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Abstract. – OBJECTIVE: The present study at-
tempted to explore the effects of starting dapagli-
flozin for glycemic control in Type-2 diabetes melli-
tus (DM) patients on the monocyte high-density li-
poprotein ratio (MHR) and neutrophil-leukocyte ra-
tio (NLO) as oxidative and inflammation markers. 

PATIENTS AND METHODS: We retrospec-
tively investigated the medical files of Type-2 DM 
patients administered dapagliflozin for at least 
12 weeks. Then, we recorded the patients’ demo-
graphics and compared their pre- and post-treat-
ment biochemical and hemogram parameters.

RESULTS: We retrospectively evaluated the da-
ta of 210 patients. The results revealed that the lev-
els of fasting blood glucose (FBG; p < 0.001), he-
moglobin A1c (HbA1c; p < 0.001), high-density li-
poprotein cholesterol (HDL-c; p = 0.011), triglycer-
ide (p = 0.002), and monocytes (p = 0.019) and 
MHR (p < 0.001) significantly decreased among 
the patients following dapagliflozin treatment 
when compared to the pre-dapagliflozin period.

CONCLUSIONS: MHR is considered a practi-
cal, inexpensive inflammation marker for diabet-
ics using dapagliflozin. However, we could not 
conclude NLR to be a significant inflammation 
marker, which, in turn, may suggest the need for 
comprehensive, prospective research.

Key Words:
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tein ratio, Lymphocyte-monocyte ratio.

Introduction

Diabetes is a complex chronic metabolic di-
sorder that affects many organs, resulting from 
absolute or partial insulin deficiency or resistance 
to the effect of insulin in peripheral tissues1. The 
development of acute and chronic diabetes-related 
complications is often associated with prolonged 
exposure to hyperglycemia2. Chronic inflamma-
tion predominantly occupies the pathogenesis of 

diabetes and the emergence of microvascular and 
macrovascular chronic complications3. Previous re-
search4 reported that diabetic patients present with 
high levels of plasminogen activator inhibitor 1 
(PAI-1), chemotactic pro-inflammatory cytokines 
(chemokines), white blood cell count (WBC), tu-
mor necrosis factor-α (TNF-α), interleukin-1 (IL-1), 
interleukin-6 (IL-6), and C-reactive protein (CRP).

Neutrophil lymphocyte ratio (NLR), one of the 
complete blood count values, is used as a systemic 
inflammatory marker with the advantages of being 
easy to study and low costs5,6. Recent studies7 have 
shown that NLR is a new inflammatory marker 
used for diabetes. It has been determined that dia-
betics with high NLR have poor glycemic control.

There are studies8 in the literature showing 
that high NLR value can be used as a predictor 
in the development of chronic complications. On 
the other hand, it is known that HDL inhibits the 
expression of inflammatory adhesion molecules 
in endothelial cells through cytokines. It was pre-
viously suggested9,10 that HDL inhibits monocyte 
activation as well as many antiatherosclerotic 
effects. Recently, the monocyte-high-density li-
poprotein cholesterol (HDL-c) ratio (MHR) has 
been defined as a novel marker of chronic inflam-
mation and oxidative stress, possibly thanks to 
the pro-inflammatory effect of monocytes as well 
as the antioxidant and anti-inflammatory effect 
of HDL-c. In this regard, the literature documen-
ted MHR to be significantly higher in diabetic 
patients developing microvascular complications 
compared to others. Besides, some studies11,12 
adopted MHR to identify if atherosclerosis and 
inflammation are involved in the etiopathogenesis 
of cerebrovascular and cardiovascular diseases.

Recognized as one of the sodium-glucose 
co-transporter 2 (SGLT-2) inhibitors, dapagli-
flozin is an antihyperglycemic agent following 
metformin in blood glucose control independent 
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of insulin. It exhibits its effects by reducing glu-
cose reabsorption in the renal proximal tubule and 
elevating glucose excretion through the urinary 
tract. It contributes to body weight, blood pres-
sure, lipid profile, and uric acid levels. Moreover, 
its renoprotective and cardioprotective effects are 
indispensable13. In our study, we aimed to investi-
gate the effect of dapagliflozin on MHR and NLR 
as markers of glycemic control and inflammation 
in Type-2 diabetes mellitus (DM) patients.

Patients and Methods

In this study, we retrospectively investigated 
the data of patients who presented to our internal 
medicine outpatient clinic with the diagnosis of 
Type-2 DM between 01.01.2020 and 01.31.2023, 
were started on dapagliflozin 10 mg, and used 
it for at least 12 weeks. We targeted to include 
those not using dapagliflozin before but receiving 
dapagliflozin treatment for at least 12 weeks after 
applying to our clinic, without pregnancy, being 
aged between 18-75 years, without acute infection, 
not receiving antihyperlipidemic treatment (if re-
ceiving, those not being started on the treatment 
within the last month or continuing the current tre-
atment), not using medications affecting the bone 
marrow, and without a history of spleen disorder, 
acute and chronic inflammatory disease, and mali-
gnancy. However, we excluded those with Type-1 
DM, using dapagliflozin for less than 12 weeks, 
pregnant, out of the age range of 18-75 years, with 
a picture of acute infection, with transaminase 
levels above five times, with a history of malignan-
cy, being started on antihyperlipidemic medication 
within the last month, and with hematological 
disease. Accordingly, we investigated the data of 
210 patients satisfying our inclusion criteria. Then, 
we utilized the hospital information management 
system to extract the patients’ demographics, co-
morbidities, antihyperglycemic agents they used 
before dapagliflozin, hemogram parameters at the 
start and after 12 weeks of dapagliflozin use, and 
their levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), glucose, hemo-
globin A1c (HbA1C), total cholesterol, triglyceri-
de, HDL-c, and low-density lipoprotein choleste-
rol (LDL-c). The Non-Invasive Clinical Research 
Ethics Committee of the Faculty of Medicine of 
Hitit University granted ethical approval to our 
study (No.: 2023-63, dated 06.14.2023), and we 
carried out all procedures following the ethical 
principles in the Declaration of Helsinki.

Statistical Analysis 
We present descriptive statistics as number 

(n), percentage (%), mean ± standard deviation 
(M±SD), median (Mdn), minimum (min), ma-
ximum (max), and interquartile range (IQR). 
We resorted to the Kolmogorov-Smirnov test 
to check the normality of the pre- and post-tre-
atment data. Accordingly, we performed group 
comparisons using the Wilcoxon signed-rank 
test. The data were analyzed on IBM SPSS 
Statistics Standard Concurrent User V. 26 (IBM 
Corp., Armonk, NY, USA), and a p-value < 0.05 
was accepted as statistically significant.

Results

The mean age of the patients, 127 (60.5%) 
females and 83 (39.5%) males, was found to be 
60.1±8.8 years (30-74 years). The duration of DM 
was 13.14±5.38 in men and 14.15 ± 6.13 in women. 
We discovered hypertension (HT) in 126 (60.0%) 
patients, chronic obstructive pulmonary disease 
(COPD) in 21 (10.0%), coronary artery disea-
se (CAD) in 42 (20.0%), cerebrovascular disease 
(CVD) in 4 (1.9%), hyperlipidemia in 28 (13.3%), 
and other diseases in 13 (6.2%). We also detected 
the use of insulin in 56 (26.7%) patients, metfor-
min in 175 (83.3%), sulfonylurea in 68 (32.4%), 
pioglitazone in 26 (12.4%), and dipeptidyl peptida-
se-4 inhibitor (DPP-4) in 87 (41.4%; Table I).

Our findings suggested that post-treatment le-
vels of fasting blood glucose (FBG) and HgA1c 
among the patients were significantly lower than 
the pre-treatment (p < 0.001 for both). Neverthe-
less, this was not the case for AST and ALT levels. 
While the patients’ HDL levels after the treatment 
were significantly higher than before the treat-
ment (p = 0.001), their pre-treatment LDL levels 
remained almost similar following the treatment. 
Although the patients’ triglyceride levels after 
dapagliflozin treatment were statistically lower 
than levels before the treatment (p < 0.001), we 
could not conclude significant differences betwe-
en pre- and post-treatment by their cholesterol, 
HGB, and WBC values. Besides, we found that 
platelet and monocyte values were significantly 
lower after dapagliflozin treatment than before 
the treatment (p = 0.05 and 0.02, respectively). 
While there was no significant change in the 
patients’ neutrophil levels before and after dapa-
gliflozin treatment, their lymphocyte levels and 
MHR values after the treatment were significant-
ly decreased (p < 0.001). Finally, we discovered 
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their NLR values were significantly higher after 
dapagliflozin treatment (p = 0.02; Table II).  

Discussion

Our results showed a significant reduction in 
the patients’ FBG, HbA1c, triglyceride levels, and 
MHR after dapagliflozin treatment. Yet, it was vice 
versa for their LDL-c levels and NLR. The preva-
lence of diabetes has doubled in the last 30 years, 
and it is predicted1 that there will be about 700 
million diabetics by 2045. Advanced age and female 
sex are significant predisposing factors for diabetes1. 
With a mean age of 62 years, while 60.5% of the 
participating patients were females, 39.5% were ma-
les. On the other hand, in their study investigating 
the prevalence of comorbidities in diabetic patients, 
Iglay et al14 discovered HT in 82.1% of the patients, 
hyperlipidemia in 77.2%, and cardiovascular disea-
ses in 21%. In our study, we found HT in 60% of the 
patients, hyperlipidemia in 13.3%, COPD in 10%, 
CAD in 20%, and CVD in 1.9%.

Sodium-glucose inhibitors block renal gluco-
se reabsorption and boost urinary glucose excre-
tion, which, in turn, decreases blood glucose and 
glycosylated hemoglobin values. They are utilized 
separately from insulin in all phases of Type-2 
DM because they demonstrate their effects without 
relying on beta cell function and have no fading ef-
fects over time. Wilding et al15 divided 808 patients 

using 30 U or more of insulin (as monotherapy or 
in combination with oral anti-diabetics) into four 

Table I. Patients’ Demographic Characteristics (n = 210).

	 n	 %

Sex		
Female	 127	 60.5
Male	 83	 39.5
Age, (years)*	 60.1±8.8 (30-74)*
Disease Duration (years)±SD
Female	 14.15±6.13
Male	 13.14±5.38
BMI (kg/cm2)
Female	 26.9 (24.9-28.5)
Male	 25.8 (24.1-27.9)
Comorbidities**		
Hypertension	 126	 60.0
COPD	 21	 10.0
CAD	 42	 20.0
CVD	 4	 1.9
Hyperlipidemia	 28	 13.3
Other	 13	 6.2
Medications**		
Insulin	 56	 26.7
Metformin	 175	 83.3
Pioglitazone	 26	 12.4
DDP4-İ	 87	 41.4
Other	 68	 32.4

Table II. Pre- and Post-Treatment Comparisons of Patients’ Laboratory Values.

	 Measurement		  Test statistics†

	 Pre-treatment	 Post-treatment	 z	 p

FBG (mg/dL)	 197.50 (85.25)	 163.50 (71.50)	 7.230	 <0.001
HgA1c (%)	 9.30 (2.33)	 8.50 (2.03)	 8.774	 <0.001
AST (IU/L)	 16.00 (8.50)	 17.00 (8.00)	 0.181	 0.857
ALT (IU/L)	 18.00 (11.25)	 18.00 (11.00)	 1.140	 0.254
HDL (mg/dL)	 45.50 (14.25)	 46.00 (15.00)	 3.400	 0.001
LDL (mg/dL)	 103.50 (48.25)	 109.00 (49.25)	 0.083	 0.933
Triglyceride(mg/dL)	 168.50 (102.00)	 155.50 (98.50)	 3.031	 0.002
Total Cholesterol(mg/dL)	 185.50 (49.75)	 182.00 (51.00)	 1.833	 0.067
Hemoglobin (g/dl)	 13.60 (1.80)	 13.70 (1.80)	 1.801	 0.072
White blood cell	 7,770.0 (2,495.0)	 7,515.0 (2,812.0)	 0.020	 0.984
Platelet (103/mm3)	 268.50 (88.75)	 256.00 (90.00)	 1.962	 0.049
Monocyte (103/mm3)	 580.00 (232.50)	 530.00 (232.50)	 2.355	 0.019
Neutrophil (103/mm3)	 4,345.0 (1,967.5)	 4,385.0 (2,077.5)	 1.873	 0.061
Lymphocyte (103/mm3)	 2,445.0 (1,050.0)	 2,310.0 (1,042.5)	 2.549	 0.011
MHR	 12.75 (8.39)	 11.81 (7.35)	 4.005	 <0.001
NLR	 1.65 (0.94)	 1.88 (1.17)	 2.239	 0.025

n: Number of patients, %: Percentage, *M±SD (min-max), 
**More than one response may be available. BMI: Body 
Mass Index COPD: Cronic Obstructive Pulmonary Disease, 
CAD: Coronary Artery Disease, CVD: Cerebrovascular 
Disease, DDP4-I: Dipeptidil Peptidaz-4 Inhibitor.

Data are presented as median values (interquartile ranges). †: Wilcoxon signed-rank test. FBG: Fasting blood glucose, AST: 
Aspartate Aminotransferase, ALT: Alanine Aminotransferase, HDL: High-density LSipoprotein, LDL: Low-Density Lipoprotein, 
MHR: Monocyte-HDL Ratio, NLR: Neutrophil Lymphocyte Ratio 
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groups, added placebo and 2.5 mg, 5 mg, and 10 
mg dapagliflozin, respectively, to their current tre-
atment for 24 weeks, and traced the reduction in 
their insulin requirement. The results documented 
significant decreases in the mean daily insulin 
requirement and HbA1c values of the treatment 
group based on basal values compared to the pla-
cebo group. Similarly, Ferrannini et al16 added 2.5 
mg, 5 mg, and 10 mg dapagliflozin to the regime 
for 24 weeks in Type-2 DM patients whose glyce-
mic control could not be achieved through specific 
dietary regimes and exercises and concluded 15 
mg/dL, 24 mg/dL and 28 mg/dL decreases in their 
FBG levels, respectively, compared to the placebo 
group. Overlapping with previous findings, we also 
detected significant decreases in the patients’ FBS 
and HbA1c levels after dapagliflozin treatment.

Previous research17 has often reported that da-
pagliflozin lowers body weight by reducing both 
visceral and subcutaneous adipose tissues and 
regulates metabolic parameters (e.g., blood pressu-
re). Moreover, SGLT-2 was previously found18,19 to 
contribute to LDL-c and HDL-c levels but reduces 
triglyceride levels. In a study conducted by Yari-
beygi et al18, it was stated that SGLT-2 inhibitors 
could control dyslipidemia by increasing lipolysis. 
Calapkulu et al19 discovered that patients had a 13.4 
mg/dL increase in LDL-c levels and a 25.9 mg/dL 
decrease in triglyceride levels after six months of 
dapagliflozin treatment. Similarly, Gurkan20 obser-
ved an increase of 11.53 mg/dL (8.68%) in LDL-c 
levels and a decrease of 43.04 mg/dL (19.58%) in 
triglyceride levels among patients. Consistent with 
these findings, we detected a significant increase 
in the patients’ HDL-c levels (p = 0.001) and a de-
crease in their triglyceride levels (p = 0.002) after 
12 weeks of dapagliflozin treatment. Besides, Seko 
et al21 retrospectively analyzed the data of patients 
with non-alcoholic fatty liver disease using DPP-4 
and SGLT-2 inhibitors for 24 weeks and found the 
decreases in transaminase activities to be similar 
in both groups. In our study, we could also not find 
a significant change in the patients’ transaminase 
levels before and after dapagliflozin treatment, 
overlapping with the previous findings22.

In a study23 on patients with a new diagnosis of 
fibromyalgia, including 127 patients, monocyte le-
vel and MHR were found to be higher than healthy 
individuals. As mentioned in previous studies6,24, 
MHR and NLR are adopted as inflammation mar-
kers in diabetic patients as well as in all chronic 
diseases. In a study25 conducted with prediabetes 
and diabetes patients, it was stated that the neu-
trophil/lymphocyte ratio was significantly higher 

in diabetic patients compared to healthy and pre-
diabetes patient groups. The literature hosts stu-
dies26 have reported that dapagliflozin functions 
as an anti-inflammatory in Type-2 DM patients. 
While there are papers in literature where SGLT-2 
inhibitor empagliflozin adopts MHR as an anti-in-
flammatory and antioxidant marker and studies 
showing if NLR can be adopted as an anti-inflam-
matory marker, dapagliflozin seems to be missing. 
On the other hand, cardiovascular diseases are 
considered27 significant causes of mortality and 
morbidity in the diabetic population. Chronic in-
flammatory disorders and dyslipidemia are the 
primary contributors to the development of athe-
rosclerotic cardiovascular disease in Type-2 DM. 

In turn, higher NLR and MHR were previously 
shown28,29 to be associated with cardiovascular 
disease in Type-2 DM patients. Moreover, it was 
reported that NLR increases in cases of prediabetes 
and diabetes and that increased NLR is associated 
with subclinical and overt atherosclerotic coronary 
heart disease (ACHD) in diabetic patients30,31. Be-
sides, in the DECLARE-TIMI 58 trial32 (The De-
sign and Rationale for the Dapagliflozin Effect on 
Cardiovascular Events), dapagliflozin was found to 
reduce hospitalizations for heart failure and cardio-
vascular deaths in patients with Type 2 DM and hi-
gh cardiovascular risk when compared to placebo. 
In our study, while we found a significant decrease 
in MHR after dapagliflozin treatment (p < 0.001), 
NLR did not decrease significantly among the 
patients, overlapping with some previous results33.

Our study was conducted as a retrospective 
study. Therefore, the desired equality could not 
be achieved in terms of the gender ratios of the 
patients included in the study. 

Conclusions

We concluded that dapagliflozin lowered MHR 
in Type 2 DM patients, which may be a hallmark 
of its anti-inflammatory activity in these patients. 
Nevertheless, a larger, prospective research is 
still needed to confirm our findings on NLR.
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