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Changes in neutrophil-to-lymphocyte ratio following
treatment with dapagliflozin in patients with type 2 diabetes

mellitus
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ABSTRACT

Aims: Dapagliflozin, a sodium-glucose cotransporter-2 inhibitor, is indicated for glycemic
control in type 2 diabetes mellitus (T2DM). In this study, we investigated the changes in
neutrophil-to-lymphocyte ratio (NLR), a marker of inflammation, in patients with T2DM after
the initiation of dapagliflozin.

Methods: This retrospective study included patients (aged 18 to 75 years) with T2DM who
were prescribed dapagliflozin 10 mg once daily additional to their existing diabetic treatment.
Patients with a history of chronic liver disease, chronic renal failure, infection, inflammatory
disease, and the use of drugs affecting bone marrow were included. The duration of treatment
was set at 12 weeks.

Results: The study included 98 patients with a mean age of 54.3+8.0 years, with a female
predominance of 61.2%. At 12" week, there was a statistically significant decrease in fasting
glucose (199.6 mg/dL vs. 164.3 mg/dL, p<0.001), glycated hemoglobin (HbA1c) (8.92% vs.
8.01%, p<0.001), leukocyte count (7.79 103/mm?3 vs. 8.36 103/mm?3, p=0.018) and neutrophil
count (4.44 103/mm?3 vs. 4.84 10°/mm?3, p=0.027). Lymphocyte count (2.56 103/mm?3vs. 2.72 103/
mm?, p=0.150) and NLR (1.86 vs. 1.89, p=0.758) also showed some increase but the difference
was not statistically significant.

Conclusions: This study showed significant increases in leukocyte and neutrophil counts in
T2DM patients taking dapagliflozin, but lymphocyte count and NLR remained unaltered.

Introduction

Diabetes mellitus (DM) is a chronic disease characterized by
the inability of the body to use insulin effectively or the inability
of the pancreas to produce sufficient insulin (1).

Chronic inflammation plays an

important role in the

(IL-1), interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-a) in patients with diabetes (2,3).

The ratio of neutrophil count to lymphocyte count (neutrophil
to lymphocyte ratio, NLR) is accepted as an indicator of
systemic inflammation. NLR has been increased in inflammatory
conditions such as hepatosteatosis, malignant conditions,

development and progression of DM and its complications.
Some studies show that there is an increase in the levels of
inflammatory cytokines such as C-reactive protein, interleukin-1

thyroiditis, cardiac conditions, and inflammatory bowel disease
(4-10). NLR is considered a marker of inflammation in diabetes
and its microvascular and macrovascular complications (11-13).

©Copyright 2022 by the University of Health Sciences Tiirkiye, Gllhane Faculty of Medicine / Gllhane Medical Journal published by Galenos Publishing House.


https://orcid.org/0000-0002-5883-445X
https://orcid.org/0000-0001-8039-5273

218

Additionally, studies have described the relationship between
NLR and glycemic control in patients with diabetes. Studies
have shown that mean NLR values are higher in patients with
poor glycemic control compared to patients with good glycemic
control (14,15).

Dapagliflozin is a sodium-glucose cotransporter-2 (SGLT-2)
inhibitor used for treating type 2 DM (T2DM). SGLT-2 inhibitors
cause SGLT-2 inhibition in the renal proximal tubules, reducing
the glucose reabsorption from the kidney and increasing
glucose excretion through the urinary tract (1). Since they
act independently of insulin, they can be used in any stage of
diabetes (1).

Dapagliflozin has positive effects on the heart and kidneys
(16-18). While it shows these effects, its effects on inflammation
are not exactly known. In our study, we investigated the effect
of dapagliflozin on inflammation by looking at NLR levels before
and after dapagliflozin.

Methods

This retrospective study included patients with T2DM who
were started treatment with dapagliflozin 10 mg once daily at the
Internal Medicine Outpatient Clinics of the University of Health
Sciences Turkiye, Haydarpasa Numune Training and Research
Hospital between July 2017 through December 2018. The main
enrollment criterion was the use of dapagliflozin in addition to
the existing treatment for at least 12 weeks. Additional inclusion
criteria were age between 18 and 75 years and estimated
glomerular filtration >60 mL/min/1.73 m?. Patients with chronic
liver disease and/or transaminase levels above 5 times the
upper limit of normal, hematological diseases, on drugs affecting
the bone marrow, splenic disease, active infectious diseases,
acute or chronic inflammatory diseases, and malignancy were
excluded. Patients on glucagon-like peptide 1 analogs were
excluded. Patients who were on statins for more than 24 weeks
at the time of dapagliflozin treatment were included.

The demographic characteristics, chronic diseases, fasting
glucose, glycated hemoglobin (HbA1c), blood urea nitrogen
(BUN), creatinine, hematocrit, thrombocyte count, leukocyte
count, neutrophil count, and lymphocyte count were recorded.
NLR was calculated by dividing the absolute neutrophil count by
the absolute lymphocyte count from the complete blood count.
The same variables were recorded in the next visit, at least after
12 weeks of dapagliflozin treatment.

The study was approved by the University of Health Sciences
Turkiye, Haydarpasa Numune Training and Research Hospital
(22.04.2019/5386). All human studies were conducted under the
rules of the Declaration of Helsinki.

Statistical Analysis

Statistical analysis for the Statistical Package for the Social
Sciences Statistics 23 (IBM Corp., Armonk, NY, USA) software
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was used to perform statistical calculations. The normality
of the distribution was evaluated by the Kolmogorov-Smirnov
test. Descriptive statistical methods, including percentage
and meanzstandard deviation or median (interquartile range),
were used to display the basic characteristics. Associations
between glucose, HbA1c and NLR variables were assessed
using Pearson’s correlation analysis. A paired t-test was used
to compare biochemical and hematological parameters before
and after dapagliflozin in patients with T2DM. The statistical
significance level was set as p<0.05.

Results

A total of 98 patients, including 60 females (61.2%) and 38
males (38.8%), were included in the study. The mean age of
the patients was 54.3 years. The median diabetes duration of
the patients was 7 years (Table 1). Thirty-eight patients had
hypertension, 41 patients had dyslipidemia, 10 patients had
coronary artery disease and 2 patients had cerebrovascular
disease. Four patients had diabetic retinopathy and 22 patients
had diabetic neuropathy.

Mean basal glucose was 199.6+73.2 mg/dL, HbA1c
was 8.911.7%, BUN was 13.943.5 mg/dL, creatinine was
0.79+0.08 mg/dL, leukocyte count was 7.79%+1.35 10%/mm3,
neutrophil count was 4.44+1.08 10%/mm?, lymphocyte count was
2.5610.67 10%mm?3, and NLR was 1.86+0.76 (Table 2).

A statistically significant positive correlation was observed
between glucose and NLR values (r=0.206, p=0.043). There
was no significant correlation between HbA1c and NLR values
(r=0.140, p=0.170) (Table 3).

A significant decrease was observed in glucose and
HbA1c levels after dapagliflozin treatment (p<0.001, p<0.001).
Although there was an increase in BUN and creatinine levels,
this change was not statistically significant (p=0.07, p=0.614).
A statistically significant increase was detected in leukocyte and
neutrophil levels (p=0.018, p=0.027). A statistically insignificant

Table 1. Demographic characteristics and comorbid diseases
(n=98)

Age (years), meantSD (range)
Gender, n (%)

54.3+8.0 (31-69)

Female 60 (61.2)
Male 38 (38.8)
Diabetes duration (years), median (IQR) 7 (4.75-9)
Diabetic retinopathy, n (%) 4 (4.1)
Diabetic neuropathy, n (%) 22 (22.4)
Hypertension, n (%) 38 (38.8)
Dyslipidemia, n (%) 41 (41.8)
Coronary artery disease, n (%) 10 (10.2)
Cerebrovascular disease, n (%) 2(2)

SD: Standard deviation, IQR: Interquartile range
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increase was detected in lymphocyte and NLR levels (p=0.150,
p=0.758). Significant increases were detected in HbA1c and
hematocrit levels (p=0.028, p=0.028). A nonsignificant increase
was documented in the platelet level (p=0.573).

Discussion

In this study, we observed no significant change in the NLR
values in patients with diabetes after dapagliflozin treatment.
On the other hand, there was a significant relationship between
glucose and NLR, and significant increases in leukocyte,
neutrophil, HbA1c, and hematocrit levels. A significant decrease
was also observed in glucose and HbA1c levels. There was no
significant change in lymphocyte or platelet levels.

DM is not only a metabolic disease but also inflammatory
mechanisms play an important role from its development to its
complications (19). NLR has been used as an inflammatory
marker (20). Concerning potential correlations between NLR,
glucose, and HbA1c, different results can be encountered in the
literature. Buyukkaya et al. (21) showed a positive association
between serum glucose and NLR elevation. Although Verdoia
et al. (8) reported a statistically significant positive correlation
between NLR and serum glucose, they did not observe any
relationship between NLR and HbA1c. However, Sefil et al.
(22) showed a positive association between NLR and HbA1c
levels. Kim et al. (23) also reported a positive correlation
between NLR and fasting plasma glucose in T2DM patients,

219

but they could not find a relationship between NLR and HA1c.
In our study, a positive statistically significant correlation was
noted between NLR and glucose in T2DM patients, and no
significant relationship was found between NLR and HbA1c.
NLR values may differ according to age (24). The different ages
of the patients included in the studies may have been effective
in obtaining the different results between NLR and HbA1c in the
studies. The patient ages in our study were similar to those in
the study by Kim et al. (23).

Several authors have shown the effects of SGLT-2 inhibitors
on inflammation. Maayah et al. (25) demonstrated the positive
effects of empagliflozin on lipopolysaccharide-induced septic
shock in mice. It has also been shown that empagliflozin reduces
systemic and renal inflammation that leads to the development
of sepsis-related kidney injury. Heerspink et al. (26) showed that
canagliflozin decreases the levels of TNF receptor-1, IL-6, matrix
metalloproteinase-7, and fibronectin-1 in patients with T2DM.
Kohlmorgen et al. (27) reported that dapagliflozin did not affect
leukocyte, neutrophil, and lymphocyte counts. Although there
was a significant increase in leukocyte and neutrophil levels in
our study, there was no change in NLR values. Wortmann et al.
(28) reported that empagliflozin increased neutrophil levels and
improved neutrophil functions by decreasing the intracellular
1,5-anhydroglucitol-6-phosphate (1,5-AG-6-P) level in patients
with glycogen storage disease type 1b (GSD1b) (28). Resaz et
al. (29) showed improvement in neutrophil functions by reducing
the accumulation of 1,5-AG-6-P in myeloid cells in their study

Table 2. Biochemical and hematological parameters before and after dapagliflozin in patients with T2DM

Before dapagliflozin treatment After dapagliflozin treatment p

Glucose (mg/dL), mean+SD 199.63+73.24 164.30+53.07 <0.001*
HbA1c (%), meant+SD 8.92+1.70 8.01+1.63 <0.001*
BUN (mg/dL), mean+SD 13.9043.50 14.50+3.46 0.07
Creatinine (mg/dL), mean+SD 0.79+0.08 0.80+0.14 0.614
Leukocyte (103/mm?), mean+SD 7.79+1.35 8.36+1.92 0.018*
Neutrophil (10%/mm?3), mean+SD 4.44+1.08 4.84+1.37 0.027*
Lymphocyte (10%/mm?), mean+SD 2.56+0.67 2.72+0.81 0.150
NLR, mean+SD 1.86+0.76 1.89+0.68 0.758
HbA1c (g/dL), meanSD 13.12+1.76 13.69+1.83 0.028*
Hematocrit (%), mean+SD 40.05+4.94 41.64+5.10 0.028*
Platelet (10%/mm?3), meant+SD 267.24166.72 261.64+71.53 0.573

*p<0.05.

NLR: Neutrophil lymphocyte ratio, HbA1c: Glycated hemoglobin, BUN: Blood urea nitrogen, T2DM: Type 2 diatebes mellitus

Table 3. Pearson correlation analysis between glucose and HbA1c and NLR before dapagliflozin treatment in patients with T2DM

NLR

re p
Glucose 0.206 0.043**
HbA1c 0.140 0.170

*r: Pearson’s correlation coefficient, **p<0.05.

HbA1c: Glycated hemoglobin, NLR: Neutrophil lymphocyte ratio, T2DM: Type 2 diatebes mellitus
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on induced GSD1b mouse models. In our study, the increase in
neutrophil count may be due to the effect of dapagliflozin on the
intracellular 1,5-AG-6-P level.

Hematocrit levels increase during SGLT-2 inhibitor
therapy (30). Since this increase in hematocrit during SGLT-
2 inhibitor treatment was accompanied by an increase in
the BUN creatinine ratio, it was interpreted that it could be
related to hemoconcentration due to the diuretic effect of the
SGLT-2 inhibitor (31). Recent studies show that this increase
in hematocrit is not solely due to hemoconcentration. It is
estimated that erythropoiesis increases with treatment with
SGLT-2 inhibitor treatment (32). In patients with diabetes, the
erythropoietin level increases after the initiation of SGLT-2
inhibitors (33). After an increase in the number of reticulocytes,
HbA1c and hematocrit levels increase (33). Ghanim et al.
(34) showed that another mechanism may be effective in the
increase in hematocrit values. They suggested that the increase
in hematocrit values was related to increased erythropoiesis due
to decreased hepcidin levels after dapagliflozin treatment (34).

In our study, a statistically significant increase was observed
in HbA1c and hematocrit levels before and after dapagliflozin
treatment. This increase in HbA1c and hematocrit values was
not accompanied by a significant increase in BUN and creatinine
values, which we can count as hemoconcentration indicators.
As mentioned in the literature (32,34), this increase may be due
to the improvement of possible tubulointerstitial damage in our
patients, as well as to the increase in erythropoiesis due to the
decrease in hepcidin level.

SGLT-2inhibitors are recommended in the ADA2021 diabetes
guideline as the second choice after lifestyle modification and
metformin therapy in patients with atherosclerotic cardiovascular
disease and chronic kidney disease (35). Ferrannini et al. (36)
reported that dapagliflozin monotherapy provided a statistically
significant reduction of 0.66% in HbA1c after 24 weeks of
treatment compared to placebo. In our study, a statistically
significant decrease of 0.91% in mean HbA1c was detected
after 12 weeks of treatment with dapagliflozin 10 mg once daily.

This study has some limitations. This study was a
retrospective study. The most important limitation is the lack of
detailed information about the use of drugs and/or the diseases
affecting the biochemical and hematological parameters of the
patients. The absence of a control group is also among the
limitations of the study.

Conclusion

This study showed that treatment of patients with T2DM
with dapagliflozin beyond 12 weeks was not associated with
a significant change in NLR, despite alterations observed in
some other hematological indices. Changes in hematological
parameters in patients using dapaglifiozin suggest that
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leukocytes, neutrophils, lymphocytes, and NLR cannot be used
as inflammatory markers in these patients.
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