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Abstract

Some patients with inflammatory bowel disease (IBD) may not have
traditional criteria of inflammation: elevated CRP, ESR and leukocytosis. The aim
of this study was to identify additional immunological and biochemical criteria for
the risk of IBG in patients with no non-specific laboratory criteria of inflammation.
The study involved 150 patients, of whom 2 groups were formed: an observation
group (100 patients with a verified diagnosis of ulcerative colitis or Crohn's disease)
and a control group (50 clinically healthy individuals). All subjects underwent a
complete blood count, a biochemical blood test and determination of IL-1p, TNF-a,
and IL-4 concentrations. Based on the results of general and biochemical blood tests,
patients from the observation group were divided into two subgroups - with and
without classic laboratory signs of inflammation. Three main laboratory blood
parameters were assessed for diagnosing the inflammatory process: ESR, white
blood cell count and CRP level. The presence of laboratory signs of inflammation
was considered to be an increase in two or more of the above blood parameters. It
was noted that 40% of patients with IBD had no non-specific laboratory criteria of
inflammation: in ulcerative colitis in 37% of cases, in Crohn's disease in 46% of
cases (p < 0.001). Further, a comparative analysis of the levels of cytokines and
biochemical markers in the blood serum of patients from the control group and
patients with IBD without laboratory signs of inflammation was carried out. Based
on the obtained data, a prognostic model of the probability of the presence of IBD
in patients with no non-specific laboratory criteria for inflammation, depending on
biochemical and immunological blood parameters was developed. The model
included such serum parameters as glucose, sodium and IL-4 concentrations. The
predictive ability of the model was assessed using ROC analysis (AUC 0.970+0.018
95% CI: 0.936-1.000; p<0.001). An algorithm for predicting the risk of IBD in
patients without non-specific laboratory criteria of inflammation was proposed. The
obtained data made it possible to identify additional criteria for the risk of IBD in
patients with the absence of non-specific metabolic criteria of inflammation.

Keywords: inflammatory bowel disease, ulcerative colitis, Crohn's disease,
laboratory criteria of inflammation, C-reactive protein, erythrocyte sedimentation
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Pe3rome

TpanuuuoHHble Ja0OpaTOPHBIE KPUTEPHUH, YKa3bIBAIOLIME HA CUCTEMHOE
BOCIAJICHUE, TaKue Kak MoBbilieHue C-peakTHUBHOro Oejika, CKOPOCTH OCEaHus
DPUTPOIMTOB W JIEUKOLIUTO3, MOTYT OTCYTCTBOBATh Yy psifia TAIMEHTOB C
BOCHAJIUTENbHBIMU 3a00JICBAaHUSIMUA KHUILIEYHUKA, YTO 3aTPyAHSET I[OCTAaHOBKY
nuartHoza.  lleaplo  JaHHOTO — MCCIIEIOBaHUSL  SIBJSUIOCH  OMpPEACIICHUE
JOTIOJTHUTENBHBIX HMMMYHOJIOTHYECKUX U OHMOXMMHMYECKMX KPUTEPHUEB pPHUCKa
HAJIMYMs BOCTIAJUTEIBHBIX 3a00JIEBAHNI KHUIIIEYHUKA Y MAIIMEHTOB C OTCYTCTBHUEM
Hecrenuduaecknx 1abOpaTOpHBIX KpUTEpHEB BocmajeHus. B pabore ObLI0
obcnenoBano 150 marueHTOB, W3 KOTOPBIX ObUTM CHOPMHUPOBAHBI 2 TPYIIIBI —
rpynma HadmoaeHus (100 manueHToB ¢ BepupUIUPOBAHHBIM JUATHO30M SI3BEHHOTO
KoauTa i 6ose3nu Kpona) u rpymma KoHTpostst (50 KITMHUYECKH 3I0POBBIX JIHII).
Bcem o6cnemyemMbiM  TPOBOIMIIOCH HWCCIEAOBaHWE OOIIEro aHajin3a KpOBH,
OMOXUMHUYECKUN aHAM3 KPOBHU C OINpPEJEICHUEM KOHIEHTpaluu oOuiero Oenka,
OeNKOBBIX (Ppakinii, MOYEBUHBI, KpEaTUHUHA, TIIIOKO3bl, C-peakTUBHOrO OelKa,
aktuBHOCTH AJIAT, ACAT, omnpeneneHne MMMYHOJOTHMYECKHX TIOKa3aTeyen -
koHneHTparuu IL-1B8, TNF-a u IL-4. Ha ocHOBaHuu pe3ynbTaToOB OOILEro Hu
OMOXMMHUYECKOTO aHAJM30B KPOBH NAIMEHThl M3 TPYIIbl HAOMIOACHUS ObLIU
paszeneHsl Ha JBE MOATPYNNbl — C HAIWYUEM M OTCYTCTBHEM KJIACCHYECKHUX
7a00paTOpHBIX ~ MPU3HAKOB  BocnaneHus. OIEHUBAJIUCh TPU  OCHOBHBIX
J7a00pATOPHBIX MOKA3aTeNsl KPOBU JJIsl JUATHOCTUKHU BOCHAIUTEIBHOIO MpOIecca:
CKOpPOCTb OCEJIaHUsI IPUTPOLIUTOB, KOIUYECTBO JIEHKOLMTOB, KOHUEHTpamus C-
peaktuBHOro Oenka. 3a Hammuue Ja0OPATOPHBIX MPHU3HAKOB BOCTAJICHUS
MPUHUMAJIH TIOBBIIIEHUE IBYX W 00Jiee BBHIMICTICPEUYHCICHHBIX MTapaMEeTPOB KPOBU
BhITIIe pedepeHTHhIX 3HadYeHuid. beimo otmedeHo, uto y 40% mnamuentoB ¢ B3K
OTCYTCTBOBaJIM Hecrenuuaeckue 1abopaTopHbIE KPUTEPUH BOCTAJICHUS: TMPU
s3BEHHOM KosuTe B 37% ciyuaes, mpu Oosie3nu Kpona B 46% cityuaes (p<0,001).
Jlanee Obul TMpOBEAEH CpPaBHUTENbHBbIM aHAIM3 ypPOBHEW LIUTOKUHOB U
OMOXUMHUYECKUX MAPKEPOB B CHIBOPOTKE KPOBH MAIIMEHTOB U3 FPYIIIbI KOHTPOJIS U
NAlMEHTOB C BOCHAJIUTENbHBIMUA 3a00JICBAaHUSIMU KUILIEYHUKA C OTCYTCTBHUEM
7a00paTOpHBIX MPU3HAKOB BocmalieHus. Ha ocHOBe MOJIy4eHHBIX JaHHBIX Oblia
pa3paboTaHa MPOTHOCTUYECKAS] MOJENb BEPOSTHOCTH HAJIUYMSI BOCHAIMTENbHBIX
3a00JICBaHUN KHUIIECYHWKA Yy TAIMEHTOB C OTCYTCTBHEM HeCHeru(UIecKnx
7a00paTOPHBIX KPUTEPUEB BOCMAJICHUS B 3aBHCHUMOCTH OT OWOXMMHYECKUX W
UMMYHOJIOTHYECKUX TIOKa3aTenel KpoBU. B Momens ObutM BKIIFOYEHBI TaKHe
napamMeTpbl CHIBOPOTKM KPOBHM, KaK KOHIIGHTpAIusl TIIOKO3bl, HaTpusi u [L-4.
[Tpornoctudaeckasi cnocoOHOCTh Mojaenu oneHeHa MerogoM ROC-anammza (AUC
0,970+0,018 95% CI: 0,936-1,000; p<0,001). Ha ocHOBaHHMM IOJyYCHHBIX
pEe3yJAbTATOB  MPEJIOKEH  QITOPUTM  MNPOTHO3MPOBAHUS  PUCKA  HAIAYHUS
BOCMAJMUTENbHBIX 3a00JIEBAHUM KHUIIEYHWKA Y TAIUEHTOB C OTCYTCTBHUEM
Hecreun(puueckux  JTabOpaTOpPHBIX  KPUTEPUEB  BOCIHAJEHUS C  YYETOM
UMMYHOJIOTHYECKMX M  OMOXMMHUYECKHUX [apaMeTpPOB CHIBOPOTKHM  KPOBHU.
[TonydyeHHble AaHHBIE TO3BOJWIA BBIIBUTH JOMOJIHUTENbHBIE KPUTEPUH PHUCKA



HAJIMYUS BOCIAIUTENIHHBIX 3a00I1¢BaHUI KUIIICUHUKA Y NaUCHTOB C OTCYTCTBHEM
HCCHCHI/I(bI/I‘ICCKI/IX METa0OJIMYECKUX KpUTCPUCB BOCIIAJICHHUS.

KuroueBblie cjioBa: BOCHAIUTENbHbIE 3a00JIEBAHUS KUIIIEUHUKA, SI3BEHHBIM
KOJUT, O0one3nb Kpona, mabopartopHbie KpuTepuu BocnaneHus, C-peakTUBHBIN
0€eJI0K, CKOPOCTb OCEIaHMsI SPUTPOLIUTOB, KOJIMUECTBO JIEUKOIUTOB, IL-4, Tioko3a,
HATPUU.
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1 Introduction

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and
Crohn's disease (CD), are chronic inflammatory processes of the gastrointestinal
tract, characterized by a relapsing and remitting course. These nosological forms are
similar to some extent, have common symptoms and lead to digestive disorders [5].
The diagnosis of IBD is based on a combination of clinical symptoms with features
detected during endoscopic and radiological studies, which play an important role in
diagnosis and severity assessment [3]. However, the invasiveness of the procedure
Is associated with significant risk and does not allow to assess condition of the entire
gastrointestinal tract. Alternative non-invasive biomarkers are being studied as tools
for predicting IBD and managing the course of the disease [4]. The search for
biomarkers that would reflect the actual development of the disease and thus play an
important role in the therapy of IBD is currently relevant. To date the search for
biomarkers that would reflect the actual development of the disease and thus play an
important role in the treatment of IBD is relevant. Therefore, correct diagnosis and
accurate monitoring play an important role in the treatment of patients with IBD.
Traditionally used laboratory markers of systemic inflammation, such as C-reactive
protein or white blood cell count, are not sensitive and specific enough to diagnose
IBD or determine the treatment strategy. Endoscopy and biopsy remain the gold
standard methods. However, these procedures are invasive, expensive, and
associated with a risk of complications. In addition, in clinical practice, there may
be cases where patients with IBD may not have classic laboratory signs of
inflammation (increased erythrocyte sedimentation rate, C-reactive protein and
leukocytosis). This group of patients is of particular interest from the point of view
of differential diagnosis of IBD, since the atypical clinical and laboratory
manifestations can lead to underdiagnosis of this pathology and, as a consequence,
a decrease in the quality of life of such patients due to untimely diagnosis and lack
of treatment.

The aim of this study was to identify additional immunological and
biochemical criteria for the risk of inflammatory bowel disease in patients with no
non-specific laboratory criteria of inflammation.

2 Materials and methods

The study was approved by the Committee on Ethics and Evidence of Medical
Scientific Research of the Federal State Budgetary Educational Institution of Higher
Education «Samara State Medical University» of the Ministry of Healthcare of the
Russian Federation (protocol dated November 23, 2019). The study involved 150
patients, of whom 2 groups were formed: an observation group (100 patients with
IBD) and a control group (50 clinically healthy individuals). The following inclusion
criteria were used to select patients for the observation group: a verified diagnosis
of UC or CD, confirmed by laboratory and clinical diagnostic methods, including
histological examination of biopsy specimens; absence of concomitant diseases that
prevent the examination; patient age from 16 to 80 years; signed informed consent
to participate in the study.
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The exclusion criteria were: unconfirmed diagnosis of IBD; concomitant
diseases of the cardiovascular, respiratory, endocrine and urinary systems;
pregnancy; presence of malignant tumors of any localization at present;
chemoradiotherapy; patients taking selective immunosuppressants; a history of
mental pathology that prevents the patient from participating in the study; refusal to
participate in the study.

All subjects underwent a complete blood count using a SYSMEX XT 2000i
hematology analyzer (Japan). Biochemical blood test to determine the concentration
of total protein, protein fractions, urea, creatinine, glucose, C-reactive protein, ALT
and AST activity was performed using a Hitachi 902 automatic biochemical
analyzer, Japan [1, 2]. Immunological parameters - IL-1f, TNF-o and IL-4
concentrations in blood serum - were determined by enzyme immunoassay using
commercial test systems (BioChemMack, Russia).

Statistical data processing was performed using StatTech v. 4.4.1 (developer -
StatTech LLC, Russia). Data distribution was assessed using the Shapiro-Wilk test.
Intergroup comparisons were performed using the Mann-Whitney test with
Bonferroni correction. Pearson's chi-square test was used to analyze nominal
features. The development of a prognostic model of the probability of an outcome
was performed using the logistic regression method. ROC analysis was used to
assess the diagnostic significance of quantitative features in predicting a specific
outcome.

3 Results and discussion

Based on the results of general and biochemical blood tests, patients from the
observation group were divided into two subgroups - with and without classic
laboratory signs of inflammation. Three main laboratory blood parameters were
assessed for diagnosing the inflammatory process: erythrocyte sedimentation rate,
white blood cell count and C-reactive protein level. The presence of laboratory signs
of inflammation was considered to be an increase in two or more of the above blood
parameters. It is noted that 40% of patients with IBD do not have non-specific
laboratory criteria of inflammation: in UC in 37% of cases, in CD in 46% of cases
(p <0.001).

Further, a comparative analysis of the levels of cytokines and biochemical
markers in the blood serum of patients from the control group and patients with IBD
with no laboratory signs of inflammation was carried out (Table).

Based on the obtained data, a prognostic model was developed using the
logistic regression method to determine the probability of the risk of IBD in patients
without laboratory signs of inflammation based on immunological and biochemical
blood parameters. The number of observations was 93. The observed dependence is
described by the equation:

P=1/(1+e¢e7? x100%
z=-56-1863xGlu-3.775x IL4 +0.128 x Na
where P — probability of absence of the risk of IBD; Glu — Glucose, mmol/L; IL4 -
IL4; ng/ml; Na — Sodium, mmol/L; e — exponent (e = 2.7182 — constant); z —
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dependent binary variable (presence and absence of IBD); -5.083 — constant; -5.6; -
1.863; -3.775; -0.128 — coefficients obtained experimentally.

When assessing the dependence of the probability of no risk of IBD in patients
with the absence of non-specific laboratory criteria of inflammation on the value of
the logistic function P using the ROC analysis, the curve in Figure 1 was obtained.

The area under the ROC curve comprised 0.970 + 0.018 with 95% CI: 0.936
—1.000. The resulting model was statistically significant (p < 0.001).

The cut-off value of logistic function P is 0.534. The absence of IBD risk in
patients with no non-specific metabolic criteria of inflammation was predicted when
logistic function P value was greater than or equal to this value. The sensitivity and
specificity of the model were 98.0% and 86.0%, respectively.

Based on the obtained results, an algorithm for predicting the risk of IBD in
patients with no non-specific laboratory criteria of inflammation is proposed taking
into account the immunological and biochemical parameters of blood serum, which
Is presented in Figure 2.

The algorithm is implemented as follows:

[) All patients with suspected IBD should undergo general clinical and
biochemical blood tests in accordance with clinical guidelines.

2) In the presence of 2 or more non-specific metabolic criteria of inflammation
(leukocytosis/ increased ESR/ increased CRP), a corresponding conclusion is made
about the risk of IBD. It is necessary to conduct a comprehensive examination of
patients according to clinical guidelines, including colonoscopy with biopsy,
ultrasound examination of the abdominal organs, magnetic resonance imaging of the
abdominal organs, computed tomography of the abdominal organs with contrast of
the intestine.

3) In the absence of non-specific metabolic criteria of inflammation or the
presence of one parameter, apply a model to determine the risk of IBD in patients
with no non-specific metabolic criteria of inflammation based on biochemical and
immunological parameters of blood serum. If the corresponding risk is detected,
conduct a set of studies according to established clinical guidelines for IBD.

4) In the absence of a prognosis for the risk of IBD, it is recommended to
continue the diagnostic search; consultations with relevant specialists are required.
Thus, the data obtained based on the study of the characteristics of the
immunological and biochemical mechanisms of formation made it possible to
identify additional criteria for the risk of the presence of inflammatory bowel
diseases in patients with the absence of non-specific metabolic criteria of
inflammation.



TABJINLbBI

Table 1. Analysis of immunological and biochemical parameters of blood serum
in patients from the control group and patients with IBD without laboratory signs
of inflammation (LSI).

Parameters | Categories | Me | Qi-Q | n | p
Immunological parameters
IL-1B, pg/ml | IBD without LSI 1.82 1.37-2.41 43 <0.001
Control 0.07 0.06 — 0.07 50
IBD without LSI 1.72 0.62-2.44 43
IL-4, pg/ml Control 0.03 0.02-0.09 50 <0.001
IBD without LSI 1.03 0.04 - 2.02 43
TNFa, pg/ml Control 0.03 0.02-0.03 50 <0001
Biochemical parameters
Total protein, | IBD without LSI 67.00 54.20 — 69.95 43 <0.001
g/l Control 74.75 69.00 — 78.78 50 '
C-reactive IBD without LSI 3.40 3.12-4.40 43 <0.001
protein, mg/I Control 1.52 1.00 — 2.27 50 '
IBD without LSI 4.40 2.75-5.55 43
Urea, mmol/L Control 5.50 446-642 | s0 | OO0
Creatinine, IBD without LSI 79.80 66.00 — 90.00 43 0.870
pmol/I Control 80.00 72.25—-89.00 50 '
Glucose, IBD without LSI 5.90 4.80 - 6.20 43
mmol/ L Control 4.71 4,05 -5.45 50 <0.001
IBD without LSI 26.00 16.00 — 34.00 43
ALT, UL Control 2300 | 1825-3100 | 50 | O-9°?
IBD without LSI 21.00 16.00 — 24.75 43
AST, UL Control 27.00 20.00 — 32.75 50 0.189
Sodium, IBD without LSI 141.00 126.00 — 142.50 43 0.061
mmol/L Control 139.25 137.00 — 146.75 50 '
Potassium, IBD without LSI 4.00 3.51-4.42 43 0.821
mmol/L Control 4.17 3.90 - 4.67 50 '
Chlorides, IBD without LSI 97.00 90.00 —101.00 43 <0.001
mmol/L Control 102.00 99.00 - 105.00 50




PUCYHKHU

Figure 1. ROC-curve characterizing the dependence of the probability of the

presence of IBD in patients with the absence of non-specific laboratory criteria of
inflammation on the value of the logistic function P.
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Figure 2. Algorithm for predicting the risk of IBD in patients with no non-specific
metabolic criteria of inflammation based on biochemical and immunological
parameters of blood serum.

Patients with suspected
IBD
<I non-specific ) Gener.al clinical and . >2 non-specific
laboratory signs of biochemical blood tests in laboratory signs of
inflammation accordance with clinical inflammation
(TESR, tCRP, 1Le) guidelines (1ESR, 1CRP, 1Le)

IBD prognose
P=1/(1+¢e")x 100% Risk of IBD

z=-5.6-1.863xGlu-3.775x1L4+0.128xNa

| peosa | | peosys

Examination according to clinical

No risk of IBD guidelines:

-colonoscopy with biopsy;
-ULT of the abdominal organs;

-radiography;
Specialist -MRF; CT;
P . -microbiological examination of
counselling feces <

Notes: IBD - inflammatory bowel disease; P — probability of absence of the risk of
IBD; Glu — serum glucose, mmol/L; IL4 - serum IL4, pg/ml; Na - serum sodium,
mmol/L; ULT - ultrasound examination of the abdominal organs; MRI - magnetic
resonance imaging of the abdominal organs; CT - computed tomography of the
abdominal organs with contrast of the intestine.
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