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Abstract Background: To evaluate the clinical value of neutrophil to lymphocyte ratio in the diagnosis and
treatment of Crohn's disease. Methods: Between March 2018 and April 2020, patients diagnosed with CD at the
First Affiliated Hospital of Nanjing Medical University were identified. A total of 128 patients with definite
diagnosis, and 123 healthy people as the control group at the same time. The data of these patients were extracted
retrospectively from their medical record. counts of white blood cells (WBC), counts of Neutrophils (NE), counts of
lymphocyte (LY), hypersensitive C-reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR) were recorded
at the same time of colonoscopy. The IBM SPSS 20.0 software was used for the statistical analysis of data.
Results: Levels of NLR in CD with ileocolon lesions were significantly higher than those in CD patients with ileum
lesions (3.13 vs 2.72) (Z=-2.326, P=0.02). Levels of NLR in CD with colon lesions were higher than those in CD
patients with ileocolon lesions (4.07 vs 3.13) (Z=-2.409, P=0.04). The levels of NLR, WBC, hs-CRP in activity
stage were significantly higher than those in remission stage (P < 0.05), ESR levels in activity stage was higher than
that in remission stage. the optimal cutoff point for the NLR level in order to predict the diseases was 2.18, and a
highest AUC equal to 0.762 (0.700-0.823, P < 0.001). the optimal cutoff point for the WBC level in order to predict
the diseases was 5.51 10%L, and a highest AUC equal to 0.634 (0.565-0.703, P < 0.05), the optimal cutoff point for
the hs-CRP level in order to predict the diseases was 3.02 mg/L, and a highest AUC equal to 0.676 (0.606-0.746,
P < 0.05), the optimal cutoff point for the ESR level in order to predict the diseases was 8.5 mm/h, and a highest
AUC equal to 0.726 (0.660-0.793, P < 0.05). Conclusions: Neutrophil to lymphocyte ratio can be used as a sensitive
and reliable noninvasive marker in the course of Crohn's disease.
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1. Introduction

Crohn's disease is a chronic idiopathic intestinal
inflammatory disease with unknown etiology and
pathogenesis [1,2,3]. It has the characteristics of long
course, difficult to control, alternating remission and
activity. Therefore, diagnose and assess the disease
activity accurately in patients with Crohn's disease is
helpful to alleviate the disease and improve the prognosis
[4,5,6]. Colonoscopy is the most accurate method to
diagnose and evaluate the disease activity of Crohn's
disease. However, enteroscopy is an invasive examination
with poor compliance, which is not conducive to routine
clinical monitoring and prognosis follow-up. The
inflammatory indicators which used commonly such as
white blood cells, C-reactive protein, the sensitivity and
specificity of them in the diagnosis and treatment of
Crohn's disease are not ideal [7,8,9]. Calprotectin is an
indicator of intestinal inflammation. The detection process
is complicated, there are many influencing factors, and the

results are quite different [10]. Therefore, it is necessary to
find more accurate and simple inflammatory markers.
Neutrophil to lymphocyte ratio (NLR) is a simple and
effective index of inflammation. It is closely related to
various inflammatory diseases such as acute pancreatitis
and hepatitis [11,12,13]. There are few studies on the
relationship between NLR and Crohn's disease now, the
purpose of this article is to explore the clinical value of
neutrophil to lymphocyte ratio in the diagnosis and
treatment of Crohn's disease.

2. Materials and Methods

2.1. Patients

Between March 2018 and April 2020, patients
diagnosed with CD at the First Affiliated Hospital of
Nanjing Medical University were identified. The diagnosis
of CD was based on clinical manifestations, abdominal
imaging, and intestinal pathology. A total of 128 patients
with definite diagnosis, and 123 healthy people were
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selected as the control group at the same time. This study
has been approved by our ethics committee. The data of
these patients were extracted retrospectively from their
medical records. The exclusion criteria include those

without laboratory test results and incomplete clinical data.

Other exclusion criteria: (1) patients with colorectal
cancer and polyp. (2) infectious enteritis and atypical
enteritis with unclear diagnosis. (3) patients with history
of colectomy and recent history of taking aspirin or non
steroidal anti-inflammatory drugs. (4) patients with
primary immunodeficiency disease and other chronic
diseases. (5) patients with pregnancy.

2.2. Description of Variables

For these patients, data including gender, age, smoking
history, drinking history, weight change, symptoms, disease
behavior, location, disease activity, hormone treatment.
Additionally, counts of white blood cells (WBC), counts of
Neutrophils (NE), counts of lymphocyte (LY), hypersensitive
C-reactive protein (hs-CRP), erythrocyte sedimentation
rate (ESR), were recorded at the same time of colonoscopy.

To assess disease activity, we also recorded the score of
simplified Crohn’s Disease Activity Index (CDAI), As for
disease activity, simplified CDAI < 3.3 denoted clinical
remission, simplified CDAI < 11 denoted low activity,
simplified CDAI < 26 denoted moderate activity,
simplified CDAI > 26 denoted high activity [14].

2.3. Assay of Samples

Level of WBC, NE, LY was measured by automatic
hematology analyzer (Beckman Coulter, America), Level
of hs-CRP was measured by IMMAGE 800 protein
analysator through the velocity turbidimetry (Beckman
Coulter, America), Level of ESR was measured by full-
automatic rapid ESR analyzer TEST1 (ALIFAX, Italy).

2.4. Statistical Analysis

The IBM SPSS 20.0 software was used for the
statistical analysis of data. The continuous variables which
were non-normally distributed expressed as the median
and range, using Mann-Whitney test or Kruskal-Wallis
test for comparison as appropriate.

Receiver operating characteristic (ROC) analysis was
conducted with GraphPad Prism 8.0 for the assessment of

the validity of WBC, NLR, hs-CRP and ESR levels in
distinguishing the patients with and without CD, the
optimal cutoff point was identified by calculating the area
under the curve (AUC). P<0.05 was considered
statistically significant.

3. Result

3.1. Demographics and Clinical
Characteristics

In total, 128 participants with incident CD (median age
29.0 years, 87 males, 41 females,) were identified in
department of gastroenterology of the First Affiliated
Hospital of Nanjing Medical University from March 2018
to April 2020, and 123 healthy individuals (median age
30.0 years, 83 males, 40 females,) were collected as
control during the same period. There was no statistical
difference in gender and age between the two groups. The
levels of NLR, WBC, ESR, hs-CRP in patients with
Crohn's disease was significantly higher than that in the
healthy controls, the difference was statistically significant
(P<0.05), see in Table 1.

3.2. Receiver-Operating Characteristic for
NLR, WBC, CRP, ESR in Discriminating
between Patients with CD and
Healthy People

Using ROC analysis, the optimal cutoff point for the
NLR level in order to predict the diseases was 2.18, with a
sensitivity of 74.22%, a specificity of 74.19%, and a
highest AUC equal to 0.762 (0.700-0.823, P < 0.001). the
optimal cutoff point for the WBC level in order to predict
the diseases was 5.51 10%/L, with a sensitivity of 70.31%,
a specificity of 56.45%, and a highest AUC equal to 0.634
(0.565-0.703, P < 0.05), the optimal cutoff point for the
hs-CRP level in order to predict the diseases was 3.02
mg/L, with a sensitivity of 51.56%, a specificity of
87.90%, and a highest AUC equal to 0.676 (0.606-0.746,
P < 0.05), the optimal cutoff point for the ESR level in
order to predict the diseases was 8.5 mm/h, with a
sensitivity of 50.00%, a specificity of 99.19%, and a
highest AUC equal to 0.726 (0.660-0.793, P < 0.05), see
in Table 2, Figure 1.

Table 1. Levels of NLR, WBC, ESR, hs-CRP in CD and healthy control

Crohn Healthy control ¢ b
n=128 n=123
NLR 2.67(0.26-15.22) 1.66(0.82-8.23) -5.848 0.000
WBC (10°/L) 6.07(3.09-12.59) 5.39(3.31-9.50) -2.987 0.003
ESR (mm/h) 18.50(2.00-132.00) 8.00(2.00-21.00) -6.22 0.000
hs-CRP (mg/L) 5.65(0.56-84.4) 4.01(3.00-7.50) -4.834 0.000

Table 2. Sen, Spe, Acc, PPV and NPV for WBC, NLR, CRP and ESR in discriminating between patients with CD and healthy people

Sen(%) Spe(%) Acc(%) PPV(%) NPV(%)
NLR (in cutoff 2.18) 74.22 74.19 74.21 74.81 73.60
WBC (in 10%/L cutoff 5.51) 70.31 56.45 63.49 62.50 64.81
hs-CRP (in mg/L cutoff 3.02) 51.56 87.90 69.44 81.48 63.74
ESR (in mm/h cutoff 8.5) 50.00 99.19 74.21 98.46 65.78
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Figure 1. Receiver operating characteristics (ROC) curves for WBC, NLR, CRP and ESR in patients with and without CD

Table 3. Levels of NLR, WBC, ESR, hs-CRP with different lesions in CD cohort

lleum Colon lleocolon
x2 P

n=68 n=15 n=45
NLR 2.72(0.26-11.49) 4.07(0.90-15.22) 3.13(0.81-9.36) 6.055 0.045
WBC (10°/L) 6.07(3.09-15.99) 6.79(4.54-19.65) 6.57(3.23-19.00) 5.192 0.075
ESR (mm/h) 16.00(2.00-132.00) 33.00(5.00-85.00) 21.00(2.00-88.00) 5.310 0.070
hs-CRP (mg/L) 5.05(0.56-76.80) 18.30(3.02-84.4) 7.14(3.02-77.60) 10.369 0.006

Table 4. Levels of NLR, WBC, ESR, hs-CRP with difference disease activity in CD
Remission stage Active stage ¢ b
n=87 n=41

NLR 2.67(0.26-8.41) 3.64(2.07-15.22) -3.838 0.000
WBC (10°/L) 5.88(3.09-12.59) 7.08(3.44-19.65) -3.756 0.000
ESR (mm/h) 16.00(2.00-132.00) 25.00(2.00-120.00) -1.814 0.070
hs-CRP (mg/L) 5.10(0.56-77.60) 8.00(2.01-84.4) -2.425 0.015

3.3. Levels of NLR, WBC, ESR, hs-CRP with
Different Lesions in CD cohort

Levels of NLR in CD with ileocolon lesions were
significantly higher than those in CD patients with ileum
lesions (3.13 vs 2.72) (Z=-2.326, P=0.02). Levels of NLR
in CD with colon lesions were higher than those in CD
patients with ileocolon lesions (4.07 vs 3.13) (Z=-2.409,
P=0.04). Levels of ESR in CD with ileocolon lesions were
significantly higher than those in CD patients with ileum
lesions (21.00 mm/h vs 16.00 mm/h) (Z=-2.150, P=0.032).
Levels of hs-CRP in CD with colon lesions were
significantly higher than those in CD patients with ileum
lesions (18.30 mg/L vs 5.05 mg/L) (Z=-2.615, P=0.009).
Levels of hs-CRP in CD with ileocolon lesions were
significantly higher than those in CD patients with ileum
lesions (7.14 mg/L vs 5.05 mg/L) (Z=-2.417, P=0.016),
see in Table 3.

3.4. Levels of NLR, WBC, ESR, hs-CRP with
Difference Disease activity in CD

According to the simplified CDAI, Patients were
divided into remission stage and active stage, 87 cases in
remission stage and 41 cases in active stage. The levels of
NLR, WBC, hs-CRP in activity stage were significantly
higher than those in remission stage (P < 0.05), ESR
levels in activity stage was higher than that in remission
stage, see in Table 4.

4. Discussion

Crohn's disease is a chronic inflammatory bowel disease
with unknown causes. It is caused by many factors such as
heredity, environment, infection and so on. With the
development of the disease, serious complications such as
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lumen stenosis and perforation will occur, which will
seriously affect the patient’s health and reduce the quality
of life [15]. Therefore, the accurate diagnosis of Crohn's
disease and the judgment of disease activity are of great
significance to improve the prognosis of patients. Endoscopy
is a standard for clinical evaluation of inflammatory
activity, The characteristics of recurrent disease increase
the number of endoscopic examination. Patients' compliance
is poor, which affects the judgment and prognosis of the
disease. There is an urgent clinical need for non-invasive,
economical, convenient and accurate molecular markers to
dynamically monitor CD disease activity. To provide the
basis for clinicians to make treatment plan, avoid the
overuse of colonoscopy and save medical resources.
Neutrophil to lymphocyte ratio (NLR) is a simple and
effective indicator of inflammation [16]. It can reflect the
level of neutrophils and lymphocytes, It is a new
inflammatory marker in recent years, Neutrophils are
important infiltrating and regulating cells in innate immunity
[17], It can respond to active nonspecific inflammatory
response by secreting cytokines such as interleukin-1 (I1L-1)
and IL-6. Lymphocytes and their subgroups also play an
important role in the pathogenesis of CD, Interferon - y
induces Thl cell proliferation, activating dendritic cells,
trigger local persistent inflammation. A large number of
clinical studies have shown that NLR can be used as a
predictor of inflammatory diseases such as acute
pancreatitis, cerebral infarction, coronary heart disease
and malignant tumor [18,19,20,21]. The results showed
that NLR in patients with Crohn's disease was
significantly higher than that in healthy people. Use ROC
curve to analyze the relationship between NLR and CD,
the optimal cutoff point for the NLR level in order to
predict the diseases was 2.18, with a sensitivity of 74.22%,
a specificity of 74.19%, and a highest AUC equal to 0.762,
The diagnostic efficiency of NLR is better than WBC,
ESR and CRP, which proves the clinical value of NLR in
Crohn's disease. The NLR levels of patients with Crohn's
disease at different lesion sites were different. Levels of
NLR in CD with ileocolon lesions were significantly
higher than those in CD patients with ileum lesions.
Levels of NLR in CD with colon lesions were higher than
those in CD patients with ileocolon lesions. Therefore,
according to different NLR levels, the lesion location of
the patient can be initially indicated, which is helpful for
clinicians to carry out treatment. At the same time, the
results of remission and activity were analyzed. The results
show that the levels of NLR, WBC, hs-CRP in activity
stage were significantly higher than those in remission
stage. If NLR increases, it indicates that the patient is in
the active stage of the disease, and corresponding
treatment measures should be taken to alleviate the disease.
In conclusion, NLR is an important indicator in the
diagnosis and treatment of Crohn's disease, which is
helpful for the diagnosis and evaluation of Crohn's disease.
The innovation of this study is to use application of
easy-to-obtain peripheral blood routine results to predict
the location and activity of the disease. Blood routine test

is widely used in clinic, which is an economic and
efficient index. The disadvantage of this study is that the
number of samples is small, and it is a single-center
retrospective study. We look forward to the further
development of large-sample, multi-center research.

References

[1] Torres J, Mehandru S, Colombel JF, et al. Crohn's disease. Lancet
2017; 389: 1741-1755.

[2] Ballester Ferré MP, Bosca-Watts MM,Minguez Pérez M.Crohn's
disease. Med Clin (Barc) 2018; 151: 26-33.

[3] Veauthier B, Hornecker JR. Crohn's Disease: Diagnosis and
Management. Am Fam Physician 2018; 98: 661-669.

[4] Crohn's disease. J Pract Nurs 2010; 60: 12-4.

[5] Gajendran M, Loganathan P, Catinella AP, et al.A comprehensive
review and update on Crohn's disease. Dis Mon 2018; 64: 20-57.

[6] Zalieckas JM. Treatment of perianal Crohn's disease. Semin
Pediatr Surg 2017; 26: 391-397.

[7] Ma C,Battat R,Khanna R, et al.What is the role of C-reactive
protein and fecal calprotectin in evaluating Crohn's disease
activity? Best Pract Res Clin Gastroenterol 2019; 38-39: 101602.

[8] Tilakaratne S,Lemberg DA,Leach ST, et al.C-reactive protein and
disease activity in children with Crohn's disease. Dig Dis Sci 2010;
55: 131-6.

[9] Gao SQ, Huang LD, Dai RJ, et al.Neutrophil-lymphocyte ratio: a
controversial marker in predicting Crohn's disease severity. Int J
Clin Exp Pathol 2015; 8: 14779-85.

[10] Vernia F, Di Ruscio M, Stefanelli G, et al.Is fecal calprotectin an
accurate marker in the management of Crohn's disease? J
Gastroenterol Hepatol 2020; 35: 390-400.

[11] Tanoglu A, Diizenli T. Neutrophil-to-lymphocyte ratio alone may
not be a true indicator of the severity of acute pancreatitis. Turk J
Gastroenterol 2019; 30: 937.

[12] Hanberg JS, Freiberg MS, Goetz MB, et al. Neutrophil-to-
Lymphocyte and Platelet-to-Lymphocyte Ratios as Prognostic
Inflammatory Biomarkers in Human Immunodeficiency Virus
(HIV), Hepatitis C Virus (HCV), and HIV/HCV Coinfection.
Open Forum Infect Dis 2019; 6: 0fz347.

[13] Li X, Wu J, Mao W. Evaluation of the neutrophil-to-lymphocyte
ratio, monocyte-to-lymphocyte ratio, and red cell distribution
width for the prediction of prognosis of patients with hepatitis B
virus-related decompensated cirrhosis. J Clin Lab Anal 2020; 34:
e23478.

[14] Slama IB, Allali F,Lakhdar T, et al. Reliability and validity of
CDAI and SDAI indices in comparison to DAS-28 index in
Moroccan patients with rheumatoid arthritis. BMC Musculoskelet
Disord 2015; 16: 268.

[15] Mazal J.Crohn disease: pathophysiology, diagnosis, and treatment.
Radiol Technol 2014; 85: 297-316; quiz 317-20.

[16] Forget P,Khalifa C,Defour JP, et al.What is the normal value of
the neutrophil-to-lymphocyte ratio? BMC Res Notes 2017; 10: 12.

[17] van Rees DJ, Szilagyi K, Kuijpers TW, et al. Immunoreceptors on
neutrophils. Semin Immunol 2016; 28: 94-108.

[18] Kokulu K,Giinaydin YK,Akilli NB, et al. Relationship between
the neutrophil-to-lymphocyte ratio in acute pancreatitis and the
severity and systemic complications of the disease. Turk J
Gastroenterol 2018; 29: 684-691.

[19] zhang Y, Jiang L, Yang P, et al. Diagnostic Values of Neutrophil
and Neutrophil to Lymphocyte Ratio in Distinguishing between
Acute Cerebral Infarction and Vertigo. Clin Lab 2019; 65.

[20] Balta S, Demirkol S, Aparci M, et al. The neutrophil lymphocyte
ratio in coronary heart disease. Int J Cardiol 2014; 176: 267.

[21] Ethier JL, Desautels D, Templeton A, et al. Prognostic role of
neutrophil-to-lymphocyte ratio in breast cancer: a systematic
review and meta-analysis. Breast Cancer Res 2017; 19:2.

@ @ © The Author(s) 2021. This article is an open access article distributed under the terms and conditions of the Creative Commons
i Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



