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Background: Numerous non-invasive serologic tests are available to diagnose and monitor ulcerative colitis (UC), but their accuracy
levels are limited. Thus, there is a pressing need for a serologic biomarker with higher precision for clinical practice. This study aims
to evaluate the predictive capacity of monocyte/HDL ratio (MHR) and neutrophil/lymphocyte ratio (NLR) for UC disease activity.
Patients and Methods: We conducted a retrospective analysis of 81 UC patients and 77 age- and sex-matched healthy controls. UC
patients were categorized into active and inactive groups based on the Mayo score. The Mayo endoscopic subscore classified them into
mild-to-moderate and severe UC groups.

Results: The optimal cut-off values for diagnosing UC were 0.34 for MHR (85.7% sensitivity, 76.0% specificity, 88.9% positive
predictive value, 70.4% negative predictive value) and 2.49 for NLR (66.1% sensitivity, 88.0% specificity, 92.5% positive predictive
value, 53.7% negative predictive value). The optimal MHR and NLR cut-off values to differentiate between mild-to-moderate UC and
severe UC were 0.38 (92.9% sensitivity, 56.6% specificity, 53.1% positive predictive value, 93.7% negative predictive value) and 3.46
(71.4% sensitivity, 88.7% specificity, 76.9% positive predictive value, 85.5% negative predictive value), respectively.

Conclusion: NLR and MHR are simple yet effective biological predictors of disease activity in UC patients.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel disease of unknown etiology, characterized by inflammation
extending from the rectum to the colon’s mucosal and submucosal layers.! Evaluating intestinal inflammation is critical
for UC disease management.> While endoscopy and pathologic biopsy are standard methods for assessing UC clinical
and endoscopic disease activity, they are invasive and associated with potential risks. Non-invasive tests, such as white
blood cell (WBC) count, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and fecal calprotectin (FC), are
commonly used but have limited accuracy.> To meet clinical demands, various inflammatory markers derived from
serologic indices have been developed.

Monocytes and neutrophils are crucial components of innate immunity and play a significant role in the development
of UC. Similarly, lymphocytes are involved in the pathology of UC. Some UC patients exhibit an elevation in circulating
neutrophils and monocytes along with a reduction in lymphocyte levels.® Additionally, HDL cholesterol is involved in
anti-oxidant and anti-inflammatory processes, and lower HDL cholesterol levels are associated with UC disease activity.’
Torun et al® observed that elevated neutrophil/lymphocyte ratio (NLR) can predict disease activity in UC patients. The
monocyte/HDL ratio (MHR) combines pro- and anti-inflammatory processes and may be useful in determining disease
activity in UC patients. It is worth noting that NLR and MHR are cost-effective, noninvasive biomarkers of inflammation

calculated from complete blood count and high-density lipoprotein levels. Previous studies have shown their utility in

assessing systemic inflammation in various conditions, including infections, neoplasms, and cardiovascular disease.” '
This study evaluated the value of MHR and NLR as biomarkers of UC disease activity.
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Material and Methods

Patient Selection

This single-center retrospective cross-sectional study included a total of consecutive patients with UC and age-sex-
matched healthy controls admitted to the Fifth Affiliated Hospital of Xinjiang Medical University between January 2019
and December 2022. The healthy controls were recruited from subjects who underwent colonoscopy at our hospital and
had normal results. All patients underwent a complete colonoscopy and laboratory testing. Medical history data,
including sex, age, disease duration, disease extension, surgical history, personal history, drug history, colonoscopy,
and laboratory findings, were extracted from the hospital’s electronic medical records. Exclusion criteria include serious
cardiovascular diseases, infectious diseases, malignant neoplasms, and other major systemic diseases.

Evaluation of Clinical and Endoscopic Disease Activities

Clinical activity in UC patients is assessed using the Mayo score, which includes stool frequency, rectal bleeding, endoscopic
findings, and physician’s global assessment.'*> Using this classification system, patients with UC were classified as mild,
moderate, or severe. We classified individuals with Mayo score < 2 and no sub-scale score > 1 were considered to be in the
inactive group. Patients with Mayo scores of mild, moderate or severe disease were categorized into the active group. The
Mayo endoscopic subscore is used to evaluate endoscopic activity in patients with ulcerative colitis."* The Mayo endoscopic
subscore can be divided into 3 levels. Score 0 as normal or healed mucosa. Score 1 as mild inflammation, erythema, decreased
vascular patterns, and mild friability. Score 2 as moderate inflammation with loss of vascular patterns, marked erythema,
erosions, and friability. Score 3 as severe inflammation with ulceration and spontaneous bleeding. Based on the results of the
score, UC patients can be divided into a mild-to-moderate group (score 0-2) and a severe group (score 3).

Blood Analysis Methods

WBC, neutrophils, monocytes, and lymphocytes were determined using the Sysmex XN3100 (Kobe, Japan). High-density
lipoprotein cholesterol (HDL-C) levels were assessed with the Beckman Coulter AUS831 automatic biochemical analyzer
(California, USA). CRP was assayed with Getein 1600 (Jiangsu, China) and ESR was detected by the Mindray LBY-XC 40B
(Shenzhen, China). NLR and MHR were calculated by dividing the absolute neutrophil count by the absolute lymphocyte count
and the absolute monocyte count by HDL-C, respectively.

Statistical Analysis

We conducted data analysis and management using IBM SPSS 26.0 software and MedCalc 13.0 software. Continuous variables
were expressed as either mean =+ standard deviation (SD) or median (interquartile range), while discrete variables were presented
as numbers and percentages. The normality of continuous variables was assessed through the Kolmogorov—Smirnov test. For
normally distributed variables, we applied the independent #-test. Whereas the Mann—Whitney U-test was utilized for non-
normally distributed continuous variables. The comparison of discrete variables was performed using the ¥2 test. To evaluate the
predictive accuracy of all inflammatory indicators in assessing disease activity, we employed Receiver Operating Characteristic
(ROC) curves. These curves allowed us to identify optimal cut-off values and provided corresponding sensitivity, specificity,
negative predictive value, positive predictive value, and the area under curve (AUC). Differences in AUCs were assessed using
DeLong’s test and P-values were adjusted for Bonferroni correction. A P-value <0.05 was considered statistically significant.

Results

Comparison of Characteristics Between UC Patients and Healthy Controls

In our study, we analyzed 81 UC patients and 77 healthy individuals (see Figure 1). The UC group consisted of 60.5% males,
with an average age of 49.8+14.1 years. The control group had 54.5% males, with an average age of 50.1+10.8 years. No
statistically significant differences in age or sex were observed between the two groups (P > 0.05). NLR levels were
significantly higher in UC patients than in healthy controls [2.48 (1.64—4.01) vs 1.55 (1.24-1.94) (P < 0.001)]. Similarly,
MHR levels were significantly higher in UC patients than in healthy controls [0.44 (0.31-0.65) vs 0.31 (0.25-0.41) (P <
0.001)]. Detailed demographic and laboratory characteristics of UC patients and healthy controls are presented in Table 1.
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112 patients diagnosed with UC

Exclusion:

18 Duplication
12 Incomplete medical record
1 Co-infection

81 eligible patients with UC

77 eligible healthy controls

Figure | Flow chart of study participants.
Abbreviation: UC, ulcerative colitis.

Comparison of Laboratory Indicators Between Active and Inactive UC Patients

Significantly higher levels of WBC, CRP, ESR, NLR, and MHR were observed in active UC patients compared to inactive
UC patients. NLR levels in active and inactive UC were 3.04 (2.05-4.67) and 1.68 (1.28-2.34), respectively (P < 0.001).
MHR values in active and inactive UC were 0.55 (0.39-0.75) and 0.31 (0.22-0.35), respectively (P < 0.001) (Table 2).

Comparison of Laboratory Indicators Between Mild-to-Moderate and Severe UC Patients
Patients with severe UC exhibited significantly increased values of WBC, CRP, ESR, NLR, and MHR compared to those with
mild-to-moderate UC. NLR levels in severe and mild-to-moderate UC were 4.28 (2.81-6.19) and 2.10 (1.40-2.62),

Table | Demographic and Laboratory Characteristics of UC Patients and Healthy Controls

Variables UC Patients (n=81) | Control Group (n=77) | P value
Age (years) 49.8+14.1 50.1+10.8 0.865
Sex (male, %) 49(60.5) 42(54.5) 0.450
BMI (kg/m?) 23.32+3.39 23.59+3.00 0.602
Smoking, n (%) 19(23.5) 27(35.1) 0.108
Drinking, n (%) 12(14.8) 17(22.1) 0.238
WBC (x10°/L) 7.2242.52 5.43+1.07 <0.001
NLR 2.48(1.64-4.01) 1.55(1.24-1.94) <0.001
MHR 0.44(0.31-0.65) 0.31(0.25-0.41) <0.001
Neutrophils (% 10%/L) 4.60+2.17 2.94+0.73 <0.001
Lymphocytes (x10/L) 1.73£0.69 1.88+0.48 0.112
HDL-C (mmol/L) 1.21+0.35 1.38+0.27 0.001
Duration of disease (months) 36(2-96) - -
History of abdominal surgery, n (%) 15(18.5) 18(23.4) 0.453
Appendectomy, n (%) 3(3.7) 8(10.4) 0.099
Others?, n (%) 12(14.8) 10(13.0) 0.740
Extension of disease
El (proctitis, %) 27(33.3) - -
E2 (left-side colitis, %) 20(24.7) - -
E3 (pancolitis, %) 34(42.0) - -

Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte/HDL-C ratio; NLR, neutrophil/lympho-

cyte ratio; BMI: body mass index; *Others: hysterectomy, cesarean section, cholecystectomy, colectomy.
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Table 2 Comparison of Laboratory Indicators Between Active and

Inactive UC
Variables Active UC (n=56) | Inactive UC (n=25) | P value
WBC (x10%/L) 7.77£2.67 5.94+1.45 <0.001
NLR 3.04(2.05-4.67) 1.68(1.28-2.34) <0.001
MHR 0.55(0.39-0.75) 0.31(0.22-0.35) <0.001
CRP (mg/L) 10.3(4.6-37.2) 4.5(1.5-6.7) 0.001
ESR (mm/h) 24(14-28) 14(10-18) 0.002

Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte/HDL-C ratio;
NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Table 3 Comparison of Laboratory Indicators Between Mild-to-Moderate and

Severe UC Patients

Variables Mild-to-Moderate UC (n=53) | Severe UC (n=28) | P value
WBC (x10°IL) 6.54+2.00 8.47+2.89 0.005
NLR 2.10(1.40-2.62) 4.28(2.81-6.19) <0.001
MHR 0.35(0.29-0.51) 0.63(0.45-1.16) <0.001
CRP (mg/L) 5.0(2.3-12.0) 17.1(5.4-63.1) 0.012
ESR (mm/h) I15(11-24) 26(15-35) 0.005

Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte/HDL-C ratio; NLR,
neutrophil/lymphocyte ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

respectively (P < 0.001). MHR values in severe and mild-to-moderate UC were 0.63 (0.45-1.16) and 0.35 (0.29-0.51),
respectively (P < 0.001) (Table 3).

Comparison of Diagnostic Accuracy of NLR and MHR in Predicting Clinical Activity in UC
Figure 2A shows the ROC curves for NLR, MHR, CRP, ESR, and WBC. The optimal NLR cut-off value for predicting
clinical UC activity was 2.49, with a sensitivity of 66.1%, specificity of 88.0%, positive predictive value (PPV) of 92.5%,
and negative predictive value (NPV) were 53.7%. For MHR, the optimal cut-off value was 0.34, with a sensitivity of
85.7%, specificity of 76.0%, PPV of 88.9%, and NPV of 70.4% (Table 4). Notably, the AUC of MHR was higher than
that of WBC (P=0.005), but there was no statistical difference between the AUCs of NLR and MHR (P=0.483) (Table 5).

Comparing the Diagnostic Accuracy of NLR and MHR in Predicting Endoscopic
Activity in UC

Figure 2B displays the ROC curves for NLR, MHR, CRP, ESR, and WBC. For predicting endoscopic UC activity, the
optimal NLR cut-off value of 3.46, with a sensitivity of 71.4%, specificity of 88.7%, PPV of 76.9%, and NPV of 85.5%.
The optimal MHR cut-off value for endoscopic severe UC was 0.38, with a sensitivity of 92.9%, specificity of 56.6%,
PPV of 53.1%, and NPV of 93.7% (Table 6). Similar to the clinical activity analysis, the AUCs of NLR and MHR were
not statistically different (P=1.000) (Table 5).

Discussion

In this study, we assessed the accuracy of NLR and MHR in predicting clinical and endoscopic activity in UC and
compared their diagnostic value. Our findings revealed significant elevations in NLR and MHR in UC patients compared
to healthy controls. NLR and MHR have good predictive ability for both clinical and endoscopic activity in patients
with UC.

UC is a chronic inflammatory disease affecting the colorectal region, characterized by alternating periods of activity
and remission. Evaluating UC severity involves clinical signs, laboratory indices, endoscopy, and histopathology.'
Mucosal healing, defined as the endoscopic resolution of UC’s erosions and ulcers, is a crucial treatment target for
ulcerative colitis. Therefore, assessing endoscopic activity is essential for UC management.'® While endoscopy and
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Figure 2 (A) shows that Receiver Operating Characteristic (ROC) curves for NLR, MHR, ESR, CRP, and WBC predict clinical activity in UC; (B) shows that ROC curves
for NLR, MHR, ESR, CRP, and WBC predict endoscopic activity in UC.

Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte to HDL-C ratio; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate.

histopathology play a crucial role in evaluating clinical and endoscopic UC activity, it’s important to consider the
complications and contraindications associated with endoscopy. Non-invasive tests provide a convenient, rapid, and cost-
effective means of diagnosing and assessing UC disease activity.'” This study aimed to evaluate the accuracy of NLR,
and MHR in predicting clinical and endoscopic UC activity.

Clinical markers commonly used to measure UC disease activity include WBC, CRP, and ESR. However, these
markers often lack sensitivity and specificity.”'® NLR is a maker that responds to systemic inflammation and is widely
employed in various diseases, such as cardiovascular disease, neoplastic disease, and rheumatic immune disease.'*'*-*
A study by Wei et al found that MHR correlates well with CRP and has predictive value for systemic inflammation.?!
Additionally, MHR is associated with an increased risk of cardiovascular events in patients with chronic kidney
disease.”? Our study revealed that elevated NLR and MHR levels are associated with UC disease activity, offering
valuable insights for clinicians assessing disease severity.

Neutrophils play a pivotal role in the inflammatory response to UC. When the intestinal epithelium is damaged in UC
patients, neutrophils are recruited to the site of inflammation. However, they also produce large quantities of reactive

oxygen species, proteases, proinflammatory cytokines, and mediators that contribute to tissue damage.?® Previous studies

Table 4 Comparing the Diagnostic Accuracy of Biomarkers in Predicting Clinical Activity in UC

Variables | Cut-Off | AUC (95% CI) | Sensitivity | Specificity | NPV | PPV
NLR 249 | 0.809 (0.717-0.901) 66.1 88.0 53.7 | 925
MHR 034 | 0.854 (0.771-0.937) 85.7 76.0 704 | 889
CRP 7.15 | 0.733 (0.622-0.843) 57.1 84.0 467 | 889
ESR 235 | 0.717 (0.606-0.828) 51.8 92.0 460 | 935
WBC 685 | 0.699 (0.584-0.824) 55.4 84.0 457 | 886

Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte/HDL-C ratio; NLR, neutrophil/
lymphocyte ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; AUC, area under curve; NPV,
negative predictive value; PPV, positive predictive value; Cl, confidence interval.
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Table 5 Comparisons of Biomarkers in Active Vs Inactive UC and Mild to Moderate Vs

Severe UC

Variables Active vs Inactive UC Mild-to-Moderate vs Severe UC
P value® | Adjusted P value® | P value® Adjusted P value®

WBC | NLR 0.109 1.000 0.023 0.233

MHR 0.005 0.052 0.030 0.297

CRP 0.617 1.000 0.640 1.000

ESR 0.792 1.000 0.951 1.000

NLR MHR 0.483 1.000 0.451 1.000

CRP 0.233 1.000 0.017 0.174

ESR 0.129 1.000 0.015 0.153

MHR | CRP 0.057 0.572 0.230 1.000

ESR 0.029 0.290 0.151 1.000

CRP ESR 0.781 1.000 0.603 1.000

Notes: *P value determined by Delong test; °P value adjusted by Bonferroni correction.
Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte/HDL-C ratio; NLR,
neutrophil/ lymphocyte ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

Table 6 Comparing the Diagnostic Accuracy of Biomarkers in Predicting Endoscopic

Activity in UC
Variables | Cut-Off AUC (95% CI) Sensitivity | Specificity | NPV | PPV
NLR 3.46 0.858 (0.772-0.943) 714 88.7 85.5 76.9
MHR 0.38 0.810 (0.712-0.908) 929 56.6 93.7 53.1
CRP 9.03 0.731 (0.612-0.849) 67.9 736 8l1.2 57.6
ESR 235 0.703 (0.572-0.834) 64.3 755 80.0 58.1
WBC 6.98 0.698 (0.512-0.824) 67.9 71.7 80.9 55.9

Abbreviations: UC, ulcerative colitis; WBC, white blood cells; MHR, monocyte/HDL-C ratio; NLR, neutrophil/
lymphocyte ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; AUC, area under curve; NPV,
negative predictive value; PPV, positive predictive value; Cl, confidence interval.

have shown that lymphocytic infiltration reduces circulating lymphocytes, it lead the absolute number of lymphocytes is
reduced in patients with active UC compared to normal subjects.®** In our study, we observed a significant difference in
peripheral neutrophil counts between UC patients and healthy controls. However, although the mean peripheral
lymphocyte count was lower in UC patients, there was no statistically significant difference between UC patients and
healthy controls. The mononuclear phagocyte systems, consisting of macrophages and dendritic cells, are involved in the
pathogenesis process of inflammatory bowel disease (IBD). Inflammatory conditions cause blood monocytes to enter the
intestinal mucosa, differentiating into macrophages, which interrupts the normal differentiation of mononuclear phago-
cytes. This disruption leads to the accumulation of pro-inflammatory macrophages, which produce substantial pro-
inflammatory cytokines, triggering intestinal inflammation. Studies have also indicated that patients with IBD have
altered lipid profiles compared to healthy individuals, marked by lower levels of HDL-C and higher levels of low-density
lipoprotein cholesterol (LDL-C) levels.” HDL-C plays a crucial role in regulating innate and adaptive immune responses
by modulating cholesterol bioavailability in immune cells.>> Our study found that UC patients exhibited significantly
higher HDL-C levels than healthy controls.

Our study demonstrates the strong predictive value of NLR and MHR for both clinical and endoscopic UC activity.
However, the difference between them was not statistically significant. Therefore, we propose combining NLR and MHR
for diagnosing UC disease activity. Our results suggest that MHR has the highest AUC for discriminating between UC
patients and healthy controls, while NLR has the highest AUC for distinguishing between severe UC and mild-to-
moderate UC.
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However, our study possesses certain limitations. It was conducted retrospectively at a solitary medical center and
relied on a relatively small sample of UC patients. Furthermore, the data extraction was based on historical medical
records from the hospital information system, and blood tests as well as endoscopies were not conducted simultaneously.
Lastly, the study lacks external validation.

Conclusion

The study concluded that the levels of NLR and MHR were significantly higher in clinically active UC. Furthermore, the
elevated levels of NLR and MHR served as predictors of endoscopic activity in UC patients. These assays could serve as
a useful guide for assessing UC activity and mucosal damage, particularly when endoscopy is not feasible due to its easy
application and affordability. We assert that NLR and MHR are indeed vital instruments for rapidly assessing UC clinical
and endoscopic activity.
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