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Abstract: Low-grade inflammation is associated with complications of type 2 diabetes. Glucagon-like
peptide-1 receptor agonists and sodium-glucose transporter-2 inhibitors have shown cardioprotective
effects that are independent of their glucose-lowering effects. Cardio-protection could be mediated
by the anti-inflammatory effects of these medications, but there is currently limited evidence to
support this hypothesis. We conducted a prospective clinical study in patients with type 2 diabetes
requiring treatment intensification. Ten patients were assigned to receive empagliflozin 10 mg and
10 patients to receive s/c semaglutide (titrated to 1 mg once a week) in a non-randomised manner.
All parameters were measured at baseline and after 3 months. Fasting plasma glucose and glycated
haemoglobin improved significantly in both treatment groups, with no between-group differences.
Body weight and body mass index reduced significantly more in the semaglutide group, whereas
waist circumference decreased only in the empagliflozin group. There was a trend for high-sensitivity
CRP reduction in both treatment groups that did not reach statistical significance. Interleukin-6 and
the neutrophil-to-lymphocyte ratio did not change in either group. Ferritin and uric acid decreased
significantly only in the empagliflozin group, and ceruloplasmin decreased significantly only in the
semaglutide group. Though there were clinically meaningful improvements in diabetes control in
both treatment arms, we could detect only minor changes in some inflammatory markers.

Keywords: type 2 diabetes; inflammatory markers; semaglutide; empagliflozin

1. Introduction

The use of novel classes of diabetes medications, such as glucagon-like peptide-1
receptor agonists (GLP-1 RAs) and sodium-glucose transporter-2 (SGLT-2) inhibitors, has
been associated with cardiovascular benefits. The cardioprotective effects of these drugs
seem to be independent of their glucose-lowering effects [1–3]. Both of the drug classes have
multiple auxiliary effects besides glucose control, and the potential mechanism mediating
cardiovascular benefit remains elusive. Low-grade inflammation is associated with insulin
resistance and hyperglycaemia [4–8] and is a known driver of complications of type 2
diabetes [9].

Both of these new drug classes have demonstrated inconsistent anti-inflammatory
effects in clinical trials. The SGLT-2 inhibitor canagliflozin has been shown to reduce
interleukin-6 (IL-6) levels compared to sulphonyl urea (glimepiride) in patients with
type 2 diabetes, but a trend towards a decrease in C-reactive protein (CRP) levels in
the canagliflozin group did not reach statistical significance [10]. In another study, em-
pagliflozin and canagliflozin reduced circulating levels of IL-6 in men with type 2 dia-
betes [11]. Moreover, Iannantuoni et al. showed a significant decrease in high-sensitivity
C-reactive protein (hsCRP) levels in type 2 diabetic patients, after a 24-week treatment with
empagliflozin [12]. In a trial comparing oral semaglutide (14 mg) and empagliflozin (25 mg)
in type 2 diabetic patients only semaglutide reduced CRP [13]. In a weight management
trial in non-diabetic obese patients, oral semaglutide reduced hsCRP by 43% compared
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to placebo, but the statistical significance was lost after adjusting for changes in body
weight [14]. Liraglutide has been shown to decrease IL-6 in type 1 diabetic patients [15]
and hsCRP in patients with type 2 diabetes [16].

Data regarding the possible direct effect of SGLT-2 inhibitors and GLP-1 RAs on
immune cells in type 2 diabetes patients are scarce. Borzouei et al. found that empagliflozin
showed anti-inflammatory effects by reducing the proliferation of Th cells, decreasing
Th17-related factors, and increasing regulatory T cell properties [17].

Hence, the anti-inflammatory effect is one of the potential mechanisms to consider in
the context of the cardiovascular benefits of novel antidiabetics, but the evidence is still
limited. The current study thus aims at directly comparing the effects of s.c. semaglutide
and empagliflozin.

2. Results

The baseline characteristics of the study participants are given in Table 1 and
Supplementary Table S1.

Table 1. Clinical and biochemical parameters at baseline and after treatment.

Semaglutide (n = 10) Empagliflozin (n = 10)

Variable Baseline 3 Months p-Value
(Treatment) Baseline 3 Months p-Value

(Treatment)

hsCRP (mg/mL) 2.63 ± 1.59 2.1 ± 2.07 0.2176 2.84 ± 2.19 2.36 ± 2.0 0.3750

IL-6 # 4.52 ±1.92 4.2 ±1.47 0.625 3.80 ±1.90 6.13 ±5.0 0.148

Ferritin (µg/L) 178.9 * ± 131 178.6 ± 116.3 0.9900 362 ± 179 285 ± 146.6 0.0268

HbA1c (%) 8.53 ± 1 7.55 ± 1.13 0.0089 8.13 ± 0.96 7.26 ± 0.74 0.0003

Fasting plasma
glucose (mmol/L) 11.9 ± 3.5 9.1 ± 2.5 0.0312 10.7 ± 2.2 8.8 ± 1.6 0.0488

Body weight (kg) 112.5 ± 13.2 108.2 ± 13.9 <0.0007 112.0 ± 17 110.2 ± 16.3 0.0115

BMI (kg/m2) 40.2 ± 4.4 38.6 ± 4.1 0.0016 36.6 ± 6.1 36.1 ± 6.2 0.0086

Waist
circumference (cm) 123.5 ± 9 122.3 ± 10.5 0.2742 125.1 ± 13.4 122.9 ± 12.8 0.0067

Data are expressed as mean ± SD. * Significant difference in basal values between treatment groups, p < 0.05,
# n = 8. hsCRP—high sensitivity C-reactive protein; HbA1c—glucated hemoglobin A1c; BMI—body mass index.

All recruited patients completed the 3-month treatment period with either empagliflozin
or semaglutide. On week nine, all patients in the semaglutide group reached the target
dose of 1 mg once a week.

2.1. Glycaemic Control

The HbA1c and fasting plasma glucose decreased significantly in both treatment
groups. There was no between-group difference in the change in HbA1c or fasting plasma
glucose levels (Table 1, Figure 1A).
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Figure 1. Change in glycaemic control (A) and anthropometric parameters (B) after 3-month treatment
with semaglutide or empagliflozin. Statistics: Unpaired t-test; mean ± SD; * p < 0.05; ns: p ≥ 0.05.

2.2. Body Weight, BMI, and Waist Circumference

The body weight and body mass index (BMI) changed more in the semaglutide group.
There was a significant decrease in waist circumference in the empagliflozin group but not
in the semaglutide group (Table 1, Figure 1B).

2.3. Inflammatory Parameters

The classical inflammatory markers hsCRP and IL-6 did not change during the 3-month
treatment period in either treatment group (Table 1, Figure 2A,B). Acute-phase protein
ferritin decreased significantly in the empagliflozin group but not in the semaglutide group
(Table 1, Figure 2C). Ceruloplasmin, another acute-phase protein produced in the liver that
plays a role in copper metabolism and may have a role in the pathogenesis of metabolic
diseases such as type 2 diabetes [18], decreased significantly in the semaglutide group but
not in the empagliflozin group (Table 1, Figure 2D).
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Figure 2. Change in hsCRP (A), IL-6 (B), ferritin (C), and ceruloplasmin (D) with 3-month treatment
with semaglutide or empagliflozin. Statistics: Paired t-test or Wilcoxon matched-pairs signed rank-test
as appropriate; mean ± SD; ns: p ≥ 0.05, * p < 0.05.

2.4. Neutrophil-to-Lymphocyte Ratio

The neutrophil-to-lymphocyte ratio (NLR) is an indicator of inflammation and a
predictor of mortality [19], and an increased NLR is positively associated with diabetes
complications [20–22]. The neutrophil-to-lymphocyte ratio did not change in either treat-
ment group (Figure 3).
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Figure 3. Change in neutrophil-to-lymphocyte ratio with a 3-month treatment with semaglutide or
empagliflozin. Statistics: Wilcoxon matched-pairs signed rank-test; mean ± SD; ns p ≥ 0.05.

2.5. Uric Acid

The uric acid level has been positively related to many inflammatory markers, includ-
ing CRP [23]. In the semaglutide group, there was no significant change in uric acid level
(p = 0.256). In the empagliflozin group, there was a significant decrease in the uric acid
level (p = 0.0104) (Figure 4).
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2.6. Glycaemic Control

The HbA1c and fasting plasma glucose decreased significantly in both treatment
groups. There was no between-group difference in the change in HbA1c or fasting plasma
glucose levels (Table 1, Figure 4A).

2.7. Body Weight, BMI, and Waist Circumference

The body weight and body mass index (BMI) changed more in the semaglutide group.
There was a significant decrease in waist circumference in the empagliflozin group but not
in the semaglutide group (Table 1, Figure 4B).

2.8. Erythrocyte and Iron Metabolism Parameters

The results of red blood cells and iron metabolism parameters are shown in Supplemen-
tary Table S2. Haemoglobin and haematocrit increased significantly in the empagliflozin
group. Mean corpuscular haemoglobin, iron, soluble transferrin saturation, and transferrin
did not change in either treatment group.
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3. Discussion

The principal finding of our study is that subtle changes in some inflammatory markers
occurred during a 3-month treatment with s.c. semaglutide and empagliflozin in this small
clinical trial on T2DM patients with suboptimal glycaemic control.

Patients who received s.c. semaglutide had a significantly longer diabetes duration,
used fewer statins, and tended to receive more anti-diabetic drugs than patients in the
empagliflozin group. Though the differences in background medications did not reach
statistical significance, their effect on the study results cannot be excluded.

The 3-month treatment resulted in clinically meaningful reductions in fasting gly-
caemia, HbA1c, body weight, and BMI in both treatment groups. The improvement in
glycaemic control was comparable between the groups; hence, any inter-group differences
can be considered independent of the medications’ anti-hyperglycaemic effect.

Interestingly, the waist circumference decreased significantly in the empagliflozin
group but not in the semaglutide group, where the weight and BMI reductions were more
prominent. This finding may indicate an initial difference in the pattern of weight loss
between the drug classes. However, a longer study has demonstrated a rather similar
change in waist circumference with empagliflozin and oral semaglutide after 52 weeks of
treatment [13].

We could not detect any significant changes in hsCRP with either medication, although
there was a trend towards a decrease in hsCRP in both treatment groups. Studies with
GLP-1 RAs have consistently shown reductions in hsCRP [13,14,16], but the effect of SGLT-2
inhibitors on hsCRP has been less obvious [10,12]. Ianntuoni et al. reported a significant
reduction in hsCRP in 15 type 2 diabetic patients who received empagliflozin 10 mg once
a day for 24 weeks [10,12]. On the other hand, Garvey et al. evaluated the effect of
canagliflozin and glimepiride on inflammatory biomarkers in a much larger group of type
2 diabetic patients (200 patients in total) and a longer study (52 weeks), which only detected
a trend towards a decrease in CRP levels [10].

We could not see significant changes in IL-6 in either treatment arm, though IL-6 has
decreased in previous studies with SGLT-2 inhibitors [10,11]. Our results are in line with a
study showing no effect of liraglutide on IL-6 in type 2 diabetic patients [24].

Our study showed clinically significant improvements in fasting plasma glucose and
HbA1c in both treatment groups, but contrary to previous studies with type 2 diabetic
patients [22,25] where improved glycaemia was associated with NLR reduction, we did not
detect any significant changes in the neutrophil-to-lymphocyte ratio in either treatment arm.

There was a significant decrease in ferritin levels in the empagliflozin group, whereas
ferritin levels were stable in semaglutide-treated patients. It is important to point out
that the baseline ferritin level was significantly higher in the empagliflozin group vs.
the semaglutide group, a drawback of the non-randomised design of the study. This
baseline difference can be partially explained by the predominantly male patients in the
empagliflozin group, as men have higher ferritin levels [26]. Moreover, six patients in the
empagliflozin group had ferritin levels over the upper limit of normal (ULN), while all
levels in the semaglutide group were within the reference range.

Empagliflozin has been shown to decrease ferritin levels in previous studies [27,28]. In
our study, there were no changes in other inflammatory markers in the empagliflozin group,
and the decrease in ferritin was accompanied by a significant increase in haemoglobin and
haematocrit. Hence, we can conclude that these changes probably reflect better iron han-
dling and not an anti-inflammatory effect. This is further supported by the trend towards
an increase in sTfR in the empagliflozin group, which reflects increased erythropoietic
activity. It would be interesting to see whether SGLT-2 inhibitors may change the membrane
fluidity of red blood cells, a potential novel marker of diabetes complications [29,30].

In our study, ceruloplasmin levels behaved differently from ferritin. The ceruloplasmin
level decreased significantly in the semaglutide group but not in the empagliflozin group.
This finding is in line with previous studies by Savchenko et al. [31] and Ekhzaimy et al. [32],
which have also demonstrated a decrease in ceruloplasmin levels after treatment with GLP-
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1 RA liraglutide. Interestingly, the study by Sharma et al. [33] showed that hyperglycaemia
correlates positively with ceruloplasmin level and helps to discriminate diabetic patients
from non-diabetics. However, we cannot exclude the possible confounding effect of weight
change in our study.

Uric acid decreased significantly after treatment with empagliflozin but not with
semaglutide. As other inflammatory markers did not accompany the decrease in uric acid,
and SGLT-2 inhibition has been demonstrated to increase the urinary excretion of uric
acid [34], this decrease does not seem to reflect a direct anti-inflammatory effect.

To summarise, the treatment effects on biomarkers of inflammation in the current
study remained modest, and semaglutide outperformed empagliflozin. The key change
was a decrease in ceruloplasmin levels with semaglutide. We could also detect a decrease in
hsCRP with both drugs that did not reach statistical significance. It is possible that a larger
sample size or longer duration could result in statistical significance. The hsCRP has been
considered a novel risk factor for cardiovascular events [35]. However, linking the change
in hsCRP directly with the treatment effect of cardioprotective drugs has been challenging.
Colchicine is a potent anti-inflammatory drug that prevents cardiovascular events after an
acute myocardial infarction. Still, the drug did not change hsCRP or leukocyte counts in
these patients [36]. In our study, there were no changes in IL-6 and NLR. Collectively, we
were unable to confirm major effects on inflammatory parameters after treatment with s.c.
semaglutide or empagliflozin.

There are important limitations to our study. These include the open and non-
randomised design, the small sample size, and the uneven sex distribution between treat-
ment groups. Despite the non-randomised design of the study, the recruited patients had
similar baseline characteristics regarding anthropometric and biochemical parameters. Due
to the post hoc nature of the analyses, there are no prior power calculations for determining
an adequate sample size. The list of measured inflammatory markers is not fully com-
prehensive, as the dataset of inflammatory markers was collected as part of exploratory
outcomes and markers not routinely used were not measured.

The strengths of our study include the prospective design, the use of an active com-
parator, and the exclusion of patients who were using medications that could affect inflam-
matory markers.

We conclude that GLP-1 RAs and SGLT-2 inhibitors reduce the inflammatory markers
to some extent, but this effect is not robust enough to explain the cardio-protection seen
with these drug classes in type 2 diabetic patients.

4. Materials and Methods
4.1. Study Design

We report the results of a prospective pragmatic clinical trial conducted in the Tartu
University Hospital endocrinology outpatient clinic in patients with type 2 diabetes.

The trial was designed to study the effects of semaglutide and empagliflozin on
the secretion of adrenal hormones and intestinal microbiota composition. The primary
endpoint of the trial will be reported elsewhere. The dataset of inflammatory markers
reported here was collected as part of exploratory outcomes.

4.2. Inclusion Criteria

The study inclusion criteria were: (1) age ≥ 18 years; (2) type 2 diabetes; (3) HbA1c < 10%;
(4) body mass index (BMI) ≥ 32 kg/m2; (5) no change in diabetes treatment ≥ 90 days
before recruitment to the study; (6) daily metformin dose ≥ 1.5 g; and (7) no prior GLP-1
RA or SGLT-2 inhibitor use.

4.3. Exclusion Criteria

The exclusion criteria were: (1) use of oral or intravenous antibiotics ≤ 60 days
before recruitment; (2) use of spironolactone ≤ 60 days before recruitment; (3) use of
glucocorticoids, cytostatic medications, and biological treatments; (4) pregnancy; (5) use
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of oral contraceptives or hormone replacement therapy; (6) malignancy; (7) heart failure
(NYHA class III-IV); and (8) liver failure.

4.4. Study Medications

The decision to start GLP-1 RA semaglutide or SGLT-2 inhibitor empagliflozin was
based on clinical judgement of the need for treatment intensification. The patient classifica-
tion was completed by one investigator (IR).

Semaglutide was started at 0.25 mg (s/c) once a week. If well tolerated, the dose
of semaglutide was increased to 0.5 mg in week five and to 1 mg in week nine. In the
empagliflozin group, a 10 mg daily dose was used.

4.5. Study Time Points

The pre-specified time points for blood samples and clinical status reported here are
baseline and 3 months after recruitment. Weight, height, waist circumference, and blood
pressure were also measured at baseline and 3 months after recruitment.

4.6. Study Approvals

The trial was approved by the Research Ethics Committee of the University of Tartu
(290/T-20) and registered at Clinicaltrials.gov (NCT04151849). The study was conducted
following the Declaration of Helsinki. Written informed consent was obtained from all
subjects involved in the study.

4.7. Laboratory Analyses

Fasting blood samples were obtained between 8 and 10 a.m. All laboratory parameters
were measured at the accredited laboratory of Tartu University Hospital using standard
methods. A turbidimetric immunoassay was used to measure hsCRP (Cobas 501, Roche
Diagnostics GmbH, Germany), ceruloplasmin (Cobas Integra 400 Plus, Roche Diagnostics
GmbH, Germany), soluble transferrin receptors (Cobas Integra 400 Plus, Roche Diagnostics
GmbH, Germany), transferrin (Cobas 501, Roche Diagnostics GmbH, Germany), and
transferrin saturation (Cobas 501, Roche Diagnostics GmbH, Germany). The enzymatic
colorimetric method was used to measure uric acid (Cobas 501, Roche Diagnostics GmbH,
Germany), and the electrochemiluminescence assay (ECLIA) was used to measure ferritin
(Cobas e601, Roche Diagnostics GmbH, Germany) and IL-6 (Cobas e402, Roche Diagnostics
GmbH, Germany). The complete blood count was analysed with a Sysmex XN-9000/XN-
9100 analyser (Sysmex Corporation, Kobe, Japan).

4.8. Statistical Analyses and Data Presentation

All data were analysed with GraphPad Prism 9.4.1 (GraphPad Software, Inc., Boston,
MA, USA) and Microsoft Excel. The D’Agostino-Pearson normality test was used to verify a
normal distribution. Normally distributed data were analysed with the paired or unpaired
t-test as appropriate. The Wilcoxon matched-pairs signed-rank test or Mann–Whitney test
was used to test paired and unpaired data that were not normally distributed. Fischer’s
exact test was used for categorical variables.

The level of statistical significance was set at p < 0.05. Data are presented as
mean ± standard deviation (SD).

5. Conclusions

The current study compared the effects of 3-month treatment with s.c. semaglutide
and empagliflozin on inflammatory markers in patients with type 2 diabetes. Though there
were clinically meaningful improvements in diabetes control in both treatment arms, we
could detect only minor changes in some inflammatory markers.
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