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The effect of liraglutide
and sitagliptin on oxidative stress
in persons with type 2 diabetes
Suvanjaa Sivalingam1*, Emil List Larsen2, Daniel H. van Raalte3, Marcel H. A. Muskiet3,
Mark M. Smits3, Lennart Tonneijck3, Jaap A. Joles4, Bernt Johan von Scholten1,
Emilie Hein Zobel1, Frederik Persson1, Trine Henriksen2, Lars Jorge Diaz1, Tine W. Hansen1,
Henrik Enghusen Poulsen2,5 & Peter Rossing1,5
Glucagon-like peptide 1 receptor agonists have shown cardioprotective effects which have been
suggested to be mediated through inhibition of oxidative stress. We investigated the effect of
treatment with a glucagon-like peptide 1 receptor agonist (liraglutide) on oxidative stress measured as
urinary nucleic acid oxidation in persons with type 2 diabetes. Post-hoc analysis of two independent,
randomised, placebo-controlled and double-blinded clinical trials. In a cross-over study where persons
with type 2 diabetes and microalbuminuria (LIRALBU, n = 32) received liraglutide (1.8 mg/day) or
placebo for 12 weeks in random order, separated by 4 weeks of wash-out. In a parallel-grouped study
where obese persons with type 2 diabetes (SAFEGUARD, n = 56) received liraglutide (1.8 mg/day),
sitagliptin (100 mg/day) or placebo for 12 weeks. Endpoints were changes in the urinary markers
of DNA oxidation (8-oxo-7,8-dihydro-2′-deoxyguanosine (8-oxodG)) and RNA oxidation [8-oxo7,8-dihydroguanosine (8-oxoGuo)]. In LIRALBU, we observed no significant differences between
treatment periods in urinary excretion of 8-oxodG [0.028 (standard error (SE): 0.17] nmol/mmol
creatinine, p = 0.87) or of 8-oxoGuo [0.12 (0.12) nmol/mmol creatinine, p = 0.31]. In SAFEGUARD,
excretion of 8-oxodG was not changed in the liraglutide group [2.8 (− 8.51; 15.49) %, p = 0.62] but a
significant decline was demonstrated in the placebo group [12.6 (− 21.3; 3.1) %, p = 0.02], resulting
in a relative increase in the liraglutide group compared to placebo (0.16 nmol/mmol creatinine, SE
0.07, p = 0.02). Treatment with sitagliptin compared to placebo demonstrated no significant difference
(0.07 (0.07) nmol/mmol creatinine, p = 0.34). Nor were any significant differences for urinary excretion
of 8-oxoGuo liraglutide vs placebo [0.09 (SE: 0.07) nmol/mmol creatinine, p = 0.19] or sitagliptin vs
placebo [0.07 (SE: 0.07) nmol/mmol creatinine, p = 0.35] observed. This post-hoc analysis could not
demonstrate a beneficial effect of 12 weeks of treatment with liraglutide or sitagliptin on oxidatively
generated modifications of nucleic acid in persons with type 2 diabetes.
Abbreviations
8-oxodG	8-Oxo-7,8-dihydro-2′-deoxyguanosine
8-oxoGuo	8-Oxo-7,8-dihydroguanosine
GLP-1	Glucagon-like peptide 1
DPP4	Dipeptyl-peptidase 4
eGFR	Estimated glomerular filtration rate
SD	Standard deviation
SE	Standard error
T2D	Type 2 diabetes
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Oxidative stress represents an imbalance between oxidants and antioxidants in favour of oxidants1, that leads
to oxidative modifications of cellular components such as peptides, lipids and nucleic acids or disrupt redox
signalling2,3. Multiple markers of oxidative stress indicate that oxidative stress is increased in persons with
prediabetes or type 2 diabetes (T2D) compared to healthy controls, and has been associated with the development of micro- and macrovascular complications to T2D4–8. Furthermore, oxidative stress has been associated
with other cardiovascular risk factors such as higher age, dyslipidaemia, smoking, hypertension and o
 besity8–11.
Recently, two independent cohort studies also demonstrated that oxidative modifications of RNA, but not DNA,
were associated with higher risk of cardiovascular mortality in persons with T2D12,13.
A recognized and validated method to assess oxidative stress is through measurement of oxidatively generated modifications of DNA and RNA as the excretion of 8-oxo-7,8-dihydro-2′-deoxyguanosine (8-oxodG) and
8-oxo-7,8-dihydroguanosine (8-oxoGuo) in the urine, r espectively14.
Different pharmacological treatments have been suggested to influence oxidative s tress15. Treatment with liraglutide, an analogue of human glucagon-like peptide 1 (GLP-1), has multiple effects including reduction in blood
glucose, weight, blood pressure, albuminuria and lipid levels16. Treatment with sitagliptin, a dipeptidyl-peptidase
4 (DPP4) inhibitor has mainly effect on blood glucose17. Targeting the incretin system is the mechanism of action
for both GLP-1 and DPP4. Large cardiovascular outcome studies have demonstrated that treatment with GLP-1
receptor agonists can reduce the risk of cardiovascular mortality and morbidity18. There is no convincing evidence
that points to a single mechanism that can explain this cardiovascular b
 enefit19. This could be mediated by the
effects of liraglutide treatment on cardiovascular risk factors described above, while it has also been suggested
that liraglutide treatment prevents the progression of chronic inflammation by a reduction in oxidative stress20.
Recently, it has been demonstrated that treatment with liraglutide reduced lipid peroxidation compared to
treatment with metformin in persons with T
 2D21. Treatment with teneligliptin, a DPP4 inhibitor, has also been
demonstrated to reduce urinary DNA o
 xidation22.
The aim of this post-hoc analysis was primarily to evaluate the effect of treatment with a GLP-1 receptor
agonist on oxidative DNA and RNA modifications assessed as the urinary excretion of 8-oxodG and 8-oxoGuo,
secondary the effect of treatment with a DPP4 inhibitor was evaluated. The analysis was conducted independently in two randomised clinical trials 1) LIRALBU (The effect of liraglutide on renal function: A randomised
clinical trial); and 2) SAFEGUARD (Safety Evaluation of Adverse Reactions in Diabetes). These studies included
persons with T2D and albuminuria or with T2D and obesity, respectively. We hypothesised that treatment with
liraglutide reduces oxidative stress and thus the urinary excretion of 8-oxodG and 8-oxoGuo, and that this may
explain some of the cardioprotective effects.

Methods

LIRALBU.

The LIRALBU trial16 was a randomised, placebo-controlled, double-blinded, cross-over study
including persons with T2D and microalbuminuria (n = 32). The study enrolled persons with T2D (WHO criteria), a glycated haemoglobin (HbA1c) ≥ 48 mmol/mol (6.5%), persistent albuminuria (> 30 mg/g in at least
2 out of 3 consecutive morning urine samples) and prescribed stable renin–angiotensin–aldosterone system
blocker treatment. Key exclusion criteria included clinical heart failure and estimated glomerular filtration rate
(eGFR) < 30 ml/min/1,73 m2. The aim of the original trial was to assess the effect of liraglutide on albuminuria
as a marker of kidney damage16. Here we report the results of a post-hoc analysis of oxidative stress measured in
the urine before and after liraglutide treatment.
Participants were randomly assigned in a 1:1 ratio to (1) 12 weeks liraglutide + standard therapy, followed
by 4 weeks washout, and then 12 weeks placebo + standard therapy or (2) 12 weeks placebo + standard therapy,
followed by 4 weeks washout, and then 12 weeks liraglutide + standard therapy (Fig. 1, panel a). Liraglutide/
matching placebo started at 0.6 mg daily for seven days, was escalated to 1.2 mg for additional seven days, and
lastly escalated to 1.8 mg daily for the remaining 10 weeks. Participants were recruited from Steno Diabetes
Center Copenhagen, Denmark from April to October 2015. The study was approved by the Ethics Committee
in the Capital Region of Denmark and was registered at ClinicalTrials.gov (NCT02545738).

SAFEGUARD.

The SAFEGUARD trial23 was a randomised, double-blinded, placebo-controlled, parallel
group study including persons with T2D and obesity (n = 56). In short, participants included were men or postmenopausal women aged 35–75 years, HbA1c 6.5–9.0% (48–75 mmol/mol), body mass index of 25–40 kg/m2
and treated with a stable dose of metformin and/or sulfonylurea for ≥ 3 months before enrolment. Key exclusion
criteria included eGFR < 60 mL/min/1.73 m2.
The aim of the original trial was to assess the renal effect of liraglutide and sitagliptin in persons with T2D
and obesity23.
Participants were randomly assigned (1:1:1) to 12 weeks treatment with liraglutide, sitagliptin or placebo
(Fig. 1, panel b). Participants randomised to liraglutide received matching placebo prefilled pens, participants
randomised to sitagliptin received matching placebo capsules and participants randomised to placebo received
placebo prefilled pens and placebo capsules. Liraglutide/matching placebo started with 0.6 mg once daily during the first week, 1.2 mg once daily during the second week, and 1.8 mg once daily during the remainder of the
study. Sitagliptin/matching placebo was 100 mg once daily for 12 weeks. The participants were recruited from
the Diabetes Centre of the VU University Medical Center in Amsterdam, Netherlands. The study was approved
by the local Ethics Review Board (2012/391) and the National Central Committee on Research Involving Human
Subjects (NL41701.029.12). The study was registered at ClinicalTrials.gov (NCT01744236).
Both studies were conducted according to the Declaration of Helsinki and Good Clinical Practice. All participants gave written informed consent before any study procedure was initiated.
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Figure 1.  (a) Study design: The LIRALBU study. (b) Study design: The SAFEGUARD study.
Laboratory procedures. Urine samples were stored at – 80 °C until analysis. The samples were shipped on dryice to the Laboratory of Clinical Pharmacology, Copenhagen, Denmark. Urinary excretion of 8-oxodG and
8-oxoGuo were determined by ultra-performance liquid chromatography tandem mass spectrometry (UPLCMS/MS). Detailed description of the method and quality control is available e lsewhere24. In brief, samples were
heated to 37 °C and centrifuged (10,000 g) for 5 min, chromatographic separation by Acquity UPLC I-class
system (Waters, Milford, USA) with an Acquity UPLC BEH Shield RP18 column and a VanGuard precolumn
(Waters), and MS/MS detection by a Xevo TO-S triple quadrupole mass spectrometer (Waters) with a negative
ionization electrospray mode24. Urine creatinine was determined by Jaffes method.

Statistical analysis. The urinary excretion of 8-oxodG and 8-oxoGuo was non-normally distributed and,

thus, log-transformed before all analysis.
To analyse the effect within each treatment group, we performed a paired-samples t-test to calculate the
average difference with 95% confidence interval (CI), and a P value testing the null hypothesis that the mean
difference was zero.
The SAS Enterprise Guide 7.1 was applied for all analyses and a two-sided p value < 0.05 was considered
significant.

LIRALBU.

Differences were tested using (1) Paired samples t-test for comparisons between baseline and
end-of-treatment for the liraglutide and the placebo treatment period, respectively (descriptive); and (2) linear
mixed-effects models with a participant-specific random intercept to account for the correlation of repeated
measurements within participants. Comparison of the change from baseline to end-of-treatment in the liraglutide treatment period vs the placebo treatment period was analysed (primary analysis). To examine the
assumption of no carryover, we included a carryover-parameter in the linear model and tested for significance.
Additional models included adjustment for change in weight, systolic blood pressure, and HbA1c within each
treatment period.

SAFEGUARD. Differences were tested using (1) Paired samples t-test for comparisons between baseline
and end-of-treatment for the liraglutide, sitagliptin and the placebo treatment groups (descriptive); and (2)
ANCOVA for comparison of the change from baseline to end-of-treatment for the liraglutide vs placebo (priScientific Reports |
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LIRALBU (n = 23)

SAFEGUARD (n = 47)

Age (years)

64.7 (7.6)

62.8 (6.5)

Male (%)

82.6%

78.7%

BMI (kg/m2)

32 (5.3)

32 (3.9)

Diabetes duration (years)

14.3 (7.2)

–

HbA1c (%)

7.8 (3.1)

7.2 (0.6)

Albuminuria (mg/g)

183 (100–157)

9.6 (4.1–25.9)

Systolic blood pressure (mm Hg)

140 (17.9)

136 (15.1)

Diastolic blood pressure (mm Hg)

76 (11.1)

77 (6.7)

Table 1.  Clinical characteristics at baseline. Data are presented as %, mean (SD) or median (IQR).

Placebo period
Mean (CI 95%)

Mean (CI 95%)

% change (95% CI)

Mean (CI 95%)

Mean (CI 95%)

% change (95% CI)

1.13 (1.01; 1.28)

1.14 (0.99; 1.29)

0.23 (− 0.71; 8.14)

1.14 (1.03; 1.33)

1.24 (1.08; 1.42)

9.09 (− 0.92; 20.11)

0.87

1

8-oxodG nmol/mmol
urinary creatinine

Liraglutide period

3
P-value for comparison
between the liraglutide
and placebo period

Baseline

End-of-treatment

2

8-oxoGuo nmol/mmol
urinary creatinine

1.98 (1.72; 2.27)

1.89 (1.61; 2.22)

Baseline

End-of-treatment

p = 0.95

− 3.32 (− 13.52; 8.07) 1.99 (1.73; 2.29)

p = 0.07
2.07 (1.82; 2.33)

p = 0.54

2.02 (− 7.49; 12.50)

0.31

p = 0.68

Table 2.  Outcome measures for the LIRALBU trial. 1 Geometric mean with 95% confidence interval. 2 Pairedsamples t-test. 3 Unadjusted linear mixed effects.

mary analysis) group and the sitagliptin vs placebo group. Additional models included adjustment for baseline
weight, systolic blood pressure, and HbaA1c.

Results

LIRALBU.

A total of 32 participants were randomised, 5 participants withdrew from the study due to gastrointestinal side effects. Measurement of urinary excretion of 8-oxodG and 8-oxoGuo was not possible in 4
participants due to missing urine samples. Thus, the current analysis included 23 of the 27 participants included
in the analysis of the primary endpoint (effect of liraglutide on albuminuria)16. The baseline characteristics of
the 27 participants have been published in the primary publication16. No significant difference in the baseline
characteristics between the participants who were randomised and who completed the study were observed. The
baseline characteristics of the 23 participants included in this analysis are shown in Table 1. The majority were
men (n = 19 (82.6%)), the mean (SD) age was 64.7 (7.6) years, diabetes duration was 14.3 (7.2) years, the body
mass index was 32 (3.9) kg/m2, and the HbA1c concentration was 7.8 (3.1)% (62.0 (10.2) mmol/l).
Mean relative change (CI 95%) in urinary excretion of 8-oxodG from baseline to end-of-treatment was
9.09 (− 0.92; 20.11) %, (p = 0.07) for the liraglutide treatment period and 0.23 (− 0.71; 8.14)%, (p = 0.95) for the
placebo treatment period, with no difference between treatment periods either before [(0.028 (SE: 0.17) nmol/
mmol creatinine, p = 0.87)] nor after (p = 0.23) adjustment.
Mean relative change in urinary excretion of 8-oxoGuo from baseline to end-of-treatment was 2.02 (− 7.49;
12.50) %, (p = 0.68) for the liraglutide treatment period and 3.32 (− 13.52; 8.07) %, (p = 0.54) for the placebo treatment period, with no difference between treatment periods either before [(0.12 (SE: 0.12) nmol/mmol creatinine,
p = 0.31)] nor after (p = 0.50) adjustment (Tables 2 and 3 and Fig. 2). No carry over effects were observed (p ≥ 0.4).

SAFEGUARD. A total of 56 participants were randomised and treated for 12 weeks with liraglutide (n = 19),
sitagliptin (n = 20), or matching placebo (n = 17). Measurements of urinary excretion of 8-oxodG and 8-oxoGuo
were missing in 9 participants (3 in each treatment group), thus the current analysis included 47 participants.
Baseline characteristics were equally distributed in the three treatment groups as previously published25. The
baseline characteristics of the total study population is shown in Table 1. Thirty-seven (78.7%) were men, the
mean (SD) age was 62.8 (6.5) years, the body mass index was 32 (5.3) kg/m2, and the H
 bA1c concentration was
7.2 (0.6) % (55.9 (6.6) mmol/mol) (Table 1).
Mean change in urinary excretion of 8-oxodG from baseline to end-of-treatment was 2.8 [(− 8.51; 15.49)%,
p = 0.62] for the liraglutide treated group, 6.7 [(− 14.50; 1.95)%, p = 0.12] for the sitagliptin treated group and 12.6
[(2 1.3; 3.1) %, p = 0.02] for the placebo treated group, with a significant larger increase in excretion of 8-oxodG
in the group treated with liraglutide compared to placebo [0.16, (SE 0.07), p = 0.02]. Treatment with sitagliptin
compared to placebo demonstrated no significant difference [0.07 (SE: 0.07) nmol/mmol creatinine, p = 0.34].
Mean change in urinary excretion of 8-oxoGuo from baseline to end-of-treatment was 5.9 [(− 4.72; 17.64) %,
p = 0.27] for the liraglutide treated group, 2.9 [(− 8.15; 15.29) %, p = 0.60] for the sitagliptin treated group and 3.7
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Placebo (n = 14)

Liraglutide (n = 16)

Sitagliptin (n = 17)

Baseline

EOT*

Baseline

EOT

Baseline

EOT

Mean (CI
95%)

Mean (CI
95%)

% change
(95% CI)

Mean (CI
95%)

Mean (CI
95%)

% change
(95% CI)

3

Mean (CI
95%)

Mean (CI
95%)

% change
(95% CI)

1.52 (1.25;
1.84)

1.34 (1.08;
1.63)

− 12.6 (− 21.1; 1.32 (1.09;
−3.1)
1.62)

1.36 (1.23;
1.65)

2.8 (− 8.51;
15.49)

0.02

1.31
(1.12;1.55)

1.23
(1.03;1.46)

− 6.7 (− 14.50;
0.34
1.95)

1

8-oxodG
nmol/mmol
urinary
creatinine

2

p = 0.02

8-oxoGuo
nmol/mmol
urinary
creatinine

1.95 (1.72;
2.2)

1.88 (1.59;
2.18)

p = 0.62

− 3.7 (− 11.85; 1.69 (1.43;
5.19)
1.99)
p = 0.37

p-value

1.79 (1.58;
2.01)

5.9 (− 4.72;
17.64)

4

p-value

p = 0.12
0.19

p = 0.27

1.84 (1.63;
2.1)

1.91 (1.65;
2.2)

2.9 (− 8.15;
15.29)

0.35

p = 0.60

Table 3.  Outcome measures for the SAFEGUARD trial. 1 Geometric mean with 95% confidence interval.
2
Paired-samples t-test. 3 Unpaired-samples t-test: change in the liraglutide treated group compared to placebo
in urinary excretion of 8-oxodG and 8-oxoGuo. 4 Unpaired-samples t-test: change in the sitagliptin treated
group compared to placebo in urinary excretion of 8-oxodG and 8-oxoGuo. *End-of-treatment.

Figure 2.  The LIRALBU study: GG-plot demonstrating individual effects after 12 weeks of liraglutide or
placebo treatment in urinary excretion of 8-oxo-7,8-dihydroguanosine (8-oxoGuo) and 8-oxo-7,8-dihydro-2′deoxyguanosine (8-oxodG). Geometric mean with 95% confidence interval limits is shown.
[(− 11.85; 5.19)%, p = 0.37] for the placebo treated group, with no difference between change in the liraglutide vs
placebo treated groups [0.09 (SE: 0.07) nmol/mmol creatinine, p = 0.19] or change in the sitagliptin vs placebo
treated groups (0.07 (SE: 0.07) nmol/mmol creatinine, p = 0.35). These results remained non-significant after
adjustment (Tables 2 and 3 and Fig. 3).

Discussion

Treatment with liraglutide reduces cardiovascular events in persons with type 2 diabetes and high cardiovascular
risk, but the mechanism behind this cardiovascular benefit is not fully understood. The LIRALBU study could
not demonstrate a reduction in 8-oxodG or 8-oxoGuo within liraglutide treatment compared to placebo after
12 weeks treatment in participants with T2D and albuminuria. The SAFEGUARD study demonstrated a statistically significant difference in urinary excretion of 8-oxodG in the liraglutide treated group compared to the placebo treated group after 12 weeks treatment in participants with T2D and obesity. This finding is probably mainly
driven by the unexpected reduction of 8-oxodG in the placebo group as the liraglutide group was unchanged.
Oxidative stress is associated with development of diabetes and diabetic c omplications4 including cardiovascular disease26,27. In a previous study, it was demonstrated that high urinary excretion of 8-oxoGuo is associated
with cardiovascular mortality in patients with T
 2D12,13. In a randomised clinical trial including 104 subjects
with T2D, the effect of rosuvastatin treatment compared to standard care on DNA oxidation was investigated.
Rosuvastatin treatment decreased the urinary excretion of 8-oxodG compared to standard c are28. Another study
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Figure 3.  The SAFEGUARD study: GG-plot illustrating individual effects after 12 weeks of liraglutide,
sitagliptin or placebo treatment in urinary excretion of 8-oxo-7,8-dihydroguanosine (8-oxoGuo) and 8-oxo-7,8dihydro-2′-deoxyguanosine (8-oxodG). Geometric mean with 95% confidence interval limits is shown.
with 32 participants with T2D and nephropathy receiving losartan alone or losartan + imidapril for 48 weeks
showed that combination therapy decreased urinary excretion of 8-oxodG more than losartan a lone29. The
enzyme-linked immunosorbent assay (ELISA) was applied in both studies.
Liraglutide has been shown to reduce oxidative stress in experimental studies of endothelial cells from human
umbilical veins due to anti-inflammatory e ffects30, and this beneficial effect on oxidative stress has been suggested
to contribute to the cardioprotective effect30.
Previous clinical studies have described conflicting results of the effects of liraglutide on different biomarkers
of oxidative stress. A randomised clinical trial including 60 participants with newly diagnosed T2D investigated
the effect of treatment with liraglutide or metformin on oxidative stress and endothelial function evaluated as
changes in malondialdehyde and protein carbonyls21. Malondialdehyde and protein carbonyls are biomarkers of
lipid peroxidation and protein oxidation, r espectively31. A significant decrease in malondialdehyde and protein
carbonyl concentrations were observed after treatment with liraglutide for 6 months compared to treatment with
metformin only. Furthermore, the lower concentrations of malondialdehyde were associated with reduced left
ventricular myocardial deformation and improved vascular function, indicating a possible mechanism for the
cardioprotective effect of l iraglutide21.
In contrast, a recent study including 92 persons with T2D randomised into a group receiving treatment with
liraglutide on top of insulin and a group treated solely with insulin for 12 weeks could not demonstrate an effect
on malondialdehyde concentration in the liraglutide treated g roup32.
In the SAFEFUARD study we could not demonstrate an effect of treatment with sitagliptin compared to
placebo. The effect of DPP4 inhibitors on oxidative stress in persons with TD2 and chronic kidney disease has
been investigated in a randomised clinical trial (n = 45) comparing the effect of treatment with teneligliptin
compared to sitagliptin. Participants treated with sitagliptin were randomised to treatment for 24 weeks with
either teneligliptin or sitagliptin. In the teneligliptin treatment group, a significant decrease in urinary excretion
of 8-oxodG was demonstrated. No change in urinary excretion of 8-oxodG was observed in the group treated
with sitagliptin22. However, another study including 30 persons with T2D could not demonstrate any significant
change in urinary excretion of 8-oxodG in participants treated with linagliptin, another DPP4 i nhibitor33. This
suggests that the possible effect of DPP4 inhibitors on oxidative stress might be different depending on the type
of medication but larger studies are needed to confirm t his22.
Cardiovascular outcome trials with DPP4 inhibitors has so far demonstrated safety but no cardiovascular
benefit, in contrast to several GLP-1 receptor agonist studies demonstrating reduction in major adverse cardiovascular events, including the liraglutide study L
 EADER18.
Our studies, LIRALBU and SAFEGUARD, consistently failed to demonstrate a reduction in oxidative stress,
assessed as DNA and RNA oxidation measured by liquid chromatography coupled with mass spectrometry, a
method which previously has been used to identify subjects with high risk of cardiovascular m
 ortality12. This
would suggest that reduction in oxidative stress is not the mechanism contributing to the cardiovascular benefit
of GLP-1 receptor agonists. It took several years for the benefit of liraglutide on cardiovascular disease to become
apparent in the LEADER study, and our studies only lasted for 12 weeks, so it cannot be excluded that the treatment period was too short to capture an effect.
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The strengths of our study include 1) two independent randomised controlled trials were analysed; and 2) the
application of the UPLC-MS/MS technique to measure 8-oxodG and 8-oxoGuo, which is considered the reference standard method due to the high specificity, especially when compared to the ELISA m
 ethod34. Moreover,
the measurement of oxidative stress in the urine is only minimally affected by diet and cell death, and is not
influenced by long-term storage and the risk of sample oxidation during collection and storage is therefore l ow14.
The limitations of the study include that the endpoints were analysed post-hoc and that the studies were not
powered to detect differences in these markers of oxidative stress. The limited sample size may induce uncertainties in the analysis and larger studies are therefore needed. Due to differences in design the data from the two
studies could not be combined in one analysis, but results were similar. Moreover, the majority of the participants
in the LIRALBU study (82.6%) and the SAFEGUARD study were men (78.7%) and as females prior to menopause appear to have lower levels of oxidative stress than men35 there could be sex differences in the responses
to liraglutide on oxidative stress, which may have impacted our results. However, as we are measuring changes
from baseline within individuals, we assume that the impact on our findings is limited.
In conclusion, this post-hoc analysis could not demonstrate a beneficial effect of 12 weeks treatment with
liraglutide or sitagliptin on oxidatively generated nucleic acid modifications in persons with T2D. Thus, this
study does not support the hypothesis that the beneficial cardiovascular effect of liraglutide is partly mediated
through reduction in oxidative stress.
Received: 19 March 2021; Accepted: 6 May 2021
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