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Abstract
Background Non-alcoholic steatohepatitis (NASH) is present in a high percentage of obese patients undergoing bariatric surgery.
A significant proportion of patients still present NASH even after considerable weight loss and metabolic improvements after
surgery.
Objective To determine whether the changes in the serum lipidome after sleeve gastrectomy could be used to discriminate obese
patients with NASH patients to those with non-alcoholic fatty liver (NAFL).
Methods This study involved 24 patients with grade 3 obesity diagnosed with either NAFL (n = 8) or NASH (n = 16) using the
non-invasive OWLiver assay. All patients suffering from NASH were re-evaluated 6 months after bariatric surgery using the
OWLiver test to confirm NASH resolution. Serum lipid extracts were assessed at baseline and 6 months post surgery and were
analyzed in an ultra-performance liquid chromatography/time-of-flight mass spectrometry (UPLC-TOF-MS)-based platform.
Results Lipidomic analysis revealed a differential sphingomyelin profile in patients with NASH resolution after sleeve gastrec-
tomy. Certain serum sphingomyelin species were significantly higher at baseline in NASH patients in comparison to those with
NAFL. Sphingomyelin profile of subjects with NASH resolution was similar to that for obese subjects with NAFL before
bariatric surgery.
Conclusion Our study indicates that the serum sphingomyelin levels could be related to the status of non-alcoholic fatty liver
disease and that certain sphingomyelin species may be used for the follow-up of obese patients with NASH after sleeve
gastrectomy.
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Introduction

Obesity is frequently associated with comorbidities such as
type 2 diabetes, insulin resistance, hypertension, dyslipidemia,
and non-alcoholic fatty liver disease. As a result of the obesity
pandemic, non-alcoholic fatty liver disease has become one of
the most common liver disorders worldwide with an estimated
prevalence ranging from 25 to 30% in the general population
and over 80 to 90% in obese subjects [1, 2]. Non-alcoholic
fatty liver disease comprises a spectrum of diseases ranging
from non-alcoholic fatty liver (NAFL) to non-alcoholic
steatohepatitis (NASH) with inflammation and fibrosis, which
can potentially progress to advanced liver disease, cirrhosis,
and hepatocellular carcinoma. NASH has been reported to be
present in a high percentage of obese patients undergoing
bariatric surgery (BS) [3, 4]. Remarkably, BS has been shown
to be an effective strategy for NASH resolution [5–7], al-
though a significant percentage of patients still have NASH
even after considerable weight loss after surgery.

Recently, an increasing number of lipidomic analyses have
reported a different serum and hepatic lipid signature between
obese subjects with NASH compared to those with NAFL.
Remarkably, most of these studies showed differences in the
levels of a number of phospholipid and sphingolipid species
between NASH and NAFL, although the results were highly
variable depending on the analysis performed [8–12].
Additionally, only a limited number of lipidomic studies have
been performed to evaluate the effects of bariatric surgery on
serum phospholipid and sphingolipid signatures in obese sub-
jects with NASH [10].

In this study, we analyzed the serum lipidome of obese
subjects with NASH before and after sleeve gastrectomy
(SG). We also compared the serum phospholipid and
sphingolipid levels at baseline and after SG between individ-
uals who achieved NASH resolution with those who did not
reach NASH resolution 6 months after surgery, in order to
identify differences in lipid species that may be related to the
response or not for NASH resolution. Finally, we investigated
whether the lipid species that significantly changed in both
study groups were also different in obese patients with
NASH or NAFL before bariatric surgery.

Material and Methods

Subjects and Study Design

This study involved 24 patients with grade 3 obesity (body
mass index (BMI) ≥ 40 kg/m2) that were aged 18–60 years.
The patients were diagnosed with either NAFL (n = 8) or
NASH (n = 16) using the non-invasive OWLiver assay,
consisting in the measurement of a panel of 20 triglycerides
(TG) in the serum that discriminates between NAFL and

NASH with sensitivity and specificity of 0.73 and 0.80, re-
spectively [13]. All patients from the NASH group underwent
sleeve gastrectomy (seven men/nine women, mean age: 46.6
± 5.9 years). NASH was re-evaluated 6 months after surgery
using the OWLiver test, and these patients were classified as
resolved cases (from NASH to NAFL; NASH_RES) and not
resolved (N-NASH_RES). Anthropometric and biochemical
variables were evaluated at baseline and at 6 months after
surgery.

Exclusion criteria included diabetes, cardiovascular dis-
ease, arthritis, acute inflammatory disease, and infectious dis-
ease or treatment with drugs that could alter the lipid profile
(statins, fibrates, and nicotinic acid). All participants gave
their written informed consent, and the study was reviewed
and approved by the local ethics and research committee.

Laboratory Measurements

Blood samples were obtained from the antecubital vein and
placed in vacutainer tubes (BDvacutainer™, London, UK)
after an overnight fast. The serum was separated by centrifu-
gation for 10 min at 4000 rpm and frozen at − 80 °C until
analysis. Serum glucose, total cholesterol, triglycerides,
high-density lipoprotein (HDL) cholesterol, and transami-
nases were measured in a Dimension autoanalyzer
(DadeBehring Inc., Deerfield, IL) by enzymatic methods
(Randox Laboratories Ltd., UK and Wako Bioproducts,
Richmond, VA). Low-density lipoprotein (LDL) cholesterol
was calculated using the Friedewald formula. Insulin concen-
trations were quantified by radioimmunoassay supplied by
BioSource S.A. (Nivelles, Belgium). Insulin resistance (IR)
was calculated from the homeostasis model assessment of
IR (HOMA-IR) with the formula: HOMA-IR = [fasting serum
insulin (μU/mL) × fasting blood glucose (mmol/L)]/22.5. For
quantitative measurement of the caspase-generated
neoepitope of CK-18, we used the M30-Apoptosense
ELISA kit according to the manufacturer’s instructions
(Peviva, Bromma, Sweden).

Lipidomic Analysis

Serum lipidomic profiles were semi-quantified at baseline and
6 months after BS as previously described [12, 14–16].
Briefly, two separate ultra-performance liquid chromatogra-
phy/time-of-flight mass spectrometry (UPLC-TOF-MS)-
based platforms analyzing methanol and chloroform/
methanol serum extracts were combined. Lipid nomenclature,
classification, and shorthand notation follow the recommen-
dations given elsewhere [17] and the recommendations of the
LIPID MAPS convention (www.lipidmaps.org).

Data obtained were pre-processed with the TargetLynx ap-
plication manager for MassLynx (Waters Corp., Milford,
MA). The lipid features were identified prior to the analysis,
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either by comparison of their accurate mass spectra and chro-
matographic retention times with those of available reference
standards or, where these were not available, by accurate mass
MS/MS fragment ion analysis [12]. Intra- and inter-batch nor-
malization was performed by inclusion of multiple internal
standards and pool calibration response correction [18]. The
overall normalized data was referred with respect to the batch
average quality control (QC) calibration samples, arbitrarily
adjusted to one as described previously [12, 16, 18]. The lipid
classes have been calculated as the sum of the normalized
areas of all the metabolites with the same chemical
characteristics.

Data pre-processing generated a list of chromatographic
peak areas for the metabolites detected in each sample injec-
tion. An approximated linear detection range was defined for
each identified metabolite, assuming similar detector response
levels for all metabolites belonging to a given lipid class rep-
resented by a single-standard compound.

Statistical Analysis

Results are given as the mean ± standard deviation (SD).
Comparisons of the anthropometric and biochemical charac-
teristics before and after surgery and between study groups
were performed with Wilcoxon and Mann-Whitney U non-
parametric tests, respectively. Spearman correlation coeffi-
cients were calculated to evaluate the association between
the study variables. Analyses were performed with SPSS, ver-
sion 22.0 for Windows (SPSS Iberica, Spain). Values were
considered to be statistically significant when p < 0.05. Heat
map charts were created and clustered using the Heatmapper
web server [19].

Results

Biochemical and anthropometric characteristics of the study
groups undergoing SG at baseline and 6 months post surgery
are shown in Table 1. No significant differences between both
study groups (NASH_RES vs N-NASH_RES) were found in
any of the evaluated parameters neither at baseline nor after
surgery (Table 1). After 6 months of follow-up, similar im-
provements in BMI, percentage of total body weight loss (%
TWL), and serum TG levels were observed in both study
groups. However, improvements in total cholesterol, HDL,
and aspartate aminotransferase (AST) levels were only signif-
icant in the NASH-RES group 6 months after surgery
(Table 1).

Lipidomic analysis of the changes in serum phospholipid
(glycerophospholipids and lysoglycerophospholipids) and
sphingolipid (ceramides and sphingomyelins) levels in obese
subjects with NASH before and after SG revealed no signifi-
cant differences between study groups (data not shown).

However, despite the lack of statistically significant differ-
ences, we observed that the levels of sphingomyelins (SM)
tended to be lower after surgery in NASH_RES subjects, but
they remained unchanged in N-NASH_RES subjects (fold
changes of − 0.305 and 0.010 for NASH-RES and N-
NASH_RES groups, respectively). Interestingly, when indi-
vidual SM species were analyzed, we observed significant
changes in the serum levels of SM 30:1 (d18:1/12:0), SM
36:0 (d18:0/18:0), SM 36:1 (d18:1/18:0), and SM 36:2
(d18:1/18:1) between NASH_RES vs N-NASH_RES sub-
jects (Fig. 1a).

Comparison of serum SM levels between NAFL and
NASH patients with obesity at baseline revealed that several
SM species were higher in NASH compared to NAFL (Fig.
1b). Clinical parameters of both study groups are shown in
Table 2. Interestingly, SM 36:0 (d18:0/18:0) was also signif-
icantly lowered in NASH_RES individuals after bariatric sur-
gery, suggesting that the serum levels of this sphingomyelin
could be used to discriminate between NAFL and NASH. An
overall visualization of the serum levels of the identified SM
species in all study groups at baseline (NAFL, NASH) and
after surgery (NASH_RES, N-NASH_RES) is depicted in
Fig. 2. As expected, we observed that serum SM species from
NASH_RES patients clustered with those from NAFL
(NAFL_BASAL), whereas SM values from NASH patients,
remained similar before (NASH_BASAL) and after surgery
(N-NASH_RES).

Discussion

In this work, we have established an association between the
profile of SM species and NASH resolution in obese patients
after sleeve gastrectomy. We also showed that the serum SM
profile in patients with NAFL is similar to that observed in
NASH patients who achieved resolution to NAFL after
surgery.

Sphingolipids represent a significant fraction of total
l ip ids in bo th the se rum and l ive r, e spec ia l ly
sphingomyelins that amount up to 5% of plasma lipids
[20, 21]. Numerous studies have attributed a lipotoxic
effect for sphingolipids in diverse metabolic tissues, in-
cluding the liver [22, 23]. Thus, increased levels of
ceramides (Cer) and SM species have been associated to
obesity-related metabolic disorders such as insulin resis-
tance, non-alcoholic fatty liver, and cardiovascular disease
[24]. However, the association of the serum levels of
sphingolipids with NASH has been less studied. In mouse
models, it has been reported a significantly higher abun-
dance of sphingolipids (both Cer and SM) in the liver of
mice with NASH compared to controls (NAFL), and they
remain unchanged in early-stages of NASH compared to
advanced fibrosis-stages [25]. In humans, it has been
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described as an increase in the hepatic content of SM (but
not Cer) in NASH compared to NAFL [8]. Chiappini
et al. previously reported an increase in the serum levels
of certain sphingomyelins such as SM (40:1) and SM
(40:2) in mice with NASH respect to those with NAFL
[26]. Supporting the previous observations in mouse

models, in this study, we have shown a different pattern
in the serum levels of SM in both NASH and NAFL
obese patients. In fact, we observed slightly higher SM
values in NASH compared with NAFL in obese subjects.
In particular, serum levels of SM 36:0 in NASH patients,
who showed resolution to NAFL after SG, showed a

Table 1 Anthropometric,
biochemical, and clinical
characteristics of the patients with
NASH at baseline and 6 months
after sleeve gastrectomy

Baseline 6-Month follow-up

Age, y N-NASH_RES 47.2 (5.7) –

NASH_RES 46.0 (6.4) –

Weight, kg N-NASH_RES 134.8 (22.9) 96.7 (15.2)#

NASH_RES 144.0 (27.1) 106.1 (18.7)#

BMI, kg/m2 N-NASH_RES 48.9 (4.9) 35.1 (3.7)#

NASH_RES 52.4 (7.3) 38.6 (4.9)#

% TWL N-NASH_RES – 26.7 (6.5)

NASH_RES – 24.5 (3.7)

% EBWL N-NASH_RES – 56.6 (14.3)

NASH_RES – 48.8 (6.3)

Glucose, mg/dL N-NASH_RES 100.5 (18.7) 85.5 (9.7)

NASH_RES 93.0 (10.3) 84.9 (4.4)

HOMA-IR N-NASH_RES 5.8 (6.8) 1.7 (0.7)#

NASH_RES 4.4 (3.4) 2.1 (0.8)#

SBP, mmHg N-NASH_RES 144.1 (25.7) 133.6 (21.3)

NASH_RES 135.0 (9.4) 135.7 (12.7)

DBP, mmHg N-NASH_RES 85.4 (10.5) 84.7 (14.4)

NASH_RES 88.2 (11.8) 88.5 (12.1)

Total cholesterol, mg/dL N-NASH_RES 173.5 (37.7) 179.5 (41.1)

NASH_RES 168.7 (25.2) 185.9 (26.1)#

HDL-cholesterol, mg/dL N-NASH_RES 48.0 (13.4) 55.6 (21.8)

NASH_RES 37.2 (9.2) 54.5 (6.7)#

LDL-cholesterol, mg/dL N-NASH_RES 102.3 (39.5) 107.9 (42.3)

NASH_RES 108.7 (22.4) 112.3 (22.7)

Triglycerides, mg/dL N-NASH_RES 113.0 (42.1) 78.0 (26.2)#

NASH_RES 119.9 (35.3) 88.6 (15.7)#

AST, units/L N-NASH_RES 29.2 (6.1) 26.5 (19.0)

NASH_RES 32.5 (17.0) 14.7 (5.4)

ALT, units/L N-NASH_RES 42.7 (18.5) 34.7 (21.1)

NASH_RES 48.0 (32.2) 21.0 (8.2)#

GGT, units/L N-NASH_RES 54.5 (30.9) 36.2 (37.7)

NASH_RES 39.0 (18.2) 28.2 (19.3)

CK-18 M30, units/L N-NASH_RES 117.9 (44.1) 69.5 (28.8)#

NASH_RES 357.7 (392.9) 76.3 (31.4)#

Statistical analyses of the anthropometric and biochemical characteristics before and after surgery and between
study groups were performed withWilcoxon andMann-WhitneyU non-parametric tests, respectively. Results are
given as the mean ± SD

N-NASH_RES, (NASH after sleeve gastrectomy, n = 8); NASH_RES (from NASH to NAFL after sleeve gas-
trectomy, n = 8); BMI, body mass index; HOMA-IR, insulin resistance index; SBP, systolic blood pressure; DBP,
diastolic blood pressure;HDL, high-density lipoprotein; LDL, low-density lipoprotein;AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; TWL, total weight loss; EBWL, excess
body weight loss; CK-18/M30, M30 epitope of cytokeratin 18
# p ≤ 0.05 (comparison before and after surgery)
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significant decrease, which might suggest that the analysis
of the circulating levels of SM 36:0 could be used to
monitor NASH resolution after surgery.

The effect of bariatric surgery on the circulating levels of
sphingolipids has been so far only mildly explored. Previous
studies have described a decrease in the serum levels of certain

Table 2 Baseline clinical parameters of NAFL and NASH subjects
with severe obesity

NAFL (n = 8) NASH (n = 16) p value

Age, y 46.1 (6.5) 46.6 (5.9) 0.881

BMI, kg/m2 46.5 (5.2) 49.7 (6.3) 0.172

Waist (cm) 124.8 (7.8) 137.6 (17.4) 0.061

SBP, mmHg 129.3 (14.4) 139.6 (19.3) 0.278

DBP, mmHg 77.9 (11.5) 86.8 (10.9) 0.089

Glucose, mg/dL 100.4 (14.4) 96.7 (15.1) 0.569

HOMA-IR 3.1 (1.9) 5.1 (5.2) 0.383

Total cholesterol, mg/dL 182.2 (33.4) 171.1 (31.0) 0.264

HDL-cholesterol, mg/dL 48.4 (9.3) 42.6 (12.4) 0.136

LDL-cholesterol, mg/dL 111.0 (26.8) 105.5 (31.2) 0.610

Triglycerides, mg/dL 116.4 (48.3) 116.4 (37.7) 0.834

AST, U/L 20.2 (3.5) 30.9 (12.5) 0.192

ALT, U/L 31.6 (8.9) 45.4 (25.5) 0.291

GGT, U/L 24.4 (7.3) 46.7 (25.8) 0.038

CK-18/M30, U/L 64.3 (49.9) 237.9 (297.1) 0.002

Statistical analysis between study groups was performed with Mann-
Whitney U non-parametric tests. Results are given as the mean ± SD

Italic values meant statistical significance

NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis;
BMI, body mass index; HOMA-IR, insulin resistance index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HDL, high-density lipo-
protein; LDL, low-density lipoprotein; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; CK-
18/M30, M30 epitope of cytokeratin 18

Fig. 1 Serum levels of
sphingomyelins in obese subjects
with NASH. a Changes in serum
sphingomyelin (SM) levels in
NASH_RES vs N-NASH_RES
subjects 6 months after bariatric
surgery. b Serum levels of SM
species in NAFL vs NASH
subjects with severe obesity

Fig. 2 Heat map of the serum sphingomyelin profile in obese patients
with either NAFL or NASH. Average linkage was used as clustering
method for sphingomyelin species. Blue squares indicate a decrease in
relative lipid abundance while yellow squares represent an increase as
indicated by the scale bar (Log2 of the fold change, M6/M0)
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sphingomyelin species in obese patients who underwent several
bariatric procedures [27–30] and that the change in serum
lipidome after BS is highly dependent on the bariatric technique
[29, 30]. More recently, it has been described a decrease of uri-
nary sphingomyelins in adolescents with severe obesity after
Roux-en-Y gastric bypass (RYGB) [31]. Here, we described
for the first time the effect of SG in the serum levels of phospho-
lipids and sphingolipids in individuals with NASH. This bariatric
technique has been previously shown to be more effective than
RYGB for improving liver function in obese patients with
NASH [32]. Moreover, we show that obese individuals with
NASH have a different pattern of sphingomyelins in the circula-
tion compared to thosewithNAFL.Altogether, these resultsmay
suggest that these lipid species could be associatedwith the grade
of liver disease in obese subjects.

The results of this pilot study are limited to only a 6-month
follow-up after sleeve gastrectomy and need to be validated in
long-term follow-up studies utilizing larger cohorts. In addition,
diabetic patients are needed to be excluded from this study since
the OWLiver test has more limited diagnostic capability in this
study population [33].

In conclusion, we have demonstrated that the profile of circu-
lating sphingomyelins could be associated with the severity of
non-alcoholic fatty liver disease in obese subjects and that may
be used for the follow-up of obese subjects with NASH after
bariatric surgery. Our finding might suggest that strategies that
specifically lower SM species could be used for the treatment of
NASH in addition to weight loss and other metabolic improve-
ments in patients with severe obesity.
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