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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.
Keywords: inflammatory bowel diseases, nosological forms, differential diagnosis, fatty acids, erythrocytes, blood 
serum
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Жирные кислоты мембран эритроцитов и сыворотки крови 
для дифференциальной диагностики воспалительных заболеваний кишечника
М.В. Кручинина1,2,*, И.О. Светлова1,2, М.Ф. Осипенко2, Н.В. Абалтусова1, А.А. Громов1, М.В. Шашков3,  
А.С. Соколова4, И.Н. Яковина5, А.В. Борисова1
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Цель исследования: изучить уровни жирных кислот мембран эритроцитов (Эр) и сыворотки крови (СК) 
у пациентов с воспалительными заболеваниями кишечника для создания дифференциально-диагностиче-
ских моделей, включающих жирные кислоты в качестве биомаркеров, для различения нозологических форм 
ВЗК (язвенного колита — ЯК, болезни Крона — БК, неклассифицируемого колита — НКК).
Материалы и методы. Обследовано 110 пациентов (средний возраст 37,7 ± 12,1 года) с ВЗК и 53 обследуе-
мых группы сравнения (43,3 ± 11,7 года). Группа пациентов с ВЗК включала в себя больных с ЯК — 50 человек, 
с БК — 41 человек и 19 пациентов с НКК. У 42 пациентов (84 %) с ЯК, 34 пациентов с БК (82,9 %) и 11 человек 
с НКК (57,9 %) выявлено обострение заболевания. Исследование состава жирных кислот (ЖК) мембран Эр 
и СК проведено с помощью ГХ/МС системы на основе трех квадруполей Agilent 7000B (США).
Результаты. Наиболее значимыми для различения активного ЯК от обострения БК оказались сывороточные 
уровни элаидиновой (p = 0,0006), докозатетраеновой (n-6) (p = 0,004), докодиеновой (n-6) (p = 0,009) кис-
лот, отношение омега-3/омега-6 (p = 0,02), докозапентаеновой кислоты (n-3) (p = 0,03); суммы двух омега-3 
ПНЖК: эйкозапентаеновой и докозагексаеновой (p = 0,03), а также содержание лауриновой ЖК Эр (p = 0,04) 
(AUC — 0,89, чувствительность — 0,91, специфичность — 0,89, диагностическая точность — 0,91).
Для различения активного ЯК от стадии обострения НКК оказались значимыми следующие ЖК СК: альфа-ли-
ноленовая, насыщенные (пентадекановая, пальмитиновая, стеариновая, арахиновая), мононенасыщенные 
(пальмитолеиновая, олеиновая), омега-6 (гексадекадиеновая, арахидоновая) (p = 0,00000011–0,03300000),
(AUC — 0,995, чувствительность — 0,98; специфичность — 0,96; диагностическая точность — 0,97)..
Наиболее значимыми для различения пациентов с активной БК от обострения НКК оказались уровни ЖК: 
альфа-линоленовой, пальмитолеиновой, олеиновой, суммы насыщенных жирных кислот (НЖК), суммы не-
насыщенных жирных кислот (ННЖК), стеариновой; суммы мононенасыщенных жирных кислот (МНЖК); от-
ношения НЖК/ННЖК; НЖК/ПНЖК (полиненасыщенные жирные кислоты); линолевой; суммы омега-6 ПНЖК; 
лауриновой; арахиновой (p = 0,0000000017–0,0300000000) (AUC — 0,914, чувствительность — 0,90; спе-
цифичность — 0,87, диагностическая точность — 0,91).
Заключение. Исследование уровней жирных кислот в группах с разными нозологическими формами ВЗК с по-
мощью комплексного статистического анализа, включая методы машинного обучения, позволило создать диа-
гностические модели, дифференцирующие БК, ЯК и НКК в стадии обострения с высокой точностью. Предложен-
ный подход представляется перспективным для дифференциальной диагностики нозологических форм ВЗК.
Ключевые слова: воспалительные заболевания кишечника, нозологические формы, дифференциальная 
диагностика, жирные кислоты, эритроциты, сыворотка крови
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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-κB 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 t-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)

Characteristics Control group 
n = 53 (1)

UC patients 
n = 50 (2)

CD patients 
n = 41 (3)

UCC patients 
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/m2) 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 %) 7 (17.1 %) 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 %) 7 (17.1 %) 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 
drugs at the time of examination in the acute 
stage

– 22 (44.0 %) 20 (48.7 %) 10 (52.6 %)

 
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
of fatty acids

Control group
n = 53 (1)

CD patients
n = 41 (2)

UC patients
n = 50 (3)

UCC patients
n = 19 (4)

Mann–Whitney 
test, p

Kruskal–
Wallace 

test

Saturated FA
39.40 ± 8.93
37.59 [34.34; 

43.44]

46.97 ± 13.25
44.72 [36.55; 

58.86]

48.17 ± 12.49
46.8 [36.36; 

61.22]

35.06 ± 8.59 
32.46 [26.89; 

40.87]

р1–2 = 0,003 
р1–3 < 0,001 
р1–4 = 0,06 
р2–4 < 0,001 
р3–4 < 0,001

0.0001

Unsaturated FA 
60.60 ± 8.93
62.41 [56.56; 

65.66]

53.01 ± 13.23
55.27 [41.14; 

63.44]

51.81 ± 12.46
53.19 [38.78; 

63.64]

64.94 ± 8.59
67.54 [59.13; 

72.11]

р1–2 = 0,003
р1–3 < 0,001
р1–4 = 0,06
р2–4 < 0,001
р3–4 = 0,0009

0.0001

Monounsaturated FA
20.08 ± 5.75
20.02 [16.02; 

23.16]

17.05 ± 5.54
16.74 [12.03; 

20.51]

16.85 ± 5.09
16.67 [13.28; 

21.34]

24.84 ± 6.28
23.07 [18.78; 

27.77]

р1–2 = 0,007
р1–3 = 0,035
р1–4 = 0,038
р2–4 = 0,0004
р3–4 = 0,0015

0.0005

Polyunsaturated FA 40.42 ± 8.35
40.99 [34.59; 

47.34]

35.96 ± 9.05
36.49 [27.13; 

44.44]

34.98 ± 9.28
35.31 [26.65; 

42.67]

40.60 ± 7.96
40.39 [36.16; 

48.55]

р1–2 = 0,015
р1–3 = 0,002
р2–4 = 0,07
р3–4 = 0,03

0.0051

Omega 3 PUFA
2.37 ± 1.74
2.02 [1.22; 

2.76]

2.97 ± 1.65
2.5 [1.8; 3.95]

2.42 ± 1.20
2.06 [1.53; 2.81]

2.63 ± 1.23
2.29 [1.63; 

3.08]
р1–2 = 0,038 0.1585

С18:3;6,9,12
(n-3) Octadecadienic 
(α-Linolenic)

0.24 ± 0.18
0.19 [0.09; 

0.33]

0.11 ± 0.11
0.07 [0.05; 0.14]

0.12 ± 0.11
0.09 [0.04; 0.19]

0.30 ± 0.14
0.27 [0.23; 

0.38]

р1–2 = 0,00002
р1–3 = 0,0007
р1–4 = 0,07
р2–4 = 0,00002
р3–4 = 0,0002

0.00001

C20:5;5,8,11,14,17  
(n-3)  
(Eicosapentaenoic)

0.55 ± 0.84
0.33 [0.19; 

0.66]

0.64 ± 0.56
0.39 [0.25; 0.86]

0.46 ± 0.30
0.34 [0.17; 0.52]

0.62 ± 0.57
0.46 [0.24; 

0.62]
р2–3 < 0,05 0.2887

C22:5;7,10,13,16,19 
(n-3) 
(Docosapentaenoic)

0.32 ± 0.28
0.28 [0.17; 

0.39]

0.42 ± 0.24
0.35 [0.27; 0.49]

0.35 ± 0.28
0.28 [0.21; 0.44]

0.33 ± 0.21
0.28 [0.22; 

0.40]
р1–2 = 0,03 0.1735

Omega 3 PUFA 
(EPA+DHA)

1.82 ± 1.54
1.59 [0.86; 

2.22]

2.44 ± 1.51
1.89 [1.36; 3.32]

1.95 ± 1.05
1.59 [1.2; 2.39] 2.00±1.08 р1–2 = 0,027 0.1426

Omega 6 PUFA
37.95 ± 8.29
38.41 [32.42; 

44.11]

32.93 ± 8.97
33.66 [24.53; 

40.99]

32.51 ± 8.86
32.38 [25.64; 

39.05]

37.79 ± 8.00
36.46 [32.52; 

46.08]

р1–2 = 0,009
р1–3 = 0,0019
р2–4 = 0,07
р3–4 = 0,037

0.004

C16:2;9,12 (n-6) 
Hexadecadienoic

0.10 ± 0.08
0.08 [0.03; 

0.16]

0.06 ± 0.07
0.03 [0.01; 0.08]

0.07 ± 0.1
0.02 [0.01; 0.07]

0.19 ± 0.27
0.11 [0.05; 

0.21]

р1–2 = 0,004
р1–3 = 0,006
р2–4 = 0,0016
р3–4 = 0,003

0.0006

C18:2;9,12 (n-6) 
Octadecadienoic 
(Linoleic)

32.04 ± 7.79
32.44 [26.01; 

37.17]

26.44 ± 7.62
26.04 [18.93; 

33.32]

26.72 ± 8.06
26.75 [19.65; 

32.09]

31.11 ± 7.58
29.32 [25.60; 

39.93]

р1–2 = 0,0009
р1–3 < 0,001
р2–4 = 0,045
р3–4 = 0,08

0.0014

C20:4;5,8,11,14 (n-6) 
(Eicosatetraenoic, 
arachidonic)

4.72 ± 1.84
4.41 [3.41; 

5.67]

5.17 ± 1.82
4.75 [3.82; 6.20]

4.63 ± 1.44
4.43 [3.59; 5.50]

5.58 ± 1.73
6.20 [3.64; 

7.19]
р3–4 = 0,043 0.1797

Omega 6/ Omega 3 
PUFA 22.18 ± 15.49 14.37 ± 8.46 16.05 ± 8.27 17.33 ± 7.70 р1–2 = 0,014

р1–3 = 0,048 0.0537

Saturated /
Unsaturated FA 0.70 ± 0.36 1.04 ± 0.67 1.06 ± 0.56 0.58 ± 0.26

р1–2= 0,004
р1–3 < 0,001
р1–4 = 0,07
р2–4 = 0,0015
р3–4 = 0,001

0.0001

Saturated / 
Polyunsaturated
FA

1.07 ± 0.54 1.53 ± 0.97 1.58 ± 0.85 0.94 ± 0.42

р1–2 = 0,008
р1–3 = 0,0015
р2–4 = 0,008
р3–4 = 0,004

0.0006

Omega 3/ Omega 6 
PUFA 0.06 ± 0.05 0.14 ± 0.29 0.08 ± 0.04 0.07 ± 0.04 р1–2 = 0,002

р1–3 = 0,009 0.0101
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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)  

Fig. 2. Relative levels of omega 6 PUFA of erythrocyte membranes in patients with different nosological forms 
of IBDs

Fig. 3. Relative levels of omega 3 PUFAs of erythrocyte membranes in patients with different nosological forms 
of IBDs
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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

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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The relative fatty acid values in the other pair 
of groups, namely patients with ulcerative colitis 
and unclassified colitis, have been subjected to the 
statistical processing sequence as described above.

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), 
monounsaturated acids (palmitoleic, oleic), omega-6 
(hexadecadiene, arachidonic) acids (p = 0.00000011–
0.03300000) (Table 4).

The ROC analysis performed using the levels of 
even individual FAs — alpha-linolenic, palmitoleic, 
stearic — made it possible to distinguish active UC 
from UCC in the acute stage with high accuracy (the 
areas under the AUC curve are 0.873; 0.886; 0.851, 
respectively) (Fig. 7).

The diagnostic accuracy of the panel (data 
obtained using the Random Forest Classifier method 
and ROC analysis), consisting of a set of fatty acids 
(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, 

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 Fold  
change (FC) log2 (FC) p –log10(p)

 Serum fatty acids
C18:1;t9 Trans-9-octadecanoic 
(Elaidic) 0.71021 –0.49368 0.00062 3.2075

C22:4;7,10,13,16 (n-6) 
(Docosatetraenoic) 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

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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Fig. 7. ROC-analysis using the level of individual fatty acids — alpha-linolenic, palmitoleic, stearic to distinguish 
between active UC and UCC

Table 4. Serum fatty acids — biomarkers for distinguishing active UC from active NCC (Volcano-
plot method)

Name of fatty acids Fold change 
(FC) log2(FC) p –log10(p)

С18:3;6,9,12 (n-3) Octadecadienoic 
(α-Linolenic) 2.7509 1.4599 1.13Е-07 6.9469

С16:1;9 Cis-9-hexadecanoic (Palmitoleic) 2.117       1.082 1.72Е-07 6.7651

Total content of monounsaturated fatty 
acids 1.4963 0.5814 2.72Е-07 6.5658

С18:1;c9 Cis-9-octadecanoic (Oleic) 1.5023 0.5871 6.09Е-07 6.2152

C18:0 Octadecanic (stearic) 0.4646     –1.1059 8.44Е-06 5.0735

Total content of unsaturated fatty acids 1.2863 0.3632 4.39Е-05 4.3575

The total content of saturated fatty acids 0.7083 –0.4974 4.70Е-05 4.3277

SFA/UFA 0.5148 –0.9579 0.00032 3.489

С15:0  Pentadecanoic 1.4803 0.5659 0.00076 3.1149

С16:0 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

С14:0 Tetradecanoic (Myristic) 1.3901 0.47514 0.00502 2.299

С16:1;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 1.6155

C12:0 Dodecanoic (Lauric) 1.9624 0.97265 0.02937 1.5321

C20:4;5,8,11,14 (n-6)  
(Eicosatetraenoic, arachidonic) 1.2099 0.27486 0.03379 1.4711

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

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

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

Name of fatty acids Fold change 
(FC) log2(FC) p –log10(p)

С18:3;6,9,12 (n-3) Octadecadienoic (α-Linolenic) 0.32785 –1.6089 1.74Е-09 8.7601
С16:1;9 Cis-9-hexadecanoic (Palmitoleic) 0.51831 –0.94811 1.78Е-05 4.75
С18:1;c9 Cis-9-octadecanoic (Oleic) 0.66396 –0.59083 2.34Е-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
С14:0 Tetradecanoic (Myristic) 0.77607 –0.36575 0.071056 1.1484

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 

“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].

Hisamatsu et al. have studied the amino acid profiles 
of plasma associated with IBDs. A multidimensional 
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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–UСС, 
UC–UСС). 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 UСС 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 UСС turned out to be similar. The 
significance of other FAs, mainly saturated, linoleic 
and the sum of omega-6 PUFAs, for distinguishing 
between CD–UСС and UC–UСС 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 UСС, 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 UСС: 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) 

(AUC — 0.914; sensitivity — 0.90; specificity — 
0.87; diagnostic accuracy — 0.91).

The proposed approach seems promising for 
the purposes of differential diagnosis and suggests 
further research with a large number of observations.
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