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Abstract 

Background  Specific ceramides have been identified as risk markers for cardiovascular disease (CVD) years 
before onset of disease. Treatment with the glucagon-like peptide-1 receptor agonist (GLP-1RA) liraglutide has been 
shown to induce beneficial changes in the lipid profile and reduce the risk of CVD. Reducing lipotoxic lipids 
with an antidiabetic drug therapy could be a path towards precision medicine approaches for the treatment of com‑
plications to diabetes. In this post-hoc study, an investigation was carried out on the effect of liraglutide on CVD-risk 
associated ceramides in two randomized clinical trials including participants with type 2 diabetes (T2D).

Methods  This study analyzed plasma samples from two independent randomized placebo-controlled clinical tri‑
als. The first trial, Antiproteinuric Effects of Liraglutide Treatment (LirAlbu12) followed a crossover design where 27 
participants were treated for 12 weeks with either liraglutide (1.8 mg/d) or placebo, followed by a four-week washout 
period, and then another 12 weeks of the other treatment. The second clinical trial, Effect of Liraglutide on Vascular 
Inflammation in Type-2 Diabetes (LiraFlame26), lasted for 26 weeks and followed a parallel design, where 102 partici‑
pants were randomized 1:1 to either liraglutide or placebo. Heresix prespecified plasma ceramides were measured 
using liquid chromatography mass spectrometry and assessed their changes using linear mixed models. Possible 
confounders were assessed with mediation analyses.

Results  In the LiraFlame26 trial, 26-week treatment with liraglutide resulted in a significant reduction of two cera‑
mides associated with CVD risk, C16 Cer and C24:1 Cer (p < 0.05) compared to placebo. None of the remaining cera‑
mides showed statistically significant changes in response to liraglutide treatment compared to placebo. Significant 
changes in ceramides were not found after 12-weeks of liraglutide treatment in the LirAlbu12 trial. Mediation analyses 
showed that weight loss did not affect ceramide reduction.
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Conclusions  It was demonstrated that treatment with liraglutide resulted in a reduction in C16 Cer and C24:1 Cer 
after 26 weeks of treatment. These findings suggest the GLP-1RA can be used to modulate ceramides in addition to its 
other properties.

Trial registration  Clinicaltrial.gov identifier: NCT02545738 and NCT03449654.

Keywords  Cardiovascular disease, Ceramide, Liraglutide, Type 2 diabetes

Background
Type 2 diabetes (T2D) is a chronic disease that can 
lead to comorbidities and excess mortality. The risk of 
cardiovascular (CV) disease (CVD) is increased with 
T2D, making CVD the leading cause of death among 
individuals with T2D [1, 2]. Ceramides are a class of 
lipids associated with lipotoxic signaling, inflamma-
tion and apoptosis [3]. They are present in the circula-
tion as part of low-density lipoprotein (LDL) and very 
low-density lipoprotein (VLDL) particles [4]. Recent 
studies have identified a set of specific ceramides that 
are strongly associated with the risk of CVD [5–9]. Spe-
cifically, Ceramide(d18:1/16:0), Ceramide(d18:1/18:0), 
Ceramide(d18:1/20:0), Ceramide(d18:1/22:0), Ceramide 
(d18:1/24:0) and Ceramide(d18:1/24:1), which will be 
referred to in their abbreviated names as C16 Cer, C18 
Cer, C20 Cer, C22 Cer, C24 Cer, and C24:1 Cer, respec-
tively. C16 Cer, C18 cer, and C24:1 Cer are associated 
with increased CVD risk [6, 9], while C22 Cer and C24 
Cer are associated with decreased CVD risk [7]. C20 
Cer and C22 Cer appear to be weaker CVD predictors as 
there have been conflicting reports [5, 8].

Individuals with T2D typically have elevated levels of 
C16 Cer, C18 Cer, C20 Cer and C24:1 Cer [10–12]. C16 
Cer, C18 Cer, C20 Cer, C22 Cer and C24 Cer have been 
associated with insulin resistance [13–15] and C18 Cer, 
C20 Cer and C22 Cer have been linked to the risk of 
developing T2D [16–19]. Improvement in insulin sen-
sitivity following gastric bypass surgery has been cor-
related with reduction in C18 Cer and C22 Cer levels, 
and low baseline levels of these ceramides were found to 
predict a higher likelihood of diabetes remission [20, 21]. 
Studies in mice have shown that reducing these cera-
mides can reduce insulin resistance [22–24] and devel-
opment of CVD [25, 26].

We previously demonstrated, in the trial called Effect 
of Liraglutide on Vascular Inflammation in Type-2 Dia-
betes (LiraFlame26), that treatment with the glucagon-
like peptide-1 receptor agonist (GLP-1RA) liraglutide 
(1.8 mg/d) downregulated several lipid species, including 
ceramides in individuals with T2D, using an untargeted 
lipidomic approach [27]. Conversely, GLP-1RAs, includ-
ing liraglutide, have been shown to reduce the risk of CV 
outcomes [28–31]. A better understanding of liraglutide’s 
effect on ceramide dynamics could provide insight into 

the observed cardioprotective effects of GLP-1RAs. By 
reducing lipotoxic molecules, drug therapies for diabe-
tes could facilitate managing diabetes and its complica-
tions. In this study, a post-hoc analysis were conducted of 
plasma ceramides from two randomized, double-blinded, 
placebo-controlled trials involving 27 and 102 individuals 
with T2D, respectively, to investigate the effect of liraglu-
tide treatment on the CVD biomarkers C16 Cer, C18 Cer, 
C20 Cer, C22 Cer, C24 Cer, and C24:1 Cer.

Methods
Participants and study design
Plasma samples for this study were acquired from par-
ticipants in two randomized clinical trials. The first trial, 
named Antiproteinuric Effects of Liraglutide Treatment 
(LirAlbu12), was a randomized double-blinded crossover 
clinical trial conducted at Steno Diabetes Center Copen-
hagen between 2015 and 2016. The trial, which aimed at 
studying the effect of liraglutide on albuminuria in T2D, 
has previously been described in detail [32]. In brief, the 
trial included participants with T2D who had persistent 
albuminuria (≥ 30  mg/g in at least 2 of 3 urine samples 
at inclusion) and who received renin-angiotensin-sys-
tem blocking therapy. The participants were randomly 
assigned to receive either 12  weeks of subcutaneous 
liraglutide (up to 1.8  mg/day) or placebo, in addition 
to standard care. After completing the first treatment 
regimen, the participants underwent a 4-week washout 
period before crossing over to the opposite treatment 
for the next 12  weeks. Plasma samples were collected 
before and after each treatment regimen and were ana-
lyzed for the 27 participants who completed the trial. The 
trial is registered at Clinicaltrial.gov under the identifier 
NCT02545738.

The second study included is a randomized double-
blinded parallel clinical trial here called LiraFlame26. 
LiraFlame26 was carried out to evaluate anti-athero-
genic effects of liraglutide in T2D, the protocol has pre-
viously been published [33]. The trial was conducted 
at Steno Diabetes Center Copenhagen between 2017 
and 2019 and recruited 102 participants with T2D who 
were randomized to either subcutaneous liraglutide (up 
to 1.8 mg/day) or placebo for 26 weeks. Plasma samples 
were collected at baseline and end of trial. LiraFlame26 
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was registered at Clinicaltrial.gov with the identifier 
NCT03449654.

Both trials were approved by regional ethics commit-
tee and the Danish Medicine Agency and followed the 
principles laid out by the Declaration of Helsinki and 
Good Clinical Practice. Participants provided written 
informed consent before their enrollment in the study.

Lipid analyses
Lipids were extracted from the plasma samples 
obtained from the LirAlbu12 trial using a modified 
Folch procedure previously reported [34, 35]. The sam-
ples were prepared in random order before being ana-
lyzed, and pooled samples and blanks were included 
between every 12 samples for quality control. A set cal-
ibration curve samples were analyzed at the start and 
in the end of the analytical run, using a serial dilution 
ranging between 0.25 – 200 µg/ml of the pure reference 
standards C16 Cer, C18 Cer and C24 Cer. The extracted 
samples were analyzed using an Infinity II ultra-high-
performance liquid chromatography system coupled 
with an Agilent 6550 quadrupole time-of-flight mass 
spectrometry from Agilent Technologies.

The raw mass spectrometry data from a previously 
published work of LiraFlame26 [27] were reanalyzed 
for this work, in parallel with and in the same manner 
as LirAlbu12. Preprocessing of the mass spectrometry 
data was carried out using MZmine2 v.2.28 [36], tar-
geting the six ceramides of interest in positive ioniza-
tion mode: C16 Cer, C18 Cer, C20 Cer, C22 Cer, C24 
Cer and C24:1 Cer. The ceramides produced a water 
loss adduct [M-H2O + H]+, used as the quantifier ion, 
and a protonated adduct [M + H]+, used as a quali-
fier ion [37]. The ceramide peaks in LirAlbu12 were 
normalized to a pure exogenous internal standard, 
Ceramide(d18:1/17:0) (C17 Cer), which was spiked 
into all samples at the same concentration. Calibration 
curves were constructed by linearly fitting the peak 
areas of the calibration curve standards, normalized by 
the internal standard, against their respective concen-
trations. Absolute quantification in the LirAlbu12 trial 
was carried out by fitting each ceramide to the closest 
standard curve. For C20 Cer, this meant fitting to the 
C18 Cer standard curve, while the C24 Cer standard 
curve was used to calculate the concentrations of C22 
Cer and C24:1 Cer. In contrast, no calibration curves 
were available for the LiraFlame26 trial, “amount” sig-
nifies ceramide peak area normalized to the exogenous 
standard, C17 Cer, absolute concentrations were not 
obtained. Outliers, defined as measures more than 
3 standard deviations away from the median, were 
truncated.

Statistical analyses
Baseline characteristics, presented as mean (SD) or n 
(%), were compared between the liraglutide and placebo 
groups using the chi-square test for categorical variables 
and ANOVA for continuous variables. These results were 
compiled into a table using the tableone package in R [38]. 
Nominal P-values were kept. To assess the changes in cera-
mide levels after each treatment, linear mixed models were 
built for each ceramide level as a function of treatment and 
time considering random effects between participants [27], 
using the lme4, lmerTest and ggeffects packages [39–41]. 
Changes were visualized with boxplots depicting ceramide 
amount before and after each treatment regimen using 
the ggplot2 and ggpubr packages [42, 43]. The ceramide 
changes from the linear mixed models were not adjusted. 
To assess whether the changes in ceramide levels were 
indirectly influenced by changes in other clinical variables 
affected by liraglutide treatment, linear regression models 
and causal mediation analysis from the R-package “media-
tion” was applied [44]. Specifically, body weight, HbA1c 
levels, and urine albumin excretion rate (UAER) was tested 
for mediation effects.

The LirAlbu12 study was designed as a crossover study, 
which allowed each participant to be their own control, 
thus increasing statistical confidence. For this reason 
ceramide changes of LirAlbu12 were also compared with 
paired t-test of the endpoints [32]. Correlation between 
the ceramides and possible confounders were explored 
with the following variables: HbA1c, weight, systolic 
blood pressure, age, diabetes duration, total cholesterol, 
LDL cholesterol, triglyceride, UAER, and estimated 
glomerular filtration rate (eGFR). Pearson correlation 
coefficients were calculated and the correlations were 
visualized using the Hmisc [45] and ggcorrplot packages 
[46]. A two-sided P-value < 0.05 was considered statisti-
cally significant. The final processing, statistics and vis-
ualizations was carried out in R v.4.2.0 [47], the code is 
available on Github: https://​github.​com/​Asger-W/​Lirag​
lutide-​Ceram​ides.

Results
Baseline characteristics
The baseline characteristics of the participants are 
summarized in Table  1 (LirAlbu12) and Table  2 (Lira-
Flame26). LirAlbu12 included 27 participants with T2D 
and albuminuria, with a mean (SD) age of 65.3 (7.3) years, 
diabetes duration of 14.8 (7.1) years and 18.5% (n = 5) 
women. LiraFlame26 involved 102 individuals with T2D 
randomized to either liraglutide or placebo treatment, 
with a mean (SD) age of 66.4 (8.2) years, diabetes dura-
tion of 13 (8.7) years and 15.7% (n = 16) women. At base-
line LiraFlame26 participants in the liraglutide group had 

https://github.com/Asger-W/Liraglutide-Ceramides
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by chance higher triglyceride levels compared to the pla-
cebo group 2.07 (1.19) vs. 1.56 (0.78) mmol/L (p = 0.013), 
but the studies were otherwise balanced. The baseline 
characteristics of the two trials were overall comparable.

Ceramides reduced by liraglutide treatment
Changes in ceramide levels were investigated using linear 
mixed models allowing for random effect between indi-
viduals. The ceramide amount was measured as the ratio 
of ceramide intensity divided by the intensity of pure 
standard (peak area of ceramide / peak area ceramide 

standard). At the end of LiraFlame26 the liraglutide 
group had significantly lower levels of C16 Cer and C24:1 
Cer compared to the placebo group. The estimated differ-
ences (SD) were -2.556*10–4 (1.260*10–4) and -1.342*10–2 
(6.680*10–3) for C16 Cer and C24:1 Cer respectively, 
with P-values of 0.045 and 0.047 (Table  3). Specifically, 
the mean C16 Cer level was 9.5% lower in the liraglu-
tide group after treatment compared to the placebo 
group, and the C24:1 Cer level was 18.4% lower (Fig. 1). 
The other investigated ceramides were not significantly 
altered by liraglutide treatment compared to placebo.

Table 1  Baseline characteristics LirAlbu12

Mean (SD), n (%) or median [IQR], groupwise comparison between liraglutide and placebo was carried out using chi square test for categorical variables and ANOVA 
for continuous variables

LDL Low-density lipoprotein, eGFR Estimated glomerular filtration rate, UAER: Urinary albumin excretion rate

Start of trial Total Before Liraglutide Before Placebo P-value

n 27 27 27

Age (years) 65.3 (7.3) 65.3 (7.3) 65.3 (7.3) 1

Woman 5 (18.5%) 5 (18.5%) 5 (18.5%) 1

Weight (kg) 99.5 (18.7) 100 (18.5) 99.5 (17.8) 0.923

Diabetes duration (years) 14.8 (7.1) 14.8 (7.1) 14.8 (7.1) 1

HbA1c (mmol/mol) 62 (10.7) 62.6 (11.6) 59.6 (12.1) 0.356

HbA1c (%) 7.8 (1) 7.9 (1.1) 7.6 (1.1) 0.356

Total cholesterol (mmol/L) 3.8 (0.9) 3.8 (1) 3.8 (0.8) 0.886

LDL (mmol/L) 1.88 (0.59) 1.82 (0.50) 1.86 (0.61) 0.768

Triglyceride (mmol/L) 2.20 (1.79) 1.99 (1.31) 2.26 (1.70) 0.518

Systolic blood pressure (mm Hg) 136 (18) 137 (16) 133 (15) 0.355

eGFR (mL/min/1.73m2) 75 (23) 75 (23) 73 (23) 0.783

UAER (mg/d) 8 [7-13] 9 [7-14] 8 [7-12] 0.967

Table 2  Baseline characteristics LiraFlame26

Mean (SD), n (%) or median [IQR], groupwise comparison between liraglutide and placebo was carried out using chi square test for categorical variables and ANOVA 
for continuous variables

LDL Low-density lipoprotein, Egfr Estimated glomerular filtration rate, UAER Urinary albumin excretion rate

Total Liraglutide Placebo P-value

n 102 51 51

Age (years) 66.4 (8.2) 65.9 (8.6) 66.9 (7.8) 0.556

Women 16 (15.7%) 6 (11.8%) 10 (19.6%) 0.414

Weight (kg) 91.2 (17.3) 94.5 (19.9) 87.9 (13.6) 0.055

Diabetes duration (years) 13 (8.7) 13.3 (9.1) 12.6 (8.3) 0.657

HbA1c (mmol/mol) 58.4 (10.1) 58.7 (9.6) 58 (10.6) 0.725

HbA1c (%) 7.5 (0.9) 7.5 (0.9) 7.5 (1) 0.725

Total cholesterol (mmol/L) 4.1 (0.8) 4.1 (0.8) 4.1 (0.8) 0.855

LDL (mmol/L) 2.10 (0.67) 2.05 (0.72) 2.15 (0.62) 0.476

Triglyceride (mmol/L) 1.81 (1.03) 2.07 (1.19) 1.56 (0.78) 0.013

Systolic blood pressure (mm Hg) 135 (17) 133 (14) 137 (20) 0.253

eGFR (mL/min/1.73m2) 83 (16) 83 (18) 84 (15) 0.746

UAER (mg/d) 2 [2-3] 3 [2-4] 2 [2-3] 0.201
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Table 3  Ceramide change following liraglutide

Linear mixed models were constructed for each ceramide in both trials with the following formula:

Ceramide ∼ Treatment + Time + Treatment : Time + (1|Participant ID)
*  Indicate P-value < 0.05

LirAlbu12 LiraFlame26

Estimated ceramide 
change

Standard Error P-value Estimated ceramide 
change

Standard Error P-value

C16 Cer -0.033 0.028 0.240 -2.556*10–4 1.260*10–4 0.045*

C18 Cer -0.015 0.033 0.639 -6.000*10–4 3.459*10–4 0.086

C20 Cer -0.031 0.053 0.559 2.953*10–5 2.629*10–5 0.264

C22 Cer -0.239 0.252 0.344 -1.272*10–4 1.690*10–4 0.454

C24 Cer -1.006 1.075 0.352 -3.108*10–2 1.929*10–2 0.110

C24:1 Cer 0.089 0.326 0.786 -1.342*10–2 6.680*10–3 0.047*

Fig. 1  Ceramide distribution at different time points. Boxplots of ceramides before and after liraglutide and placebo in (A) 
LirAlbu12 and (B) LiraFlame26. Line graphs of C16 Cer amount per week over the two trials, modeled as linear mixed models: 
Ceramide ~ Treatment + Time + Treatment:Time + (1|Participant ID), for (C) LirAlbu12 and (D) LiraFlame26. The ceramide amount was measured 
as the ratio of ceramide intensity divided by the intensity of pure standard (peak area of ceramide / peak area ceramide standard)
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The ceramides change of the LirAlbu12 trial were not 
significantly different between liraglutide and placebo 
treatment in the linear mixed models (Table  3). Paired 
t-test of end-to-end differences in the LirAlbu12 trial 
showed that 12-week liraglutide treatment led to signifi-
cantly lower levels of C16 Cer (p = 0.039) and C24 Cer 
(p = 0.045) compared to placebo (Supplementary Table 1).

Ceramides in relation to weight and other outcomes
Liraglutide can induce weight loss and lower blood 
glucose, which have been observed in the clinical tri-
als examined here [32, 33], an investigation was carried 
out determining if weight loss or lower HbA1C mediated 
changes to the ceramides. Weight loss did not medi-
ate changes in ceramides levels in any of the trials, with 
p > 0.05 for the average causal mediation effect (ACME) 
(Table 4). Thus, body weight loss is not a requirement for 
lowering ceramides with liraglutide. Mediation analy-
sis showed divergent results for HbA1c. The LirAlbu12 
trial suggested that changes in HbA1c may be influencing 
some of the changes seen in C16 Cer, C22 Cer, and C24 
Cer, mediation, assessed by ACME, showed P-values of 
0.034, 0.028, and 0.008, respectively (Table 5). In contrast 
no indication of mediation for HbA1c was found in the 
LiraFlame26 trial.

Analysis of correlations between ceramide concentra-
tions and outcome variables were investigated, to bet-
ter understand their relationship. The ceramides were 
positively correlated with other lipid measures such 
as triglycerides and total cholesterol (correlation esti-
mates between 0.19–0.55, p < 0.05), but not LDL choles-
terol (Supplementary Fig.  1), adjusting the linear mixed 
models for these lipid measures did not affect the result, 
except when adjusting for triglycerides, here C16 Cer 
and C24:1 Cer lost statistical significance in the Lira-
Flame26 trial (Supplementary Tables 2, 3 and 4) No cera-
mide showed significant correlation to blood pressure or 
weight loss.

In the LirAlbu12 trial C20 Cer, C22 Cer and C24 Cer 
all showed significant correlation to HbA1c with esti-
mates (95% CI) 0.23 (0.042; 0.407), 0.21 (0.02; 0.388), 0.23 
(0.035; 0.401) and p = 0.017, 0.031, 0.021 respectively. 
However, no such correlation between ceramides and 
HbA1c was found in the LiraFlame26 trial.

In the LiraFlame26 trial, C24 Cer and C24:1 Cer show 
positive correlation and C20 Cer show a negative corre-
lation to UAER. In contrast, all investigated ceramides in 
the LirAlbu12 trial showed a significant positive correla-
tion to UAER (correlation estimates between 0.22–0.49), 
one the main outcomes of the LirAlbu12 trial. Previ-
ous studies have found associations between kidney dis-
ease and ceramides [48, 49], thus mediation of UAER on 
ceramide change were investigated. Changes in UAER 

appeared to mediate the changes of C20 Cer, C22 Cer, C24 
Cer and C24:1 Cer, but not C16 Cer, mediation, assessed 
by ACME, resulted in P-values of 0.03, 0.016, 0.008, 0.026 
and 0.872 respectively in the LirAlbu12 trial. No indica-
tion of UAER mediation was found in the LiraFlame26 
trial with all ACME p > 0.05 (Supplementary Table 5).

Discussion
Understanding the potential influence of GLP-1RA on 
ceramides holds promise for improving CVD risk man-
agement in people with T2D, this is especially true if 
ceramides are found to be causative of CVD as has been 
suggested in a recent review [50]. In that case, a precision 
medicine approach would be to use GLP1-RA for lower-
ing ceramides and hence CVD risk in the at-risk patients.

This study examined the impact of liraglutide treatment 
on ceramides that have previously been shown associated 
with CV risk and all-cause mortality. The results showed 
that individuals treated with liraglutide had significantly 
lower levels of C16 Cer and C24:1 Cer compared to pla-
cebo treated after 26-weeks of treatment, but not after 
12  weeks suggesting liraglutide treatment needs to be 
sustained for more than 12  weeks to induce significant 
changes to the ceramide levels. While not all the cera-
mides investigated reached changes that were statistical 
significance, there was a consistent trend of decreasing 
ceramide levels following liraglutide treatment across 
two independent clinical trials.

Therapy for ceramide reduction
The findings presented here correspond well with previous 
studies on the effects of liraglutide and other GLP-1RAs 
on ceramides [12, 51–54]. One study, on people with obe-
sity (n = 32), found that after one year of follow-up, those 
treated with liraglutide (1.2  mg/d) maintained a stable 
level of C16 Cer, whereas those without liraglutide treat-
ment had an increase in the level of C16 Cer [52]. Jendle 
et  al. reported a decrease in ceramides after 18  weeks of 
treatment with liraglutide (1.8  mg/d) and the sulfonylu-
rea glimepiride (4  mg/d) respectively, in individuals with 
T2D (n = 62), ceramides decreased more with liraglutide 
treatment than with glimepiride [53]. In the phase 2 trial 
for tirzepatide, a dual-agonist activating both the GLP-1 
and the glucose-dependent insulinotropic polypeptide 
receptors, people (n = 314) with T2D were randomized 
to placebo or tirzepatide treatment for 26 weeks. The lev-
els of C22 Cer and C24 Cer were lower in people treated 
with tirzepatide (15  mg/w) in comparison to the placebo 
group [51]. Zhang et al. investigated the GLP-1RA exena-
tide and reported unchanged ceremide levels for the six 
ceramides in people (n = 35) with T2D after 12  weeks of 
exenatide treatment (20 µg/d) [12], there are many possible 
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explanations as these are two different drug molecules, and 
overall, the results were in line with our 12 weeks results. 
Taken together, these findings suggest that lowering of 
ceramide is a likely effect of GLP-1RAs treatments, but 
to a varying extent. Furthermore, several studies reported 
improvements in lipoprotein profiles following treatment 
with liraglutide [55–58], indicating that its effects on the 
lipidome may not be limited to ceramides. The lipid modu-
lating effects of liraglutide and other GLP-1RAs are worth 
considering when selecting treatments for individuals with 
T2D, particularly for those with highest CVD risk.

Ceramide in relation to clinical outcomes
The LiraFlame26 trial showed fewer correlations 
between ceramides and other risk factors compared to 
the LirAlbu12 trial. These differences could be because 
the number of participants was smaller in the LirAlbu12 
trial or because of the crossover design, led to lower cera-
mide variation. Interestingly, weight loss did not mediate 
the reduction of ceramide levels in these studies. This is 
in agreement with Akawi et  al. who observed suppres-
sion of C16 Cer following one year liraglutide treatment 
(1.2  mg/d) compared to placebo (n = 32), but did not 
observe changes in BMI [52]. Other studies have observed 
a simultaneous reduction of ceramide levels and weight, 
but have not investigated, whether the weight loss medi-
ates the reduction in ceramide levels [20, 59, 60].

It is worth noting that, unlike the LiraFlame26 trial, the 
LirAlbu12 trial had an inclusion criterion on albuminuria. 
Mediation analysis suggested that some of the observed 
effect of ceramides reduction in the LirAlbu12 trial could 
be mediated by a reduction in HbA1C and UAER. The cer-
amides investigated in the present study have previously 
been linked to kidney disease. A study by Liu et al. found 
that C16 Cer levels were significantly higher in people with 
overt diabetic kidney disease [48]. Similarly, Mantovani 
et  al. found increased levels of all six ceramides, investi-
gated in this paper, in people with chronic kidney disease 
compared to those without chronic kidney disease [49]. 
Comparable findings have been made in a mouse model 
[61]. As lower UAER and lower ceramide levels both are 
linked to improved kidney health, a correlation between 
UAER and ceramide levels could be expected.

This study demonstrated that 26-week liraglutide treat-
ment lowered C16 Cer and C24:1 Cer levels in individu-
als with T2D, compared to placebo, despite the effect of 
ceramide change was relatively modest and the interindi-
vidual differences showed high variation.

Strengths and limitations
A strength of the present study is that it combines the 
effects observed in two independent trials one with a 
crossover and one with a parallel trial design.

A limitation for this post-hoc study is that it was not 
designed with ceramides as an outcome. More studies are 
needed to determine if longer treatment with liraglutide 
can significantly reduce the concentrations of ceramides 
associated to CVD. Additionally, this study did not con-
trol for diet, exercise, or medication changes, all of which 
could affect ceramide levels.

Conclusions
Here an investigation was carried out on the impact of 
liraglutide treatment on ceramides in two clinical tri-
als including individuals with T2D, as the ceramides a 
known to be associated with CVD risk. C16 Cer and 
C24:1 Cer was significantly reduced following 26-weeks 
liraglutide treatment compared to placebo and that more 
than 12-weeks of treatment is needed to achieve sig-
nificant ceramide lowering. These results suggest that 
liraglutide treatment can be used as a ceramide lower-
ing intervention which could potentially have significant 
implications in precision medicine initiatives for CV risk. 
However, further research is needed to determine if low-
ering of ceramides translates to decreased CV risk.
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