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Aim: to study fatty acid levels in erythrocyte membranes (RBC) and blood serum (BS) in patients with inflammatory
bowel diseases (IBDs) to develop differential diagnostic models including fatty acids as biomarkers to distinguish
between nosological entities of IBDs (ulcerative colitis — UC, Crohn's disease — CD, unclassified colitis — UCC).
Materials and methods. We examined 110 patients (mean age 37,7 = 12,1 years) with IBDs and 53 healthy patients
in control group (43,3 £ 11,7 years). The IBDs group included 50 patients with UC, 41 patients with CD, 19 patients
with UCC. An exacerbation of the disease was revealed in 42 patients (84 %) with UC, 34 patients with CD (82.9 %)
and 11 people with UCC (57.9 %). The study of fatty acids (FA) composition of RBC membranes and BS was carried
out using GC/MS system based on three Agilent 7000B quadrupoles (USA).

Results. The most significant for distinguishing active UC from CD exacerbation were serum levels of elaidin (p =
0.0006); docosatetraenoic (n-6) (p = 0.004); docodienic (n-6) (p = 0.009); omega-3/omega-6 ratio (p = 0.02); do-
cosapentaenoic (n-3) (p = 0.03); the sum of eicosapentaenoic and docosahexaenoic (p = 0.03), as well as the con-
tent of RBC lauric FA (p = 0.04) (AUC — 0.89, sensitivity — 0.91, specificity — 0.89, diagnostic accuracy — 0.91).
To distinguish active UC from the same of UCC, the following serum FA were found to be significant: alpha-linolenic;
saturated (pentadecanoic, palmitic, stearic, arachidic); monounsaturated (palmitoleic, oleic); omega-6 (hexadeca-
dienic, arachidonic) (p = 0.00000011-0.03300000) (AUC — 0.995, sensitivity — 0.98, specificity — 0.96, diagnostic
accuracy — 0.97).

The most significant in distinguishing patients with active CD from UCC exacerbation were levels of the following
FA: alpha-linolenic; palmitoleic; oleic; the amount of saturated fatty acids (SFA); total unsaturated fatty acids (UFA);
stearic; monounsaturated fatty acids (MUFA) amount; SFA/UFA; SFA/PUFA (polyunsaturated fatty acids); linoleic;
total PUFA n6; lauric; arachidic acid (p = 0.0000000017-0,030000000) (AUC — 0.914, sensitivity — 0.90, specifici-
ty — 0.87, diagnostic accuracy — 0.91).

Conclusion. The study of FA levels in groups with different nosological forms of IBDs using complex statistical anal-
ysis, including machine learning methods, made it possible to create diagnostic models that differentiate CD, UC
and UCC in the acute stage with high accuracy. The proposed approach is promising for the purposes of differential
diagnosis of nosological forms of IBDs.
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YXupHble kncnorbl MeMOpaH 3pPUTPOLIUTOB U CbIBOPOTKN KPOBU
ana auddpepeHumanbHOn ANarHoCTUKN BocnanuTesibHbIX 3a00sieBaHU KULLIeYHUKa
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Llenb uccnepoBaHus: 13y4nTb YPOBHU XUPHbIX KACIOT MEMOpaH apuTpoumToB (3p) 1 ceiBopoTkn kposu (CK)
y MauVeHTOB C BOCMNaNMTENbHBIMU 3200N1EBAHNSMIN KULLIEYHMKA N1 co3aaHusa anddepeHumnanbHo-anarHocTmye-
CKUX MOLENEN, BKITIOYAIOLLMX XMPHbIE KUCIOTbI B KARYECTBE OMIOMapPKEPOB, AJ1si Pa3/IMYEHMS HO300MMYECKMX HOPM
B3K (s13BeHHoro konuta — AK, 6one3nn KpoHa — BK, Heknaccudurumpyemoro konuta — HKK).

Matepuanbi u meToabl. O6cnenosaHo 110 nauneHToB (cpenHuii Bo3pact 37,7 = 12,1 rona) c B8K n 53 obcnenye-
MbIX rpynnbl cpaBHeHus (43,3 = 11,7 ropa). Mpynna naupeHToB ¢ B3K Bkntoyana B cebs 60bHbIX ¢ AK — 50 yenosek,
¢ bBK — 41 yenoBek 1 19 naumenToB ¢ HKK. Y 42 naupeHTtoB (84 %) ¢ 9K, 34 naumenToB ¢ bK (82,9 %) n 11 yenosek
¢ HKK (57,9 %) BbisiBIeHO 060cTpeHne 3aboneBaHus. MiccnenoBaHme cocTtaBa XUpPHbIX kncnoT (PKK) membpaH 3p
1 CK npoBegeHo ¢ nomousio MX/MC cuctembl Ha 0OCHoBe Tpex kBaagpynoner Agilent 7000B (CLUA).

PesynbraThl. Hanbonee 3HaunmMbiMu Ans pasnuyeHns aktmeHoro 9K ot o6octpeHus BK okazanmcb CbiIBOPOTOYHbIE
ypoBHU ananguHoBon (p = 0,0006), noko3ateTpaeHoBom (n-6) (p = 0,004), nokogueHosown (n-6) (p = 0,009) knc-
N10T, OTHOLIEHMEe omera-3/omera-6 (p = 0,02), noko3aneHTaeHOBOM KncnoTbl (N-3) (p = 0,03); cymmbl AByX omera-3
MHXK: aiko3aneHTaeHOBOW 1 goko3arekcaeHoBom (p = 0,03), a Takxe cogepxaHue naypmnHosoi XK 9p (p = 0,04)
(AUC — 0,89, uysctBUTENBHOCTL — 0,91, cneundunyHocTb — 0,89, anarHocTmnyeckas To4HocTb — 0,91).

[nsa paznuyenns aktueHoro AK ot ctagumn o6octpeHms HKK okasanuck 3Haunmbimu cnepytome KK CK: anbda-nu-
HONEHOBAs!, HACBILLEHHbIE (MEHTaAeKkaHoBasi, NabMUTUHOBAs, CTEAPMHOBAs, apaxmMHOBas), MOHOHEHACHILLEHHbIE
(nanbMmMTONEMHOBASA, OIEMHOBAS), OMera-6 (rekcagekagmeHoas, apaxmgoHosas) (p = 0,00000011-0,03300000),
(AUC — 0,995, yyBctBUTENLHOCTL — 0,98; cneumdunyHocTb — 0,96; anarHoctTuyeckasa To4HocTb — 0,97)..
Hanbonee 3HaunmMbIMK ons pasnuyeHns naumeHToB ¢ aktmeHol BK ot o6ocTpeHns HKK okasanuncbh yposHu XK:
anb®a-NMHONEHOBOW, NATbMUTONIEMHOBOW, ONIEUHOBOW, CYMMbI HACbILLLEHHbIX XUPHbIX KNCAoT (HXK), cymmbl He-
HACbILEHHbIX XWPHbIX kncnoT (HHXK), cteapnHOBO; CyMMbl MOHOHEHACILLLEHHBIX XUPHbIX KNcnoT (MHXK); oT-
HoweHns HXKK/HHXK; HXK/MHXXK (nonvHeHackILeHHbIE XMPHbIE KUCAOTbI); TMHONEBOW; CyMMbl oMmera-6 MHXK;
naypuHoBoii; apaxuHoson (p = 0,0000000017-0,0300000000) (AUC — 0,914, yysctBUTENLHOCTL — 0,90; Ccne-
undunyHoctb — 0,87, anarHocTryeckas To4HOCTb — 0,91).

SaknoueHue. VccnegoBaHve ypoBHEN XUPHbBIX KUCNOT B FPyMNMnax ¢ pasHbiMy Ho3on0rn4eckummn gopmamm B3K ¢ no-
MOLLbIO KOMIMJIEKCHOMO CTATUCTUYECKOrO aHanv3a, BKJloYasi METOAbI MALLMHHOIO 00y4eHusl, MO3BOANIIO CO34aTh Ava-
rHocTmnyeckmne moaenu, anddeperHumpyome BK, AK n HKK B ctagmm 060CTpeHnst ¢ BbICOKOM TOYHOCTLIO. MNpeaioxeH-
Hbli MOAXOA, MPEeACTaBASETCS NEePCNEKTUBHbIM AN AnddepeHuUmanbHOM MarHoCTUkM Ho3onormndecknx dopm B3K.
KnioueBbie cnoBa: BocnanutenbHble 3aboneBaHnNs KMLWEYHUKA, Ho3050rnyeckne dopmbl, anddepeHumnansHas
OVAarHOCTUKA, XMPHbIE KUCNOTbl, 9PUTPOLMTHI, CbIBOPOTKA KPOBU

KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

PaboTa BbINoJSIHEHA B pamMKax TEMbl «3ANUAEMUOSIOTMYECKUIA MOHUTOPUHT COCTOSIHUS 3[0POBbS HACENEHUS U 13-
YyYEHVE MONEKYNSIPHO-TEHETUYECKUX U MONEKYNISIPHO-OMONOrMYECKMX MEXAHU3MOB PA3BUTUSI PACMPOCTPAHEHHbIX
TepaneBTUYeckunx 3abonesaHunii B Cubupu As19 COBEPLLUEHCTBOBAHUS NOAXOA0B K MX AMArHOCTUKE, NpodunakTmke
1 neveHunio» 3 Ne 0324-2018-0001, Per. Ne AAAA-A17-117112850280-2.
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Introduction

According to epidemiological studies, the preva-
lence of immunoinflammatory diseases is increasing
worldwide [1]. The same applies to inflammato-
ry bowel disease, which has increased particularly
in the South-Eastern regions of Eurasia, including
Russia [2]. The incidence peaks at a young age [3],
with a significant reduction in patients’ ability to
work and quality of life [4], and the phenotypic
manifestations of IBDs are extremely polymorphic,
making timely diagnosis difficult.

The differential diagnosis of nosological entities
in patients with IBDs is now crucial for the individ-
ual management of the patient, as each clinical case
involves specific therapeutic strategies and prognoses
[3, 5, 6]. Nevertheless, non-classical forms of both
ulcerative colitis (UC) and Crohn’s disease have
still been posing a diagnostic problem, since there
is no single “gold standard” for the diagnosis of
IBDs [5—8]. Therefore, between 5 and 15 % of cases
of IBDs do not meet the strict criteria for either UC
or CD (9, 10), and in 14 % of patients diagnosed
with both UC and CD, the diagnosis can be changed
over time [11—13].

An optimisation of standard diagnostic approach-
es based on clinical features, biomarkers, and the
results of traditional radiology, endoscopy and histo-
pathology techniques seems to offer only minor ad-
vantages [14, 15]. At the same time, new diagnostic
methods in the field of gastrointestinal endoscopy,
molecular pathology, genetics, epigenetics, metabo-
lomics and proteomics have already shown promising
results [16—22].

Because of the relevance of finding new markers
for the differential diagnosis of IBDs, the study of
fatty acids seems very promising. Fatty acids, par-
ticularly n-3 and n-6 PUFAs, influence important
physiological processes, including regulation of gene
expression, organisation of inflammation, eicosa-
noid production, and cell membrane functions [23,
24]. The mechanism by which fatty acids affect the
course of IBDs remains incomprehensible [25, 26].
It has been described that n-3 PUFAs contribute to
the displacement of arachidonic acid from the cell
membrane with a consequent reduction of its deriva-
tives, affect cell membrane protein binding capacity,
inhibit NF-«xB and reduce its nuclear targeting ac-
tivity [27, 28], and play an important role in proin-
flammatory cytokine-induced permeability defects
and epithelial barrier dysfunction [29]. According to
Masoodi M. et al., elevated levels of specific arachi-
donic acid metabolites (prostaglandins E2 and D2,
thromboxane B2 and hydroperoxyecosatetraenoic ac-
ids) used to predict an intestinal inflammation in the
colon tissue in ulcerative colitis [30].

The purpose of this research is as follows: to
study fatty acid levels in erythrocyte membranes
(RBC) and blood serum (BS) in patients with in-
flammatory bowel diseases (IBDs) to develop

differential diagnostic models including fatty acids
as biomarkers to distinguish between nosological en-
tities of IBDs (ulcerative colitis — UC, Crohn’s dis-
ease — CD, unclassified colitis — UCC).

Materials and methods

110 patients (59 women, 51 men, with an average
age of 37.7 + 12.1 years) with IBDs and 53 patients
of the comparison group (28 women, 25 men, with
an average age of 43.3 + 11.7 years) have been ex-
amined. The group of patients with IBDs has in-
cluded 50 persons with UC, 41 persons with CD,
and 19 patients with unclassified colitis (UCC). The
diagnosis has been verified on the basis of a combi-
nation of anamnestic data, clinical picture and typ-
ical endoscopic and histological changes [7, 8]. The
group of patients with inflammatory bowel diseases
unclassified included cases where, after review of
the medical history, analysis of endoscopic manifes-
tations, histological examination of multiple muco-
sal biopsies and adequate radiological examination,
no exact nosological affiliation of the colitis could
be determined [31, 32]. The stage (remission — ex-
acerbation) of the disease has been determined by
the combined assessment of clinical, morphological
and laboratory parameters [7, 8]. Information on the
degree of clinical and morphological activity in the
groups is given to assess the comparability of the
different nosological entities of IBDs in terms of the
severity of the present attack.

As a control group, persons who underwent pre-
ventive examination were selected — 53 people lead-
ing a healthy lifestyle, drinking alcohol no more
than 1—2 times a month in doses not exceeding 20 g
per day expressed as pure ethanol, without manifest-
ing pathology of internal organs. The control group
was comparable with the main groups by age (mean
age 43.3 £ 11.7 years) and gender (28 women and
25 men).

The study has been performed with the approval
of the Biomedical Ethics Committee of the Research
Institute of Therapy and Preventive Medicine, which
is a Branch of the Federal Research Centre Institute
of Cytology and Genetics of the Siberian Branch of
the Russian Academy of Sciences (17.12.2018, pro-
tocol No. 120). All patients have signed an informed
consent to participate in this study.

Patients with IBDs and those in the comparison
group have undergone clinical and instrumental ex-
amination (history, physical examination, laboratory
and instrumental methods according to clinical indi-
cations), and the composition and levels of fatty ac-
ids (FAs) of erythrocyte membranes and blood serum
have been studied.

The study of the composition of fatty acids (FAs)
of Er membranes and BS has been performed us-
ing a gas chromatography-mass spectrometry (GC/
MS) system based on the Agilent 7000B Triple
Quadrupole (the USA). The content of fatty acids
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has been expressed in relative percentages. The lim-
it of detection of fatty acid is ~ 1 mcg per sample.
In addition to the relative content of the selected
FAs, the total content of saturated, unsaturated,
polyunsaturated, omega-3 PUFAs, omega-6 PUFAs
and their ratios have been determined. A detailed de-
scription of sample preparation for determining the
levels and composition of fatty acids is presented in
[33].

Statistical data processing has been performed
using the SPSS software, ver. 22. The distribu-
tion of quantitative characteristics has been deter-
mined by the Kolmogorov—Smirnov test. In the case
of a normal distribution, an average value (M) and
a standard deviation (SD) have been calculated. The
significance of the differences has been assessed by
criteria of the Student’s ¢-test, and Pearson’s test
(for a normal distribution). In the absence of a
normal distribution, a median (Me), and 25 % and
75 % percentiles (25 %; 75 %) have been calculated,
and the reliability of the differences in the values
has been assessed using non-parametric test criteria
(e.g. Mann—Whitney U-test, Kraskell-Wallis test,
Pearson’s chi-squared test). In all statistical analy-
sis procedures, the critical significance level of the
null hypothesis (p) has been assumed to be equal
to 0.05. Machine learning (Random Forest) com-
putations have been performed using the MATLAB
software (R2019a, MathWorks) and the R program-
ming language, using the standard libraries of train-
ing classifications and statistical toolkits [34]. The
Ortho PLS-DA and Volcano-plot discriminant anal-
ysis (a combined method considering the multiplicity
of changes and the t-test data) have been used to
identify fatty acids that are differentiating for dif-
ferent nosological entities of IBDs. The evaluation
of the diagnostic accuracy of the models for distin-
guishing variants of IBDs has been performed using
ROC analysis.

Results

The clinical and instrumental characteristics of
the patients of the examined groups are presented
in Table 1.

Groups of patients with different nosological en-
tities of IBDs were comparable in age, gender, body
mass index, smoking status. Patients with duration
of the disease more than 2 years, a relapsing course
with moderate severity and moderate clinical, endo-
scopic activity, have prevailed in all groups. The se-
verity of the exacerbations was comparable between
the groups with different nosological entities. Most
of the patients were in a state of exacerbation of the
disease. The predominant localisation of the process
in the colon in CD has determined the relevance of
the differential diagnosis of IBDs. Patients with UC
and CD were comparable in terms of therapy, with
the UCC group having fewer patients using immuno-
modulators and corticosteroids.

At the time of examination, 42 patients (84 %)
with UC, 34 patients with CD (82.9 %) and 11 peo-
ple with UCC (57.9 %) had an exacerbation; 8 per-
sons (16.0 %) with UC, 7 persons (17.1 %) with CD
and 8 patients with UCC (42.1%) were in remission.

The research of the relative content of fatty ac-
ids in groups with different nosological entities of
IBDs has revealed a certain number of patterns. The
total share of saturated fatty acids in erythrocyte
membranes and serum was significantly higher in
patients with Crohn’s disease and ulcerative colitis
than in control group and in patients with UCC (p =
0.001—0.025), mainly due to palmitic, stearic and
arachic fatty acids. On the contrary, the total con-
tent of unsaturated FAs was lower in the CD and
UC groups compared to the control group and UCC
(p = 0.0009—0.0250), mainly due to monounsaturat-
ed FAs and omega-6 PUFAs (p = 0.0004—0.0350),
especially in blood serum (Table 2). Ratios of satu-
rated/unsaturated FAs in CD and UC patients were
higher than in control group (p = 0.001—0.027) and
patients with UCC (p = 0.001—0.012). The index of
saturated /polyunsaturated FAs in erythrocyte mem-
branes in patients with UC was higher than in the
control group (p = 0.022) (Fig. 1). In patients with
CD and UC in blood serum, this indicator was high-
er than in patients with UCC (p = 0.008, and p =
0.004 respectively) (Table 2).

The greatest differences in levels of Omega-6
PUFAs in the groups studied have been found for
hexadecadienoic (C16:2 n-6) and linoleic (C18:2
n-6) PUFAs: in patients with CD and UC, their rel-
ative content was lower than in control group and in
patients with UCC both in erythrocyte membranes
and in blood serum (p = 0.0009—0.045) (Table 2).
Patients with UCC have exhibited higher levels of
arachidonic acid C20:4 n-6 in erythrocyte membranes
compared to the control group (p = 0.07), patients
having CD (p = 0.045) and UC patients (p = 0.005)
(Fig. 2).

When analysing the omega-3 PUFA, the proportion
of the alpha-linolenic omega-3 PUFA (C18:3 n-3)
in patients with CD and UC was lower compared
to those in the control group (p = 0.00002—0.05000)
and patients with UCC (p = 0.00002—0.00200).
Elevated levels of eicosapentaenoic acid (C 20:5
n-3) have been detected in erythrocyte membranes
in patients with UCC compared to the control
group (p < 0.05) and to the patients with UC (p <
0.05). The level of docozapentaenoic FA (C22:5 n-3)
has been higher in the erythrocyte membranes of
patients with CD compared with those having UC
(p < 0.05) (Fig. 3), and in the blood serum has
exceeded the values of FA in the control group (p =
0.03) (Table 2).

Since the stage of IBDs has a significant effect
on the levels of fatty acids, in groups of patients
with IBDs in the acute stage, the spectrum of fatty
acids has been analyzed, which can be considered as
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Table 1. Clinical characteristics of patients with IBDs and control group (M + SD)

Control group

UC patients

CD patients

UCC patients

Characteristics n=53(1) | n=50(2) | n=41(3) | n=19 (4)
Age (years) 43.3 £ 11.7 35.64 + 11.03 | 38.64 + 12.47 44.6 +£ 13.6
Gender (men/women) 25/28 21,29 18,23 9/10
Smoking, pers. (%) 4(7.5) 5 (10.0) 6 (14.6) 2 (10.5)
Body mass index (kg/m?) 21.9 + 2.4 20.9 + 3.1 20.1 £ 3.9 22.0 + 4.1
Disease duration
0,5—2 years — 13 (26.0 %) 9(21.9 %) 9 (47.4 %)**
Over 2 years = 37 (74.0 %) 32 (78.1 %) | 10 (52.6 %)*"
The severity of the disease
Light = 7 (14.0 %) 7171 %) 9 (47.4 %)**
Moderate = 32 (64.0 %) 26 (63.4 %) 9 (52.6 %)
Severe — 7 (14.0 %) 8 (19.5 %) =
The nature of the course of diseases
Acute — 3(6.0 %) 3(7.3%) 5(26.3 %)*"
Recurrent = 43 (86.0 %) 38 (92.6 %) | 14 (73.7 %)*
Continuous — 4 (8.0 %) 4 (9.7 %) —
Stage of the disease
Exacerbation = 42 (84.0 %) 34 (82.9 %) | 11(57.9 %)*
Remission — 8 (16.0 %) 7171 %) 8 (42.1 %)**
Clinical activity
Mild — 15 (30.0 %) 10 (24.4 %) 13 (68.4 %)*"
Moderate = 32 (64.0 %) 26 (63.4 %) | 5(26.3 %)*
Severe - 3 (6.0 %) 4 (9.8 %) 1(5.3%)
Endoscopic Activity
Mild — 8 (16.0 %) 8 (19.5 %) 9 (47.4 %)*
Moderate = 31 (62.0 %) 24 (58.5 %) 9 (47.4 %)*
Severe - 11 (22.0 %) 9(21.9 %) 1 (5.3 %)*
Process localization
Distal colitis = 17 (34.0 %) — 6 (31.6 %)
Left-sided colitis = 17 (34.0 %) — 6 (31.6 %)
Subtotal colitis — 3 (6.0 %) — 5(26.3 %)
Total colitis — 13 (26.0 %) — 2 (10.5 %)
Large intestine (including rectum) — — 27 (65.8 %) —
Terminal ileitis — — 9 (21.9 %) —
Ileocecal region — — 2 (4.9 %) —
Combined lesion — — 3(7.3 %) —
Steroid dependence — 12 (24.0 %) 10 (24.4 %) —
Steroid resistance — — 3(7.3 %) —
Anemia
Iron deficiency — 32 (64.0 %) — 2 (10.5 %)*
Inflammatory diseases — 1(2.0 %) 27(65.9 %)* —
Mixed genesis — 6 (12.0 %) 4 (9.8 %) —
Therapy
Aminosalicylates - 48 (96.0 %) 37 (90.2 %) 16 (84.2 %)
Immunomodulators = 24 (48.0 %) 20 (48.7 %) 4 (21.1 %)*
Corticosteroids — 27 (54.0 %) 21 (51.2 %) 5(26.3 %)*
No therapy or treatment only with 5-ASA
dtrugs at the time of examination in the acute — 22 (44.0 %) 20 (48.7 %) 10 (52.6 %)
stage
Note: * — significance of differences from the group of patients with ulcerative colitis, p < 0.05; © — significance of differences

from the group of patients with Crohn’s disease, p < 0.05.
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Fig. 1. Total contents and ratios of erythrocyte membrane fatty acids in patients with different nosological forms

of IBDs
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Table 2. Serum fatty acid levels (%) and indices in patients with various nosological forms of IBDs and in the
control group (M + SD), (Me [25 %; 75 %])

Names, indexes Control group | CD patients UC patients UCC patients | Mann—Whitney Ii{,‘ﬁi{: cl.:
of fatty acids n =53 (1) n =41 (2) n =50 (3) n =19 (4) test, p alla
p,., = 0,003
3940 £ 8.93 | 46.97 £ 13.25 | 48.17 £ 1249 | 35.06 £859 [p - <0001
Saturated FA 37.59 [34.34; | 44.72[36.55; | 46.81[36.36; | 32.46[26.89; |p' " =0.06 0.0001
43.44] 58.86] 61.22] 40.871  |p,, < 0,001
Pt < 0,001
P, = 0,003
60.60 £ 8.93 | 53.01+13.23 | 51.81+ 1246 | 64.94£859 [p <0001
Unsaturated FA 62.41 [56.56; | 55.27 [41.14; | 53.19[38.78; | 67.54[59.13; |p. = 0.06 0.0001
65.66] 63.44] 63.64] 2.1 |pit <0001
ot =0,0009
p,., = 0,007
20.08 +5.75 | 17.05 + 5.54 16.85 +5.09 | 24.84 +6.28 |p, . = 0,035
Monounsaturated FA | 2002 [16.02; | 16.74 [12.03; | 16.67 [13.28; | 23.07 [18.78; |p' " =0.038 0.0005
23.16] 20.51] 21.34] 27.771  |ps = 0,0004
Pt =0,0015
4042+ 835 | 3596+9.05 | 34.98+928 | 40.60+7.96 |Pi2= 0015
Polyunsaturated FA | 40,99 [34.50; | 36.49 [27.13; | 35.31[26.65 | 40.39 (36.16; |Pi-s = 0:002 0.0051
47.34] 44.44] 42.67] 48.55]  |Pai 2007
pa,/, Y
2.37 + 1.74 2.63 + 1.23
RIS 2.97 + 1.65 2.42 +1.20 =
Omega 3 PUFA 2021102 | S5V BN o cbTiEa o8| 2200163 |(p,, = 0,038 0.1585
2.76] 3.08]
C18:3;6,9,12 Py = LTI
(n-3) Octadecadienic | 367060 | 0.1+ 0.11 0.2 0.1 | GITLU P 200007 0.00001
(a-Linolenic) 0597 0.07 [0.05; 0.14] | 0.09 [0.04; 0.19] o Pt 0100002
ot =0,0002
gy oS at 03 Todor |, 064056 Ueges il 046 To.50, p, . <005 0.2887
( Eicosapentaenoic) 0.66] ’ 0.39 [0.25; 0.86] | 0.34 [0.17; 0.52] 0.62] ‘ o ,
. 2810171 35 [0.27; 0.491| 0.28 [0.21; 0.44]| 0-2810.22 1p,, =0, :
( Docosapentaenoic) 0.39] 0.40]
Omega 3 PUFA TSt | 244115 1.95 + 1.05 5 001,08 0.027 01496
(EPA+DHA) 295009 | 1.8911.36;3.321 | 159 (1.2 2.39] ML P2 =0, :
37.95+829 | 3293897 | 32514886 | 37.79x8.00 |Pr2Z 0009
Omega 6 PUFA 38.41[32.42; | 3366[24.53; | 32.38(25.64; | 36.46[32.52; |P1-s 2 00 0.004
44.11] 40.99] 39.05] 46.081 | Pa 2 00E
3-4 ]
P, = 0,004
C16:2:9,12 (n-6) o fooogf% 0.06 + 0.07 0.07 + 0.1 o %00(.%7 P = 0,006 0.0006
Hexadecadienoic : Eai 0.03 [0.01; 0.08]]0.02 [0.01; 0.07] : 1 p,. = 0,0016 ’
0.16] 0.21] Pt Z 0003
34 2
C18:2;9,12 (n-6) 3206779 | 2644:7.62 | 26724806 | 31.11x7.58 |Pra 00009
Octadecadienoic 3244 [26.01; | 26.04[18.93; | 26.75[19.65 | 29.32[25.60; |P1-s = 0001 0.0014
(Linoleic) 37.17] 33.32] 32.09] 39.93] [P0
po =008
C20:4;5.8,11,14 (n-6) | 4.72  1.84 5.58 + 1.73
(Eiczs;tetm)enoic, £a1 1341 | 2 S0 | s g aker| 6201366 |p,, = 0,043 0.1797
arachidonic 5.67] : e : R 7.19]
Omega 6/ Omega3 | 9y 18+ 1549 | 14.37 +8.46 | 16.05+8.27 | 17.33+7.70 Prea a 0.0537
1-3 ]
%dlf:;gjfftgd FA 0.70 £ 0.36 1.04 + 0.67 1.06 + 0.56 0.58£0.26 |p,_ =007 0.0001
ph = 0,0015
ot = 0,001
Saturated / e 8882135
Polyunsaturated 1.07£0.54 | 1.53+0.97 1.58 + 0.85 0.94+0.42 |Pra= 0001 0.0006
FA Prs =Y
Pt = 0,004
Omega 3/ Omega 6| 061+ 0.05 | 0.14 = 0.29 0.08+0.04 | 007004 [Piz™ 0002 0.0101
PUFA P =0.009
1-3 )
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Fig. 2. Relative levels of omega 6 PUFA of erythrocyte membranes in patients with different nosological forms

of IBDs

biomarkers for distinguishing nosological entities of
IBDs during the period of their activity.

Before the subsequent stages of statistical
analysis, the indicators of the relative fatty acid
content of erythrocyte membranes and blood serum
have become normalized (Fig. 4).

The performed discriminant analysis, namely the
Ortho PLS-DA in patients with UC and acute CD
(Fig. 5) has revealed the presence of FAs, which
are significant in discriminating between these
nosological entities of IBDs during their activity
period. The Random Forest analysis has determined
the degree of influence of fatty acid levels on the
differentiation of active UC and CD. In descending
order of importance of FAs and their sums have

been distributed as follows: C18:1;c9, C12:0, C18:0,
C14:0, C22:4 n-6, the total contents of unsaturated
FAs, monounsaturated, saturated FAs, C15:0,
C16:1;9, saturated FAs / unsaturated FAs, C16:2
n-6, the sum of Omega-6 PUFA, C20:4n-6, C20:0.

Table 3 presents data obtained using the Volcano-
plot analysis method, revealing fatty acids that
should be considered as biomarkers for distinguishing
active UC and CD.

According to the data in Table 3, serum levels
of elaidic (p = 0.0006) were the most significant
for distinguishing active ulcerative colitis from
exacerbations of Crohn’s disease, docosatetraenoic (n-6)
(p = 0.004), docodienoic (n-6) (p = 0.009), omega-3,/
omega-6 ratio (p 0.02), docosapentaenoic (n-3)
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membranes in patients with different nosological forms
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Fig. 4. Normalization of indicators of the relative content of fatty acids in erythrocyte membranes. Note: the figure
on the left shows the FA levels before normalization, on the right — after normalization
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Fig. 5. Ortho PLS-DA fatty acid analysis of erythrocyte and serum membranes (left) and Random Forest
analysis to establish the degree of significance of FAs (right) to distinguish between active UC and CD

(p = 0.03), sum of two omega-3 PUFAs, eicosapentanoic
and docosahexaenoic (p = 0.03), as well as the percentage
of lauric acid content of erythrocyte membranes (p =
0.04). The percentage of eicosapentaenoic acid and the
total proportion of omega-3 PUFA in blood serum should
also be considered as potential biomarkers, since the
degree of their significance for distinguishing CD and

UC in the acute stage shall increase with incrementing
the number of examined persons.

The model created from the list of the above-
described FAs has showed high levels of diagnostic
accuracy in distinguishing active UC and CD (Fig. 6)
with AUC 0.89; sensitivity 0.91; specificity 0.89;
diagnostic accuracy 0.91).
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Table 3. Serum and erythrocyte membrane fatty acids — biomarkers for distinguishing UC from CD in the

acute stage (Volcano-plot method)

Name of fatty acids chaan(t):l(zFC) log, (FC) 7 —log,,(p)
Serum fatty acids
C18:1;t9 Trans-9-octadecanoic
(Bl 0.71021 —0.49368 0.00062 3.2075
C22:4;7,10,13,16 (n-6)
D aese e eeite) 0.60614 —0.72227 0.004128 2.3842
C20:2;11,14 (n-6) (Docodienic) 0.76247 —0.39126 0.009541 2.0204
Omega 3/ Omega 6 PUFA 0.7328 —0.44851 0.02333 1.632
C22:5;7,10,13,16,19 (n-3)
(Docosapentaenoic) 0.68376 —0.54845 0.03222 1.4919
Omega 3(EPA + DHA) PUFA 0.78695 —0.34566 0.037886 1.4215
C20:5;5,8,11,14,17 (n-3)
(Eicosapentaenoic) 0.70808 —0.49801 0.067811 1.1687
Omega 3 PUFA 0.64182 —0.63976 0.08240 1.0841
Fatty acids of erythrocyte membranes
C12:0 Dodecanoic (Lauric) | 2.5157 | 1.331 | 0.04528 | 1.3441
The relative fatty acid values in the other pair
of groups, namely patients with ulcerative colitis
and unclassified colitis, have been subjected to the g 10
statistical processing sequence as described above. 209
To distinguish active UC from the acute stage 3
of UCC, the following serum FAs were significant: o 08
alpha-linolenic acid, the content of saturated = 07
acids (pentadecanoic, palmitic, stearic, arachine), E '
monounsaturated acids (palmitoleic, oleic), omega-6 306
(hexadecadiene, arachidonic) acids (p = 0.00000011— 2 05
0.03300000) (Table 4). =
The ROC analysis performed using the levels of Z 0,41
even individual FAs — alpha-linolenic, palmitoleic, o o
stearic — made it possible to distinguish active UC 2 AUC = 0,89
from UCC in the acute stage with high accuracy (the 502 2"”?;;1‘;:2‘::;:““" AarHbie
areas under the AUC curve are 0.873; 0.886; 0.851, ) o
respectively) (Fig. 7). : 0/ —— Zerepmomansue e
The diagnostic accuracy of the panel (data s ——
obtained using the Random Forest Classifier method 6 o102 03 04 05 06 07 08 09 10
and ROC analysis), consisting of a set of fatty acids NoxHo-oTpuuaTenbHbIi pesynbtat / False positive rate
(Table 4), turned out to be higher than when using

individual FAs, when distinguishing patients with
active UC from patients with acute UCC (Fig. 8)
with AUC 0.995; sensitivity 0.98; specificity 0.96;
diagnostic accuracy 0.97).

The Volcano-plot method has been used to obtain
a list of serum FAs that meet the requirements
of biomarkers to distinguish a pair of groups —
patients with exacerbation of CD and exacerbation
of UCC. The levels of the following FAs have been
the most significant for distinguishing patients
with active CD from exacerbation of UCC: alpha-
linolenic, palmitoleic, oleic, the sum of saturated
FAs, the sum of unsaturated FAs, stearic acid, the
sum of monounsaturated FAs (MUFAs), the ratio
of saturated / unsaturated FAs, saturated FAs /
PUFAs, linoleic acid, the sum of omega-6 PUFA,
lauric, arachidic acids (Table 5) (p = 0.0000000017—
0.0300000000). Margaric and myristic fatty acids,

Fig. 6. ROC-curve for assessing the accuracy of
distinguishing ulcerative colitis in the acute stage from
active Crohn’s disease

with an increase in the number of observations, can
also be considered biomarkers for distinguishing active
CD from UCC in the acute stage. The Ortho PLS-DA
method has showed the presence of differentiating
FAs, distinguishing active CD from UCC in the
acute stage (Fig. 9). The ROC analysis using levels
of 5 FAs (alpha-linolenic, palmitoleic, oleic, sum of
saturated FAs, sum of unsaturated FAs) has allowed
us to achieve high accuracy in distinguishing active
CD from exacerbation of UCC — the area under
the curve is equal to 0.914 (Fig. 10). The sensitivity
of the created model was 0.90; specificity — 0.87;
diagnostic accuracy — 0.91).
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Table 4. Serum fatty acids — biomarkers for distinguishing active UC from active NCC (Volcano-

plot method)

Name of fatty acids Fol%lé:élé)lnge log,(FC) 7] —log,,(»)
) et 2.7509 1.4599 1.13E-07 6.9469
C16:1;9 Cis-9-hexadecanoic (Palmitoleic) 2.117 1.082 1.72E-07 6.7651
ggtdasl content of monounsaturated fatty 1.4963 0.5814 2 79E-07 6.5658
C18:1;c9 Cis-9-octadecanoic (Oleic) 1.5023 0.5871 6.09E-07 6.2152
C18:0 Octadecanic (stearic) 0.4646 —1.1059 8.44E-06 5.0735
Total content of unsaturated fatty acids 1.2863 0.3632 4.39E-05 4.3575
The total content of saturated fatty acids 0.7083 —0.4974 4.70E-05 4.3277
SFA/UFA 0.5148 —0.9579 0.00032 3.489
C15:0 Pentadecanoic 1.4803 0.5659 0.00076 3.1149
C16:0 Hexadecanic ( Palmitic) 0.8216 —0.2834 0.00077 3.1121
SFA/PUFA 0.5599 —0.8366 0.00139 2.8545
C20:0 (Eicosanoic, Arachic) 0.5334 —0.9066 0.00144 2.8416
C14:0 Tetradecanoic (Myristic) 1.3901 0.47514 0.00502 2.299
C16:1;7 cis-7-hexadecanoic (7-Palmitoleic) 1.5857 0.66511 0.00569 2.2448
C16:2;9,12 (n-6) Octadecadienoic 2.6124 1.3854 0.012297 1.9102
C17:0 Heptadecanoic ( Margaric) 1.2486 0.32028 0.02423 1.6135
C12:0 Dodecanoic ( Lauric) 1.9624 0.97265 0.02937 1.5321
im0y
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Fig. 7. ROC-analysis using the level of individual fatty acids — alpha-linolenic, palmitoleic, stearic to distinguish

between active UC and UCC

A comparison of the list of fatty acids that are
differentiating between active UC and UCC and
exacerbation of CD and UCC has led to the conclusion
that some of the FAs in the diagnostic models has
overlapped — these are for example alpha-linolenic,
palmitoleic, oleic, stearic, lauric, arachidic acids, total
contents of fatty acids, saturated FAs, unsaturated
FAs, MUFAs, ratio of saturated / unsaturated FAs,
saturated FAs / PUFAs. However, the degree of

significance of these fatty acid levels, total contents
and ratios have differed from model to model. In
addition, it was possible to identify FAs that were
found to be associated with only one particular model
each: For the model “active UC vs. active UCC”
they are pentadecane, palmitic acids, 7-palmitooleic,
hexadecadienoic and arachidonic acids; for the model
to distinguish between exacerbation of CD and UCC
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Fig. 8. Diagnostic accuracy of a model based on the use
of a list of serum FAs to distinguish between active UC
and UCC in the acute stage

they are as follows: the levels of linoleic acid and
total content of omega-6 PUFA in blood serum.

Discussion

In recent years, there was an increased interest
in metabolomics research, including in patients
with inflammatory bowel diseases, to elucidate the
pathogenetic mechanisms of IBDs and to improve
their diagnostic techniques [35]. Metabolomics
performs an analytical description of complex
biological samples and is aimed at characterizing
and quantifying all small molecules involved in
the process, thereby revealing unique chemical

Fig. 9. Ortho PLS-DA method for distinguishing a CD
exacerbation from an active UCC

“fingerprints” that leave behind specific cellular
processes [36].

The results published in a number of papers
convincingly exhibit a high potential of this approach
in the differential diagnosis of nosological entities
of IBDs. For example, H.R. Williams et al. have
performed serum metabolic profiling in CD patients,
UC patients and healthy individuals using 1H
NMR spectroscopy. Using partial discriminant least
squares analysis with orthogonal signal correction,
the authors showed significant differences in lipid
and choline metabolism between CD and UC [37].

Hisamatsuetal. havestudied theaminoacid profiles
of plasma associated with IBDs. A multidimensional

Table 5. Serum fatty acids — biomarkers for distinguishing active CD from active UCC

Name of fatty acids Folc(chgz)mge log,(FC) p —log,,(»)

C18:3;6,9,12 (n-3) Octadecadienoic (a-Linolenic) 0.32785 —1.6089 1.74E-09 8.7601
C16:1;9 Cis-9-hexadecanoic (Palmitoleic) 0.51831 —0.94811 1.78E-05 4.75

C18:1;c9 Cis-9-octadecanoic ( Oleic) 0.66396 —0.59083 2.34E-05 4.6302
The total content of saturated fatty acids 1.3968 0.48217 0.000202 3.6943
Total content of unsaturated fatty acids 0.78309 —0.35274 0.000209 3.6795
C18:0 Octadecanic (Stearic) 1.9976 0.99829 0.000275 3.5605
Total content of monounsaturated fatty acids 0.7196 —0.47474 0.000842 3.0746
SFA/UFA 1.9051 0.92984 0.004279 2.3686
SFA/PUFA 1.7575 0.81353 0.007424 2.1293
C18:2:9,12 (n-6) Octadecadienic ( Linoleic) 0.80084 —0.32042 0.012725 1.8953
Total content of omega 6 PUFA 0.82064 —0.28517 0.014299 1.8447
C12:0 Dodecanoic ( Lauric) 0.5069 —0.98023 0.022351 1.6507
C20:0 (Eicosanoic, Arachic) 1.6447 0.71779 0.034753 1.459
C17:0 Heptadecanoic ( Margaric) 0.80203 —0.31828 0.06724 1.1724
C14:0 Tetradecanoic (Myristic) 0.77607 —0.36575 0.071056 1.1484
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Fig. 10. ROC analysis using levels of 5 fatty acids —
alpha-linolenic, palmitoleic, oleic, total SFA, total
UFA — to distinguish between a CD exacerbation and
active UCC

index constructed from the plasma aminogram,
including histidine and tryptophan, has showed
considerable accuracy in distinguishing between CD
and UC [38]. Another group of researchers using gas
chromatography-mass spectrometry has reported that
the content of amino acids and molecules associated
with the tricarboxylic acid cycle (TCA) in blood
serum had differed in patients with ulcerative colitis
and healthy persons, as well as in groups of patients
with UC and CD [39].

E.A. Scoville et al. have examined serum
metabolite profiles using high-performance liquid
chromatography-mass spectrometry and identified
173 altered metabolites including lipids, amino
acids and TCA metabolites in patients with IBDs
compared to healthy subjects. While a significant
change in 286 serum metabolites has been found in
patients with CD compared to healthy individuals,
in patients with UC, a decrease in the level of only
five metabolites has been found. The metabolism of
fatty acids, acylcarnitine metabolites, sphingolipids
and bile acids has differed significantly in patients
with CD compared to patients with UC and control
groups of healthy subjects [40]. The profiles of
serum metabolites also have differed in children
with CD and UC [41]. Taken together, these studies
show that serum metabolic profiling is promising for
differentiating subtypes of IBDs.

In the previous pilot study — on small groups of
patients with IBDs, we have showed the presence of
differences in the relative content of FAs depending
on the nosological entity of IBDs [42], which has
been confirmed by other authors as well [26, 40,
43]. The data on fatty acid profiles in patients with
IBDs obtained in this study are not fully consistent

with the results of similar studies, which may be
due to differences in ethnicity, gender and age
composition of patient groups, differences in the
nosological entities of IBDs, the therapy used, the
use of different biological samples for analysis, and
the characteristics of sample preparation [44—46].

Due to the many factors that could affect the
levels of the studied FAs, normalization of the
studied indicators has been carried out before the
start of statistical processing. This turned out to
be significant when distinguishing nosological
entities of IBDs in the acute stage. The use of the
Student’s t-test and the method of main components
in modification (Ortho PLS-DA) made it possible
to clearly identify differences in the studied pairs
of groups. The Volcano-plot method has provided
identification of parameters claiming to be biomarkers
in the process of differentiation between different
groups of patients with IBDs (CD-UC, CD-UCC,
UC—UCC). These approaches are well-founded and
widely used in metabolomics [34, 47].

The list of fatty acids, the relative content of
which differs in patients with different variants of
IBDs, without taking into account the stage of the
disease, turned out to be different compared to the
analysis of the fatty acid profile in patients with
active IBDs. This circumstance is due to the close
relationship of the composition and levels of fatty
acids of erythrocyte membranes and blood serum
with the stage of the disease [48].

When analysing the spectrum of fatty acids in
patients with CD, UC, and UCC separately and
taking into account the stage of the disease, markers
associated with individual nosological forms of
IBDs have been identified. Subsequently, it seems
promising to compare the fatty acid profiles of serum
and erythrocyte membranes with the “pattern” of
FAs’ intestinal tissues of patients with IBDs.

Taking into account the stage of IBDs, the serum
levels of elaidic (p = 0.0006), docosatetraenoic (n-6)
(p = 0.004), docodeinic (n-6) (p = 0.009), omega-3/
omega-6 ratio (p = 0.009) were the most significant
for differentiating patients with UC and patients
with CD 0.02), eicosapentaenoic (n-3) (p = 0.03), the
sum of two omega-3 PUFAs — eicosapentaenoic and
docosahexaenoic (p = 0.03), as well as the content of
lauric FA of the membranes of erythrocytes (p = 0.04).
At the same time, in patients with Crohn’s disease,
the proportion of unsaturated FAs mainly increased,
and the content of saturated lauric acid was higher
in ulcerative colitis. It is known that the fatty acid
composition of vital cell membranes is maintained
through the activity of desaturases involved in the
metabolism of PUFAs, which are usually controlled
by the principle of substrate regulation [49]. It has
been shown that in patients with acute CD, the
regulation of PUFAs’ desaturation is disrupted to a
greater extent than in UC [40, 43]. Therefore, with
an exacerbation of UC, unlike CD, the levels of
the end products of the metabolic cascade of fatty
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acids (omega-3 PUFA, omega-3/omega-6 ratio)
are reduced with an increased content of saturated
FAs. Probably, dietary recommendations to increase
omega-3 PUFA and limit foods containing saturated
fats are important for maintaining remission in
ulcerative colitis. Data from Uchiyama K. et al.
has demonstrated the importance of maintaining
an omega-3/omega-6 index of more than 0.65 for
patients with UC. The same authors have showed
that Japanese patients with UC remained in remission
of the disease with an omega-3,/omega-6 index equal
to one [43]. Different levels of the omega-6,/omega-3
ratio in patients with UC and CD, as well as the
possible pathogenetic value of this index in different
nosological entities of IBDs have been noted by
E. Scaioli et al. [44].

T.A. Seimon et al. [50] have reported that
saturated fatty acids may contribute to macrophage
inflammation and lipotoxicity. The increased
toxicity of saturated FAs may be to some extent due
to the fact that they are less effectively esterified
into  triglycerides. Although the mechanisms
underlying lipotoxicity are currently unknown, the
accumulation of palmitic acid in macrophages may
be related to inflammation [51]. It can be assumed
that this mechanism is implemented in patients with
UC due to the increased level of saturated FAs.

D.M. Wiese et al. have found that serum fatty
acids correlated with the levels of proinflammatory
cytokines in the colon in patients with ulcerative
colitis [52]. E.A. Scoville et al. have proved some
associations of serum fatty acid levels in patients
with Crohn’s disease with serum cytokines and
disease activity [53]. The profiles of significant
cytokines and adiponectins in different variants of
IBDs have differed, which may explain the different
lists of serum fatty acids significant for CD and UC,
and can be used for differential diagnosis.

The list of a number of fatty acids (alpha-
linolenic, palmitoleic, oleic, the sum of saturated
FAs, the sum of unsaturated FAs, stearic, the sum
of monounsaturated FAs, the ratio of saturated
FAs / unsaturated FAs, saturated FAs / PUFAs)
to distinguish active UC and CD from the stage of
exacerbation of UCC turned out to be similar. The
significance of other FAs, mainly saturated, linoleic
and the sum of omega-6 PUFAs, for distinguishing
between CD—UCC and UC—UCC pairs was not
the same. It can be assumed that this circumstance
indirectly reflects the heterogeneity of patients with
unclassified colitis. The coincidence of the presence
of linoleic and palmitic acid levels in the models
presented is supported by other investigators who
have created diagnostic models for identifying
patients with Crohn’s disease among those with
IBDs [45]. It is known that linoleic acid is used to
synthesise arachidonic acid, which can be metabolised
to bioactive eicosanoids such as prostaglandins,
leukotrienes, thromboxanes and lipoxins that are
involved in inflammation and platelet aggregation

[49], including in patients with IBDs. Studies by
P. Sharon et al., D.W. Hommes et al. have showed
that the production of leukotrienes and prostaglandins
increases in the intestinal mucosa in patients with
Crohn’s disease [54, 55]. The significance of the
level of alpha-linolenic acid in diagnostic models
is determined by the fact that it is a precursor to
a number of the omega-3 PUFAs. C18:3 n-3 are
metabolized into eicosapentaenoic acid (C20:5n-3)
and docosahexaenoic acid (C22:6n-3) by the same
desaturases that participate in the metabolism of the
omega-6 PUFAs [49].

The present study has a number of certain
limitations. On the one hand, a small number of
observations led to the detection of only trends in
the differentiation of fatty acid levels in different
nosological entities of IBDs. On the other hand, a
significant variation in the levels of fatty acids did
not allow us to establish differentiating values for
each group. Finally, the created models include a
large list of fatty acids, the determination of which
can be costly. Therefore, in the future, a limited
number of the most diagnostically significant FAs
biomarkers will be allocated, which will increase the
applicability of this approach in clinical practice. In
addition, monitoring patients with IBDs in dynamics
will allow assessing the prognostic value of the
created models.

Conclusions

Thus, a study of fatty acid levels in groups with
different nosological entities of IBDs using complex
statistical analysis, including machine learning
techniques, has enabled the creation of diagnostic
models that differentiate Crohn’s disease, ulcerative
colitis and unclassified colitis in acute stage with
high accuracy.

The most significant factors for distinguishing
active ulcerative colitis from exacerbation of Crohn’s
disease were as follows: serum levels of elaidic
(p = 0.0006); docosatetraenoic (n-6) (p = 0.004);
docodienoic (n-6) (p = 0.009) acids; omega-3/
omega-6 ratio (p = 0.02); docosapentaenoic acid
(n-3) (p = 0.03); the sum of the two omega-3 PUFAs,
eicosapentaenoic and docosahexaenoic acids (p =
0.03); and lauric acid content of red cell membrane
(p = 0.04) (AUC, 0.89; sensitivity, 0.91; specificity,
0.89; diagnostic accuracy, 0.91).

To distinguish active UC from the acute stage
of UCC, the following serum FAs were significant:
alpha-linolenic acid, the content of saturated acids
(pentadecanoic, palmitic, stearic, arachine), mono-
unsaturated acids (palmitoleic, oleic), omega-6
(hexadecadienic, arachidonic) acids (p = 0.00000011—
0.03300000) (AUC, 0.995; sensitivity, 0.98; specificity,
0.96; diagnostic accuracy, 0.97).

The levels of the following FAs were the most
significant for distinguishing patients with active
CD from exacerbations of UCC: alpha-linolenic
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acid; palmitoleic acid; oleic acid; sum of PUFAs;
sum of PUFAs; stearic acid; sum of MUFAs; ratio
of saturated FAs / unsaturated FAs; saturated FAs /
PUFAs; linoleic acid; sum of omega-6 PUFAs; lauric
acid; arachic acid (p = 0.0000000017—0.0300000000)
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