
INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) are in-
flammatory bowel disease (IBD) subtypes. The incidence of 
IBD subtypes is increasing worldwide and it is believed to be 
prevalent more in Caucasians (Baumgart and Carding, 2007). 
While they both cause chronic inflammation of the gastrointes-
tinal tract, they differ in terms of their target sites and complica-
tions (Baumgart and Sandborn, 2007). IBD, categorized as an 
autoimmune disease, is all associated with genetic, environ-
mental, and microbial factors (Baumgart and Carding, 2007) 
However, its pathogenic mechanism is unknown. Currently, 
IBD is diagnosed according to clinical manifestations, such as 
endoscopic, histological, and radiological findings (Baumgart 
and Sandborn, 2007). However, there is no standard diagnos-
tic tool for IBD involving specific biochemical biomarkers. Fur-
thermore, the etiology and pathological mechanisms of IBD 
have yet to be identified. Current therapies for treating IBD are 
not disease-specific, and thus there is the need to establish 
therapies for preventing initiation of the disease.

Omics is a powerful methodology to determine pathogenic 
mechanisms and detect diagnostic biomarkers. Omics analyz-
es biological molecules and its subcategories include genom-
ics, transcriptomics, proteomics, and metabolomics (McShane 
et al., 2013). This approach provides insight into the diagno-
sis and pathological mechanisms of diseases. To understand 
the high-resolution mass spectrometry-based omics field, an 
extensive and deep understanding of analytic tools, such as 
liquid chromatography coupled with mass spectrometry (LC-
MS), is required. Although thin-layer chromatography and 
nuclear magnetic resonance (NMR) are becoming less fre-
quently used over time, direct combination of MS and LC-MS 
is the major approach employed in metabolomic studies (Ca-
jka and Fiehn, 2014). The rapidly developing LC-MS-based 
metabolomic approaches are used to precisely detect the vari-
ous signal variations in samples. Subsequently, computational 
analysis is used to distinguish only the significant metabolite 
signals from low effect or low abundance noise signals. A fil-
tered and selected signal can be commonly used to compare 
metabolites between more than two different groups of sam-
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ples. Further, this approach predicts and elucidates changes 
in pathways based on alterations in biological molecules and 
biomarkers. Metabolomics is the study of metabolites in liv-
ing organs. It involves the investigation of global metabolic 
changes in sera and plasma, local metabolic modifications in 
tissues, or alterations in gut microbiome metabolism. Genes 
and proteins may indirectly affect changes in phenotype, 
whereas metabolites directly influence these changes. To 
understand metabolomics, MS is required to deconvolute the 
diverse number of metabolite groups (Roberts et al., 2008). 
A metabolomic approach to IBD can be informative because 
IBD is closely associated with genomic, environmental, and 
microbial factors. Moreover, the importance of the metabolo-
mic approach on IBD was first discussed and published as a 
review paper (Storr et al., 2013).

Lipidomics is a branch of metabolomics that is being evalu-
ated in the field of IBD research. In the field of the lipidomics, 
an ion peak with a unique m/z and retention time is called a 
feature, and this feature is matched to a broad database to 

identify the specific lipid. Inflammatory response is mediated 
by several lipid subclasses that function as cellular messen-
gers (Han, 2016). MS identifies and separates the number of 
carbons present in lipid chains containing as well as double 
bond number and even double bond location based on lipid 
subclasses. A recent study established specific biomarkers 
related to the inflammatory response by analyzing changes 
in lipid metabolism (Zhang et al., 2018). Researchers have 
begun to test untargeted lipidomics to explain the complex in-
teractions between lipids and IBD. A broader range of metabo-
lites can be observed using high-resolution MS combined with 
omics rather than other approaches. The present systematic 
review explores current progress in lipidomics-based IBD re-
search and proposes novel research directions using this ap-
proach. This review also underscores the value of lipidomics 
in establishing IBD pathogenesis.

A lipidomics approach in IBD research could help facilitate 
disease diagnosis and identify novel candidate biomarkers 
for monitoring IBD progression. In this systematic review, we 

Fig. 1. Overview of systematic review on lipidomics in inflammatory bowel disease patients. This figure was created with BioRender 
(https://biorender.com).



584https://doi.org/10.4062/biomolther.2021.125

screened studies that examined human clinical samples con-
taining candidate lipid biomarkers of any kind of IBD (Fig. 1). 
We then explored the feasibility of using lipids as a tool for 
IBD diagnosis and monitoring. An objective of this review was 
to evaluate the feasibility of developing a diagnostic method 
for IBD using novel lipid biomarkers rather than multiple tech-
niques combined with clinical testing.

LITERATURE SEARCH AND SELECTION

This systematic review study was conducted on the basis 
of the PRISMA checklist (Moher et al., 2009). Papers were 
curated exclusively from English-based databases, such as 
PubMed (https://pubmed.ncbi.nlm.nih.gov), Clinical Trials 
(https://clinicaltrials.gov), Scopus (https://www.scopus.com), 
and Web of Science (https://www.webofknowledge.com). 
Reports were collected using search terms matching the ob-
jective of the present systematic review. The keywords used 
were “Inflammatory Bowel Disease” OR “IBD” OR “Crohn’s 
Disease” OR “Ulcerative Colitis”. The term “Lipidomics” was 
added to isolate studies applying this omics approach. As 
lipidomics is a type of metabolomics, the keyword “Metabo-
lomics” was added. Finally, studies only containing significant 
lipid class data were considered. The literature list was updat-
ed via manual searches and collected starting from 6th to 15th 
of January 2021 and covered the literature published within 
January 2021.

Papers were sought by importing the foregoing keywords 
from the database and uploading them to Mendeley Desktop 

v. 1.19.4 (Mendeley, London, UK). The inclusion criteria were 
(1) clinical trials on CD, UC, or both; (2) sample analysis by 
MS; and (3) data outcomes-based mainly on lipidomics. The 
exclusion criteria were (1) non-human samples; (2) sample 
analysis by biological assay or NMR; and (3) no lipid-based 
data outcomes. Studies on humans could be observational 
or clinical; however, most eligible studies were observational. 
Article titles and abstracts were screened before exclusion. 
Studies on IBD that included preclinical or laboratory experi-
ments were disqualified. Experimental designs based on MS 
analysis rather than biological assays were included. Two 
authors screened and selected the articles according to the 
PRISMA flow diagram.

Studies meeting the foregoing criteria were organized ac-
cording to the Cochrane Collaboration (Furlan et al., 2009). 
Specific information for each study was extracted and tabu-
lated. Patient cohorts, sample sizes, diagnostic methods, 
sample characteristics, and methods used were extracted. All 
studies except for one were cross-sectional. Intervention or 
drug treatment, treatment duration and blinding status were 
not considered.

After the selected keywords were entered into the data-
bases, nineteen studies were found to match our inclusion cri-
teria. A process flow for the literature search, screening, and 
selection is shown in Fig. 2. PubMed, Scopus, Clinical Trials, 
and Web of Science were the literature platforms, and 158 
papers were searched. Of these, 36 duplicate papers were 
excluded, and the remaining 122 were screened by title and 
abstract. There were 103 papers that either did not meet our 
selection criteria or were inaccessible. Hence, 19 articles were 
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Fig. 2. Process flow for literature search on IBD clinical trials.
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retained. All selected studies were conducted on human clini-
cal samples and used MS as the analytical platform.

Data extracted from the selected 19 studies are listed in Ta-
ble 1. Two authors independently reviewed the extracted data 
based on the Cochrane Collaboration Back Review Group. 
Seventeen trials had observational or cross-sectional study 
designs, while two were case-control studies.

ANALYSIS AND PRESENTATION OF EXTRACTED 
DATA

A recent study attempted to determine the interaction be-
tween IBD and lipidomics (Titz et al., 2018). Another study 
tried to define a standardized nomenclature for lipid species 
detected by MS (Liebisch et al., 2013). The lipid classes and 
subclasses covered in this systematic review are organized in 
Table 2. Twelve of the 19 curated studies focused on lipido-
mics and were published within the past five years. All studies 
endeavoring to develop lipid biomarkers for IBD diagnosis and 
progression were approved by local ethics committees. Either 
the enrolled subjects or their parents provided informed con-
sent. Participants were treated in these trials in accordance 
with the precepts of the Declaration of Helsinki. IBD was diag-
nosed based on clinical criteria. Four of the 19 studies did not 
explicitly describe the diagnostic tools or methods they used 
for IBD. The other 15 studies used endoscopy, histology, ra-
diology, and occasionally laboratory data to corroborate and 
provide supportive information for prior clinical IBD diagnoses. 
When reports did not mention clinical diagnosis, it was as-
sumed that it was nonetheless included along with endoscopic 
and histological examinations.

For all reports except one, patients were categorized as CD 
or UC based on clinical and histological criteria. In the other 
study, the experimental group comprised all patients with CD 
and UC and they were collectively compared against healthy 
controls (Guan et al., 2020). In eight studies, CD and UC pa-
tients were individually compared with healthy controls. Horta 
et al. (2021) assessed IBD interventions and fatigue in the 
absence of a healthy control group. They designated the fa-
tigue group as an experimental group and compared it against 
non-fatigued CD and non-fatigued UC “controls” (Horta et al., 
2021). In another study, the experimental group was divided 
into colonic CD (CCD) and ileal CD (ICD) according to the 
lesion sites in the patients (Jansson et al., 2009). Diab and 
colleagues performed a lipidomic analysis on UC patients and 
divided them into treatment-naïve and deep remission groups 
(Diab et al., 2019).

The single prospective case-control study performed anal-
yses on UC patients but did not interpret the study design 
(Pearl et al., 2014). UC patients were categorized as active 
or quiescent, and inflamed and uninflamed tissues were ob-
tained from each active UC patient and paired. Prior research 
indicated that patient age influences IBD progress and symp-
toms. One observational study was conducted on children 
alone, while another was performed exclusively on adults over 
the age of 18 years (Sauer and Kugathasan, 2009; Ezri et al., 
2012). Martin et al. (2016) conducted a metabolomics study 
on participants with an average age of 14 years. However, it 
was omitted from the present systematic review as it did not 
implement a lipidomics approach. It concluded that the early 
developmental abnormalities frequently observed in IBD pa-

tients could be explained by malabsorption and delayed onset 
of puberty. The authors stated that according to NMR-based 
metabolomics, urinary urea and phenylacetylglutamine are 
associated with malnutrition in IBD and are key factors pre-
dicting disease progression (Martin et al., 2016).

Several studies attempted to use the various biological 
sample specimens to identify the etiology and pathogenesis 
of IBD in immunocompromised patients. The early lesions in 
IBD resemble those observed in other diseases. Hence, it is 
difficult to diagnose IBD until they have become advanced. 
Hence, noninvasive, convenient, and highly accurate diagnos-
tic methods are required for these conditions and are being 
explored by numerous specialists. Blood is an ideal source of 
biological samples as it is easier and simpler to collect than 
other types of tissue. By the way, tissue samples harvested 
from lesion sites are also compatible with blood samples for 
their representativeness. However, tissue samples can also 
reveal the effects of diet and gut microbiome on alterations 
in the lipid constitution. Over half of the studies selected here 
used blood as an analytical and diagnostic sample (Fig. 3B). 
Blood specimens were often collected in many clinical ex-
aminations as well. Although blood sampling is invasive, it 
requires no preparatory steps, such as medication or anes-
thesia (Gallagher et al., 2021). However, seven of the studies 
curated here used intestinal tissue as analytical samples. The 
endoscopy procedure often includes a biopsy, which facilitates 
tissue sample collection. Fecal samples may also be collected 
non-invasively. One study examined primary macrophages 
isolated from the blood of participants (Sewell et al., 2012). 
Urine samples may also contain endogenous metabolites. 
One study measured urinary hippurate levels in CD patients 
but did not focus on other sample specimens and other lipi-
domes (Williams et al., 2010). The major sample specimen to 
be used for studies has not been determined, and the neces-
sity of both diagnoses of the disease and discriminating CD 
and UC is growing.

In the present systematic review, only studies using MS 
analysis were selected, as MS is one of the most used ap-
proaches in the lipidomics field (Cajka and Fiehn, 2014). 
LC-MS/MS, triple quadrupole (QQQ) MS, quadrupole time-
of-flight (Q-TOF) MS, and linear trap quadrupole (LTQ) were 
used in 71% of the studies (Fig. 3C). Usually, Q-TOF and LTQ 
are widely used in untargeted lipidomics of various diseases, 
and QQQ is used for the targeted lipidomics of already known 
lipids. Unnecessary fragmentation of interesting metabolites 
facilitates the delicate analysis and enables easier interpre-
tation. Gas chromatography/quadrupole (GC-Q) is frequently 
used to analyze fatty acids (Van Nuenen et al., 2004). Fatty 
acid analysis using LC-MS has the disadvantage of low selec-
tivity and solvent consumption (Roberts et al., 2008). Further 
samples are required to pass through the derivatization step 
before analysis. Hence, we included studies that used GC-MS 
to identify and categorize fatty acids. One study used Fourier-
transform ion cyclotron resonance (FT-ICR)/MS.

In the 21st century, the incidence of IBD has increased glob-
ally, but it varies by ethnicity and nationality (Ng et al., 2017). 
The present review indicated that the incidence of IBD was the 
highest in Europe and North America between 1990 and 2016. 
The prevalence of IBD has increased with industrialization in 
Asia as well. Therefore, the results of lipidomic studies on IBD 
patients may vary by cohort nationality. This systematic re-
view showed that 74% of all trials were conducted in Europe 
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Table 1. Demographic characteristics extracted from studies included in systematic review of IBD

Author (year)   Cohort
IBD Control

Diagnosis Sample Method
Type Number Sex (M/F) Number Sex (M/F)

Manfredi et al. (2019) Italy CD 15 7/8 17 NA Clinical
Endoscopic
Histological

Serum GC-TOF
UC 13 8/5

Iwatani et al. (2020) Japan CD 20 20/0 10 10/0 Clinical
Endoscopic
Histological
Radiological

Plasma UPLC-MS/MS

UC 20 20/0

Horta et al. (2021) Spain Fatigue CD 14 6/8 13 6/7 NA Plasma HPLC-QTOF
Fatigue UC 9 3/6 11 5/6

Guan et al. (2020) China CD/UC 99 73/26 51 30/21 Clinical
Histological

Plasma UPLC-QTOF

Daniluk et al. (2019) Poland CD 9 4/5 10 5/5 NA Serum UPLC-QTOF
UC 9 4/5

Diab et al. (2019) Norway UC 33 23/10 14 9/5 Clinical
Endoscopic
Histological

Tissue UPLC-QTOF

Fan et al. (2015) Australia CD 24 15/9 84 39/45 Clinical
Endoscopic
Histological
Radiological
Laboratory

Plasma HPLC-QTRAP

UC 16 9/7

Bazarganipour et al. 
(2019) 

Germany UC 98 51/47 25 NA Clinical Tissue
Plasma

HPLC-QQQ
UPLC-QTOF

Jansson et al. (2009) Sweden CCD 8 6/2 22 10/12 Clinical Feces ICR-FT
ICD 6 3/3

Murgia et al. (2018) Italy CD 50 22/28 60 39/21 Clinical
Endoscopic
Histological
Radiological

Plasma UPLC-/DTIM-QTOF
UPLC-QQQ

UC 78 47/31

Ehehalt et al. (2004) Germany CD 7 3/4 21 11/10 Endoscopic
Histological

Tissue QQQ

Bene et al. (2006) Hungary UC 44 25/19 44 20/24 Clinical
Endoscopic
Histological
Laboratory

Plasma HPLC-QQQ

Pearl et al. (2014) UK UC 85 43/42 69 35/34 Endoscopic
Histological

Tissue GC-MS
UPLC-LTQPaired UC 54 26/28 54 26/28

Braun et al. (2009) Germany CD 10 2/8 29 NA Clinical
Endoscopic
Histological

Tissue QQQ

UC 21 9/12

Scoville et al. (2018) US CD 20 9/11 20 9/11 Clinical
Histological

Serum UPLC-LTQ
UC 20 12/8

Tefas et al. (2020) Romania CD 5 2/3 24 10/14 Clinical
Endoscopic
Histological
Serological

Serum UPLC-QTOF

Masoodi et al. (2013) UK UC 54 26/28 42 NA Endoscopic
Histological

Tissue UPLC-LTQ

Sewell et al. (2012) UK CD 5 1/4 5 3/2 NA Tissue, 
Cell

QQQ
HPLC-QQQ

Lai et al. (2019) US Active CD 10 5/5 10 5/5 NA Serum UPLC-QTOF
Inactive CD 10 5/5
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(Fig. 3A). National and regional differences in dietary habits 
partially explain variations in the relative risk of IBD among 
populations (Molodecky et al., 2011).

Analysis and comparison of metabolic pathways can identi-
fy those which have substantially changed in response to IBD. 
Seven studies conducted pathway analysis. They investigated 
altered metabolic pathways using previously annotated lipid 
profiles (Fig. 3D). Six studies reported relative changes in 

arachidonic and fatty acid metabolism in IBD. Of these, two 
reported significant alterations in glycerophospholipid and 
sphingolipid metabolism in IBD. The eicosanoid precursor ar-
achidonic acid is associated with proinflammatory responses 
(Dennis and Norris, 2015). Detection of significantly changed 
lipid profiles and introduction of lipidomic datasets into path-
way analyses will enable the prediction of dysregulation in cer-
tain metabolic pathways and elucidate the underlying molecu-

Fig. 3. Study design and selection of included studies. (A) Cohort; (B) Specimen; (C) Platform; (D) Pathway analysis; (E) Biomarker candi-
date.

Table 2. Lipid class abbreviations based on LIPID MAPS categories

Lipid

Class-Common name Abbreviation Subclass Abbreviation

Fatty acyl FA Fatty acid FA
Eicosanoids --
Polyunsaturated fatty acid PUFA
Acyl carnitine --

Glycerolipid GL Monoacylglycerol MG
Diacylglycerol DG
Triacylglycerol TG

Glycerophospholipid GP Phosphatidic acid PA
Phosphatidylcholine PC
Lysophosphatidylcholine LPC
Phosphatidylethanolamine PE
Lysophosphatidylethanolamine LPE
Phosphatidylglycerol PG
Phosphatidylinositol PI
Phosphatidylserine PS
Lysophosphatidylserine LPS

Sphingolipid SL Ceramide Cer
Ceramide-1-phosphate C1P
Sphingoid-1-phosphate S1P
Sphingomyelin SM
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lar mechanisms of IBD (Huan et al., 2018). Pathway analyses 
are recommended in future lipidomic studies on IBD to identify 
the metabolic changes associated with it. Current advances in 
the novel, simplified algorithms will facilitate pathway analysis-
based research.

Each study included in the present systematic review pro-
posed candidate lipid biomarkers that could be used to diag-
nose and stage IBD. Table 3 categorizes these prospective 
lipid biomarkers (Liebisch et al., 2013). Glycerophospholip-
ids (GPs), sphingolipids (SLs), and fatty acyls (FAs) were 
proposed in several studies, while GLs, prenols, and sterols 
were each recommended only once (Fig. 3E). Certain stud-
ies conducted untargeted analyses and evaluated all lipid 
classes. Others limited their investigations to a few selected 
lipid categories. The results of the studies reviewed here sug-
gest a consensus within the academic community regarding 
the significance of GPs, SLs, and FAs in IBD progression. So 
far, several protein biomarkers associated with IBD have been 
identified. However, none of them can differentiate between 
the two subtypes of IBD, and diagnosis is difficult in the early 
stage (Bennike et al., 2014). Instead of protein markers, we 
suggest using lipid subclasses for discriminating between the 
two subtypes of IBD, CD and UC. Based on this suggestion, a 
detailed and in-depth targeted lipidomics of the specific sub-
classes is needed. 

GPs

Certain studies targeted the phosphatidylcholines (PCs) 
and LPC subclasses of GPs in CD and UC patients. GPs can 
generally form [M+H]+ ion and [M-H]- ion in positive and nega-
tive mode detection, respectively, during electrospray ioniza-
tion, except phosphatidic acids (PAs). Some GP subclasses, 
including PAs have ‘–1’ negative net charge at pH 7.0 in solu-
tion, and these subclasses can be better detected in negative 
mode detection. Researchers determine the appropriate ion-
ization mode, positive or negative, in detecting the desired GP 
subclasses. Biopsy specimens obtained through colonoscopy 
were analyzed by QQQ and revealed that PCs were substan-
tially reduced in UC patients compared with CD patients and 
healthy controls. This finding confirms the protective function 
of colonic mucus in UC patients and raises the prospect of 
identifying various lipid subclasses via a novel analytical plat-
form (Ehehalt et al., 2004). In Ehehalt’s study, PC 16:0/18:1, 
PC 16:0/18:2, PC 18:0/18:1, PC 18:0/18:2, LPC 16:0, and 
LPC 18:0 were the most abundant species. Every abundant 
PC in mucus had one unsaturated side chain. PCs increase 
the hydrophobicity of the luminal side of the mucus layer and 
may trigger an anti-inflammatory response at the mucosal bar-
rier (Schneider et al., 2010). In the lipidomic study focusing on 
GPs in CD and UC patients and healthy controls, both PCs 
and LPCs were significantly lower at all UC lesion sites. Braun 
et al. (2009) reported significant decreases in PCs at two le-
sion sites in UC patients. Hence, PC synthesis and secretion 
are considerably lower in UC patients than in CD patients and 
healthy controls (Braun et al., 2009). In male UC patients, 
there were significant increases in PAs, phosphatidylserines 
(PSs), and lysophosphatidylserines (LPSs) compared with 
those in healthy controls. Moreover, PSs and LPSs were high-
er in male CD patients than in healthy controls. However, this 
study had a Olimitation of analyzing only young male patients 

(Iwatani et al., 2020). The other studies presenting GP bio-
markers are presented in Table 4. 

FAs

FAs constitute a lipid category classified by the Interna-
tional Lipid Classification and Nomenclature Committee and 
include subclasses, such as free fatty acids and polyunsatu-
rated fatty acids (PUFAs) (Fahy et al., 2009; Liebisch et al., 
2013). Fatty acid subclasses are detected in [M-H]- form dur-
ing electrospray ionization. Eicosanoids derived from PUFAs 
may be either proinflammatory or anti-inflammatory (Dennis 
and Norris, 2015). Several studies revealed that free fatty ac-
ids and PUFAs can discriminate IBD patients from the control 
group. Table 5 presents the specific FA biomarker candidates 
identified by the included studies. Jansson et al. (2009) con-
ducted a study on CD in identical twins. The study recruited 
pairs of healthy twins, pairs consisting of one healthy twin and 
one presenting with CD, and pairs of twins presenting with 
CD. The symptomatic patients were categorized either as ileal 
CD (ICD) or colonic CD (CCD) cases depending on the le-
sion sites. The metabolomics, lipidomics, and pathway analy-
ses indicated that six fatty acids and four arachidonic acids 
were candidate biomarkers. Six fatty acids were markedly in-
creased in the ICD patients but did not provide twin-specific 
discrimination. Where UC patients alone were profiled, carni-
tine esters were evaluated. The levels of total carnitine esters 
were lower in the UC patients than in the healthy controls, but 
four long-chain fatty acid (LCFA) carnitine esters were lower 
in the healthy group. Carnitine is a carrier and transporter of 
LCFAs. Thus, UC pathogenesis might be associated with the 
combination of various lengths of fatty acid chains connected 
to acyl carnitines (Bene et al., 2006). This report focused ex-
clusively on FAs associated with UC and was the only pro-
spective case-control study reviewed here. Moreover, it pro-
vided no rationale for using this study design. As it is known 
that PUFAs participate in inflammation, GC-Q and UPLC-LTQ 
were used to identify esterified and non-esterified fatty acids. 
Arachidonic acid, docosahexaenoic acid, and docosapentae-
noic acid were significantly elevated in patients with active UC 
compared with levels in healthy controls. Furthermore, the 
three foregoing FA markers were considerably higher in the 
inflamed tissues than in the non-inflamed tissues of the same 
patients with active UC. The same results were obtained by 
endoscopic examination. Inflammation worsened with UC pro-
gression, and it was confirmed that PUFAs were implicated in 
this mechanism (Pearl et al., 2014).

SLs

SLs are representative membrane lipids and play central 
roles in maintaining and balancing the GI immune system 
(Bryan et al., 2016). The functions of SLs in the intestine are 
only partially understood. Nevertheless, SLs play important 
roles in structural integrity and generate lipid messengers 
(Duan and Nilsson, 2009). Certain studies focused specifi-
cally on the involvement of SLs in IBD. The roles of ceramide 
(Cer), ceramide-1-phosphate (C1P), sphingomyelin (SM; 
Sph), and sphingoid-1-phosphate (S1P) in IBD development 
were examined (Guan et al., 2020). It was concluded that Cer 

Biomol  Ther 29(6), 582-595 (2021) 
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Table 3. Biomarker candidates and pathway analyses in studies included in systematic review of IBD

Author (year) Cohort IBD type Sample Biomarker candidate Pathway analysis

Manfredi et al. (2019) Italy CD Serum Fatty acid
PUFA

No

Iwatani et al. (2020) Japan CD Plasma PS No
Horta et al. (2021) Spain Fatigue CD Plasma PC

LPC
PE
PI
PS
SM
Eicosanoid

Yes

Guan et al. (2020) China CD/UC Plasma FA
GP
SL
Prenol lipid
Sterol lipid

Yes

Daniluk et al. (2019) Poland CD Serum GP
Cer

Yes

Diab et al. (2019) Norway UC Tissue PC
SM
Cer

No

Fan et al. (2015) Australia CD Plasma PC
Ether PC
Ether PE
LPE
PS
Cer

No

UC

Bazarganipour et al. (2019) Germany UC Plasma Fatty acid
LPC
SM
Cer
TG
Eicosanoid

No

Tissue

Jansson et al. (2009) Sweden CCD Feces FA Yes
Murgia et al. (2018) Italy CD Plasma Fatty acid

PC
LPC
PS
TG

No

Ehehalt et al. (2004) Germany CD Tissue PC
LPC

No

Bene et al. (2006) Hungary UC Plasma AcylCar No
Pearl et al. (2014) UK UC Tissue Eicosanoid No
Braun et al. (2009) Germany CD Tissue PC

LPC
SM

No

Scoville et al. (2018) US CD Serum FA Yes
Tefas et al. (2020) Romania CD Serum FA

PC
LPC
SM
DG

Yes

Masoodi et al. (2013) UK UC Tissue Eicosanoid No
Sewell et al. (2012) UK CD Tissue, Cell PI

PC
No

Lai et al. (2019) US Active CD Serum Fatty acid
Acylcarnitine

Yes
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Table 4. GP biomarker candidates in studies included in the systematic review of IBD

Author (year) IBD type Sample GP biomarker candidate Additional description

Iwatani et al. (2020) CD Plasma PSa 40:3, PSa 38:3, PSa 42:4
LPS 18:0

Horta et al. (2021) CD Plasma PI 14:0/18:1
LPI 16:0, LPI 18:0, LPI 18:1
PC 10:0/26:2, PC 12:0/22:2, PC 12:0/24:2, 

PC 14:1/22:4, PC 16:1/16:0, PC 14:0/14:0, 
PC 14:0/16:0, PC 16:0/18:1, PC 18:1/18:0

LPC 16:0
Plasmenyl PC P-14:0, Plasmenyl PC P-20:0
Plasmenyl PC O-18:0, Plasmenyl PC 

O-20:0
Plasmenyl PE P-18:0
PE-NMe2 16:0/16:0
PS 10:0/18:0
PA 16:0/26:2
Methyl PA 14:0/20:2

GP biomarker candidates having odd 
carbon number of fatty acid chain 
are excluded.

FA biomarker candidates in the 50 
most discriminant biomarkers.

Guan et al. (2020) CD/UC Plasma LPA 18:2
LPC 20:4, LPC 22:1, LPC 24:1

Daniluk et al. (2019) CD/UC Serum PC 36:6, PC 16:0/20:3, PC 16:0/20:4
LPC 14:0 (sn-1, sn-2), LPC 16:0, LPC 16:1 

(sn-1, sn-2), LPC 18:1 (sn-1, sn-2), LPC 
18:2 (sn-1, sn-2), LPC 18:3, LPC 20:0, 
LPC 20:2, LPC 20:3, LPC 20:4, LPC 20:5, 
LPC 22:4, LPC 22:5, LPC 22:6

LPA 18:2, LPA 20:4

GP biomarker candidates having odd 
carbon number of fatty acid chain 
are excluded.

Diab et al. (2019) UC Tissue PE 38:3
Fan et al. (2015) CD/UC Plasma Alkylphosphatidylcholine

Alkenylphosphatidylcholine
Lysoalkylphosphatidylcholine
Alkylphosphatidylethanolamine
Alkenylphosphatidylethanolamine
Phosphatidylserine

Lysoalkylphosphatidylcholine,  
alkenylphosphatidylethanolamine, 
phosphatidylserine subclass were 
relatively significant only between 
CD versus control group. 

Bazarganipour et al. 
(2019) 

UC Plasma LPC 16:0, LPC 18:1, LPC 18:2, LPC 18:3, 
LPC 20:0, LPC 24:0

LPE 18:1, LPE 18:2

Although lipidomic analysis was done 
by using both plasma and tissue 
samples, GP subclass was revealed 
only in plasma samples. 

Murgia et al. (2018) CD Plasma PC 32:1, PC 34:1, PC 34:2, PC 34:3, PC 
36:1, PC 36:2, PC 36:3, PC 36:4, PC 38:3, 
PC 38:5, PC 38:6, PC 38:7, PC 40:6

LPC 16:0, LPC 18:0, LPC 18:1, LPC 18:2
Ehehalt et al. (2004) CD Tissue PC 34:1, PC 34:2, PC 36:1, PC 36:2

LPC 16:0, LPC 18:0
Braun et al. (2009) CD/UC Ileal Mucus 

Tissue
PC 32:0, PC 34:2 PC 34:2 can discriminate only  

between UC versus control.
Colonic Mucus 

Tissue
PC 32:0, PC 34:2, PC 36:1, PC 36:2, PC 

36:4
PC 36:2, 36:4 can discriminate only 

between UC versus control.
Tefas et al. (2020) CD Serum LPE 22:6, LPE 24:6

LPC 18:2, LPC 20:4, LPC 22:6
Sewell et al. (2012) CD Tissue

Cell
PI 16:0/18:1
PC 16:0/20:4

The proportion of significant PC were 
increased in CD group stimulated 
with heat-killed Escherichia coli.  
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Table 5. FA biomarker candidates in studies included in the systematic review of IBD 

Author (year) IBD type Sample FA biomarker candidate Additional description

Manfredi et al. (2019) CD/UC Serum Eicosapentaenoic acid
Docosahexaenoic acid
Linoleic acid
Tridecylic acid
Caprylic acid
Behenic acid
Lignoceric acid
Arachidic acid
Tricosylic acid
Arachidonic acid
Icosadienoic acid
Nervonic acid
Paulinic acid
Suberic acid

Horta et al. (2021) Fatigue CD Plasma Leukotriene B4
15S-HpETE
16R-HETE

FA biomarker candidates in the 50 most 
discriminant biomarkers.

Guan et al. (2020) CD/UC Plasma 12,13S-EOT
Arachidonic acid
Eicosapentaenoic acid
5,6-EpETrE
2-hydroxyglutaric acid
Docosahexaenoic acid
8,9-EpETrE
8R-HpODE
Nervonic acid
9,12,13-TriHOME
Palmitic acid
2E-decenoyl-CoA
9-heptadecylenic acid
Traumatic acid
20-HETE
Cis-9-palmitoleic acid

FA biomarker candidates in the 55 most 
discriminant biomarkers.

Bazarganipour et al. 
(2019)

UC Plasma FA 16:0, FA 18:0, FA 18:1, FA 20:1, FA 20:4, 
FA 20:5, FA 22:3, FA 22:4, FA 22:5

Eicosapentaenoic acid
Docosahexaenoic acid

Although lipidomic analysis was done 
by using both plasma and tissue 
samples, fatty acid subclass was 
revealed only in plasma samples. 

Jansson et al. (2009) CD Feces Oleic acid
Stearic acid
Palmitic acid
Arachidonic acid
Octadecatrienoic acid
Linoleic acid
Prostaglandin F2α
2,3-dinor-8-iso-prostaglandin F2α
Prostaglandin F1α
Prostaglandin E2α

Murgia et al. (2018) CD Plasma FA 16:0, FA 16:1, FA 18:0, FA 18:1, FA 18:2, 
FA 22:1, FA 24:2, FA 24:3
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is a key factor regulating intestinal immune responses. More-
over, gut microbes might control SLs, thereby affecting host 
immunity. Further, during electrospray ionization, it was de-
tected that SMs and Cers form both positive ion and negative 
ions. In positive mode detection, [M+H]+ was representatively 
produced by SMs and [M+NH4]+ was produced by Cers. In 
negative mode detection, SMs formed [M+HCOO]- ion, and 
Cers formed [M-H]- ion. Certain studies included in this sys-
tematic review explored the roles of SLs in intestinal inflamma-
tion by analyzing blood and tissue samples from UC patients. 
Bazarganipour et al. (2019) reported that blood fatty acids, 
lysophosphatidylcholines (LPCs), triglycerides (TGs), and SL 

profiles significantly changed in response to IBD. Colon tissue 
samples and blood samples were also used to investigate SLs 
via LC-MS/MS. The tissue and blood samples were examined 
separately under different conditions. Certain SLs were mark-
edly elevated in IBD patients compared with healthy controls. 
Hence, a decline in SLs might contribute to the onset of UC. 
Another study focusing on UC proposed that SLs may serve 
as key immunomodulators. However, this report was excluded 
from our review as the analyses therein were conducted on 
mice rather than humans. The study nonetheless demonstrat-
ed that bioactive SLs regulate innate immunity and are future 
therapeutic targets (Espaillat et al., 2018). The UC-induced 
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Table 5. Continued

Author (year) IBD type Sample FA biomarker candidate Additional description

Bene et al. (2006) UC Plasma Propionylcarnitine
Butyrylcarnitine
Isovalerylcarnitine
Octenoylcarnitine
Decanoylcarnitine
Myristoleylcarnitine
Palmitoylcarnitine
Oleylcarnitine
Hydroxyoleylcarnitine

Pearl et al. (2014) UC Tissue Linoleic acid
α-Linolenic acid
Arachidonic acid
Eicosapentaenoic acid
Docosahexaenoic acid
Docosapentaenoic acid

Scoville et al. (2018) CD Serum Not specifically mentioned Long chain, polyunsaturated, branched 
chain, and monohydroxy fatty acids 
are the FA biomarker candidates.

Tefas et al. (2020) CD Serum Linoleamide
Palmitorylamide
Palmitoleamide
Branched fatty acid esters of hydroxy fatty 

acids
Stearyl palmitoleate, Palmitoleyl stearate, 

Oleyl palmitate
Masoodi et al. (2013) UC Tissue 5-HETE

15-HETE
Prostaglandin E2
Prostaglandin D2
Thromboxane B2

Lai et al. (2019) CD Serum Docosahexaenoic acid
Linolenic acid
Arachidonic acid
Pelargonic acid
Propionylcarnitine
Butyrylcarnitine
Isovalerylcarnitine
Heptanoylcarnitine
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mouse model was treated with bacterial cerastrol, which 
has anti-inflammatory and antitumor properties (Wang et al., 
2016). In that study, SM(d18:1/16:0) and SM(d18:1/18:0) as 
well as LPC were stochastically introduced as markers. This 
report was also omitted from our review as it analyzed mouse 
rather than human samples (Lee et al., 2017). Studies report-
ing SLs as biomarker candidate for discriminating IBD are or-
ganized in Table 6. 

CONCLUSIONS

Currently, CD and UC are usually diagnosed on the basis of 
clinical findings. As the global incidence of IBD is increasing, 
there is an urgent need for novel IBD biomarkers. To the best 
of our knowledge, the present review is the first to address 
a lipidomics approach toward IBD diagnosis and staging. A 
major limitation of this review was the small number of stud-
ies included. Reliability could be enhanced by improving the 
screening and quality assessment of the reports included. In 
this review, we categorized IBD as CD or UC and selected 
studies that had implemented a lipidomics approach on vari-
ous biological samples collected from IBD patients. Several 
articles focused on pathological alterations in the fatty acid 
groups, such as eicosanoids, glycerophospholipids, and 
sphingolipids that compose the membranes lining the gastro-
intestinal tract. Most of the studies analyzed blood and tissue 
samples. Further research is required to optimize the appro-
priate selection of systemic and localized specimens. More-

over, to draw a detailed map of lipid classes involved in the 
associated pathways, future investigations should focus on 
the implementation of high-resolution MS to analyze the lipid 
classes implicated in IBD progression. It is believed that the 
application of lipidomics will provide deeper insights into the 
pathogenesis, etiology, and molecular mechanisms of IBD.
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