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Abstract
Background: Apart from endoscopic interventions, readily attainable cost-effective biomarkers for ulcerative colitis
(UC) assessment are required. For this purpose, we evaluated differential leucocytic ratio, mainly neutrophil–lymphocyte ratio (NLR) and lymphocyte-monocyte ratio (LMR) as simple available indicators of disease activity in patients
with ulcerative colitis.
Methods: Study conducted on 80 UC patients who were classified into two groups of 40 each according to Mayo
score and colonoscopic findings. Group 1 (active UC) and group 2 (inactive UC). Another 40 group-matched healthy
participants were enrolled. White blood cell count, NLR, LMR, C-reactive protein, and Erythrocyte sedimentation rate
were measured and recorded.
Results: Significant elevation of NLR was observed in active UC group compared to inactive UC and controls
(2.63 ± 0.43, 1.64 ± 0.25, 1.44 ± 0.19 respectively; p < 0.0001). The optimal NLR cut-off value for active UC was > 1.91,
with a sensitivity and a specificity of 90% and 90% respectively. The mean LMRs of active UC was significantly lower
compared with inactive UC patients and controls (2.25 ± 0.51, 3.58 ± 0.76, 3.64 ± 0.49 respectively; p < 0.0001). The
cut-off value of LMR for determining the disease activity was ≤ 2.88 with a sensitivity of 90% and a specificity of 90%.
NLR, LMR, and CRP were found to be significant independent markers for discriminating disease activity (p = 0.000).
Besides, NLR was significantly higher in patients with pancolitis and positively correlated with endoscopically severe
disease.
Conclusion: NLRs and LMRs are simple non-invasive affordable independent markers of disease activity in UC.
Keywords: Disease activity, Monocyte–lymphocyte ratio, Neutrophil–lymphocyte ratio, Ulcerative colitis
Introduction
Ulcerative colitis (UC) is a chronic relapsing form of
inflammatory bowel disease (IBD) characterized by
continuous mucosal inflammation in the innermost layers of the colon and rectum. A primary concern of UC
is assessment of intestinal inflammation and evaluation
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of healing with long-term prognosis [1]. However, it is a
difficult challenge and a major area of interest. Despite
success in practice, endoscopic and histopathological
examination are invasive, costly and have some complications in use [2].
Both mucosal and clinical evaluation are independently essential in ulcerative colitis. Endoscopy may
show active mucosal inflammation in absence of clinical
manifestations and in the same manner clinical remission is not linked to mucosal cure. Of particular concern is that multiple endoscopic biopsies during clinical
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remission may increase the risk of UC activity recurrence in the long term. Away from endoscopy, disease
severity can be assessed using laboratory investigations
and non-invasive radiology [3]. However, previous
studies offer contradictory findings about effective noninvasive markers for the detection of mucosal activity
in UC [4, 5].
UC activity have been assessed in different studies
using laboratory markers as erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP), with sensitivities and specificities ranging between 50 and 60% [6].
Other markers as fecal calprotectin and lactoferrin are
more specific and sensitive. However, both of them are
costly and not commonly utilized in clinical practice
[6, 7]. This indicates a need for simply reachable, efficacious and cost-effective biomarkers for proper management of UC.
Previous research has established the existence of a
correlation of both neutrophils and blood mononuclear
cells with disease activity. Besides, they can predict
disease severity in some diseases such as rheumatoid
arthritis and acute coronary syndrome [8, 9]. Undoubtedly, macrophages and neutrophils are interestingly
involved in IBD pathophysiology [10]. And during routine clinical visits changes in leukocyte numbers, particularly monocytes, could also be detected early in IBD
as biomarkers of inflammation [11, 12].
Extensive research has considered neutrophil–lymphocyte ratio (NLR) as a useful biomarker of systemic
inflammation [13, 14] and prediction of mortality in
some diseases as malignancy, including gastrointestinal
malignancies [15, 16]. According to foregoing studies,
the NLR can be considered a new marker for assessment of UC endoscopic activity and severity [17, 18].
Besides, in 2015 Cherfane et al. [19] observed that
elevated absolute monocytic count and low lymphocyte
to monocyte ratio (LMR) can predict disease activity
in UC patients. Hence, this study aimed to clarify the
role of differential leucocytic ratio, NLR, and LMR as a
simple, cost-effective and available predictors of disease
activity in patients with ulcerative colitis.

Methodology
Patient selection

This case–control study included eighty patients
newly diagnosed as ulcerative colitis. Participants were
recruited from the gastroenterology and internal medicine department, Ain Shams University hospital over
a period of 2 years (January 2015 to January 2017). We
further classified the eighty patients into two groups
of forty each based on clinical, laboratory, radiological, endoscopic, and histological findings. Group 1 (40
patients with active disease) and group 2 (40 patients
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with inactive disease). None of the participants was on
medical treatment (e.g. corticosteroids, azathioprine) or
had infectious colitis (based on positive stool culture).
Patients with any infections, hematological or neoplastic disorders, chronic renal failure, chronic liver or heart
diseases or autoimmune diseases were excluded. Another
40 group-matched healthy individuals were recruited
for this study and served as a control group. The study
protocol was approved by the Research, Ethical Committee of Ain Shams University. All participants did sign an
informed written consent.
Study design

All participants were subjected to detailed history and
clinical examination with special prominence on abdominal pain, significant weight loss, rectal bleeding, diarrhea,
constipation, nausea, tenesmus, abdominal distension,
passage of mucus, vomiting, low-grade fever, and positive family history of inflammatory bowel diseases. Complete blood count with differential leukocyte ratios (NLR
and LMR), CRP, ESR, total serum protein, serum albumin and stool analysis were done as routine laboratory
investigations. Stool culture and sensitivity to exclude the
presence of infection were done whenever needed. Radiological investigations including abdominal ultrasound to
exclude the presence of associated diseases or complications were performed.
Colonoscopy and Mayo score

Total colonoscopy with intubation of terminal ileum was
performed and multiple biopsies were taken. The disease
was divided according to the site and extent of the colonic
involvement as the following according to the Montreal
classification: ulcerative proctitis, proctosigmoiditis, left
side colitis, extensive colitis (> splenic flexure) and pancolitis. The endoscopic assessment of ulcerative colitis
was categorized according to the endoscopic pictures
as the following: inactive disease (normal mucosa), mild
(erythema, decreased vascular pattern, mild friability),
moderate (marked erythema, erosions, marked friability)
and severe (spontaneous bleeding, ulcerations, pseudopolyps). The disease activity of UC was evaluated using
Mayo UC score and the disease was considered active if
the score was > 2 and in remission if the score was = 0–1
[20].
White blood cells (WBC) with differential count (NLR
and LMR)

Complete blood picture with WBC differential was analyzed using a Coulter counter (T660; Beckman Coulter,
Brea, CA). Each type of leukocyte was expressed as a percent of the total number of WBCs. The percent value was
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multiplied by the total leukocytic count to calculate the
absolute value. The NLR was calculated from the differential count by dividing the absolute neutrophil count by
the absolute lymphocyte count. The LMR was calculated
from the differential count by dividing the absolute lymphocyte count by the absolute monocyte count.

with its sensitivity, specificity, positive predictive value,
negative predictive value and area under the curve (AUC)
for the predictors of activity. The confidence interval was
set to 95% and the margin of error accepted was set to
5%. So, the p values < 0.05 was considered statistically significant [21].

Statistical analysis

Results

Data management and analysis were performed using
IBM Statistical Package of Social Sciences (SPSS) version
23, USA. Descriptive data were generated for all variables. Qualitative data were expressed as (numbers and
percentages) and compared using Chi-square test. Quantitative data were expressed as mean ± standard deviation for parametric and median with inter-quartile range
(IQR) for non-parametric. Comparison between more
than two groups with quantitative data of parametric distribution was done by using One Way ANOVA test followed by post hoc analysis using LSD test. Comparison
between more than two groups with quantitative data of
non-parametric distribution was done by using Kruskal–
Wallis test followed by post hoc analysis using Mann–
Whitney test. Comparison between two groups with
quantitative data of parametric distribution was done by
Independent t-test. Spearman’s correlation was used to
analyze the correlation between quantitative parameters.
A multivariate logistic regression analysis model was
applied to take the activity as the dichotomous outcome
to assess predictors of activity with its odds ratio and
95% confidence interval. Receiver operating characteristic curve (ROC) was used to assess the best cut off value

Demographic data and characteristics of the study groups

We enrolled 80 patients with UC (40 with active UC vs
40 with inactive UC) and 40 healthy individuals. Demographic of UC subjects and controls are shown in Table 1.
Age and gender were comparable between the study
groups and no significant findings could be detected. The
distribution of the disease in the colon and endoscopic
pattern were displayed in Table 1.
Laboratory parameters of the study groups

The results, as shown in Table 2 indicated significantly
higher WBC, absolute neutrophilic count, absolute
monocytic count, NLRs, CRP, and ESR in active UC
group compared to both inactive UC patients and
controls. While, it indicated significant decrease of
absolute lymphocytic count and LMRs in active UC
compared to inactive UC patients and controls. The
mean NLRs in the three study groups were (active
UC: 2.63 ± 0.43 vs inactive UC: 1.64 ± 0.25 vs controls:
1.44 ± 0.19; p < 0.0001). The mean LMRs in the three
study groups were (active UC: 2.25 ± 0.51 vs inactive
UC: 3.58 ± 0.76 vs controls: 3.64 ± 0.49; p < 0.0001).

Table 1 Demographic data, distribution of the disease in the colon and endoscopic pattern in UC patients
UC (80)
No. %

Controls (40)
No. %

p value

34 (42.5%)

28 (70%)

0.058a

Females

46 (57.5%)

12 (30%)

Age (mean ± SD)

34 ± 9.449

33.9 ± 8.723

Gender
Males

Ulcerative colitis cases (n = 80)
Disease involvement

Endoscopic picture

a

Chi-square test

b

Independent t-test

%

Proctosigmoid

28

35

Left side colon

34

42.5

Extensive

16

20.0

Pancolitis

2

2.5

Normal/inactive
Mild

UC ulcerative colitis, SD standard deviation

No.

0.969b

40

50.0

6

7.5

Moderate

24

30.0

Severe

10

12.5
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Table 2 Laboratory parameters of the study groups (control, inactive and active ulcerative colitis)
Control

Inactive

Active

Test value

No. = 40

No. = 40

No. = 40

14.09 ± 1.01

12.79 ± 1.19

12.44 ± 1.71

314.90 ± 68.50

303.10 ± 68.30

304.55 ± 77.42

p-value

Post hoc analysis
P1

P2

P3

Hb (g/dL)
Mean ± SD
Range

12.7–16.2

10.1–15

17.299a

0.000

0.000

0.000

0.232

0.332a

0.718

0.456

0.513

0.927

63.411b

0.000

0.000

0.000

0.037

90.859b

0.000

0.000

0.000

0.000

8.6–14.1

Platelet
Mean ± SD

Range

187–413

194–413

178–411

Median (IQR)

10 (6–12)

18.5 (16.5–33)

28.5 (19–46)

Range

2–19

10–70

12–80

Median (IQR)

0 (0–1)

2 (1–4.5)

20.5 (16–32.5)

Range

0–6

0–11

6–65

5.94 ± 1.41

6.49 ± 1.41

7.54 ± 2.06

9.820a

0.000

0.140

0.000

0.005

ESR (mm/h)

CRP (mg/dL)

WBC
Mean ± SD

Range

3.9–8.59

4.55–9.49

4.21–10.29

3.26 ± 0.87

3.62 ± 0.92

22.566a

0.000

0.147

0.000

0.000

2.4–5.72

4.84 ± 1.46

2.6–7

2.24 ± 0.53

1.87 ± 0.59

6.491a

0.002

0.751

0.001

0.004

0.82 ± 0.15

145.993a

0.000

0.000

0.000

0.000

Absolute neutrophil
Mean ± SD

Range

2.01–5.19

Absolute lymphocytic
Mean ± SD

Range

2.27 ± 0.56

1.5–3

1.5–3

1–3

Absolute monocytic
Mean ± SD

Range

0.40 ± 0.11

0.25–0.62

0.63 ± 0.07

0.5–0.77

0.5–1

NLR
Mean ± SD

Range

0.000

0.004

0.000

0.000

1.28–2.12

2.63 ± 0.43

179.622a

1.2–1.83

1.81–3.21

3.64 ± 0.49

3.58 ± 0.76

2.25 ± 0.51

69.838a

0.000

0.625

0.000

0.000

1.44 ± 0.19

1.64 ± 0.25

LMR
Mean ± SD

Range

2.6–4.82

2.27–4.98

1.35–.03

P1: control vs inactive; P2: control vs active; P3: active vs inactive
ESR erythrocyte sedimentation rate, CRP C-reactive protein, WBC Wight blood cells; NLR neutrophil lymphocyte ratio, LMR lymphocyte monocyte ratio
a

One Way ANOVA followed by post hoc using LSD

b

Kruskall–Wallis test followed by post hoc using Mann–Whitney

c

Independent t-test

Logistic regression analysis for predictors of active disease

As shown in Table 3, multivariate logistic regression
analysis was used to delineate the associations of the
WBC, NLR, LMR, CRP, and ESR with active UC. After
adjusting for other inflammatory markers (WBC,
CRP, and ESR), the odds ratio of the NLR was 35.23
(95% confidence interval, (7.54–165.244) and the odds
ratio of the LMR was 0.015 (95% confidence interval,
(0.002–0.104). The multivariable analysis revealed that
NLR, could be a parameter capable of discriminating
active from inactive UC.

Receiver operating characteristic curve (ROC)
for predictors of active disease

ROC analysis detected that the cut-off value of the NLR
for active UC was > 1.91, with sensitivity and specificity of
90% and 90% respectively. The cut-off value of the LMR
for active UC was ≤ 2.88, with sensitivity and specificity
of 90% and 90% respectively. The cut-off value of CRP for
determining active disease was > 9 with a sensitivity of
95% and a specificity of 95%. The cut-off value of ESR for
determining active disease was > 19 with sensitivity and
specificity of 75% and 55% respectively (Table 4).
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ESR or WBC count in patients with inactive disease. As
regard LMR, Spearman’s correlation analysis reported
significant negative correlations between LMR with
ESR (r = − 0.525, p = 0.00) and CRP (r = − 0.682,
p = 0.00) in sum of all UC patients. A negative significant correlation between LMR with ESR (r = − 0.489,
p = 0.029) and CRP (r = − 0.475, p = 0.034) was found
in patients with active UC; however, no correlation
was found between the LMR and CRP, ESR or WBC
count in patients with inactive disease (Table 5).

Correlation of NLR and LMR with other inflammatory
markers

Spearman’s correlation analysis revealed significant positive correlations between NLR and WBC
(r = 0.324, p = 0.012), ESR (r = 556, p = 0.00) and CRP
(r = 789, p = 0.00) in the sum of all UC patients. Closer
inspection of Table 5 show a positive correlation
between NLR with ESR (r = 0.597, p = 0.005) and CRP
(r = 0.490, p = 0.082) in patients with active UC; however, no correlation was found between the NLR CRP,

Table 3 Multivariate logistic regression analysis for the relation between NLR and LMR with disease activity of UC
as adjusted for possible confounding factors (no. = 80)
B

S.E.

Wald

p-value

Odds ratio (OR)

95% CI for OR
Lower

Upper

ESR

0.025

0.013

3.805

0.051

1.025

1.000

1.051

CRP

0.621

0.174

12.798

0.000

1.861

1.324

2.616

WBC

0.343

0.135

6.423

0.011

1.409

1.081

1.836

NLR

8.210

2.176

14.234

0.000

36.773

15.679

61.290

LMR

− 4.176

0.977

18.265

0.000

0.015

0.002

0.104

CI confidence interval, ESR erythrocyte sedimentation rate, CRP C-reactive protein; WBC white blood cells, NLR neutrophil–lymphocyte ratio, LMR lymphocytemonocyte ratio

Table 4 Diagnostic performance of the studied inflammatory markers in diagnosis of active ulcerative colitis (no. = 80)
Cut off point

AUC

Sensitivity (%)

Specificity (%)

PPV

NPV

ESR

> 19

0.635

75

55

62.5

68.7

CRP

>9

0.986

95

95

95%

95%

WBC

> 6.67

0.660

75

70

71.4%

73.7%

NLR

> 1.91

0.971

90

90

90%

90%

LMR

≤ 2.88

0.949

90

90

90%

90%

AUCarea under curve, PPV positive predictive value, NPV negative predictive value

Table 5 Spearman correlation coefficients between both NLR or LMR and the other studied inflammatory markers
in patients with UC
WBC
R

ESR (mm/h)
p-value

R

CRP (mg/dL)
p-value

r

p-value

Neutrophil/lymphocyte ratio
All patients (no. = 80)

0.324*

0.012

0.556**

0.000

0.789**

0.000

0.184

0.437

0.597**

0.005

0.490*

0.028

Inactive (no. = 40)

0.088

0.712

0.558

0.146

0.538

Active (no. = 40)

All patients (no. = 80)

Active (no. = 40)

Inactive (no. = 40)
Spearman correlation coefficients
* Significant, ** Highly significant

Lymphocyte/monocyte ratio
− 0.038

− 0.018

− 0.276

0.774
0.804
0.239

− 0.139
− 0.525**

− 0.489*

− 0.21

0.000
0.029
0.373

− 0.682**

− 0.475*

− 0.214

0.000
0.034
0.366
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Relation of disease severity and extent in active UC group
with N/L and L/M ratios

Interestingly, NLR and LMR were not only found to
be good predictors of disease activity in UC patients,
but also, NLR was significantly higher in more extensive and more severe ulcerative colitis while LMR
was found to be significantly lower in more extensive
ulcerative colitis as set out in Table 6.

Discussion
Assessment of ulcerative colitis depends on clinical
manifestations together with radiological investigations,
endoscopic and histopathological examination. Endoscopy still is essential for diagnosis of ulcerative colitis
[22]. Unfortunately it may not always be applicable due
to possible complications in active ulcerative colitis, or its
unavailability. The initial objective is to search for other
alternatives to evaluate these patients and achieve the
main aim of treatment which is endoscopic and clinical
remission [23].
Hence, simple non-invasive biomarkers are needed
to avoid the disadvantageous complications of invasive
diagnostic procedures. Previously studied biomarkers
for predicting activity in UC, are either serum markers
(e.g. CRP and ESR or serological and antibody markers)
or fecal markers (e.g. calprotectin and lactoferrin). Serum
markers have low sensitivity and specificity and so are
inefficient in reflecting disease activity [24]. On the other
side, fecal marker calprotectin is the best clinically available biomarker for UC activity with a sensitivity of 93%
and specificity of 96% [25]. However, its use is limited
in routine practice due to high cost, prolonged time of

sample processing, and inability to collect stool samples
[26].
Various studies have assessed the efficacy of circulating
blood leukocyte subtypes as biomarkers of inflammatory
disorders, including IBD [5, 8–11, 27, 28]. They established that both of absolute neutrophil and lymphocyte
counts and their ratios are significantly correlated with
the activity in UC. In addition, complete blood counts
with differential are almost ordered at clinic visit of IBD
patients and hence routinely available. Thus the rationale
behind the current study was to elucidate the role of differential leucocyte ratio (NLR and LMR) as a simple, and
available predictors of disease activity in patients with
ulcerative colitis and also to determine their possible
association with the pattern of colonic involvement and
endoscopic severity.
We detected findings that confirm and extend multiple previous studies. During routine follow up, the most
commonly utilized serum markers to assess active disease are ESR and CRP. In terms of differentiating disease activity, our results emphasized that serum levels of
CRP and ESR were significantly higher in patients with
active UC compared with non-active UC and controls
(p < 0.0001). By using, ROC curve analysis, we found that
the cut off value for CRP and ESR was 9 and 19 respectively, with sensitivity and specificity of 95% and 95% and
75% and 55% respectively. Our results are consistent with
those of Solem et al. [5] who stated that in UC patients,
elevated CRP was significantly associated with severe
clinical activity, elevation in ESR, and active disease, but
not with histologic inflammation.

Table 6 NLR and LMR in relation to the endoscopic disease activity and the extent of disease
Mild

Moderate

Severe

One Way ANOVA

No. = 12

No. = 25

No. = 3

F

p-value

2.18 ± 0.22

2.80 ± 0.33

3.11 ± 0.08

22.083

0.000

2.44 ± 0.47

2.18 ± 0.52

2.16 ± 0.22

1.198

0.313

NLR
Mean ± SD
Range

1.81–2.47

1.9–3.21

3.06–3.2

LMR
Mean ± SD
Range

1.63–3.03

1.35–3

1.91–2.29

Proctosigmoid-left side colon

Extensive-pancoloitis

Independent t-test

p-value

No. = 62

No. = 18

T

2.78 ± 0.46

6.178

0.000

2.35 ± 0.73

3.128

0.002

NLR
Mean ± SD

Range

1.95 ± 0.51

1.28–3.2

1.61–3.21

LMR
Mean ± SD

Range

3.08 ± 0.91

1.35–4.98

1.67–3.98
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The current study demonstrated significant elevation
of both absolute neutrophilic count and NLR in patients
with active UC compared with inactive UC patients and
controls while the absolute lymphocytic count was significantly lower. Moreover, in the multivariate logistic
regression analysis, NLR together with CRP were found
to be an independent markers that were capable of differentiating active UC from inactive UC. These results
match those observed in earlier studies.
Neutrophil is one of the most important cells infiltrating the intestinal mucosa during inflammation. Excess
infiltration occurs as result of induced recruitment of
neutrophils and defect of apoptosis in UC. Hence, it
has a significant role in the development of mucosal
inflammation seen in UC. Neutrophils infiltration in the
mucosa helps to remove cellular debris and clear bacteria
that may contaminate intestinal wounds. Besides, these
recruited neutrophils release defensins and cathelicidin
to stimulate the migration and proliferation of epithelial
cells, and enhance the production of protective mucins
[29]. Surprisingly, neutrophils also can facilitate intestinal repair by inducing proteins and lipid mediators [30].
This explains the increased absolute neutrophilic count
in active UC.
Prior studies in both Crohn’s disease and ulcerative
colitis have detected the presence of lymphocytes malfunction (reduction in lymphocyte responsiveness to the
mitogen phytohemagglutinin) at both the peripheral and
mucosal level [27, 31, 32]. Hence, NLR can represent two
arms of the immune system, neutrophils that represent
the existence of inflammation and lymphocytes that signify the regulatory pathway [33, 34]. Thus, the NLR can
be an indicator of the presence of ongoing inflammation,
and this can clarify increased NLR in active UC patients.
In accordance with the present results, previous studies have demonstrated significantly elevated NLR in
patients with active UC [18, 24, 27]. It has previously
been observed that 2.16–3.1 is the optimal NLR cutoff
value for active UC [17, 18, 24, 27]. Torun and colleagues
conducted a study, including 196 UC patients not on
treatment (119 are active and 77 are inactive) compared
to 59 group-matched healthy individuals. They detected
raised NLR values in active UC compared to inactive UC
patients and controls. By the ROC analysis, the cut-off
value of 2.16 with a sensitivity of 81.8% and a specificity
of 80.5% indicated active UC [27]. These data obtained by
Torun et al. supported ours.
Likewise, Akpinar and colleagues investigated the sensitivity of NLR to predict endoscopic disease severity
in 104 patients with active UC, 104 patients in remission, and 105 healthy individuals. The mean NLR were
significantly higher in the active group compared to the
other study groups (p < 0.001). They detected that NLR
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can identify activity and were associated with mucosal
injury [28]. This goes in line with our study however our
patients were newly diagnosed and this may affect the
different cut off value of NLR. Also Rosenberg et al. [35]
showed that leukocytes and CRP have an ability to predict the presence endoscopically active UC.
In contrast, 71 patients with UC and 140 healthy individuals (control group) were enrolled in a study by Demir
et al. [18], in which the NLR values of the active UC
group were elevated compared with those of the patients
with inactive UC and the controls (p = 0.005). In their
results, the ROC analysis revealed 2.39 as the optimum
NLR cut-off value for active UC with a sensitivity of 48.6
and specificity of 77.5%. Hence, they concluded that only
CRP was able to significantly differentiate active from
inactive UC due to the low sensitivity and specificity rates
of NLR in determining active UC compared to that of the
CRP (63% and 57% respectively).
The findings of the current study seem to be consistent with those of Cherfane and colleagues who conducted a study, including 110 UC patients, 75 patients
infected with C. Difficile, and 75 non-IBD individuals.
The authors concluded that the NLR was effective to distinguish active UC from non-IBD controls, but not from
quiescent UC [19].
The current study found significant elevation of absolute monocytic count and decrease of LMR in active UC
patients compared with inactive UC patients and controls. The LMR cut off value for determining the UC disease activity was ≤ 2.88 with sensitivity and specificity of
90% and 90%. Also, after adjusting for the other inflammatory markers (ESR, and CRP), the LMR was found also
to be an independent marker for discrimination of disease activity.
Monocytes can differentiate into macrophages and
dendritic cells in the tissues. During inflammation, proinflammatory cytokines and chemokines, can generate
monocytes in the bone marrow and recruit them to the
site of inflammation. There, they differentiate into tissue resident macrophages and dendritic cells. Persistent
activation of monocytes and defective innate immune
responses are therefore involved in the development
of IBD [29] which can explain the presence of absolute
monocytosis in active UC. Thus, monocyte counts are
expected to be elevated during active inflammation [36].
These results accord with Cherfane et al. [19] who concluded that monocytosis and a low LMR can identify
patients with active UC, however, in their study, NLR
values were not significantly different between the two
groups.
Interestingly, in the current study NLR was not only
found to be an independent marker of disease activity,
but also it can predict the endoscopic severity and extent
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of the disease. There was significant increase of NLR in
patients with extensive and pancolitis and high NLR was
positively correlated with endoscopic severity (p = 0.000).
While, LMR was only significantly lower in patients with
extensive and pancolitis (p = 0.002). This outcome is
contrary to that of Celikbilek et al. [37] who conducted
a study on 26 UC patients and 28 healthy individuals.
They detected that, in spite of the significantly increased
NLR in patients with active UC patients in comparison to
inactive UC and controls (p < 0.001), non-significant difference in inflammatory parameters with disease extension, and activity was found. The optimal NLR cut-off
value for active UC was 2.47. Again, our results contradict Cherfane et al. [19] who stated that NLR values were
not significantly different between patients with active
and those with quiescent colonoscopy.
In conclusion, NLR and LMR had higher sensitivity
and specificity than total WBCs and ESR with the benefit of being readily available with an affordable price.
They are more useful when utilized together with serum
laboratory inflammatory indices (CRP). NLR and LMR
were independent indicators of active ulcerative colitis.
NLR can also detect the degree and extent of endoscopic
involvement. NLR and LMR could be used for assessment of endoscopically active UC activity to reduce the
need for invasive endoscopies. NLR and LMR may guide
in assessment of UC activity and mucosal injury, when
colonoscopy is not available. We do need prospective
multi center studies with large cohort of patients with
long term follow up with studying various treatment
effects on NLR and LMR ratios in UC patients. Besides,
it would be prudent to analyze the efficacy of these biomarkers in Crohn’s disease and their role as possible phenotypic markers.
Authors’ contributions
Conception and design: AMO, MMA and AS; endoscopy for patients: AS, AK;
collection and assembly of data: OS; data analysis and interpretation: HE, AK,
AA; manuscript writing: AMO, MMA and AS. All authors read and approved the
final manuscript.
Author details
1
Department of Internal Medicine, Clinical Immunology and Allergy, Ain
Shams University, Cairo, Egypt. 2 Department of Tropical Medicine, Ain Shams
University, Cairo, Egypt. 3 Department of Internal Medicine, Ain Shams University, Cairo, Egypt.
Competing interests
The authors declare that they have no competing interests.
Ethical approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent
An informed consent was obtained from all participants.

Page 8 of 9

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 10 November 2018 Accepted: 25 April 2019

References
1. El-Kheshen G, Moeini M, Saadat M. Susceptibility to ulcerative colitis and
genetic polymorphisms of A251G SOD1 and C-262T CAT. J Med Biochem.
2016;35:333–6.
2. DeRoche TC, Xiao SY, Liu X. Histological evaluation in ulcerative colitis.
Gastroenterol Rep (Oxf ). 2014;2:178–92.
3. Nakarai A, Kato J, Hiraoka S, Nakarai A, Takei D, Inokuchi T, et al. Evaluation
of mucosal healing of ulcerative colitis by a quantitative fecal immunochemical test. Am J Gastroenterol. 2013;108:83–9.
4. Schoepfer AM, Beglinger C, Straumann A, Trummler M, Renzulli P, Seibold
F. Ulcerative colitis: correlation of the Rachmilewitz endoscopic activity
index with fecal calprotectin, clinical activity, C-reactive protein, and
blood leukocytes. Inflamm Bowel Dis. 2009;15(12):1851–8.
5. Solem CA, Loftus EV Jr, Tremaine WJ, Harmsen WS, Zinsmeister AR,
Sandborn WJ. Correlation of C-reactive protein with clinical, endoscopic,
histologic, and radiographic activity in inflammatory bowel disease.
Inflamm Bowel Dis. 2005;11(8):707–12.
6. Lewis JD. The utility of biomarkers in the diagnosis and therapy of inflammatory bowel disease. Gastroenterology. 2011;140:1817–26.
7. Schoepfer AM, Beglinger C, Straumann A, Safroneeva E, Romero Y,
Armstrong D, et al. Fecal calprotectin more accurately reflects endoscopic activity of ulcerative colitis than the Lichtiger Index, C-reactive
protein, platelets, hemoglobin, and blood leukocytes. Inflamm Bowel Dis.
2013;19(2):332–41.
8. Lester SE, Proudman SM, Lee AT, Hall SA, McWilliams L, James LJ, et al.
Treatment-induced stable, moderate reduction in blood cell counts
correlate to disease control in early rheumatoid arthritis. Intern Med J.
2009;39:296–303.
9. Huang G, Zhong XN, Zhong B, Chen YQ, Liu ZZ, Su L, et al. Significance of
white blood cell count and its subtypes in patients with acute coronary
syndrome. Eur J Clin Invest. 2009;39:348–58.
10. Thayer WR Jr, Charland C, Field CE. The subpopulations of circulating
white blood cells in inflammatory bowel disease. Gastroenterology.
1976;71(3):379–84.
11. Mee AS, Berney J, Jewell DP. Monocytes in inflammatory bowel disease:
absolute monocyte counts. J Clin Pathol. 1980;33(10):917–20.
12. Wallace KL, Zheng LB, Kanazawa Y, Shih DQ. Immunopathology of inflammatory bowel disease. World J Gastroenterol. 2014;20(1):6–21.
13. Xue TC, Zhang L, Xie XY, Ge NL, Li LX, Zhang BH, et al. Prognostic significance of the neutrophil-to-lymphocyte ratio in primary liver cancer: a
meta-analysis. PLoS ONE. 2014;9:960–72.
14. Gokmen F, Akbal A, Resorlu H, Gökmen E, Güven M, Aras AB, et al. Neutrophil–lymphocyte ratio connected to treatment options and inflammation markers of ankylosing spondylitis. J Clin Lab Anal. 2015;29:294–8.
15. Li MX, Liu XM, Zhang XF, Zhang JF, Wang WL, Zhu Y, et al. Prognostic
role of neutrophil-to-lymphocyte ratio in colorectal cancer: a systematic
review and meta-analysis. Int J Cancer. 2014;134:2403–13.
16. McNamara MG, Templeton AJ, Maganti M, Walter T, Horgan AM, McKeever L, et al. Neutrophil/lymphocyte ratio as a prognostic factor in biliary
tract cancer. Eur J Cancer. 2014;50:1581–9.
17. Posul E, Yilmaz B, Aktas G, Kurt M. Does neutrophil-to-lymphocyte ratio
predict active ulcerative colitis? Wien Klin Wochenschr. 2015;127:262–5.
18. Demir AK, Demirtas A, Kaya SU, Tastan I, Butun I, Sagcan M, et al. The relationship between the neutrophilelymphocyte ratio and disease activity
in patients with ulcerative colitis. Kaohsiung J Med Sci. 2015;31:585–90.
19. Cherfane CE, Gessel L, Cirillo D. Monocytosis and a low lymphocyte to
monocyte ratio are effective biomarkers of ulcerative colitis disease activity. Inflamm Bowel Dis. 2015;21(8):1769–75.
20. Lewis JD, Chuai S, Nessel L, Lichtenstein GR, Aberra FN, Ellenberg JH.
Use of the noninvasive components of the Mayo score to assess clinical
response in ulcerative colitis. Inflamm Bowel Dis. 2008;14:1660–6.

Okba et al. Autoimmun Highlights

(2019) 10:4

21. Henderson AR. Assessing test accuracy and its clinical consequences:
a primer for receiver operating characteristic curve analysis. Ann Clin
Biochem. 1993;30:521–39.
22. Makkar R, Bo S. Colonoscopic perforation in inflammatory bowel disease.
Gastroenterol Hepatol. 2013;9:573–83.
23. Rutka M, Milassin Á, Szepes Z, SzŰcs M, Nyári T, Bálint A, et al. Is mucosal
healing more common than clinical remission in ulcerative colitis? Is it
the truth or only a myth coming from the studies? Scand J Gastroenterol.
2015;50:985–90.
24. Vermeire S, Van Assche G, Rutgeerts P. Laboratory markers in IBD: useful,
magic, or unnecessary toys? Gut. 2006;55:426–31.
25. Van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for screening
of patients with suspected inflammatory bowel disease: diagnostic metaanalysis. BMJ. 2010;341:c3369.
26. Langhorst J, Elsenbruch S, Koelzer J, Rueffer A, Michalsen A, Dobos GJ.
Non-invasive markers in the assessment of intestinal inflammation in
inflammatory bowel diseases: performance of fecal lactoferrin, calprotectin, and PMN-elastase, CRP, and clinical indices. Am J Gastroenterol.
2008;103:162–9.
27. Torun S, Tunc BD, Suvak B, Yildiz H, Tas A, Sayilir A, et al. Assessment of
neutrophil lymphocyte ratio in ulcerative colitis: a promising marker in
predicting disease severity. Clin Res Hepatol Gastroenterol. 2012;3:491–7.
28. Akpinar M, Ozin Y, Kaplan M, Ates I, Kalkan I, Kilic Z, Yuksel M, Kayacetin
E. Platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio
predict mucosal disease severity in ulcerative colitis. J Med Biochem.
2018;37:155–62.

Page 9 of 9

29. Macdonald TT, Monteleone I, Fantini MC, Monteleone G. Regulation
of homeostasis and inflammation in the intestine. Gastroenterology.
2011;140:1768–75.
30. Nixon J, Riddell R. Histopathology in ulcerative colitis. In: Allan R, Keighley
M, Alexander-Williams C, Hawkins C, editors. Inflammatory bowel disease,
vol. 20. Edinburgh: Churchill Livingstone; 1990. p. 247–85.
31. Hermanowicz A, Gibson PR, Jewell DP. The role of phagocytes in inflammatory bowel disease. Clin Sci (Lond). 1985;69:41–9.
32. Sachar DB, Taub RN, Brown SM, Present DH, Korelitz BI, Janowitz HD.
Imparied lymphocyte responsiveness in inflammatory bowel disease.
Gastroenterology. 1973;64:203–9.
33. Avanzas P, Quiles J, de Sa EL, Sanchez A, Rubio R, Garcia E, et al. Neutrophil
count and infarct size in patients with acute myocardial infarction. Int J
Cardiol. 2004;97:155–6.
34. Ommen SR, Hodge DO, Rodehefer RJ, McGregor CG, Thomson SP, GibbonsRJ. Predictive power of the relative lymphocyte concentration in
patients with advanced heart failure. Circulation. 1998;97:19–22.
35. Rosenberg L, Lawlor GO, Zenlea T, Goldsmith JD, Gifford A, Falchuk KR,
et al. Predictors of endoscopic inflammation in patients with ulcerative
colitis in clinical remission. Inflamm Bowel Dis. 2013;19(4):779–84.
36. Shi C, Pamer EG. Monocyte recruitment during infection and inflammation. Nat Rev Immunol. 2011;11:762–74.
37. Celikbilek M, Dogan S, Ozbakır O, Zararsız G, Kücük H, Gürsoy S, et al. Neutrophil–lymphocyte ratio as a predictor of disease severity in ulcerative
colitis. J Clin Lab Anal. 2013;27(1):72–6.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

