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Abstract

Background Existing studies have explored the association between immune-inflammatory indices and inflam-
matory bowel disease (IBD), but there is a lack of comprehensive evidence. This meta-analysis and systematic review
seeks to synthesize the data of available clinical research and offer the latest and comprehensive evidence-based
conclusions regarding whether these immune-inflammatory indices can effectively predict the severity, activity,
and prognosis of IBD.

Methods Seven databases were comprehensively retrieved from their establishment to March 23, 2025. The com-
bined results were described through standardized mean differences (SMD) or odds ratios (OR) with 95% confidence
intervals (Cl). Review Manager 5.4 and STATA 15.0 were leveraged for data analysis.

Results Our analysis included 35 studies involving 5,870 patients. The aggregated data revealed that the neu-
trophil-to-lymphocyte ratio (NLR) (OR=1.18, 95% Cl:1.04 to 1.34; P=0.001) (SMD=1.01, 95%C|I=0.73t0 1.29, P
<0.001), platelet-to-lymphocyte ratio (PLR) (SMD =0.60, 95%C|=0.46 to 0.74, P <0.001), neutrophil-to-platelet ratio
(NPR) (OR=1.20,95% Cl:1.08 to 1.32, P <0.001), and C-reactive protein to albumin ratio (CRP/ALB) (OR=1.50, 95%
Cl:1.38 to 1.65, P <0.001) were potentially linked to disease activity in IBD patients. PLR (SMD=1.08, 95%Cl=0.60

to 1.55, P <0.001) showed potential associations with disease severity in IBD patients. Additionally, NLR (SMD=0.43,
95%Cl=0.1510 0.70, P=0.002) and eosinophil-to-lymphocyte ratio (ELR) (SMD=0.63, 95%CI=0.26 to 1.00, P <0.001)
had potential associations with endoscopic response in IBD patients. Moreover, NLR was potentially associated

with disease relapse(OR=1.35, 95% Cl:1.09 to 1.68; P =0.006) and steroid responsiveness (SMD=0.50, 95%CI=0.15
to 0.85, P=0.005).
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Conclusion NLR, PLR, NPR, and CRP/ALB are potential predictors of disease activity in IBD patients. PLR shows

the potential to predict disease severity, while NLR and ELR are potential indicators of endoscopic response. Further-
more, NLR is also a potential predictor of relapse and steroid responsiveness. Currently, there is insufficient evidence
to support an association between NLR and the severity of IBD, whereas lymphocyte-to-monocyte ratio (LMR)
appears to be associated with both the severity and activity of IBD and PLR and eosinophil*neutrophil-to-lympho-
cytes ratio (ENLR) are associated with endoscopic response in IBD.

Keywords Inflammatory bowel disease, Crohn’s disease, Ulcerative colitis, Immunoinflammatory index, Clinical

Introduction

Inflammatory bowel disease (IBD) is a group of chronic,
nonspecific intestinal inflammatory disorders, and its eti-
ology has not been elucidated. Its pathogenesis involves
an intricate interplay of multiple factors, including envi-
ronmental influence, genetic predisposition, and dis-
turbances in intestinal microbiota, which results in an
aberrant immune response in the gut [1]. IBD primarily
manifests as ulcerative colitis (UC) and Crohn’s disease
(CD) [2]. Currently, its diagnosis is mainly based on a
comprehensive assessment involving laboratory tests,
patient symptoms, endoscopic examination, and tissue
biopsy, after excluding other infectious and non-infec-
tious gastrointestinal disorders [3]. The common clinical
symptoms are abdominal pain, diarrhea, and mucopu-
rulent bloody stools. In severe cases, there exist com-
plications like intestinal perforation, bowel obstruction,
malignancy, thromboembolism, sepsis, as well as loss of
intestinal barrier function [4]. The incidence and preva-
lence of IBD continue to rise [5], making the disease a
global healthcare issue. High-income countries such as
those in Western Europe and North America have the
highest proportion of IBD patients worldwide, with the
highest age-standardized prevalence rate found in the
United States [6]. In Europe, the prevalence of IBD in the
United Kingdom is the highest, reaching 373 cases per
100,000 individuals [7]. In IBD treatment, up to 90% of
CD patients may opt for surgical intervention. Currently,
surgical procedures remain a key therapeutic approach
in the management of CD [8]. In current clinical prac-
tice, mucosal healing, as the therapeutic goal for the UC
cohort, is shown to reduce the risk of surgery and hos-
pitalization and possibly alter the natural course of the
disease [9].

In comparison to colonoscopy and pathology, sero-
logical biomarkers are widely accepted, and they are
low-cost, convenient, and non-invasive. They have gar-
nered widespread attention for their potential to forecast
the activity and severity of IBD [10]. The inflammatory
indices typically include the neutrophil-to-lympho-
cyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),

monocyte-to-lymphocyte ratio (MLR), neutrophil-to-
platelet ratio (NPR), C-reactive protein-to-albumin ratio
(CRP/ALB), eosinophil-to-lymphocyte ratio (ELR), and
eosinophil*neutrophil-to-lymphocytes ratio (ENLR) [11-
13]. These indicators can be readily obtained through
routine blood tests, which are economical [14].

PLR and NLR have emerged as novel, non-invasive
systemic inflammatory biomarkers. These ratios are
associated with prognosis across various disease states.
They have garnered widespread attention in the fields of
malignancies, inflammatory conditions, coronary heart
disease, thrombosis, and autoimmune diseases such as
rheumatoid arthritis [15]. Acarturk et al. [16] collected
data from 44 UC patients as the observation group and
41 healthy people as the control group. They assessed
the NLR, CRP, erythrocyte sedimentation rate (ESR),
and white blood cell count (WBC), and found that it
was notably higher in the active phase group than that in
the remission and control groups. Yao et al. [14] studied
67 patients with CD, categorizing them into active and
remission groups. Their findings proved NLR as an inde-
pendent predictor of activity and severity in CD. Further-
more, significant differences are noted in NLR across the
mild, moderate, and severe subgroups of the active phase,
which proved its role in assessing disease severity.

Anas Elgenidy et al. [17] published a meta-analysis in
2024 that examined the correlation between the systemic
immune-inflammatory index (SII) and disease activity in
patients with UC. The objective of our current study is
to synthesize the existing clinical data through a meta-
analysis and systematic review and update the previous
meta-analysis to provide the latest and most comprehen-
sive evidence-based medical data. This will help confirm
whether such immune-inflammatory indices can effec-
tively predict the severity, activity, and prognosis of IBD.

Methods

Literature search

The study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020)
guidelines. The research protocol has been registered
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with the International Prospective Register of Systematic
Reviews (PROSPERO: CRD 42024609659). The search
strategy was developed by two investigators (LPJ and
WYL). They independently searched subject headings
and keywords across PubMed, Embase, Web of Science,
Cochrane Library, Scopus, CNKI, and Wanfang from the
creation of the databases to March 23, 2025. A compre-
hensive set of terms was used, such as “lymphocytes’,
“lymphoid cells’;, “ratio’, “inflammatory bowel disease’,
“IBD’, “cohort’, “case—control” and “clinical study” The
search strategy is detailed in Supplementary Text S1.

Study selection

The following studies were eligible: (1) patients diagnosed
with IBD via pathological observation, (2) studies with
immune-inflammatory indices like NLR, lymphocyte-to-
monocyte ratio (LMR), PLR, NPR ELR, ENLR, and CRP/
ALB, and (3) studies specifically evaluating the predic-
tive value of immune-inflammatory indices for incidence,
severity, and prognosis of IBD, UC, or CD, (4) and stud-
ies that provided odds ratio (OR), risk ratio (RR), or haz-
ard ratio (HR) with 95% confidence intervals (CI) for the
predictive accuracy of immune-inflammatory indices in
IBD, or the means and standard deviations of continuous
variables. These data should either be directly extractable
from the studies or calculable from the available data; (5)
the study must be formally published.

The excluded studies were (1) reviews, commentar-
ies, conference abstracts, case reports, letters, or animal
studies; (2) studies without adequate information for
the calculations of OR, RR, HR with 95% CI, means and
standard deviations; (3) those without detailed baseline
data; (4) those with duplicated data or insufficient data.

Two researchers (LP] and XW) independently reviewed
the titles and abstracts of retrieved studies, assessed the
full-text articles, and identified eligible studies.

Data extraction

Data were extracted by two researchers (LPJ and CJH).
In cases of disagreement, the final decision was made
by a third researcher, Bing Yang. Extracted data encom-
passed the first author, publication year, country (study
location), design, sample size, patient age, study dura-
tion, BMI, disease duration, cut-off values, and data on
immune-inflammatory indices in various outcome meas-
ures of IBD (UC and CD).

Quality assessment

The quality of eligible studies was examined via the
Newcastle-Ottawa Scale (NOS). Cohort studies were
assessed based on three parameters: selection, compara-
bility, and outcome, while case—control studies were eval-
uated in terms of selection, comparability, and exposure.
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The maximum possible score was 9 [18]. High-quality
studies were defined as those scoring 7—9 [19].

Statistical analysis

For continuous variables, due to significant differences in
the measurement methods and units of the indices used
in the original studies, the standardized mean difference
(SMD) with a 95% CI was employed for the data synthe-
sis of continuous variables. For categorical variables, OR,
RR, or HR, along with 95% ClIs, were employed. Het-
erogeneity was examined through Cochran’s Q test and
the Higgins I? statistic. Significant heterogeneity was
considered when I*> 50% or P <0.1. When heterogene-
ity was not significant (I*< 50%), a fixed-effect model
was employed; when heterogeneity was significant, a
random-effect model was applied. Furthermore, the
stability of the metrics and potential sources of hetero-
geneity were explored through subgroup and sensitivity
analyses. Publication bias was evaluated via Egger’s test.
P <0.05 signified statistical significance. STATA 15.0 and
Review Manager 5.4 were applied for all statistical analy-
ses. Moreover, in accordance with the GRADE system,
the evidence for each outcome was assessed and rated as
“high’, “moderate”, “low”, or “very low” quality to derive
conclusions [20].

Results

Study characteristics

Initially, 1,139 articles were retrieved. 340 records were
first excluded due to duplicate publications. After a title
and abstract review of the rest records, 754 studies were
excluded. Subsequently, the full texts of 45 studies were
assessed and 10 were removed due to insufficient data
on outcomes. Ultimately, 35 studies (comprising a total
of 93 comparative groups) [1, 2, 10-14, 16, 21-47]were
selected, with a total of 5,870 patients (Fig. 1).

Among the eligible studies, one was carried out in
Israel, one in Vienna, one in Spain, one in Italy, two in
Japan, and four in Turkey, with the remaining 25 studies
conducted in China. Notably, four of the eligible stud-
ies were cohort studies, all of which were retrospective,
while the remaining studies were case—control studies.
Five studies investigated the predictive performance of
NLR for the severity of CD, six studies for disease activity
in CD, two studies for complications in CD, eight stud-
ies for the severity of UC, and twelve studies for disease
activity in UC. In terms of LMR, three studies examined
its predictive performance for the severity of CD, three
studies for disease activity in CD, six studies for the
severity of UC, and four studies for disease activity in
UC. Regarding PLR, four studies investigated its predic-
tive value for the severity of CD, five studies for disease
activity in CD, four studies for the severity of UC, and
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Records identified from:
Pubmed (n=135)
Embase (n=275)
Cochrane (n=5)
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Records remove before screening:
Duplicate records remove (n = 340)

Web of science (n = 106)

Cnki (n=209)

WF similarity detection (n =200)
Scopus (n = 209)

Identification

[

After title and abstract screening

Records marked as ineligible by automation
tools (n=0)
Records removed for other reasons (n=0)

Unrelated diseases (n =642)
Conference abstracts, book chapters,

(n=799)

Reports sought for retrieval

letters, etc (n=75)
Case reports and reviews (n =12)
Meta and systematic review (n = 25)

Screening

(n=45)
|

Reports assessed for eligibility

Reports not retrieved (n =0)

Reports excluded (n = 10):

(n = 45)

Studies included in review
(n=35)

[ Included J [

The outcome cannot be extracted, lack of
available outcome indicators

Fig. 1 Flow chart of the literature search and selection of the main research process. By searching PubMed, Embase, Web of Science, Cochrane
Library, and Chinese databases from inception to 23 February 2024, a total of 942 relevant records were retrieved and 35 full-text documents were

included

six studies for disease activity in UC. For NPR, one study
investigated its predictive value for CD and one study
for UC. Concerning CRP/ALB, three studies assessed
its predictive value for disease activity in CD, and three
studies for disease activity in UC. One study assessed the
prognostic significance of the ELR in CD, and one study
investigated the prognostic significance of the ENLR.
Supplementary Table S1 presents additional characteris-
tics of the included studies.

Study quality
The NOS scores for the included studies were from 7 to 9,
which indicated high quality (Supplementary Table S2).

Meta-analysis results

Correlation between NLR and IBD

Forty-five comparative groups involving 5,173 partici-
pants were included to analyze the associations between
NLR and IBD. In the categorical variable analysis of NLR
in the prediction of disease severity in IBD patients, NLR
could not predict the severity of IBD (OR =1.81, 95% CI:
0.79 to 4.13; P =0.16, Fig. 2A). Nevertheless, in the con-
tinuous variable analysis of NLR in the prediction of IBD
severity, the severe IBD group exhibited a marked eleva-
tion in NLR levels compared with the mild IBD group
(SMD =0.90, 95% CI: 0.60 to 1.21, P =0.02, Fig. 2A).

In the categorical variable analysis of NLR in the pre-
diction of disease activity in IBD patients, NLR was
predictive of disease activity, with higher NLR levels indi-
cating greater disease activity (OR =1.18, 95% CI: 1.04 to
1.34; P =0.001, Fig. 2B). In the continuous variable analy-
sis, NLR levels in the active disease group were notably
elevated in comparison to the remission cohort (SMD
=1.01, 95% CI: 0.73 to 1.29, P < 0.001, Fig. 2B).

In the analysis of NLR for relapse, endoscopic response,
and steroid response in IBD patients, NLR was found to
be a predictor for all three outcomes (Relapse: OR =1.35,
95% CI: 1.09 to 1.68; P =0.006; Endoscopic Response:
SMD =043, 95% CI: 0.15 to 0.70, P =0.002; Steroid
Response: SMD =0.50, 95% CI: 0.15 to 0.85, P =0.005,
Fig. 2C).

Correlation between PLR and IBD

Sixteen comparative groups, including 2,734 participants,
were analyzed to investigate the link of PLR to IBD. In the
continuous variable analysis of PLR in the prediction of
disease severity in IBD patients, PLR levels in the severe
IBD group were notably increased in contrast to the mild
IBD cohort(SMD =1.08, 95% CI: 0.60 to 1.55, P <0.001,
Fig. 3A). In the continuous variable analysis of PLR in the
prediction of disease activity, the active disease group
had higher PLR levels than the remission group (SMD
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Fig. 2 A Forest plot of the association between NLR and severity in patients with IBD; (B) Forest plot of the association between NLR and disease
activity in patients with IBD; (C) Forest plot of association between NLR and recurrence, endoscopic response and steroid response in IBD patients
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Fig. 3 A Forest plot of the association between PLR and severity in patients with IBD; (B) Forest plot of the association between PLR and disease
activity in patients with IBD; (C) Forest plot of the association between PLR and endoscopic response in patients with IBD

=0.60, 95% CI: 0.46 to 0.74, P <0.001, Fig. 3B). PLR was
not a significant predictor of endoscopic response in IBD
patients (SMD =0.19, 95% CI: —0.09 to 0.47, P =0.18,
Fig. 3C).

Correlation between LMR and IBD

Eighteen comparative groups, including 2,698 partici-
pants, were selected for the analysis of the connection
of LMR with IBD. As for the analysis of LMR as a cat-
egorical variable in the prediction of disease severity in
IBD patients, LMR was not a significant predictor of dis-
ease severity (OR =0.41, 95% CI: 0.15 to 1.18, P =0.10,
Fig. 4A), but in the continuous variable analysis, LMR
levels in the severe IBD group were markedly decreased
compared to the mild IBD group (SMD =-0.66, 95% CI:
—0.89 to —0.44, P < 0.001, Fig. 4A).

In the categorical variable analysis of LMR in the pre-
diction of disease activity in IBD individuals, elevated
LMR levels were linked to decreased disease activ-
ity (OR =0.88, 95% CI: 0.80 to 0.96, P =0.004, Fig. 4B).

Concerning the continuous variables, in comparison to
the remission group, the active disease group had signifi-
cantly lower LMR levels (SMD =-0.43, 95% CI: —0.85 to
—0.01, P =0.04, Fig. 4B).

Correlation between NPR, CRP/ALB, ELR, ENLR and IBD

Two comparative groups involving 172 individuals were
selected for exploring the relationship between NPR and
IBD, with six comparative groups involving 1,782 par-
ticipants on the relationship between CRP/ALB and IBD,
two comparative groups involving 107 participants on
the relation of ELR to IBD, and four comparative groups
involving 107 participants on the relationship between
ENLR and IBD. In the categorical variable analysis of
NPR and CRP/ALB in the prediction of disease activity,
both NPR and CRP/ALB were predictive of disease activ-
ity, with increased levels correlated with greater disease
activity (NPR: OR =1.20, 95% CI: 1.08 to 1.32, P <0.001,
Fig. 5A; CRP/ALB: OR =1.50, 95% CI: 1.38 to 1.65, P
<0.001, Fig. 5B).
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Fig. 4 A Forest plot of the association between LMR and severity in patients with IBD; (B) Forest plot of the association between LMR and disease

activity in patients with IBD

In the continuous variable analysis of ELR and ENLR in
the prediction of endoscopic response, the active group
exhibited increased ELR and ENLR levels in contrast to
the remission cohort(ELR: SMD =0.63, 95% CI: 0.26 to
1.00, P <0.001, Fig. 5C; ENLR: SMD =0.60, 95% CI: 0.32
to 0.88, P <0.001, Fig. 5D). However, in the categorical
variable analysis of ENLR in the prediction of endoscopic

response, ENLR was not a marked predictor (OR =0.11,
95% CI: 0.01 to 1.12, P =0.06, Fig. 5D).

Subgroup analysis of peripheral blood NLR, PLR, and LMR

across groups

Subgroup analyses were conducted to detect potential
heterogeneity based on different IBD types (CD and UC),
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Fig. 5 A Forest plot of the association between NPR and disease activity in patients with IBD; (B) Forest plot of the association between CRP/ALB
and disease activity in patients with IBD; (C) Forest plot of the association between ELR and endoscopic response in IBD patients; (D) Forest plot
of the association between ENLR and endoscopic response in patients with IBD

sample size, regions and patient age. The results of these
analyses are presented in Table 1.

First, concerning the NLR as a classification vari-
able for disease activity in IBD patients, high NLR

corresponded to greater disease activity in CD indi-
viduals (OR: 1.17; 95% CI: 1.06 to 1.30; P =0.002). In
contrast, no discernible prognostic effect of NLR was
noted in UC patients (OR: 1.21; 95% CI: 1.00 to 1.46; P
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Table 1 Subgroup analysis on predictive value of NLR, PLR and LMR for clinical outcome in patients with inflammatory bowel disease

Subgroup Severity (continuous) Disease activity (continuous) Disease activity (classification)
Study SMD [95%Cl] Pvalue >  Study SMD[95%CI] Pvalue [  Study OR[95%CI] Pvalue P
NLR
Total 12 0.90 [0.60, 1.21] <0.00001 50% 14 1.01[0.73,1.29] <0.00001 84% 9 1.18[1.04,1.34] 0.009 69%
Population
uc 7 0.91[0.54,1.27] <0.00001 46% 10 1.03[0.70,1.36] < 0.00001 84% 7 1.21[1.00, 1.46] 0.05 76%
cb 5 0.86 [0.27, 1.46] 0.004 63% 4 0.98 [0.40, 1.57]  0.0009 86% 2 1.17[1.06, 1.30] 0.002 0%
Sample size
> 100 4 0.81[0.21,1.41] 0.009 73% 7 0.83[0.59,1.07] <0.00001 68% 8 1.18[1.03,1.35] 0.02 73%
<100 8 0.95[0.59,1.32] <0.00001 34% 7 1.26 [0.66, 1.85] < 0.00001 90% 1 1.25[0.96,1.63] 0.09 NA
Mean/median age
>40years 7 0.85[0.47,1.23] <0.00001 50% 10 0.85[0.60,1.09] <0.00001 73% 7 1.21[1.00,1.46] 0.05 76%
<40years 5 0.97[042,1.51] 0.0005 55% 4 1.55[0.62,247] 0.001 93% 2 1.17[1.06,1.30] 0.002 0%
Region
Asia / / / / 10 0.83[0.62,1.05] <0.00001 62% / / / /
Non-Asia  / / / / 5 140 [0.64,2.15] 0.0003 92% / / / /
PLR
Total 7 1.08 [0.60, 1.55] <0.00001 64% 7 0.60[0.46,0.74] < 0.00001 0%
Population
uc 3 0.85[0.52,1.17] <0.00001 0% 4 0.52[0.33,0.70] < 0.00001 0%
cb 4 1.25[0.37,2.14] 0.006 76% 3 0.71[0.49,093] <0.00001 0%
Sample size
> 100 3 1.34[0.29, 2.39] 0.01 86% 4 0.58[0.41,0.74] <0.00001 0%
<100 4 0.87[0.45, 1.30] < 0.0001 0% 3 0.66 [0.40,0.93] < 0.00001 0%
Mean/median age
>40years 3 0.91[0.58,1.23] <0.00001T 0% 0.55[0.38,0.71] < 0.00001 0%
<40years 4 1.15[0.22, 2.09] 0.02 79% 0.73[047,099] <0.00001 0%
LMR
Total 7 —0.66 [-0.89,-0.44] < 0.00001 0%
Population
ucC 4 —-0.70 [-0.99,-0.41] < 0.00001 13%
cD 3 —0.53[-0.96,-0.09] 0.02 0%
Sample size
> 100 4 —0.77 [-1.02,-051] < 0.00001 0%
<100 3 -0.30[-0.78,0.18] 022 0%
Mean/median age
>40years 3 -0.73[-1.10,-0.37] <0.00001 34%
<40years 4 —0.51[-0.88,—-0.13] 0.008 0%

Abbreviations: SMD Standard mean difference, C/ Confidence interval, NA Not available

=0.05). In studies with a sample size greater than 100,
high NLR was associated with greater disease activity
compared to those with a sample size of less than 100
(OR =1.18; 95% CI: 1.03 to 1.35; P =0.02). Further-
more, high NLR was related to greater disease activ-
ity in the group with an average/median age below 40
(OR: 1.17; 95% CI: 1.06 to 1.30; P =0.002). Conversely,
a marked prognostic effect of NLR was not observed in
patients with an average/median age over 40 (OR: 1.21;

95% CI: 1.00 to 1.46; P = 0.05). Additionally, when LMR
was regarded as a continuous variable for disease sever-
ity in IBD patients, no significant prognostic effect was
found in studies with a sample size of less than 100 (P
=0.22). However, in studies with a sample size greater
than 100, LMR was proved as a predictive factor for
disease severity in IBD patients (SMD =-0.77; 95% CI:
—1.02 to —0.51; P =0.0006). Subgroup analysis of PLR
revealed that its predictive value for disease severity
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and activity in IBD patients remained consistent across
all subgroups.

Subgroup analyses indicated that for NLR in predict-
ing IBD, population, sample size, patient age and regions
were major contributors to the heterogeneity of disease
severity and activity. In the case of PLR, population, sam-
ple size, patient age were the primary factors for the het-
erogeneity of disease severity and activity (Table 1).

NLR and postoperative fistula in CD patients

Given that only one study reported on postopera-
tive fistulas, no data pooling was performed; instead, a
descriptive analysis was conducted. In a 2022 study by
Liu Zhongcheng et al. [44], data from 240 patients who
received surgery for CD from September 2017 to Sep-
tember 2019 were analyzed. The study found that a high
NLR value (OR =1.082; 95% CI: 1.023 to 1.144; P = 0.006)
was a risk factor for postoperative fistulas in CD patients.

Sensitivity analysis

Sensitivity analysis revealed that LMR was an unsta-
ble predictor for disease activity in the IBD cohort as a
continuous variable. The primary factors contributing to
this instability were the studies by Dong (2021) [28] and
Li (2020) [31]. Upon sequentially removing these two
studies, the effect size no longer aligned with the origi-
nal range. Therefore, evidence is inadequate to prove the
predictive value of LMR for disease activity at this time
(Fig. 6). In contrast, for the remaining studies, after each
study was sequentially removed, the effect size remained
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consistent within the original range, which shows the
reliability of the analysis results (Supplementary Text S2).

Publication bias

Publication bias was assessed through Egger’s test. No
significant publication bias was detected in the asso-
ciations between NLR and the severity (P =0.291, P
=0.309), activity (P =0.059, P =0.230), and endoscopic
response (P =0.244) in IBD patients, between PLR, LMR,
and the severity (P =0.849, P =0.115, P =0.136) and
activity (P =0.630, P =0.458, P =0.384) of IBD patients,
and between CRP/ALB and disease activity (P =0.425)
in IBD patients. P> 0.05 indicates the absence of publica-
tion bias. However, since the number of studies (< 3) was
small, publication bias analysis could not be performed
for other outcomes. Detailed results are presented in
Supplementary Text S2.

GRADE classification

The PLR with continuous variables of disease activity,
LMR with continuous variables of disease severity and
disease activity classification, NPR and CRP/ALB with
disease activity classification, as well as ELR and ENLR
with endoscopic response classification, were assessed
as low. The NLR with classification variables of disease
severity, disease activity, and relapse, NLR with con-
tinuous variables of disease severity, disease activity,
endoscopic response, and steroid response, PLR with
continuous variables of disease severity and endoscopic
response, LMR with classification variables of disease

Meta—analysis estimates, given named study is omitted

Lower CI Limit
Dong 2021h

O Estimate

| Upper CI Limit

Li 2020b

Yao 2020c

—-1.08 —0.85

l 1
—0.43 —-0.01  0.10

Fig. 6 Sensitivity analysis of continuous variables for LMR and disease activity in IBD
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severity and continuous variables of disease activity, and
ENLR with endoscopic response classification were eval-
uated as very low. Detailed GRADE classification can be
found in Supplementary Table S3.

Discussion

Biomarkers could be employed to predict BD [45]. Ber-
tani et al. [48] proved that for UC patients receiving
anti-TNF therapy, elevated baseline and eight-week post-
treatment NLR and PLR could be employed to predict
clinical remission, mucosal healing, and overall mucosal
improvement. Crispino et al. [13] included a cohort of
107 CD patients and performed multivariate analysis to
evaluate whether baseline and week-12 NLR, PLR, ELR,
and ENLR could predict endoscopic remission (ER) at 52
weeks in patients initiating biologic therapy. The results
indicated that low NLR, ELR, and ENLR were predictive
of ER, providing valuable support for clinical decision-
making in CD management. Additionally, NLR, ELR, and
ENLR are simple, cost-effective, and rapid biomarkers to
forecast CD treatment outcomes, thereby assisting clini-
cians in making informed decisions. Argeny et al. [46]
demonstrated that preoperative high NLR was linked
to acute surgical indications and fewer postoperative
complications.

In the clinical decision-making process, predictive
serum biomarkers are becoming increasingly important
[49]. In this study, seven simple inflammatory biomark-
ers, encompassing NLR, PLR, LMR, NPR, CRP/ALB,
ELR, and ENLR, were evaluated. They can be easily cal-
culated from routine blood cell counts and serve as non-
invasive tests for predicting prognostic indicators such
as disease activity, severity, and other clinical outcomes
in patients with IBD. NLR was found to be predictive of
disease activity, disease relapse, endoscopic response,
and steroid responsiveness in IBD patients. PLR was
identified as a predictor of disease severity and activity
in IBD patients. Additionally, NPR and CRP/ALB were
indicative of disease activity in IBD. The ELR was found
to predict endoscopic response in individuals with IBD.
However, when LMR was evaluated as a predictor of dis-
ease activity in IBD, sensitivity analysis revealed signifi-
cant instability in the results of the analysis. Therefore,
there is insufficient evidence to confirm that LMR can
reliably predict disease activity in these patients. Signifi-
cant publication bias was not identified across all out-
come measures in IBD patients in Egger’s test. In 2021,
Wei et al. [50] published a meta-analysis on the cor-
relation of NLR with the disease activity of IBD. Their
analysis included 16 clinical studies, and the results dem-
onstrated that peripheral blood NLR was a valuable bio-
marker for IBD severity, which aligns with the findings
of the present study. The meta-analysis by Anas Elgenidy
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et al. [17], published in 2024, investigated the correla-
tion between SII and disease activity in patients with
UC. Their analysis included seven clinical studies, and
the results demonstrated the significant potential of SII
as a non-invasive biomarker for assessing UC activity and
severity. While both our study and theirs evaluated the
predictive value of inflammatory indices for UC activity
and severity, our research takes a broader approach by
assessing immune-inflammatory indices similar to SII
in relation to the activity, severity, and prognosis of IBD.
However, this study expanded on their work by incorpo-
rating a greater number of the most recently published
clinical studies and analyzing six additional inflammatory
markers beyond NLR, thereby providing more compre-
hensive evidence. This is a key strength of our study. Fur-
thermore, through subgroup analysis, this study explored
the optimal patient population and conditions for the
application of immune-inflammatory indices in predict-
ing the severity of IBD, which holds critical significance
for the clinical application of these indices in risk stratifi-
cation and treatment guidance.

It is noteworthy that subgroup analysis revealed a sig-
nificant prognostic impact of the NLR, as a categorical
variable, on disease activity in CD patients (P =0.002),
whereas no significant prognostic effect of NLR was
found in UC patients (P =0.05). This discrepancy may be
attributed to the limited research on the prognostic value
of NLR in UC, resulting in insufficient reliability of the
findings. One study indicated that while NLR may serve
as a reference for assessing UC disease activity, it could
not be an independent clinical marker for determining
UC disease activity [51]. Additionally, a study by Akpi-
nar et al. [52] has suggested that the relation of NLR to
disease activity in UC is weak, and there is no associa-
tion between NLR and disease progression. Their study
has indicated that although peripheral blood neutrophil
counts (NeuC) are elevated in UC patients with active
disease, lymphocyte counts (LymC) do not significantly
change, which limits the accuracy of NLR in assessing
the severity of UC. In subgroup analysis, it was further
observed that NLR could predict IBD in younger indi-
viduals (< 40) (P =0.002), but not in the older cohort(>
40) (P =0.05). This difference may be due to the inflam-
matory levels, immune system function, and presence
of chronic diseases. Research suggests that as people
age, the levels of inflammatory markers increase, which
gives rise to various age-related pathological conditions
like cardiovascular disease, neurodegenerative disorders,
cancer, and frailty. These inflammatory markers may
serve as indicators of inflammaging [53]. With advanc-
ing age, immune functionality may progressively decline,
potentially leading to a diminished response to inflam-
mation and an increased risk of chronic inflammation.
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This condition is associated with cellular senescence,
immunosenescence, organ dysfunction, as well as age-
related diseases. Chronic inflammation, referred to as
inflammaging, is linked to many diseases related to age,
such as cardiovascular diseases, neurodegenerative disor-
ders, cancer, and frailty [54].

NLR and PLR are simple biomarkers of subclini-
cal inflammation and can be easily obtained through a
complete differential blood count. They are shown to be
connected with the prognosis and clinical outcomes of
various pathological conditions, including infections,
immune-mediated diseases, and malignancies [55]. NLR
and PLR are derived from the counts of neutrophils,
platelets, and lymphocytes. These ratios are more reli-
able in reflecting disease changes compared to the indi-
vidual components. The underlying mechanisms of this
association were not elucidated; however, a high NLR is
thought to be the consequence of intricate interactions
between neutrophils and lymphocytes, which raise the
levels of several cytokines in the blood and finally cause
inflammation [56]. Neutrophils, as important infiltrat-
ing and regulatory cells of innate immunity, are critical
in the immune response [57]. Their accumulation in the
gut may enhance the recruitment of neutrophils and pro-
mote apoptosis of damaged cells. This response can be
mediated by the secretion of cytokines like IL-6 and IL-1,
which contribute to the activation of nonspecific inflam-
matory reactions [47]. Furthermore, impaired neutro-
phil function may lead to a reduced capacity to eliminate
intestinal bacteria, thereby promoting the development
of chronic inflammation [58]. Lymphocytes and their
subgroups are essential in the pathogenesis of IBD. In
CD, this is associated with an increase and persistence of
interferon-y-induced Thl cells, which, through the acti-
vation of dendritic cells by Th1, trigger localized chronic
inflammation [59]. Therefore, lymphocyte count can
indicate how well the immune system reacts to inflam-
matory events. Furthermore, studies on BD patients have
demonstrated that lymphocyte function is abnormal at
mucosal and peripheral levels [60]. A study has suggested
that peripheral lymphocytes in UC and CD patients
exhibit reduced lymphocyte responses to the mitogen
phytohemagglutinin [61].

In IBD patients, there is often a hypercoagulable and
thrombophilic state. Platelets may be vital in the patho-
physiology of IBD. Research has demonstrated that, in
addition to their traditional hemostatic function, plate-
lets act as pro-inflammatory cells. Upon activation, they
release a variety of bioactive molecules that induce and
amplify the inflammatory response [62]. Additionally,
Erademir et al. [63] have demonstrated that increased
NLR and PLR in CD patients are linked to elevated
malondialdehyde (MDA) and nitric oxide (NO) levels.
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Our study further reveals that the levels of oxidative
stress in the body are positively correlated with MDA and
NO, suggesting that NLR may reflect the level of oxida-
tive stress. Studies by Luceri and Bourgonje et al. [64, 65]
indicate that oxidative stress levels are correlated with
the activity of IBD. It is hypothesized that NLR and PLR
may be associated with IBD activity. LMR, an emerg-
ing inflammatory marker, has been shown to be related
to monocytic activation and innate immune dysfunc-
tion in IBD pathogenesis and progression. The increase
in monocyte count has been closely linked to the disease
activity of UC [66].

Although our study provides a wealth of information,
several limitations should be considered. First, most eli-
gible studies are from Asia, particularly China and Japan.
Given the variability in publication years, the criteria
used to assess IBD outcomes may differ across studies.
Therefore, the prognostic relevance of immune-inflam-
matory indices, such as NLR, in non-Asian IBD popu-
lations, should be validated in the future. Second, the
included studies predominantly adopted retrospective
designs, with few prospective studies. The retrospective
nature of these studies may introduce confounding fac-
tors that could compromise the reliability of our find-
ings, potentially leading to selection bias. Furthermore,
although subgroup analyses were executed to evaluate
the sources of heterogeneity, the included studies still
exhibited significant heterogeneity. Finally, the relatively
limited samples may impact the robustness of the results.

Conclusion

NLR, PLR, NPR, and CRP/ALB are potential predictors
of disease activity in patients with IBD. Specifically, PLR
may serve as a potential indicator of disease severity,
while NLR and ELR show potential in predicting endo-
scopic response. Furthermore, NLR has been identi-
fied as a potential predictor of both relapse and steroid
response. However, there is currently insufficient evi-
dence to establish a clear association between NLR and
the severity of IBD, nor between LMR and the severity
and activity of IBD, as well as between PLR and ENLR
and endoscopic response in IBD. Subgroup analyses
revealed that the type of IBD and age may influence the
predictive accuracy of these immune-inflammatory indi-
ces. Given the limitations, including a predominance of
research from Asia, a retrospective design, and relatively
small sample sizes, larger prospective studies should be
conducted to further verify the predictive and prognostic
value of immune-inflammatory indices in IBD patients.
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