers to better reflect their 
relationship with disease,20–22 we attempted to combine 
CRP with NLR, dNLR and SIRI. Our findings highlight 
a stronger linear correlation between the combination 
of these indexes and the risk of LUTS, indicating that 

composite immune-inflammation markers may be more 
effective in reflecting the risk of LUTS.

In our study, we discovered for the first time that several 
immune-inflammation biomarkers, namely PIV, SIRI and 
dNLR, were positively correlated with the presence of 
clinical LUTS. Among these biomarkers, PIV stands out 
for its comprehensive nature, as it comprises peripheral 
blood counts of neutrophils, monocytes, lymphocytes and 
platelets,18 making it a promising prognostic biomarker 
for various cancers.34 Similarly, SIRI and SII have been 
established as a prognostic indicator for different types 
of tumours35–37 and inflammation-related diseases,38–40 as 
they reflect the balance between the immune response 
and inflammation. After adjusting for covariates, we 
found that SIRI was positively associated with LUTS while 
SII was not, which might be due to the weak relationship 
between platelets and LUTS. Among these proinflamma-
tory cells, NLR has been the most extensively validated. 
However, dNLR, which replaces the denominator of 
NLR with (white cell count neutrophils), has emerged 

Figure 2  Associations between blood immune-inflammatory indexes and clinical LUTS in subgroup analyses. They are 
adjusted for age, race/ethnicity, education level, smoking status, alcohol use, and BMI, total cholesterol, and a history of 
diabetes and hypertension, if not already stratified. BMI, body mass index; CRP, C reactive protein; dNLR, derived NLR; LUTS, 
lower urinary tract symptoms; MLR, monocyte to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; PIV, pan-immune-
inflammation value; PLR, platelet to lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation 
response index.
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as an alternative in cases where lymphocyte information 
is unavailable.41 Proctor et al found that both NLR and 
dNLR have equal reliability for the prognostic value in 
patients with cancer.41 Our study revealed a significant 
correlation between NLR and the prevalence of LUTS, 
as well as a comparable association between dNLR and 
LUTS. Since both indexes include neutrophils, it empha-
sises the strong and intimate link between neutrophils 
and LUTS, relative to other proinflammatory cells.

Subgroup analyses revealed that the positive association 
between inflammation and clinical LUTS was stronger 
among the elderly, smokers and hypertensive patients, 
highlighting the potential role of excessive production 
and release of inflammatory factors in these populations, 
leading to increased levels of inflammation.42–44 Addition-
ally, factors such as physical ageing, smoking and hyper-
tension may contribute to a higher prevalence of LUTS 
through mechanisms such as prostate and bladder ageing, 
impaired renal function and damage to blood vessels and 
nerves.45–47 Thus, it is important to closely monitor the 
inflammation levels in these populations suffering from 
LUTS, and providing anti-inflammatory interventions for 
those with high inflammation levels might be a promising 
treatment option.

This study has several advantages. First, this is the first 
study to systematically explore the relationship between 
immune-inflammation indexes and LUTS, emphasising 
the importance of monitoring inflammation levels in 
individuals with LUTS. Second, the NHANES dataset 
comprises a representative sample of the national popula-
tion, and we use NHANES-provided weights to ensure that 
our findings can be extrapolated to the broader popula-
tion. Furthermore, multiple potential confounders were 
adjusted to ensure reliable results. However, this study 
also has several limitations. First, it is important to recog-
nise that drawing causal conclusions from cross-sectional 
analyses presents challenges. Second, peripheral blood 
was tested only once rather than repeatedly, which may 
not accurately reflect a person’s long-term peripheral 
blood status. Third, the questionnaire survey may have 
been subject to recall bias and reporting bias. Finally, the 
evaluation of LUTS relies on four questionnaire items 
from NHANES, which may not provide a thorough assess-
ment of storage and voiding conditions, as well as the 
need for treatment.

CONCLUSIONS
In conclusion, this study emphasised that high levels of 
immune-inflammatory indexes such as PIV, SIRI, NLR, 
dNLR and CRP were independent risk factors for clin-
ical LUTS. The combination of CRP with SIRI, NLR and 
dNLR, respectively, showed a stronger positive correla-
tion with clinical LUTS compared with any of the indi-
vidual indexes alone. Furthermore, the impact of age, 
smoking and history of hypertension on the relation-
ship between immune-inflammatory indexes and LUTS 
was significant. Further research, including multicentre 

studies, is needed to confirm the relationship between 
immune-inflammatory indexes and LUTS and to provide 
additional evidence for the management and treatment 
of clinical LUTS.
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