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Abstract
Objective: Sphingolipids including ceramides are biological active components of all cell membranes. They play 
a great role in cell interconnections in the process of proliferation, maturation, cell apoptosis and any fluctuations 
of their level can lead to development of metabolic diseases such as type 2 diabetes (T2D) and nonalcoholic fatty 
liver disease. Nevertheless, there is lack of information about what type of ceramides play a role in aforementioned 
diseases. Here we investigated the relationship between the serum level of some type of ceramides and parameters 
of metabolic syndrome that is commonly present in obese patients.

Design: We performed cross-sectional study in two groups. One of them was control group – lean healthy people 
(n=10, body mass index, BMI 21, 2±1, 89) and the second group included patients with the obesity (n=24, BMI 
33, 9±3, 1). We quantified the levels of serum ceramide by liquid chromatography-mass spectrometry, analyzed the 
parameters for insulin resistance, liver function and lipid metabolism by biochemical blood test.

Results: The subjects with obesity had elevated level of ceramide C16:0, C18:0, C24:0 comparing with control 
group (p<0,001). As results of our study, we found correlation of the level ceramide C16:0, C18:0, C24:0 with the 
results of steatometry and some metabolic parameters (glycosylated hemoglobin (Hb A1C), cholesterol).

Conclusion: These results demonstrate that obese subjects had increased level of ceramide C16:0, C18:0, C24:0 
that correlated with some metabolic parameters supposedly recognizing them as new biomarkers of metabolic 
syndrome.
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Introduction
Many experimental and clinical studies have described the role 
of sphingolipids in the pathogenesis of lifestyle diseases such as 
myocardial infarction, hypertension, stroke and diabetes mellitus 
[1-5]. One of sphingolipids that has potential role to become the 
new early marker of these diseases is ceramide.

Ceramides are fats of the sphingolipid family consisting of satu-
rated, monounsaturated and unsaturated fatty acid chains linked to 
the amino group, sphingosine. The synthesis of ceramides is car-
ried out by three mechanisms: de novo, using sphingomyelinase 
(SMase) and by converting sphingosine (salvage path) under the 
action of ceramide synthase (CerS) [6].

In addition to the barrier function they perform, ceramides are also 
involved in the processes of proliferation, differentiation and main-
tenance of cellular homeostasis [7]. Depending on the length of the 
fatty acids, there are short-, long- and very long-chain ceramide 
fractions. According to many studies, different ceramide fractions, 
plays a significant role in the development of insulin resistance 
and T2D by affecting the PI3K / Akt signaling pathway, inhibiting 
the expression of insulin receptors [8]. Nevertheless, there is not 
definite information concerning specific fractions of ceramide that 
could be responsible in development of insulin resistance or type 2 
diabetes (T2D). Also, we have very obscure understanding of the 
role ceramides in non-alcoholic fatty liver disease [9]. Therefore, 
the objective of our study is to compare the level of different ce-
ramide fractions between lean subjects and the subjects with the 
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obesity and find correlation link between ceramide and other met-
abolic parameters.

Materials and Methods
Our metabolic study took place in the Kyiv, Ukraine, between Jan-
uary 2019 to May 2019. The current analysis comprised 24 obese 
(BMI 33±3, 1 kg/m2) patients and 10 healthy lean subjects (BMI 
21±1, 89 kg/m2) of the same age group. Weight was stable (±3 lb) 
in all subjects for the 3 months before study, and no subject partic-
ipated in an excessively heavy exercise program. Written informed 
consent for enrollment and participation in this study was obtained 
from all subjects before any testing procedures. Inclusion criteria 
were body mass index (BMI) of 20 or 25 kg/m2 for healthy lean 
subjects and 28 or 40 kg/m2 for obese. None of the subjects was on 
any medication or was smokers and was free of liver, kidney, thy-
roid, or lung disease. Detailed history including AUDIT (Alcohol 
Use Disorders Inventory Test), CAGE (cut-annoyed-guilty- eye) 
questionnaires and laboratory markers (serum γ-glutamyl trans-
peptidase and mean corpuscular volume of erythrocytes) assessed 
alcohol consumption. The patient’s alcohol intake was less than 
140 g per week. The primary outcome of this study was to com-
pare the level of ceramides C16:0, C18:0, C24:0 in obese patients 
and in healthy lean persons. The second outcome was to find out 
could elevated level of ceramides C16:0, C18:0, C24:0 influence 
on their correlation link with metabolic parameters (liver steatosis, 
HbA1c and cholesterol) in obese patients.

Blood Examination
A blood specimen was obtained from all subjects after an 8–12 
h overnight fast. The blood was used for an assessment of liver 
function and measurement of the level of fasting blood glucose 
(FBG), glycosylated hemoglobin (HbA1c) and lipids. The insu-
lin resistance index was calculated from the homeostasis model 
assessment of insulin resistance (HOMA-R) using the following 
equation: (fasting insulin in μU l−1) × (FBG in mmol l−1)/22.5.

Body Composition Measurement
We used bioelectrical impedance in all subjects as a noninvasive 
and accurate method for evaluating body composition [9].

Ultrasonography
We used steatometry (Ultrasign, Soneus P7) of the liver in all the 
subjects in the supine position to evaluate the stage liver steatosis 
(ultrasound attenuation coefficient). Liver steatosis was diagnosed 
when there was an increase in echogenicity of the liver compared 
with the kidney. Then in the supine position, with calm breathing, 
without sensor compression, steatometry were conducted. During 
steatometry study we performed 5 measurements in every part of 
the liver to obtain recurring quantities of stiffness and ultrasound 
attenuation coefficient. The steatosis was graded: S0-steatosis is 
absent - <2, 19 dB/cm, S1-mild - 2, 2-2, 29 dB/cm, S2-moderate - 
2, 3-2, 9 dB/cm, S3-severe - >2, 9 dB/cm.

Ceramide Measurement
Quantitative analyses of plasma ceramide subspecies were per-

formed via liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) [10]. Lipids were extracted according to the protocol 
of Bligh and Dryer.
Statistical Analysis.
The results are presented as mean ± SD and as median with lower 
quartile and upper quartile. To perform the test for normal distri-
bution we used the D’Agostino-Pearson test. For indicators that do 
not show differences in the distribution of values from normal, we 
used the Student’s t-test for independent samples to compare the 
averages. For indicators that differ from the normal distribution of 
values when comparing central trends for two independent sam-
ples, we used the Wilcoxon W-test. Correlations were analyzed us-
ing Spearman’s rank correlation. In all the tests, a P-value of <0.05 
was considered significant. All statistical analyses were performed 
using Med Stat version 5.2 (NM University, Kyiv, Ukraine).

The study protocol was approved by the institutional review board 
at the Bogomolets National Medical University (NMU) Kyiv, 
Ukraine and was conducted in accord with the principles of Good 
Clinical Practice and the principles of the Declaration of Helsinki. 
All patients gave written informed consent prior to enrollment.

Results
The demographic and metabolic characteristics are shown in Ta-
ble 1 & 2. The attenuation coefficient of steatometry in the obese 
group was 2.5 (2.4-2.6), which corresponded to the mild degree of 
steatosis (p<0.001).

Table 1: Subject characteristics

Control (n=10) Obese patients 
(n=24)

p-Value

Sex 5 female/5 
male

10 female/14 
male

-

Age 55 (49-59) 55 (50-59) 0,825
BMI 21,2±1,89 33,9±3,1 0,001.
Ultrasonography 
(Steatometry dB/
cm)

2,13 (2,1-
2,17)

2,5 (2,4-2,6) 0,001.

С16:0 μmol/L 0,21±0,05 0,42±0,04 0,001
С18:0 μmol/L 0,02 (0,02-

0,03)
0,08 (0,07-
0,09)

0,001

С24:0 μmol/L 1,12 (1,09-
1,15)

3,24 (3,15-
3,32)

0,001

Hb A1c, % 3,3 (3-3,9) 5,1 (4,9-5,2) 0,001
CH mmol/L 4,1 (3,9-4,6) 5,9 (5,7-6,1) 0,001
HOMA-IR 1,6 2,1 0,720
FBG mmol/L 4,8±0,2 5,1±0,2 0,001
AST 25 (21-26) 45 (40-49) 0,825
ALT 26 (22-28) 55 (50-58) 0,001
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Table 2: Correlation between plasma ceramide subspecies and 
metabolic parameters

С16:0 μmol/L С18:0 
μmol/L

С24:0 
μmol/L

Age - - -
BMI - - -
Steatometry dB/
сm

- 0,309 -

С16:0 μmol/l - - 0,717
С18:0 μmol/l 0,304 - -
С24:0 μmol/l 0,717 -
Hb A1c, % 0,303 0,323 -
CH mmol/L - 0,394 -
HOMA-IR - 0,288 -
FBG mmol/L - - -
AST - - -
ALT - - -

Concentrations of ceramide C16:0 in the plasma were elevated in 
the obese group 0.42 ± 0.04 vs 0.21 ± 0.05 in controls (p<0.001) 
(Figure 1).

Figure 1:  Elevated plasma ceramides C16:0 in obese vs. control 
subjects.

The concentrations of C18:0, C24:0 ceramide fractions were also 
increased in the obese group 0.08 (0.07-0.09) vs 0.21 (0.02-0.03) 
in the controls (p<0.001), and 3.24 (3.15-3.32) vs 1.12 (1.09-1.15) 
in controls (p<0.001), respectively (Figure 2).

Figure 2: Elevated plasma ceramides C18:0 and C24:0 in obese 
vs. control subjects.

Spearman rank correlations were used to determine potential rela-
tionships between individual ceramide subspecies and some met-
abolic parameters.

Ceramides C16:0 had a positive correlation as with ceramide C18:0 
(r=0,304, p=0, 03) as with C24:0 (r=0,717, p=0, 03). Also, there is 
a correlation between Hb a 1c and ceramide C16:0 (r=0,303, p=0, 
03). Ceramide C18:0 had a positive correlation with the results of 
steatometry (r=0,309, p=0, 03). Hb A1C correlated with ceramide 
C18:0 (r=0,323, p=0, 02). Cholesterol had a positive correlation 
with ceramide C18:0 (r=0,394, p<0, 01). Ceramide C18:0 correlat-
ed with HOMA-IR (r=0,288, p=0, 04).

Discussion
Insulin resistance is the main reason for the development of NA-
FLD. Reduced insulin sensitivity leads to lipolysis and excess free 
fatty acids in the liver. Lipids in hepatocytes are represented by 
triglycerides, which in an excess amount can contribute to the pro-
gression of NAFLD [11-18]. This is primarily due to the precur-
sors and intermediates of triglycerides. Of particular importance 
is ceramides.

The first data on the role of ceramides in the development of in-
sulin resistance appeared in the study of their effect on isolated 
myocytes and adipocytes. The results of which revealed that insu-
lin-activated glucose uptake and glycogen synthesis were reduced 
under the action of ceramides [9]. The development of insulin re-
sistance is due to inhibition of protein kinase B (PKB / Akt) phos-
phorylation by activation of protein phosphatase 2A (PKC) and 
ceramides. As a result, Akt translocation from the membrane to the 
cytosol is blocked and GLUT-4 receptor expression is reduced [9].

The role of ceramides in the development of NAFLD and IR was 
identified in a study by Maria Apostolopoulou et al (2017). The 
purpose was to identify a link between sphingolipids and NAFLD. 



The study involved 21 patients with obesity and insulin resistance, 
which were divided into three groups: patients without NAFLD, 
NAFLD and NASH. The study found that the total number of ce-
ramides was higher in patients with NASH and NAFLD by 50% 
and 33%, respectively, compared with patients without NAFLD. 
Among the ceramides that were elevated in patients with NASH 
were dehydroceramides: 16:0, 22:0, and 24:1 [12-19]. The follow-
ing study examined 13 obese and type 2 diabetes patients. The re-
sults showed that all patients had an increased total concentration 
of ceramides with a predominance of the C18: 0, C20: 0 and C24: 
1 fractions.

The results of our study revealed that the levels of ceramides 
C16:0, C18:0, C24:0 were higher in the obese group. In addition, 
we found a correlation between ceramides C16:0 with HbA1c and 
ceramide C18:0 with cholesterol level and with the results of ste-
atometry. However, we did not find a correlation between cera-
mides C16:0, C18:0, C24:0 and age, anthropometric parameters 
(BMI), glucose levels, and hepatic transaminases activity. In our 
opinion, the lack of correlation between these indicators may be 
due to the absence of severe metabolic disorders (increased glu-
cose level, increase in the HOMA-IR index etc.), which may be in 
case of type 2 diabetes. The increase in ceramide levels in obese 
patients is explained by the results of studies that found a link 
between a diet rich in fatty acids (palmitate and oleate) and an 
increase in ceramide levels in blood plasma and skeletal muscle. 
This may explain that in patients with obesity, the route of forma-
tion of ceramides de novo predominates, the substrate of which is 
fatty acids (palmitate and oleate).

Increasing the levels of ceramides C16:0, C18:0, C24:0 can lead 
to inhibition of mitochondrial ion transport, contributing to the re-
duction of β-oxidation of fats and the accumulation of triglycerides 
in the liver. Objectively, this is reflected in an increase in the atten-
uation coefficient during steatometry.

The role of ceramides are highly described in various research-
es. However, our study has been firstly performed in Ukraine. We 
understand that these are the first results of our work but we hope 
that o.

Conclusion
According to the results of our study, we can conclude that pa-
tients who are overweight have a tendency to increase the levels 
of ceramides C16:0, C18:0, C24:0. In addition, at the stage where 
classic insulin resistance markers are within normal range in obese 
patients, their ceramide levels are increased. Also, an elevated lev-
el of C18:0 ceramides influences the degree of liver steatosis by 
steatometry. Given this data, further study of this topic will allow 
us to use elevated plasma ceramide levels as an early marker of 
insulin resistance, atherosclerotic risk, and/or obesity induced in-
flammation.
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