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Abstract

Background: Inflammation plays a significant role in the development and progression of type 2 diabetes (T2D). Empagliflozin, an
SGLT2 inhibitor, has shown some anti-inflammatory effects in patients with T2D. This study aimed to evaluate the impact of
empagliflozin on some inflammatory markers in T2D.

Methods: This retrospective single-arm cohort study included 40 patients with T2D who were treated with empagliflozin.
Inflammatory markers such as serum level of erythrocyte sedimentation rate (ESR), high-sensitivity C-reactive protein (hs-CRP),
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and serum albumin were evaluated at baseline and 12 weeks
after empagliflozin treatment. Statistical analysis used paired samples t test, and the statistically significant level was considered P <
0.05.

Results: After 12 weeks, a significant reduction was found in ESR (17.75 + 15.7 mm/hr to 14.72 + 10.93 mm/hr; P = 0.025). However,
the decrease in hs-CRP did not reach significance (P = 0.936). NLR did not show a significant reduction (P = 0.962), but there was a
trend toward a significant decrease in PLR (107 £ 33 to 100 = 35; P = 0.053). The neutrophil count did not change significantly (P =
0.247), but the lymphocyte count significantly increased (2.43 £+ 7.85 to 2.57 + 7.45 109/1; P = 0.014). Serum albumin showed a
significant increase (42.8 + 3.4 to 45.6 + 3.2 g/I; P <0.001), indicating a decrease in inflammation.

Conclusion: Empagliflozin showed anti-inflammatory effects by reducing ESR and PLR and increasing serum albumin and
lymphocyte count in adults with T2D. Monitoring inflammatory markers can serve as an indicator of treatment effectiveness in T2D
patients.
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Introduction

Diabetes is predicted to affect 578 million people world-
wide by 2030 and roughly 700 million by 2045. Inflamma-
tion plays a significant role in the pathogenesis of type 2
diabetes (T2D), contributing to the development of T2D
and its associated complications. Furthermore, there is a
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strong correlation between inflammation and poor glyce-
mic control. Recently, there has been a growing interest in
targeting inflammatory pathways to prevent and manage
T2D. Furthermore, it is believed that this strategy may also
positively impact reducing the complications associated

1What is “already known” in this topic:

In the pathogenesis of T2D, inflammation plays a significant role.
The main cause of mortality in patients with T2D is atherosclerotic
cardiovascular disease, which can be promoted by inflammation.
Empagliflozin has garnered attention for its potential anti-
inflammatory effects.

— What this article adds:

Based on our findings, empagliflozin can reduce ESR and PLR
while increasing serum albumin and lymphocyte count in T2D,
which can suggest the anti-inflammatory effect of empagliflozin.
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with diabetes. One of the most common complications of
diabetes is cardiovascular disease, which can result in mor-
tality in these patients (1-4).

Different drug classes are available for managing diabe-
tes. One notable development in the field is the widespread
use of SGLT2 inhibitors for cardiovascular benefits.
Among these inhibitors, empagliflozin has garnered atten-
tion for its potential anti-inflammatory effects. Studies con-
ducted a few years ago have shown that empagliflozin can
reduce rodent inflammatory markers, further highlighting
its potential therapeutic value (5). Additionally, there is
some evidence indicating the anti-inflammatory properties
of this medication. Lannantuoni et al conducted a study that
revealed that empagliflozin decreases the level of highly
sensitive-C-reactive protein (hs-CRP). These findings
highlight the potential anti-inflammatory effects of the drug
(6). Moreover, another study by Dogan et al proposed using
neutrophil/lymphocyte ratio (NLR) as a practical marker of
inflammation in patients with T2D. This suggests that NLR
could be a useful indicator for assessing inflammation in
T2D (7).

However, in a recent investigation, no significant differ-
ences were observed in the decline of hs-CRP, neutrophil
count, leukocyte count, NLR, and platelet to lymphocyte
ratio (PLR) between the placebo group and the empagli-
flozin group in the setting of acute myocardial infarction
(8). Mohaghegh et al showed no significant reduction in hs-
CRP with empagliflozin (9). Furthermore, there was a re-
stricted amount of data about the impact of empagliflozin
on the serum concentration of albumin as a negative inflam-
matory marker (2).

Because T2D has an inflammatory feature, which led to
the conduct of this study, its management can help avoid or
control diabetes and its complications.

The leading cause of mortality in patients with T2D is
atherosclerotic cardiovascular disease, which can be pro-
moted by inflammation (1-4). Thus, cardiovascular events
can be managed or prevented by controlling the inflamma-
tion in these patients. Thus, this study aimed to evaluate the
effect of empagliflozin as an SGLT2 inhibitor on some in-
flammatory markers in these patients.

Methods

Study Design and Setting

This retrospective, single-arm cohort study aimed to in-
vestigate the effect of empagliflozin on inflammatory
markers in patients with T2D. The study was conducted at

Hazrat Rasool Hospital in Tehran between January and
February 2023.

Participants

In this study, data recording of patients with T2D who
were treated with empagliflozin 10 mg once daily were
evaluated, and patients who met the inclusion criteria—in-
cluding patients with T2D, aged 18 to 80 years, known time
of starting empagliflozin and persistence of consumption
for at least 12 weeks, and estimated glomerular filtration
rate (GFR) of >60 mL/min/1.73 m?>—were assessed. The
exclusion criteria were a history of rheumatologic or any
chronic inflammatory diseases, active infectious diseases,
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and a history of corticosteroid intake that was recorded in
their datasheet.

Variables

The primary outcomes of this study were some available
inflammatory markers, including hsCRP, erythrocyte sedi-
mentation rate (ESR), leukocyte count, absolute neutrophil
count (ANC), absolute lymphocyte count (ALC), and se-
rum albumin. The same variables were evaluated after 12
weeks of empagliflozin treatment. The potential confound-
ers were chronic inflammatory diseases, active infectious
diseases, and a history of corticosteroid intake all of them
were considered in the exclusion criteria. Indeed, we only
included patients with GFR of >60 mL/min/1.73 m? be-
cause of the inflammatory state of chronic kidney disease.

We calculated NLR by dividing the absolute neutrophil
count by the absolute lymphocyte count. Also, PLR was
calculated by dividing the absolute platelet count by the ab-
solute lymphocyte count.

Furthermore, we assessed these patients' demographic
characteristics, fasting blood glucose, and glycated hemo-
globin (HbAIc).

Data Sources/Measurement

Data were extracted using the data files of patients re-
ferred to the diabetes clinic in the hospital. Patients' data
were collected, baseline data (before empagliflozin) were
compared with 3 months data (after empagliflozin).

Bias

The retrospective nature of this study resulted in several
biases, one of which is the missed data that can affect the
results. Thus, we excluded data from the files that had
>50% missing data. Also, we did not have a control group
or randomization so that confounders could affect the final
analysis. For this purpose, we selected patients according
to the inclusion criteria and determined some exclusion cri-
teria to mitigate the effect of confounders. Also, to reduce
information bias, the researcher who gathered data and the
analyzer were blinded.

Study Size

To determine an appropriate sample size based on the
Hattori et al study (10), we used G*Power software with
the following parameters: a desired power (1 - Beta) of 0.8,
an alpha error probability (Type | error) of 0.05 (indicating
a 95% confidence level), and a 2-tailed t test. Based on
these settings, the total sample size required was 40 partic-
ipants.

Statistical Methods

Statistical analyses were performed using SPSS 23.0.0
software (IBM). We reported continuous variables with
means + standard deviation and categorical variables with
percentages. A paired t test was used to compare biochem-
ical and hematological parameters before and after em-
pagliflozin. The statistically significant level was reported
as P <0.05.
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Results

This study's evaluation encompassed 40 patients diag-
nosed with type 2DM with a mean age of 56.9 + 10.8 years.
HbAlc levels averaged at 7.5 + 1.5 percent. Other demo-
graphic and clinical characteristics are presented in Table
1. Laboratory data at baseline were reported in Table 2.

Table 1. Demographic and clinical characteristics of the study pa-
tients before treatment with empagliflozin

ESR and hs-CRP

After 12 weeks of observation, the results showed a no-
table decrease in ESR from 17.7 + 15.7 to 14.7 £ 10.9
mm/hr (P = 0.025), signifying a significant reduction in in-
flammation levels. Conversely, the change in hs-CRP lev-
els from 33 + 30 to 32.8 + 36.6 mg/L did not demonstrate
statistical significance (P = 0.936) as illustrated in Figure
1.

Blood-Cell-Based Inflammatory Markers

Regarding blood-cell-based inflammatory markers, there
was no substantial decrease in NLR values (1.8 £ 0.6 to 1.8
+0.6; P=0.962). Notably, an increase in absolute lympho-
cyte count (ALC) from 2.4 + 7.8 to 2.5 + 7.4 109/L was

Variable Baseline Data
(n =40)
Age (years) 56.9 (10.8)
Female, n (%) 21 (52.5)
IHD, n (%) 35(87.5)
CKD, n (%) 38 (95)
HTN, n (%) 34 (85)
Weight, Kg 74.2 (12.6)
BMI, Kg/m? 26.9 (3.4)

Quantitative data are presented as mean (SD). Qualitative data are reported as
numbers (percent). IHD, ischemic heart disease; CKD, chronic kidney disease;
HTN, hypertension; BMI, body mass index.

observed, showing statistical significance (P = 0.014).
Meanwhile, absolute neutrophil count (ANC) remained rel-
atively unchanged (4.3+1.5t0 4.5+ 1.1 109/L; P = 0.247).
It is worth mentioning that there was a noticeable trend to-
ward a decrease in PLR values from 107.0 + 33 to 100 +
35.0 (P =0.053), as depicted in Figure 2 and Table 2.

Serum Albumin
Moreover, following the treatment with empagliflozin,

Table 2. Comparison of biochemical and hemogram parameters of T2D patients before and after empagliflozin

Variable Before empagliflozin After empagliflozin P value
(n =40) (n =40)

FPG, mg/dl 172.35 (66.0) 137.22 (43.7) <0.001%*
HbAlc, % 7.5 (1.5) 6.4 (0.9) <0.001**
Creatinine, mg/dl 1.06 (0.2) 1.04 (0.2) 0.275
ESR, mm/hr 17.7 (15.7) 14.7 (10.9) 0.025*
hs-CRP, mg/dl 3.3(3.0) 3.2 (3.6) 0.936
Serum Albumin, g/dl 4.2 (0.3) 4.5(0.3) <0.001**
WBC, 10°/1 7.1(2.0) 7.4 (1.5) 0.091
Hb, g/dl 13.7 (1.6) 14.2 (1.7) <0.001%*
PLT, 103/mm? 243.3 (50.7) 240.4 (54.2) 0.429
ALC, 103/mm’® 2.4 (7.8) 2.5(7.4) 0.014*
ANC, 10’/mm? 4.3(1.5) 4.5(1.1) 0.247
NLR 1.8 (0.6) 1.8 (0.6) 0.962
PLR 107.0 (33.0) 100.0 (35.0) 0.053

Data are presented as mean (SD)

*P <0.05, **P <0.001.

FPG, fasting plasma glucose; ESR, erythrocyte sedimentation rate; hsCRP, high sensitively C-reactive protein; WBC, white blood cell; Hb, hemoglobin; PLT, platelet;
ALC, absolute lymphocyte count; ANC, absolute neutrophil count; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.
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Figure 1. Empagliflozin affects erythrocyte sedimentation rate (ESR) and highly sensitive C-reactive protein (hs-CRP). (a) There was a significant (P
=0.025). (b) A decrease in hs-CRP after treatment with empagliflozin was observed, but it was not significant (P = 0.936). The numbers written in
the boxes present the mean data.
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Figure 2. Empagliflozin effect on serum albumin, neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and absolute lymphocyte
count (ALC). (¢) The serum albumin was increased significantly (P < 0.001). (d) NLR did not change (P = 0.962). (e¢) Decline in PLR was not

significant (P = 0.053). (f) There was a significant rise in ALC (P = 0.014).

serum albumin levels substantially increased from 42.8 =
3.4t045.6£3.2 g/L (P<0.001). This increment in serum
albumin levels is a significant indicator of reduced inflam-
mation levels over the treatment period.

Discussion

In our study, a significant decrease was found in the level
of ESR after 12 weeks of empagliflozin treatment. Few
studies were conducted on ESR and SGLT?2 inhibitors. An-
dersen et al showed the anti-inflammatory effect of em-
pagliflozin, which may contribute to the cardioprotective
properties of empagliflozin. Also, they reported that em-
pagliflozin increases erythropoiesis in patients with heart
failure (11). One hypothesis is that increased red blood cells
(RBCs) in the bloodstream can result in lower ESR levels,
as the higher concentration of RBCs reduces their likeli-
hood of settling quickly (12). In this regard, another study
showed a significant decrease in ESR level after treatment
with other SGLT2 inhibitors (dapagliflozin) in the setting
of the peritoneal dialysis patients (13).

Even though there was a decrease in hsCRP, we could
not detect a significant reduction in hsCRP. In contrast to
our study, previous studies reported that empagliflozin can
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decrease hs-CRP. Hattini compared the effect of empagli-
flozin with placebo and showed that empagliflozin signifi-
cantly decreased hs-CRP and suggested that the cardiopro-
tective effect might be partly by this anti-inflammatory ef-
fect (10). Other studies showed similar positive results on
the impact of empagliflozin on hs-CRP and other inflam-
matory markers (6, 14, 15). On the other hand, some results
have shown nonsignificant changes in the level of hs-CRP
after empagliflozin. In this regard, Reppo et al compared
the anti-inflammatory effects of empagliflozin with semag-
lutide T2D patients, with 10 patients in each group. They
reported a nonsignificant reduction in hs-CRP in both
groups. Although this nonrandomized study had a small
sample size, baseline characteristics were similar between
the 2 groups (3). Also, Mohaghegh et al reported that in
terms of hs-CRP level, no statistically significant difference
was detected between different groups of antidiabetic
drugs. However, the metformin group had a lower level of
hs-CRP in comparison with metformin + empagliflozin
group (9). Also, Benedikt et al reported that empagliflozin
did not have any beneficial effect on inflammatory re-
sponse after myocardial infarction compared with placebo
(8). Hence, we can explain the nonsignificant decline in hs-
CRP detected in our study through 2 factors. First, as shown
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by Hattori in another study, we did not find any significant
decrease in hs-CRP levels after 3 months, but it could occur
after a longer duration of follow-up. Second, pretreatment
hs-CRP levels were within the normal range in our study so
that results may differ in patients with higher baseline hs-
CRP.

This study found a significantly increased serum albumin
after treatment with empagliflozin. Serum albumin is a neg-
ative acute-phase protein caused by an inflammatory state.
It can be associated with chronic disease or obesity. Thus,
hypoalbuminemia is an indicator of the severity of inflam-
mation (16, 17). We found only 1 study in the literature
about the effect of SGLT2 inhibitors on serum albumin lev-
els in the different settings. EMPEROR-Reduced Trial was
conducted to detect the effects of empagliflozin on reduced
ejection fraction heart failure patients with and without vol-
ume overload. They reported that treatment with empagli-
flozin was accompanied by minimal increases in serum al-
bumin in both groups. However, only about one-half of
these patients had a history of diabetes (2).

In our study, ALC was significantly increased without
significant changes in ANC. After dividing neutrophil to
lymphocyte count, we observed that NLR did not signifi-
cantly decrease after 12 weeks of treatment with empagli-
flozin. Previous studies showed that NLR value is a marker
of inflammation in patients with diabetes. Dogan showed a
significant decrease in NLR in 194 patients with T2D after
12 weeks of treatment with empagliflozin, while ALC and
ANC were not changed significantly in that study (7). In
another study, there was a significant reduction in neutro-
phil count and NLR in the empagliflozin group. However,
it was not different from the placebo group (12). Other stud-
ies showed no changes in NLR after treatment with em-
pagliflozin (3) and dapagliflozin (17).

Further, we also showed a trend toward a significant de-
crease in PLR. This ratio was identified as an inflammatory
state and can reveal shifts in platelet and lymphocyte
counts. One study reported that PLR was decreased in pa-
tients treated with empagliflozin, but they did not find any
evidence of differences between empagliflozin and placebo
in that study (18).

There are some limitations to our study. These include
nonclinical trial design and the small sample size. Despite
these points, patients were compared with themselves, and
similar baseline characteristics exist. We did not check all
the inflammatory markers because it is not routine in clini-
cal practice to check them; however, we tried to check some
inexpensive and practical markers of inflammation in our
study. Finally, there was multiple testing in statistical infer-
ence in this study that can be associated with an increased
risk of false-positive findings.

To summarize, empagliflozin has shown some anti-in-
flammatory impact by reducing ESR and PLR while in-
creasing serum albumin levels and ALC in patients with
T2D. These anti-inflammatory effects of empagliflozin can
be beneficial in preventing inflammatory-based events such
as cardiovascular diseases, which are a leading cause of
mortality in patients with T2D. Moreover, monitoring in-
flammatory markers can serve as an indicator of treatment
effectiveness in T2D patients. Further studies are needed to

H. Samadanifard, et al.

explore the long-term effects of empagliflozin on inflam-
mation in larger populations.

Conclusion

In adults with T2D, empagliflozin showed anti-inflam-
matory effects by lowering ESR and PLR and raising serum
albumin and lymphocyte count.
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