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Abstract: Inflammatory bowel diseases (IBD) is a term referring to chronic and recurrent
gastrointestinal disease. It includes Crohn’s disease (CD) and ulcerative colitis (UC). It is undeniable
that presenting features may be unclear and do not enable differentiation between disease types.
Therefore, additional information, obtained during the analysis, can definitely provide a potential
way to differentiate between UC and CD. For that reason, finding the optimal logistic model for
further analysis of collected medical data, is a main factor determining the further precisely defined
decision class for each examined patient. In our study, 152 patients with CD or UC were included.
The collected data concerned not only biochemical parameters of blood but also very subjective
information, such as data from interviews. The built-in logistics model with very high precision was
able to assign patients to the appropriate group (sensitivity = 0.84, specificity = 0.74, AUC = 0.93).
This model indicates factors differentiating between CD and UC and indicated odds ratios calculated
for significantly different variables in these two groups. All obtained parameters of the model were
checked for statistically significant. The constructed model was able to be distinguish between
ulcerative colitis and Crohn’s disease.
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1. Introduction

Inflammatory bowel diseases (IBD), among which ulcerative colitis (UC) and Crohn’s disease
(CD) can be distinguished, are the subject of many studies. Despite many years of research on IBD,
they are still of interest to scientists today.

CD and UC have been known by doctors for many years. One of the first clear descriptions of
UC in the medical literature was Wilkes’ work published in 1859 [1]. Crohn’s disease was officially
described later by the research team, which included Crohn, Ginzburg, and Gordon Oppenheimer,
in 1932 [1,2].

However, there are still many unknown facts about these diseases. There are many descriptions
of each disease’s progression, their different location of abnormalities or descriptions of symptoms.
The collected information provides useful knowledge about the course of IBD. However, it does not
give any idea about the further treatment of the patient or prevention of relapse. It comes from the fact
that presenting symptoms often do not explicitly point to one exact disease. Therefore, the diagnosis of
IBD is often difficult, even among highly specialized doctors [2–4].

UC-related inflammation typically begins in the rectum and extends for a variable distance around
the colon. The affected tissue is swollen, with the presence of ulcers that in some cases lead to severe
bleeding. In the majority of cases, symptoms intensify in a few weeks. In some cases, rapid acceleration
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of the disease is observable. Then, standard medical treatment may not be beneficial and surgical
intervention with colectomy may be required urgently. In most cases of UC, however, medical therapies
can be used to successfully induce remission. Despite this, patients remain at risk of subsequent
relapse [2,3].

In the case of CD, the inflammation is observable in the area of the small intestine and the cecum
(40% of cases), only in the small intestine (30% of patients), and only in the large intestine (25%
of cases). In cases where only the large intestine is covered, one of two forms of the IBD can be
recognized [4,5]. The most common clinical symptoms of CD are diarrhea, abdominal pain, and weight
loss. Various environmental factors, such as smoking in the context of CD, influence the development
of IBD. Importantly, former or current smokers have an increased risk of developing CD [6–11].

It is important to look for new factors that differentiate the disorder and check the relationship
between them. The obtained information will help to better understand UC and CD. Our paper
attempts to model the medical diagnostic process, based on a logistic model, which helps in the correct
classification of the two subtypes of IBD.

2. Materials and Methods

The protocol of the study was approved by the Bioethics Committee of the Medical University of
Bialystok, Poland (R-I-002/209/2018).

2.1. Data Collection

The study concerned the analysis of the data collected from patients with IBD. We obtained data
about patients of the Department of Gastroenterology and Internal Diseases of the Medical University
of Bialystok Clinical Hospital. The study involved interviews of adults and basic analysis of their
medical records. The patients were diagnosed based on clinical symptoms, biochemical, radiological
results, endoscopic findings, and histological reports.

All patients were given CT examinations, for initial qualification. Information on the following
laboratory results was collected: WBC (white blood cells) [x103/µL], RBC (red blood cells) [x106/µL],
MCV (mean corpuscular volume) [ f L], PLT [x103/µL], neutrophils [x103/µL], lymphocytes [x103/µL],
monocytes [x103/µL], eosinophils [x103/µL], basophils [x103/µL], glucose [mg/dL], bilirubin [mg/dl],
AspAT (aspartate aminotransferase) [lU/L], ALAT (alanine aminotransferase) [lU/L], amylase [lU/L],
PT [sec], INR (international normalized ratio), fibrinogen [mg/dL], urea [mg/dL], creatinine [mg/dL],
sodium [mmol/L], potassium [mmol/L], and CRP (C reactive protein) [mg/dL]. Additional features
like age, gender, smoking (a smoker is a patient who smoked at least a year without interruption),
occurrence of blood in the stool, and a palpable tumor within the abdominal cavity were taken
into account.

In the past, for CD and UC diagnosis, only laboratory tests were considered. In times of biological
drugs, laboratory tests have become necessary to assess the burden of IBD, as symptom-based results
are too subjective to predict properly the response to pharmacological options and calculate the risk of
relapse. In this work, we were looking for features to distinguish easily CD from UC. Laboratory tests
are helpful in assessing the activity of each disease. Morphological tests of blood and biochemical
parameters determination allow early detection of changes, side effects of therapy, and monitoring of
nutritional deficiencies. Below is a brief description of some data taken into account in our study [12].

Leukocytes (WBC) affect the immune system. Both excess and drop of white blood cells may
indicate overload of the immune system, due to infections, diseases, including UC and CD.

Erythrocytes (RBC) transport oxygen and carbon dioxide in the body, participating in gas exchange.
A too small number of erythrocytes may indicate malnutrition, while higher values occur when there
is a disturbance in the production of red blood cells in the course of IBD. Iron deficiency anemia
is common in IBD. Elevated MCV occurs in patients receiving azathioprine or 6-mercaptopurine.
However, the roles, functions, and levels of monocytes in case of the UC and CD have not been fully
examined [13,14].
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Neutrophils are one of the groups of white blood cells (leukocytes). They play a significant role in
the immune response. They are perceived as effector cells in acute and chronic inflammation. However,
the roles of neutrophils in the pathogenesis and development of IBD and their differences between
disease variants are still not fully understood [15].

Lymphocytes are cells of the immune system that belong to the leukocyte agranulocytes to involve
and underlie the immune response. CD and UC disease are characterized by dispersed accumulation
of lymphocytes in the intestinal mucosa due to overexpression of endothelial adhesion molecules.
It is important to know if there are any differences in the level of this parameter between UC and
CD [13,14].

Eosinophils play a role in the pathogenesis of IBD. Immunohistopathological examinations
revealed the accumulation and activation of eosinophils in the active inflammatory intestinal mucosa
in patients with UC and CD. However, there is a lack of accurate quantitative data and their possible
distinction in the two diseases analyzed in this paper [12].

Basophils belong to leukocytes. The previously unrecognized function of basophils in oblique
adaptive immunity opens up new perspectives for understanding their contribution to the pathogenesis
of IBD [16].

The number of platelets (PLT) often increases due to active inflammation or iron deficiency. This is
evidenced through blood clotting. Too large values may be indicative of tuberculosis, liver problems,
and cancers. Too small values can indicate blood clotting disorders.

Changes in the glucose level in the results of laboratory tests are observed in many diseases,
including IBD. Glucose is also an important factor in current IBD research. It is important to check if
its level significantly differs between UC and CD [17].

Bilirubin is a bile pigment that comes from the breakdown of red blood cells. It is believed that
oxidative stress plays an important role in CD and UC. However, this idea is still not explored in detail.

The relationship between abnormal hepatic biochemical parameters (AspAT and ALAT) and
IBD is not fully understood. Approximately 29% of patients with IBD have abnormal results of liver
function tests [18]. Increased serum amylase is often observed in patients with IBD without any clinical
signs of pancreatitis [12].

Prothrombin time (PT), the INR test and fibrinogen, are measures of the activity of plasma
coagulation factors. Thromboembolism events are the main cause of morbidity and mortality in
patients with IBD and may occur in both the gastrointestinal tract and in parenteral sites [19,20].

Creatinine and urea are metabolic products. Their levels can change in IBD. Therefore, they are
the important parameter whose differences in levels between UC and CD are unfortunately not exactly
known [12].

In IBD, changes in the absorption of electrolytes in diarrhea are frequent. Therefore,
the study-examined differences in sodium and potassium levels in the UC and CD are interesting to
see, if they are significantly different [21].

CRP is a protein synthesized by the liver at low concentrations (0.1 mg/L). Although CRP
concentration increases in response to many physiological conditions, it usually correlates with
inflammation in IBD, being the most frequently used acute phase reactant [12].

2.2. Logistic Regression Model

Logistic regression is a frequently used statistical method for classification problems when the
variable is presented in a dichotomic scale form. It means that the predictive model of logistic regression
determines the probability of one of two possible outcomes: Illness (number 1) or disease (number 2).
For the given data, a logistic regression model was built to find different types of analyzed disease.
The model coefficients were determined and were statistically significant at the level of α = 0.05.
The odds ratio values, defined as the ratio of the probability of success to the probability of failure,
were then calculated.
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The main advantage of the odds ratio, as compared to conventional probability, is that the odds
ratio assumes values in the range (0,+∞) for a p range from 0 to 1, and the logarithm value of the field
(−∞,+∞). This means that we can use regression methods not limited to a range (0–1), such as linear
regression, to estimate the log of chance in a regression model [22,23].

For the odds ratio, we assumed a 95% confidence interval; the span is based on the number of
patients in the study group. The odds ratio can also be calculated taking into account the division of
the respondents into two separate groups using Formula (1):

ORAxB =
S(A)

S(B)
=

p(A)

1− p(A)
÷

p(B)
1− p(B)

, (1)

where p(A) is the probability of an event (disease) A and p(B) is the probability of an event (disease) B.
We interpret this measure as follows [22–24]:

• If OR > 1, then in the first group, the occurrence of the event is more likely.
• If OR < 1, then in the second group, the occurrence of the event is more likely.
• If OR = 1, then the event is equally likely in both groups.

Transformation function on the logarithm of the probability of chance is called logit (Formula (2)):

logit(P) = ln
p

1− p
= ln(p) − ln(1− p), where p =

elogit(p)

1 + elogit(p)
=

1
1 + elogit(p)

. (2)

The logistic model is based on the function f (z) (Formula (3)) [22]:

f (z) =
ez

1 + ez =
1

1 + e−z . (3)

The predictive model formulates the probability of malignancy with the probability of benign
tumors. The constructed model also allows us to observe which of the tested independent variables
influence the dependent variable explained on a dichotomous scale. Conditional probability for
dependent variable Y assumes a value of 1 for the value of the independent variables x0, x1, . . . , xk and
is described as Formula (4) [23]:

P(Y = 1|x0, x1, . . . , xk) =
e(a0+

∑k
i=1 aixi)

1 + e(a0+
∑k

i=1 aixi)
, (4)

where ai, i = 0 . . . k are regression coefficients and x1, x2, . . . , x3 represent independent variables.
Values of estimators are calculated using the most reliable method. The greater reliability of a model,
the more likely it is that the variable will appear in the sample, which further means better matching
the model to the data [22,23].

In our work, we used the quasi-Newton method. The function is estimated at various points to
estimate the first and second order derivatives. Then, the obtained information is used to minimize the
loss function value.

All variables which were taken into the study were subjected to significance tests.
The Mann–Whitney test was used for comparison of the CD group with the UC group in cases
where parameters were not shown to be in a normal distribution. We applied Student’s t-test in cases
of compatibility with normal distribution and homogeneity of variance, while the Cochran–Cox test
was used in cases when compliance with the normal distribution had been shown, but there was no
homogeneity of variance. In cases of comparison of data on the qualitative scale, a chi-square test
was used. The Shapiro–Wilk test was applied to check compliance with the normal distribution, and
the Leven test was used to test homogeneity of variance. For the construction of classifiers using
three algorithms of knowledge extraction, we used a selected set of features. The significance level
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was assumed as α = 0.05. The tests carried out resulted in finding those features which significantly
differentiate UC and CD (p < 0.05).

2.3. Model Testing

The analyses were carried out using the Statistica 13.1 (StatSoft, Cracow, Poland) and Weka
Software (University of Waikato, Hamilton, New Zealand).

In order to test the accuracy of the constructed model, a matrix of errors (Table 1) was used to
calculate the measures describing the correctness of the classification [24,25].

The board has two rows and two columns. Rows represent predicted classes, while columns
represent real classes.

Table 1. Confusion matrix.

Observed Event
Expected Event

Number 1 Number 2

Number 1 TP 1 FN 2

Number 2 FP 3 TN 4

1 TP (true positive) 2 FN (false negative) 3 FP (false positive) 4 TN (true negative).

We use some statistics, explained briefly as follows [25]:

• Sensitivity (TPR)—rate of the instances correctly classified as a given class:

TPR =
TP

TP + FN
. (5)

• Specificity (TNR)—rate of the instances that are actually healthy (without a given trait):

TNR =
TN

TN + FP
. (6)

• AUC—the area under the ROC Curve (Receiver Operating Characteristic Curve). The accuracy of
the test depends on how well the test divides the tested group into two separate classes.

In order to analyze the quality of the building model, a new measure of the action quality
measure (AQM) was proposed, taking into account all the results from the binary matrix of mistakes.
The measure evaluates the overall quality of model prediction:

AQM =
(TP− FP) + (TN − FN)

P + N
=

(TP− FP) + (TN − FN)

TP + TN + FP + FN
. (7)

The proposed measure returns values from −1 to +1, with the factor +1 corresponding to an ideal
classification, a value oscillating within 0 meaning a random assignment of the result, and −1 meaning
a total discrepancy between the forecast and the observation.

We compared our model with another, which contained variables different from the standard
ones, appearing in the literature (WBC, RBC, PLT, CRP, ALAT, PT, fibrinogen).

Our experiments on various medical data confirm that substitution of the new AQM measure
proposed in the work gives promising results in the evaluation of modeling medical diagnostic processes.
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3. Results

3.1. Study Group

The analysis was based on the construction of logistic model, containing variables affecting the
patient’s belonging to a given class (disease entity).

In the first group, UC was diagnosed (N = 86, women n = 32, men n = 54), while in the second
group, patients with CD (N = 66, women n = 32, men n = 34) were diagnosed.

The age in the study group was 38.05 ± 16.57, where the average age of women was 35.97 ± 15.56
and for men 39.57 ± 17.19. The mean age in the CD group was 34.42 ± 14.30 (mean age of women
36.19 ± 16.90, men 32.76± 11.34). The mean age in the group of UC patients was 40.84± 17.70 (mean age
of women 35.75 ± 14.37, men 43.85 ± 18.88).

3.2. Model Selection

The constructed model was trained in 90% of available cases of patients, while it was tested in
10% of all available cases (cross-validation method). A cross-validation method (10-fold) was used to
select specific model parameters. The results presented below relate to the model constructed after
the introduction of variables significantly differing in the analyzed groups. These variables were
previously subjected to significance tests.

The model, containing variables appearing in literature, was poorly classified (specificity = 3.03%,
sensitivity = 91.86%, which indicates the lack of ability of the model built on the basis of the classifier
used to detect patients with UC). Additionally, it contained all possible variables (model parameters
also indicated that such a model was inferior—specificity = 53.13%, sensitivity = 41.23%).

Distribution of smoking and the presence of blood in feces in the analyzed groups is presented in
Figures 1 and 2.
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3.3. Model Verification

The coefficients of the regression model were calculated. All significantly changing variables
(at the significance level of 0.05) are presented in Table 2.

Table 2. Coefficients with the p-value and odds ratio (OR).

Variable Coefficient p-Value OR

Value 95% CI (Low) 95% CI (High)

Current/past smoker −4.449 0.000 ** 0.012 0.001 0.023
Blood in stool 2.671 0.000 ** 14.454 14.324 14.658

MCV [ f L] 0.176 0.015 * 1.913 1.899 2.101
PLT [x103/µL] 0.0002 0.019 * 1.201 1.199 1.215

Neutrophils [x103/µL] −0.041 0.041 * 0.96 0.94 1.11
Monocytes [x103/µL] 0.048 0.031 * 1.049 1.039 1.149
Eosinophils [x103/µL] 0.096 0.004 * 1.101 1.002 1.111
Basophils [x103/µL] 0.750 0.002 * 2.118 2.018 2.128

AlAT [lU/L] 0.029 0.001 * 1.029 1.001 1.089
Creatinine [mg/dL] −0.346 0.019 * 0.708 0.698 0.798
Sodium [mmol/L] 0.149 0.000 ** 1.162 1.142 1.182

Potassium [mmol/L] −2.448 0.017 * 0.086 0.077 0.096
Intercept −23.877 0.006 *

* significant at the level of α = 0.05 ** significant at the level of α = 0.001.

In case of the proposed model (Table 2), OR values that significantly deviate from value 1 were
obtained for the current/past smoker attribute (OR = 0.012, 95% CI: 0.001÷ 0.023). This means that people
who smoke more often suffer from CD. We can conclude that smoking does not affect the development
of UC. Another attribute is blood in stool. In this case, OR = 14.454, 95% CI: 14.324 ÷ 14.658, which
means that the phenomenon of bloody stools much more often means UC than CD. The occurrence of
blood stools increases the probability of UC by about 15 times.
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In the case of MCV, OR = 1.913 (95% CI: 1.899 ÷ 2.101), which means that increasing its value
should cause the patient to be classified into the group with UC disease. Similar results were obtained
for PLT (OR = 1.201, 95% CI: 1.199 ÷ 1.215), monocytes (OR = 1.049, 95% CI: 1.039 ÷ 1.149), eosinophils
(OR = 1.101, 95% CI: 1.002 ÷ 1.111), basophils (OR = 2.118, 95% CI: 2.018 ÷ 2.128), ALAT (OR = 1.029,
95% CI: 1.001 ÷ 1.089), and sodium (OR = 1.162, 95% CI: 1.142 ÷ 1.182). In the case of neutrophils,
OR = 0.96 (95% CI: 0.94 ÷ 1.11), and increasing their value should cause the patient to be classified
into the group with CD disease. Similar results were obtained for creatinine (OR = 0.708, 95% CI:
0.698 ÷ 0.798) and potassium (OR = 0.086, 95% CI: 0.077 ÷ 0.096) (Table 2).

The measurements characterizing the constructed model concerning IBD diseases were calculated
(Table 3). The sensitivity value is 0.84 for specificity 0.74. The AUC was 0.93 (Figure 3). The proposed
AQM measure also indicates a good prediction quality, as AQM = 0.79.
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Table 3. Parameters of the model.

Parameter Sensitivity Specificity AUC AQM

Value 0.84 0.74 0.93 0.79

4. Discussion

Experts (physicians) have known UC and CD for decades. Unfortunately, so far, there are still
many unknowns regarding CD and UC. The characteristics of these diseases are often ambiguous.
This contributes to the fact that their diagnosis creates many additional problems [2–5]. Therefore, it is
necessary to look for symptoms that directly differentiate the disorders. Undoubtedly, it will deepen the
current knowledge about UC and CD and their treatment. A lot of open questions, related to medical
databases, pose a challenge for us to find new effective methods in the area of knowledge exploration.

The study carried out in this work aimed to check the significant differences in basic research and
the results of interviews with the patient. It was done to check whether laboratory tests could support
high-level diagnostics. Such knowledge would improve the speed of diagnosis, perhaps without the
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need for a series of time-consuming and expensive tests. In addition, the analysis indicates which
causative factors differentiate the research sample.

In the logistic regression model, the input containing given variables is commonly studied in basic
research towards the diagnosis of UC and CD. These variables were the basic laboratory exponents
(WBC RBC, MCV, neutrophils, lymphocytes, monocytes, eosinophils, basophils, glucose, bilirubin,
AspAT, ALAT, amylase, PT, INR, fibrinogen, urea, creatinine, sodium, potassium, CRP) and collected
additional information from the basic patient’s interview (age, gender, smoking, occurrence of blood
in the stool, palpable tumor within the abdominal cavity). There are no concrete studies on these
attributes in IBD [12–21].

Modeling pointed to variables which are significantly different in the analyzed groups. Among the
biochemical factors from blood tests with different parameters, the levels of MCV (p = 0.015),
PLT (p = 0.019), neutrophils (p = 0.041), monocytes (p = 0.031), eosinophils (p = 0.004), basophils
(p = 0.002), ALAT (p = 0.001), creatinine (p = 0.019), sodium (p = 0.000), and potassium (p = 0.017) are
all significant. Other important parameters were smoking (p = 0.000) and blood in stool (p = 0.000).

There are many logistic models that show the relationship between IBD varieties [26–31]. However,
the most accurate model which could clearly point the appropriate group for the patient has not been
found so far. This shows that there is a real need to analyze UC and CD and build an optimal model
for this problem.

Analysis indicated that people who were diagnosed with UC did not smoke in most cases (n = 76).
The number of smokers (n = 48) in relation to nonsmokers (n = 18) was significantly higher among
patients with CD. This phenomenon is described in the literature [7,9–11]. Importantly, former or
current smokers have an increased risk of developing CD, and the researchers suggest that nicotine
is responsible for it. Studies using other substances (replacing nicotine) were inconclusive [6–9].
Literature indicates that smoking is associated with a lower risk of developing UC. People who smoke
and suffer from UC are less frequently hospitalized (less frequent episodes of exacerbation of the
disease appear) compared to patients with UC who have never smoked. Currently, animal studies are
being carried out indicating mechanisms that may be responsible for the protective effect of smoking
in UC. However, no explanation of the reason tobacco can have such an effect was found.

In the case of blood in stool, the variable OR = 14.454, (95% CI: 14.324 ÷ 14.658), which means that
the phenomenon of bloody stools more often means UC than CD. The occurrence of bloody stools
about 15 times increases the probability of ulcerative colitis. Similar results were obtained in the
literature [32]. Current research, confirmed also by the analysis included in this work, returns the
knowledge that this symptom is rare in CD, while the opposite is true for UC.

The literature indicates that MCV levels change in IBD. However, the levels, functions, and causes
of changes between UC and CD are still not well understood [33]. In the case of MCV, OR = 1.913
(95% CI: 1.899 ÷ 2.101), which means that increasing its value can cause the patient to be classified in
the group with UC disease.

Similar results were obtained for PLT (OR = 1.201, 95% CI: 1.199 ÷ 1.215). The PLT value may be
increased if inflammation occurs. Both CD and UC are associated with abnormalities in the number
and function of platelets. The role of platelet dysfunction in the pathogenesis of IBD is still unclear [34].
The obtained results indicate that the level is significantly higher in the UC group.

Monocytes are part of the body’s first line of defense, eliminating pathogens by phagocytosis
or releasing a wide range of inflammatory mediators, such as cytokines, chemokines, and proteases.
However, the roles and functions of monocytes in health and disease in IBD are not fully understood [15].
The differences in their levels are not confirmed. Because of the logistic regression, we got significant
results indicating differences between UC and CD. The obtained odds ratio includes that the higher
level of monocytes indicates UC (OR = 1.049, 95% CI: 1.039 ÷ 1.149).

The conducted research emphasizes the role of eosinophils in the diagnosis of IBD, but there are
no quantitative data between UC and CD. Our research indicates that the right parameter levels differ
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significantly in the analyzed groups [12]. Our study showed that it is significantly higher in the UC
group (OR = 1.101, 95% CI: 1.002 ÷ 1.111).

Our research indicates significant differences in basophil levels in the analyzed IBD groups.
Literature indicates that their role and values in the course of diseases are not well known [16].
Logistic analysis concluded that the level of basophils is significantly higher in the UC group
(OR = 2.118, 95% CI: 2.018 ÷ 2.128).

In IBD, there are changes in the level of electrolytes. It is interesting to observe the differences in
sodium and potassium levels in UC and CD [21]. Our study showed significant differences in them.
Sodium has significantly higher levels in UC (OR = 1.162, 95% CI: 1.142 ÷ 1.182), while the same
applied to potassium in CD (OR = 0.086, 95% CI: 0.077 ÷ 0.096). The obtained results clearly show that
the differences are significant and can deepen the current knowledge about IBD.

Neutrophils play a significant role in the immune response. Their importance in the development
of IBD and their differences between UC and CD are not yet fully understood [13]. The role of
neutrophils has been studied in various animal models of IBD for many years, but their participation in
the pathogenesis of IBD remains poorly understood and no neutrophil-targeted molecules have been
used and validated for the treatment of these pathologies OR = 0.96 (95% CI: 0.94 ÷ 1.11). Therefore,
a better understanding of how to operate under these specific conditions is to provide new therapeutic
pathways for IBD [35].

Creatinine is a metabolic product. Its level can be significantly changed in IBD. However, the
level differences between UC and CD are not exactly known [12]. In this paper, we received a result
indicating that its level is significantly different between IBD varieties. In addition, it is significantly
higher in CD (OR = 0.708, 95% CI: 0.698 ÷ 0.798)

In the literature, it is difficult to find some relationships between the biochemical parameters
themselves without studying the influence of other factors, such as genetic ones. Therefore, it is a new
point of view, indicating that when having suspicions about the disease, more attention should be given
to the simple results of the tests. This is significant because the constructed model is characterized by
an extremely high quality of prediction. The calculated measures show that this model can be taken
into account while diagnosing patients. For specificity of 0.74, the sensitivity value is 0.84, and the
AUC is 0.93. Sensitivity forced the ability to identify patients with CD, while specificity indicates the
ability to assign patients to the UC group correctly. In about 84% of cases, the patient with CD was
properly assigned to this group. This is a high prediction capability.

The new AQM measure proposed in this work is a balanced measure that interprets all the results
from a matrix of errors. It shows, in full scale, how the developed model increments the match results.
This measure has been previously tested in other studies. It often gave better results than commonly
used measures, due to the fact that it showed better prediction errors. In the case of the model proposed
in this work, AQM = 0.79, which indicates a very good fit of the model to the data.

The obtained results bring out the significant differences and can affect the faster diagnosis. This is
extremely important in health-problematic situations (e.g., when the disease is hard to diagnose, due to
unclear symptoms).

In further directions of the research, it should be noted that it is necessary to check how the
constructed model predicts results on various, balanced research groups.

5. Conclusions

The analysis showed that the use of advanced data analysis methods can increase medical
knowledge. A system was constructed in the work indicating the differences between Crohn’s disease
and ulcerative colitis. The results indicate very high predictive capabilities of the model and indicate
the applicability in diagnostic practice.
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