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Pesiome. TpanuiimoHHbIe JJAOOpAaTOPHbIE KPUTEPU M, YKa3bIBAIOIIME HA CUCTEMHOE BOCTIAJIEHUE, TAKHE KaK
noBbilieHUe C-peakTUBHOIo 6ejiKa, CKOPOCTU OCEJaHUsI SPUTPOLIMTOB U JICHMKOLIMTO3, MOTYT OTCYTCTBOBaTh
y psila MalMeHTOB ¢ BOCHAJUTENbHBIMU 3a007eBaHUsIMU KulneuyHuka (B3K), yTto 3aTpyaHsieT MOCTaHOBKY
nuarHo3sa. Llenbro JaHHOTrO McciienoBaHUs SBJISIJIOCH OMpeae/ieHUue TOMOIHUTEIbHBIX UMMYHOJIOTHYECKUX
1 OMOXUMUYECKUX KpuTepueB pucka Hanuuus B3K y manimeHToB ¢ oTcyTCTBMEM Hecrnelndruieckux gado-
paTOPHBIX KpUTepueB BocrasieHus. B pabote ObL10 06cneqoBaHo 150 malMeHTOB, U3 KOTOPbIX ObLIU chop-
MUPOBaHbI 2 TpynIibl: rpymia HaomoaeHus (100 malueHToB ¢ Bepu(MULIMPOBAHHBIM TUarHO30M «SI3BEHHBII
KOJIUT» Uin «6one3Hb KpoHa») u rpynna KkoHTpos (50 KiiMHU4YecKy 300poBbIX ull). Bcem obcneayeMbiM
MPOBOAMJIOCH UCCIIEA0BaHE O0IIero aHaIu3a KpOBU, OMOXMMUYECKUIA aHAIU3 KPOBU C OIpeaeIeHUEM KOH-
LIEHTpal My o011ero 6e1ka, 0eJTKOBbIX (hpaKilnii, MOUEBUHBI, KpeaTUHUHA, TJII0OKO03bl, C-peaKTUBHOTO OeKa,
aktuBHOCTU AJIAT, ACAT, onpenesieHre UMMYHOJIOTMUECKUX Moka3ateneil — KoHueHTtpauuu [L-13, TNFao
u IL-4. Ha ocHOBaHUU pe3yJbTaTOB OOLLEr0 U OMOXMMUYECKOr0 aHAJIU30B KPOBU TMAaLIMEHThI U3 IPYMIbl HA-
OoneHus ObUTY pa3aeeHbl Ha ABE MOArPYIIbl — C HATMYUEM U OTCYTCTBUEM KJTaCCUUYECKUX JTJaOOpaTOPHBIX
MpU3HAKOB BocnajieHUs. OLleHUBAIUCh TPU OCHOBHBIX JIJAOOPATOPHbBIX MToKa3aTessl KPOBU JJIsI TMarHOCTUKU
BOCHAJIMTEJIBHOTO Ipoliecca: CKOPOCTb OCEIaHUs SPUTPOLIMTOB, KOJUYECTBO JIEUKOILIMTOB, KOHIEHTPpALIUS
C-peakTUBHOrO 6eJiKa. 3a HaTuuue JJabopaTOPHbBIX MPU3HAKOB BOCHAIEHUSI MPUHUMAJU MOBBILIEHUE IBYX U
OoJiee BbIIIIEIIEPEUYMCISHHBIX TapaMeTPOB KPOBHM Bbillle peepeHTHBIX 3HaYeHU . bblto otMedeHo, yTo y 40%
nanueHToB ¢ B3K oTcyrcTBOBaiN Hecnelnduyeckue jabopaTopHbie KPUTEPUU BOCHAICHUS: TPU SI3BEHHOM
koaute B 37% citydaes, ipu 6ose3nu Kpona B 46% ciydaeB (p < 0,001). Jlajgee 6bu1 mpoBeieH CPaBHUTEb-
HbI aHaJIM3 YPOBHEUW IIUTOKWUHOB U OMOXMMUUYECKUX MAapPKEPOB B CHIBOPOTKE KPOBU MALlMEHTOB U3 IPYTIIbI
KOHTpoJIs1 ¥ nalmeHToB ¢ B3K ¢ oTcyTcTBMEM JTabopaTOpHBIX MPHU3HAKOB BocnaieHus1. Ha ocHoBe mostyyeH-
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HBIX JaHHBIX ObLIa pa3paboTaHa MPOTHOCTUYECKAsI MOJIEJIb BepOoSITHOCTU Hannuusd B3K y manueHToB ¢ oT-
CYTCTBUEM HecTleM(pUIECcKUX 1ab0opaTOPHBIX KPUTEPUEB BOCTIAJIEHUS B 3aBUCUMOCTU OT OMOXUMUYECKUX U
MMMYHOJIOTMYECKUX TToKa3aTeyeil KpoBU. B Moaesb ObUIM BKIIOUEHBI TAKUE MapaMeTpbl CBIBOPOTKU KPOBHU,
KaK KOHIIEHTpalus TJI0Ko3bl, HaTpus U 1L-4. TIporHocTuueckasi CHoCOOHOCTb MOJIEJIU OLIEHEHA METOJIOM
ROC-ananu3za (AUC 0,970%£0,018 95% J111:0,936-1,000; p < 0,001). Ha ocHOBaHMM ITOJy4eHHBIX PE3YJIb-
TaTOB TPEUIOXKEH aJITOPUTM MTPOTHO3UPOBaHUS pucka Hanmuuyusl B3K y maieHToB ¢ OTCYTCTBUEM HecTell-
nudUIeCcKUX JJabOPaTOPHBIX KPUTEPUEB BOCHAJIEHUS C YYETOM UMMYHOJIOTUYECKUX U OMOXUMUYECKHUX TTapa-
METPOB CHIBOPOTKU KpOBU. [lomydyeHHbIe JaHHbBIE TTO3BOJWIN BbISIBUTH NOTIOJHUTEIbHbIE KPUTEPUU PUCKA
Hasmuusl B3K y malieHToB ¢ OTCYTCTBUEM HecTelM(bUIeCKUX METa00INYECKUX KPUTEPHUEB BOCHAICHUS.

Knrouesuie crosa: 6ocnarumenvhvle 3a001e6aHUS KUEYHUKA, S36eHHbLI Koaum, 601e3ub Kpona, nabopamopHble Kpumepuu
socnanenus, C-peakmuenulii 6e10K, CKOPOCHb 0CeOAHUs I3PUMPOYUMO8, KOAUYeCmao Aelikoyumos, 1L-4, enokosa, nampuil

RISK PREDICTION OF INFLAMMATORY BOWEL
DISEASES IN THE PATIENTS LACKING THE LABORATORY
INFLAMMATION MARKERS

Khalitova Yu.A, Myakisheva Yu.V, Lyamin A.V., Ereshchenko A.A.,
Yanchenko A.V.

Samara State Medical University, Samara, Russian Federation

Abstract. Some patients with inflammatory bowel disease (IBD) may lack the conventional inflammation
criteria, i.e., elevated CRP, ESR and leukocytosis. The aim of this study was to search for additional laboratory
risk criteria of IBD in patients with non-specific inflammation markers. The study involved 150 patients
divided in two groups: 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 were tested for complete
blood analysis, blood biochemistry. IL-13, TNFa, and IL-4 concentrations were also assayed. As based
on general blood counts and biochemistry testing, the patients from the observation group were divided in
two subgroups, i.e., the persons with classic laboratory signs of inflammation, and those without detectable
inflammation markers. Three main laboratory blood parameters were assessed for diagnostics of inflammatory
process: ESR, white blood cell counts and CRP level. Increase in two or more of the above blood parameters
had been considered a positive finding. It was noted that 40% of patients with IBD lacked the non-specific
laboratory criteria of inflammation: in 37% of patients with ulcerative colitis, and in 46% of Crohn’s disease
cases (p < 0.001). Moreover, we carried out a comparative analysis of cytokine levels and biochemical markers
in the blood serum from the controls, and IBD patients without laboratory signs of inflammation. Based on
the obtained data, we developed a prognostic model for the IBD probability in patients without non-specific
inflammation markers, depending on biochemical and immunological blood parameters. 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 0.9702+0.018 95% CI: 0.936-1.000; p < 0.001). An algorithm for predicting
the IBD risk in patients without non-specific laboratory criteria of inflammation was proposed. The obtained
data enable us to identify additional criteria for the IBD risk in patients lacking the non-specific metabolic
criteria of inflammation.

Keywords: inflammatory bowel disease, ulcerative colitis, Crohn’s disease, laboratory criteria of inflammation, C-reactive protein,
erythrocyte sedimentation rate, white blood cell counts, I1L-4, glucose, sodium

Introduction remitting course. These nosological forms are similar

Inflammatory bowel disease (IBD), including to some extent, have common symptoms and lead

ulcerative colitis (UC) and Crohn’s disease (CD), to digestive disorders [4]. The diagnosis of IBD is
are chronic inflammatory processes of the gastro- based on a combination of clinical symptoms with
intestinal tract, characterized by a relapsing and features detected during endoscopic and radiological
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studies, which play an important role in diagnosis and
severity assessment [2]. 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 bio-
markers are being studied as tools for predicting
IBD and managing the course of the disease [3]. 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 IBD in patients with no non-specific laboratory
criteria of inflammation.

Materials and methods

The study was approved by the Committee on
Ethics and Evidence of Medical Scientific Research
of the Federal State Budgetary Educational Insti-
tution 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.

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 [I, 5].
Immunological parameters — IL-13, TNFa 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.

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 1).

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:
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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 Qy25-Qp 75 n o]
Immunological parameters

IBD without LSI 1.82 1.37-2.41 43

IL-18, pg/mL <0.001
Control 0.07 0.06-0.07 50
IBD without LSI 1.72 0.62-2.44 43

IL-4, pg/mL <0.001
Control 0.03 0.02-0.09 50
IBD without LSI 1.03 0.04-2.02 43

TNFa, pg/mL <0.001
Control 0.03 0.02-0.03 50

Biochemical parameters

IBD without LSI 67.00 54.20-69.95 43

Total protein, g/L < 0.001
Control 74.75 69.00-78.78 50
. ; ; IBD without LSI 3.40 3.12-4.40 43

C-reactive protein, <0.001
mg/L Control 1.52 1.00-2.27 50
IBD without LSI 4.40 2.75-5.55 43

Urea, mmol/L 0.013
Control 5.50 4.46-6.42 50
IBD without LSI 79.80 66.00-90.00 43

Creatinine, ymol/L 0.870
Control 80.00 72.25-89.00 50
IBD without LSI 5.90 4.80-6.20 43

Glucose, mmol/L < 0.001
Control 4.71 4.05-5.45 50
IBD without LSI 26.00 16.00-34.00 43

ALT, U/L 0.952
Control 23.00 18.25-31.00 50
IBD without LSI 21.00 16.00-24.75 43

AST, U/L 0.189
Control 27.00 20.00-32.75 50
IBD without LSI 141.00 126.00-142.50 43

Sodium, mmol/L 0.061
Control 139.25 137.00-146.75 50

Potassium, IBD without LSI 4.00 3.51-4.42 43 0.821

mmol/L Control 417 3.90-4.67 50 '

IBD without LSI 97.00 90.00-101.00 43

Chlorides, mmol/L <0.001
Control 102.00 99.00-105.00 50

P=1/(1+e?x100%
z=-5.6-1.863 x Glu-3.775 x IL-4 + 0.128 x Na
where P — probability of absence of the risk of IBD;
Glu—glucose, mmol/L; IL-4 — interleukin-4, ng/mL;
Na — sodium, mmol/L; e — exponent (e = 2.7182 —
constant); z — dependent binary variable (presence
and absence of IBD); -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-offvalue of logistic function Pis 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.
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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:

1) 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

1.00

0.75
3
=

% 0.50
5
wn

0.25

0

0 0.25 0.50 0.75 1.00
1 - Specificity

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

Patients with suspected
IBD

<1 non-specific laboratory

signs of inflammation |«

General clinical and
biochemical blood tests
in accordance with clinical

> 2 non-specific laboratory

Y
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IBD prognose
P=1/(1+e?x100%
z=-56-1.863 x Glu-3.775 x IL-4 + 0.128 x Na
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| No risk of IBD |

Y

Specialist
counselling

Y
Risk of IBD

Y

Examination according to clinical
guidelines:
— colonoscopy with biopsy;
— ULT of the abdominal organs;
— radiography;
-MRI; CT,
— microbiological examination
of feces

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

Note. IBD, inflammatory bowel disease; P, probability of absence of the risk of IBD; Glu, serum glucose, mmol/L; IL-4, serum IL-4, 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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the abdominal organs, computed tomography of the search; consultations with relevant specialists are
abdominal organs with contrast of the intestine. required.
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 COﬂClUS|0n

IBD in patients with no non-specific metabolic Thus, the data obtained based on the study of the
criteria of inflammation based on biochemical and characteristics of the immunological and biochemical

immunological parameters of blood serum. If the . . . . . .
. S . mechanisms of formation made it possible to identify
corresponding risk is detected, conduct a set of studies - o .
additional criteria for the risk of the presence of IBD

according to established clinical guidelines for IBD.
4) In the absence of a prognosis for the risk of in patients with the absence of non-specific metabolic

IBD, it is recommended to continue the diagnostic criteria of inflammation.
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