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Abstract
Background  An ideal glucose-lowering drug is expected to not only improve glycemic control, but also have positive effects 
on weight, blood pressure, dyslipidemia, and also cardiovascular and renal outcomes.
Objective  To investigate and compare the impact of Sodium-glucose transport protein 2 (SGLT2) inhibitors on glycemic 
and extraglycemic laboratory parameters and the parameters which affect this impact.
Methods  This retrospective study was conducted between January 2022 and December 2022. A total of 250 patients diag-
nosed with type 2 diabetes mellitus (T2DM) using SGLT2i were included in the study.
Results  Patients had a mean age of 55.4 ± 9.6, and 53.6% (n = 134) were male. Among the patients, 19.6% (n = 49) used 
dapagliflozin and 80.4% (n = 201) used empagliflozin. Glucose, HbA1c, and triglyceride levels at 3 and 6 months showed 
significant reductions compared to baseline, while serum sodium and HDL-C levels showed significant increases (p < 0.001). 
Additionally, creatinine and serum potassium levels at 6 months were significantly higher than baseline, while LDL-C and 
urine albumin-to-creatinine ratio levels were significantly lower. Empagliflozin users exhibited significantly higher creatinine 
levels only at 3. months, higher serum sodium levels only at 6. months, and lower HbA1c levels only at 6. months compared 
to dapagliflozin users.
Conclusion  While SGLT2i seem to provide positive effects on the lipid profile, as well as their well-recognized effects on 
glycemic parameters, there may be value in further evaluating renal safety and the long-term alterations in lipid profile.

Keywords  Sodium-glucose cotransporters type 2 inhibitors · Empagliflozin · Dapagliflozin · Type 2 diabetes mellitus · 
Fasting glucose · Glycated hemoglobin · Lipid · Creatinine

Introduction

Type 2 diabetes mellitus (T2DM) is a complex metabolic 
disease associated with conditions, such as obesity, car-
diovascular diseases (CVDs), dyslipidemia and nephropa-
thy [1]. Diabetes has also been shown to increase risks for 

CVDs and diabetic nephropathy [2, 3]. Therefore, an ideal 
glucose-lowering drug is expected to not only improve gly-
cemic control, but also have positive effects on weight, blood 
pressure, dyslipidemia, and also cardiovascular and renal 
outcomes [4].

Sodium-glucose transport protein 2 (SGLT2) inhibi-
tors (SGLT2i) are the most recent glucose-lowering drugs 
gaining widespread use in T2DM [5]. They block SGLT2 
channels in the proximal renal tubule, thereby preventing 
reabsorption of glucose [6] and increasing urinary glucose 
excretion –which reduces plasma glucose regardless of the 
effects of insulin [4]. Studies have shown that SGLT2i use 
is associated with greater improvement in glycated hemo-
globin (HbA1c) compared to placebo and oral antidiabet-
ics [7]. Glycosuria also causes considerable calorie loss, 
potential weight loss, and a decrease in blood pressure 
[4]. Randomized controlled trials have shown that SGLT2i 
can reduce risks for major adverse cardiovascular events, 
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heart failure, and poor renal outcomes [8–10]. It has even 
been reported that these effects may be partially independ-
ent of glucose-lowering activity [11, 12]. Based on these 
results, current guidelines recommend administration of 
SGLT2i in patients with T2DM and certain cardiovascu-
lar/renal comorbidities (or high risks for these) [2, 3, 13]. 
However, the mechanisms of cardiorenal protection con-
ferred by SGLT2i still need to be clarified [14]. SGLT2i 
have also been associated with various adverse effects, 
including cardiovascular, renal and metabolic adverse 
consequences [5, 7, 15, 16]. The positive and negative 
consequences of these agents and their relationships with 
other factors, including concomitant medications, diabetes 
duration and timing of SGLT2i initiation, have not been 
adequately investigated.

The metabolic effects of SGLT2i may change over time 
and could be affected by other concomitant antidiabetic regi-
mens, duration of diabetes, and SGLT2i initiation time. In 
this context, our aim was to investigate and compare the two 
SGLT2i medications marketed in our country (dapagliflozin 
and empagliflozin) by examining longitudinal changes (3 
and 6 months) in glucose metabolism, lipid profile, renal 
functions and serum electrolyte levels. The relationship of 
these changes with concomitant antidiabetic regimens was 
also examined.

Materials and methods

Study design

A total of 250 patients diagnosed with type 2 diabetes 
mellitus, who applied to the diabetes outpatient clinic 
between January 2022 and December 2022 and had been 
started on SGLT2i between these dates, were included in 
the study. Examinations were planned to be performed at 
3 and 6 months, and therefore, those using SGLT2i for less 
than 6 months at the end of the study period were excluded 
from the study. Additionally, patients using calcium chan-
nel blockers, diuretics or statins were excluded. The use of 
these drugs in baseline or during the 6-month period of the 
study was considered as exclusion criteria. Whether a statin 
indication occurred during SGLT2i treatment was evalu-
ated according to the 2019 European Society of Cardiology 
(ESC) and European Atherosclerosis Society (EAS) guide-
lines [17]. Accordingly, patients with low risk according to 
the total cardiovascular risk score (SCORE) and low-density 
lipoprotein-cholesterol (LDL-C) < 116 mg/dL, patients with 
moderate risk and LDL-C < 100 mg/dL, patients with high 
risk and LDL-C < 70 mg/dL, and patients with very high risk 
and LDL-C < 55 mg/dL did not receive antihyperlipidemic 
therapy.

Data collection

This longitudinal retrospective study was carried out in the 
Department of Internal Medicine of Dr. Sadi Konuk Train-
ing and Research Hospital. All procedures agreed with the 
ethical standards of the institutional research committee and 
with the Helsinki declaration and its later amendments. The 
study plan and procedures were evaluated and approved 
by the Ethics Committee of Dr. Sadi Konuk Training and 
Research Hospital (Decision date: 21.02.2022, decision no: 
2022–04-14).

Participants’ data included in the study were as follows: 
age, sex and comorbidities, duration of T2DM, concomitant 
diabetes medication used with SGLT2i, time between onset 
of SGLT2i and diagnosis of T2DM, type of SGLT2i (dapa-
gliflozin or empagliflozin), angiotensin converting enzyme 
inhibitor (ACEi) and angiotensin receptor blocker (ARB) 
use, laboratory results (detailed below) and were retrieved 
from the computerized registry of the hospital and patient 
charts. The information about whether the patients used 
calcium channel blockers, diuretics or statins at the begin-
ning or during the study was obtained from both the hospital 
records and the records by the Ministry of Health of the 
Republic of Turkey.

Laboratory analysis

Laboratory results immediately before SGLT2i initiation 
(baseline), and 3 months and 6 months after SGLT2i initia-
tion, which were measured in the routine follow-up exami-
nation of T2DM patients, including blood fasting glucose, 
creatinine, urea, serum sodium, potassium and calcium, 
HbA1c, LDL-C, high density lipoprotein cholesterol (HDL-
C), triglyceride levels and urine albumin-to-creatinine ratio 
(ACR) were examined. All samples were taken in accord-
ance with international standards and measurements were 
performed in the certified local biochemistry laboratory 
with calibrated devices (Roche COBAS Integra 800; Roche 
Diagnostics Corporation, USA) and commercial test kits, 
according to manufacturer recommendations.

Patients management 

Diabetes diagnoses were made and therapeutic decisions 
(indications and doses of SGLT2i, metformin and insulin) 
were based on the recommendations of the American Diabe-
tes Association (ADA) and the European Association for the 
Study of Diabetes (EASD) [1, 3]. The patients were divided 
into 2 groups as those using dapagliflozin (n = 49) and empa-
gliflozin (n = 201) and compared in terms of changes in labo-
ratory parameters at baseline, 3 months and 6 months. Based 
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on concomitant therapies, patients were also divided into 4 
groups: those not using any additional medication (n = 32), 
those using metformin (n = 184), those using metformin and 
basal insulin (n = 16), and those using metformin, basal insu-
lin, and bolus insulin (n = 18) and these four groups were 
compared in terms of changes in laboratory parameters at 
baseline, 3 months, and 6 months later.

ACEi or ARB indications of the patients before and after 
SGLT2 initiation were determined according to the ESC and 
EAS guidelines [18, 19].

Statistical analysis

Statistical analyses, with significance denoted by p < 0.05 
values, were conducted using IBM SPSS, Version 21.0 
(IBM, NY, USA). Continuous variables were evaluated 
for the absence of normal distribution using the Kolmogo-
rov–Smirnov and Shapiro–Wilk tests. Mean ± standard devi-
ation values were used to summarize continuous variables, 
while frequency (percentage) values were used for categori-
cal variables. Repeated measurements were compared using 
Wilcoxon test or Friedman's test. Two-group comparisons 
utilized the Mann–Whitney U test, and comparisons involv-
ing more than two groups employed the Kruskal–Wallis test. 
Post-hoc analysis was adjusted with Bonferroni correction.

Results

The mean age of the patients was 55.4 ± 9.6, with 53.6% 
(n = 134) being male. The mean duration of T2DM was 
9.12 ± 6.35 years, while the mean time until SGLT2i initia-
tion after T2DM diagnosis was 7.38 ± 6.09 years. Forty-nine 
(19.6%) patients used dapagliflozin and 201 (80.4%) used 
empagliflozin. Comorbidities and other drug uses are sum-
marized in Table 1.

Laboratory parameter changes at 3 months and 6 months 
compared to baseline are summarized in Table 2. Glucose, 
HbA1c, and triglyceride levels measured 3 and 6 months 
after treatment were significantly lower than baseline, while 
serum sodium and HDL-C levels were significantly higher 
(p < 0.001 for all). Levels of creatinine (p = 0.024) and 
serum potassium (p = 0.028) measured 6 months after treat-
ment were significantly higher than baseline, while levels 
of LDL-C (p < 0.001) and urine ACR (p < 0.001) were sig-
nificantly lower. Glucose, HbA1c, LDL-C, triglyceride and 
urinary ACR levels measured 6 months after treatment were 
significantly lower (p < 0.001 for all), while serum potas-
sium levels were significantly higher (p = 0.028) compared 
to those 3 months after treatment. When compared based 
on SGLT2i type, patients using empagliflozin had signifi-
cantly higher creatinine 3 months later (p = 0.048) and serum 
sodium 6 months later (p = 0.020), and significantly lower 

HbA1c levels 6 months later (p = 0.024) than dapagliflozin 
users (Table 3).

Patients using metformin & basal insulin with SGLT2i 
had significantly higher baseline glucose levels (before 
metformin & basal insulin treatment) than those using met-
formin alone with SGLT2i (before metformin treatment) 
(p = 0.016). Patients using metformin & basal insulin and 
those using metformin & basal insulin & bolus insulin with 
SGLT2i had significantly higher HbA1c levels at 6″ months 
(p = 0.003) compared to those who were only receiving 
metformin as concomitant medication. HbA1c levels at 
6 months were significantly lower in metformin & SGLT2i 
users compared to those receiving only SGLT2i (p = 0.003). 
HbA1c values after 6 months decreased significantly in all 
4 groups. Except for the Metformin + basal insulin + Bolus 
insulin group, there were significant decreases in glucose 
and LDL-C levels of the other 3 groups compared to base-
line and 6 months later. A significant increase in creatinine 
(p = 0.023), sodium (p < 0.001) and potassium (p = 0.043) 
levels was seen in the metformin group after 6 months. In 
the only SGLT2i group, urea levels decreased significantly 
after 6 months (p = 0.032). There was a significant increase 
in HDL-C levels and a significant decrease in urinary ACR 
levels after 6 months in those using only SGLT2i (p = 0.043) 

Table 1   Summary of patients' characteristics

Data are given as mean ± standard deviation for continuous variables 
and as frequency (percentage) for categorical variables
ACE Angiotensin converting enzyme inhibitor, ARB Angiotensin 
receptor blocker, SGLT2i Sodium-glucose cotransporters type 2 
inhibitors

Age (years) 55.4 ± 9.6
Sex

  Female 116 (46.4%)
  Male 134 (53.6%)

Other comorbidities
  Hypertension 135 (54.0%)
  Hyperlipidemia 128 (51.2%)
  Coronary artery disease 58 (23.2%)
  Congestive heart failure 7 (2.8%)
  Chronic renal failure 6 (2.4%)

Duration of diabetes mellitus (years) 9.12 ± 6.35
SGLT2i start time after diagnosis (years) 7.38 ± 6.09
Type of SGLT2i

  Dapagliflozin 49 (19.6%)
  Empagliflozin 201 (80.4%)

Other antidiabetics use
  None 32 (12.8%)
  Metformin 184 (73.6%)
  Metformin + Basal insulin 16 (6.4%)
  Metformin + Basal insulin + Bolus insulin 18 (7.2%)

ACE inhibitors/ARB use 98 (39.2%)
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and in those using metformin in addition to SGLT2i 
(p = 0.004). There was a significant decrease in triglyceride 
levels in the metformin (p < 0.001) and metformin + basal 
(p = 0.006) insulin groups after 6 months (Table 4).

Discussion

The main findings of this study demonstrate that, SGLT2i 
decreased glucose, HbA1c, LDL-C, triglyceride and urine 
ACR levels, and significantly increased creatinine, serum 
sodium and HDL-C levels over time. Compared to dapa-
gliflozin, empagliflozin increased creatine at 3 months and 
serum sodium at 6 months more, and decreased HbA1c at 
6 months more. Other diabetes treatment regimens used con-
comitantly with SGLT2i had no significant and reasonable 
differences on laboratory variables other than HbA1c.

Clinical studies have shown that SGLT2i improve both 
glucose and HbA1c levels in comparison to placebo and 
other oral antidiabetic drugs [7]. The present study did not 
include a placebo group or a comparison group (using only 
other antidiabetics), but it was observed that there was a sig-
nificant decrease in glucose and HbA1c levels at 6 months 
after starting SGLT2i. HbA1c levels 6 months after starting 
empagliflozin were significantly lower compared to dapagli-
flozin recipients, although there was no difference at base-
line. In a meta-analysis of 12 randomized controlled trials, 
it was demonstrated that SGLT2i use was associated with 
a greater reduction in HbA1c in comparison to oral anti-
diabetics. While there was no difference in HbA1c reduc-
tion between SGLT2i and metformin, SGLT2i have been 
shown to provide a greater HbA1c reduction effect compared 
to sulfonylurea and dipeptidyl peptidase 4 inhibitors. [7]. 

Although empagliflozin resulted in a significantly greater 
HbA1c reduction than dapagliflozin in the current study, 
some limitations should be taken into account, such as the 
relatively small sample size, retrospective design, significant 
number differences between groups, and the exclusion of the 
weight factor, which is an important factor that may affect 
HbA1c levels.

Diabetic nephropathy, a leading cause of end-stage renal 
disease, is associated with increased morbidity and mortality 
in diabetes and independently elevates the risk of adverse 
cardiac outcomes [20]. The basic pathophysiology of dia-
betic nephropathy includes inflammation and fibrosis caused 
by glomerular hyperfiltration [21, 22]. The CREDENCE 
(“The Canagliflozin and Renal Endpoints in Diabetes with 
Established Nephropathy Clinical Evaluation”) trial included 
approximately 4500 patients with T2DM and chronic renal 
failure with proteinuria and was the first renal outcome trial 
of SGLT2i. It demonstrated renoprotection (30% reduction 
in adverse renal outcomes) and cardiovascular protection 
[8]. The superiority of SGLT2i over placebo in preventing 
renal deterioration was also demonstrated in the EMPA-REG 
OUTCOME (“Empagliflozin Cardiovascular Outcome Event 
Trial in Type 2 Diabetes Mellitus Patients”) study [23]. This 
study also demonstrated that empagliflozin reduced the risk 
of composite renal outcomes including progression to mac-
roalbuminuria, doubling of serum creatinine, initiation of 
renal therapy, and death from kidney disease, by 39% [23]. 
The DECLARE-TIMI 58 (“Dapagliflozin Effect on Cardio-
vascuLAR Events – Thrombolysis in Myocardial Infarction 
58”) trial reported lower rates of renal combined outcome 
by treatment with dapagliflozin compared to placebo [24]. 
Similar results were reported for canagliflozin in the CAN-
VAS (“Canagliflozin Cardiovascular Assessment Study”) [8, 

Table 2   Summary of laboratory 
measurements of all patients 
with regard to time

Data are given as mean ± standard deviation
*: Significantly different from Baseline, #: Significantly different from 3rd month
ACR​ Albumin-to-creatinine ratio, HbA1c Glycated hemoglobin, HDL-C High density lipoprotein choles-
terol, LDL-C Low density lipoprotein cholesterol

Time

Baseline 3rd month 6th month p

Glucose (mg/dL) 215.60 ± 83.46 171.44 ± 63.49* 154.42 ± 56.06*#  < 0.001
Creatinine (mg/dL) 0.78 ± 0.23 0.79 ± 0.22 0.80 ± 0.25* 0.024
Urea (mg/dL) 31.21 ± 9.15 31.43 ± 9.87 31.68 ± 12.70 0.071
Serum sodium (mEq/L) 137.04 ± 4.26 137.87 ± 8.35* 138.53 ± 2.63*  < 0.001
Serum potassium (mEq/L) 4.52 ± 0.46 4.53 ± 0.38 4.59 ± 0.38*# 0.028
Serum calcium (mg/dL) 9.46 ± 0.55 9.42 ± 0.58 9.47 ± 0.56 0.104
HbA1c (%) 9.18 ± 1.87 8.05 ± 1.59* 7.69 ± 1.36*#  < 0.001
LDL-C (mg/dL) 121.79 ± 43.40 117.17 ± 39.01 104.96 ± 39.47*#  < 0.001
HDL-C (mg/dL) 45.29 ± 14.97 46.34 ± 18.52* 46.55 ± 13.69* 0.001
Triglyceride (mg/dL) 223.97 ± 152.10 184.47 ± 113.68* 165.69 ± 81.35*#  < 0.001
Urine ACR (mg/g) 98.53 ± 330.16 68.12 ± 238.00 53.23 ± 169.80*#  < 0.001
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10]. The DAPA-CKD (“The Dapagliflozin and Prevention 
of Adverse Outcomes in Chronic Kidney Disease”) study 
investigating a larger population also demonstrated the reno-
protective effects of dapagliflozin in chronic kidney disease 
patients with or without T2DM [25].

Some researchers have claimed that intensive glucose-
lowering therapies can cause harm, resulting in questions 
surrounding the safety of SGLT2i [16, 26, 27]. Although the 
results of above mentioned trials do not show increased risks 
for acute kidney injury [8, 23, 24, 28] with SGLT2i use, there 
are few studies that have emphasized acute kidney injury 
[16], thereby demonstrating the need for further studies. 
Nonetheless, the long-term renoprotective effects of SGLT2i 
have been associated with reduced transglomerular pressure, 
similar to agents that block the renin–angiotensin–aldoster-
one axis [5, 16]. However, SGLT2i can sometimes cause 
a decline in kidney function and acute renal injury. In the 
present study, SGLT2i significantly increased serum sodium 
levels 3 months after baseline, and significantly decreased 
urinary ACR levels, as well as increased creatinine, serum 
sodium and serum potassium levels at 6 months relative to 
baseline. SGLT2i also significantly decreased urinary ACR 
levels and significantly increased serum potassium levels at 
6 months compared to 3 months. The effect of empagliflozin 
on increasing creatinine at 3 months and serum sodium at 
6 months was significantly higher than dapagliflozin. Based 
on the results of a systemic review, STLG2i were associated 
with a 0.60 µmol/L increase in creatinine compared to pla-
cebo [7]. In terms of creatinine change, similar results were 
found for SGLT2i and metformin or dipeptidyl peptidase 4 
inhibitors [7]. The present study investigated the effect of 
SGLT2i on serum creatinine and electrolyte levels and how 
these effects changed over 3-month intervals, contributing to 
a lack of literature in this regard. We recommend checking 
serum creatinine, sodium and potassium levels at least every 
3 months in patients using SGLT2i. It should be remembered 
that increases in creatinine and potassium levels may occur 
after 6 months of use.

Recently, the United States Food and Drug Administration 
reported cases of acute kidney injury in 101 patients treated 
with SGLT2i –all receiving dapagliflozin or canagliflozin. 
The fact that many of these patients required hospitalization 
and renal replacement therapy has raised concerns [23]. In 
another meta-analysis, both dapagliflozin and canagliflozin 
caused increased risk of compound renal events compared 
to the control group, whereas renoprotective outcomes were 
reported for empagliflozin. Both canagliflozin and dapagli-
flozin were associated with a tendency to increase the risk 
of acute renal failure compared to controls, but these results 
were not significant. Conversely, empagliflozin has also 
been associated with a significant reduction in the risk of 
acute renal failure [29]. Szalat et al. reported several cases 
of acute kidney injury that may be associated with initiation 

Table 3   Summary of laboratory measurements with regard to time 
and type of SGLT2 inhibitor

Data are given as mean ± standard deviation
ACR​ Albumin-to-creatinine ratio, HbA1c Glycated hemoglobin, 
HDL-C High density lipoprotein cholesterol, LDL-C Low density 
lipoprotein cholesterol, SGLT2 Sodium-glucose cotransporters type 2

Type of SGLT2 inhibitor

Dapagliflozin (n = 49) Empagliflozin 
(n = 201)

p

Glucose (mg/dL)
  Baseline 222.81 ± 84.95 213.85 ± 83.21 0.570
  3rd month 194.80 ± 86.67 165.75 ± 55.22 0.057
  6th month 161.69 ± 47.97 152.65 ± 57.83 0.094

Creatinine (mg/dL)
  Baseline 0.77 ± 0.29 0.78 ± 0.22 0.121
  3rd month 0.74 ± 0.22 0.80 ± 0.23 0.048
  6th month 0.77 ± 0.28 0.81 ± 0.24 0.114

Urea (mg/dL)
  Baseline 31.08 ± 8.83 31.29 ± 9.56 0.265
  3rd month 31.99 ± 9.49 31.30 ± 9.97 0.636
  6th month 32.46 ± 20.27 31.49 ± 10.08 0.453

Serum sodium (mEq/L)
  Baseline 136.57 ± 3.24 137.16 ± 4.47 0.105
  3rd month 135.53 ± 18.17 138.44 ± 2.43 0.793
  6th month 137.92 ± 2.34 138.68 ± 2.68 0.020

Serum potassium (mEq/L)
  Baseline 4.55 ± 0.45 4.51 ± 0.46 0.910
  3rd month 4.54 ± 0.40 4.52 ± 0.37 0.764
  6th month 4.55 ± 0.41 4.59 ± 0.38 0.249

Serum calcium (mg/dL)
  Baseline 9.54 ± 0.57 9.45 ± 0.54 0.490
  3rd month 9.51 ± 0.44 9.40 ± 0.60 0.466
  6th month 9.49 ± 0.48 9.46 ± 0.58 0.829

HbA1c (%)
  Baseline 9.40 ± 2.19 9.12 ± 1.79 0.583
  3rd month 8.36 ± 2.05 7.97 ± 1.45 0.270
  6th month 8.04 ± 1.38 7.61 ± 1.34 0.024

LDL-C (mg/dL)
  Baseline 122.23 ± 34.00 121.68 ± 45.47 0.434
  3rd month 113.52 ± 36.12 118.06 ± 39.71 0.799
  6th month 101.52 ± 40.53 105.80 ± 39.26 0.693

HDL-C (mg/dL)
  Baseline 43.08 ± 8.40 45.82 ± 16.12 0.399
  3rd month 44.35 ± 8.62 46.83 ± 20.20 0.765
  6th month 45.66 ± 9.92 46.77 ± 14.48 0.876

Triglyceride (mg/dL)
  Baseline 235.92 ± 160.79 221.05 ± 150.18 0.457
  3rd month 195.16 ± 145.54 181.86 ± 104.74 0.669
  6th month 171.49 ± 71.18 164.28 ± 83.74 0.265

Urine ACR (mg/g)
  Baseline 85.00 ± 240.92 101.83 ± 348.89 0.559
  3rd month 61.17 ± 153.93 69.81 ± 254.60 0.827
  6th month 53.31 ± 148.32 53.21 ± 174.97 0.623
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Table 4   Summary of laboratory measurements with regard to time and other antidiabetics use

Data are given as mean ± standard deviation
*: Significantly different from None group, #: Significantly different from Metformin group
ACR​ Albumin-to-creatinine ratio, HbA1c Glycated hemoglobin, HDL-C High density lipoprotein cholesterol, LDL-C Low density lipoprotein 
cholesterol

Other antidiabetics use

None
(n = 32)

Metformin (n = 184) Metformin + Basal 
insulin (n = 16)

Metformin + Basal insu-
lin + Bolus insulin (n = 18)

p

Glucose (mg/dL)
  Baseline 214.56 ± 73.80 208.44 ± 80.23 270.13 ± 105.45 242.19 ± 94.27 0.016
  6th month 144.62 ± 37.33 151.60 ± 50.39 156.99 ± 63.04 198.42 ± 101.61 0.136
  p  < 0.001  < 0.001 0.001 0.102

Creatinine (mg/dL)
  Baseline 0.78 ± 0.27 0.78 ± 0.22 0.81 ± 0.24 0.77 ± 0.30 0.815
  6th month 0.81 ± 0.31 0.81 ± 0.24 0.84 ± 0.27 0.72 ± 0.19 0.427
  p 0.050 0.023 0.569 0.758

Urea (mg/dL)
  Baseline 30.21 ± 8.95 31.11 ± 9.43 28.31 ± 8.18 27.98 ± 7.83 0.190
  6th month 28.94 ± 10.54 32.15 ± 13.65 32.31 ± 7.41 31.24 ± 9.48 0.557
  p 0.032 0.058 0.955 0.058

Serum sodium (mEq/L)
  Baseline 137.83 ± 2.35 136.84 ± 4.68 136.98 ± 2.88 137.76 ± 3.29 0.637
  6th month 138.85 ± 2.75 138.56 ± 2.49 137.90 ± 3.96 138.27 ± 2.62 0.760
  p 0.075  < 0.001 0.096 0.678

Serum potassium (mEq/L)
  Baseline 4.51 ± 0.37 4.54 ± 0.41 4.59 ± 0.24 4.24 ± 0.96 0.532
  6th month 4.59 ± 0.38 4.60 ± 0.38 4.55 ± 0.33 4.41 ± 0.41 0.321
  p 0.399 0.043 0.950 0.571

Serum calcium (mg/dL)
  Baseline 9.41 ± 0.49 9.47 ± 0.55 9.45 ± 0.53 9.49 ± 0.66 0.853
  6th month 9.46 ± 0.34 9.48 ± 0.61 9.53 ± 0.52 9.35 ± 0.48 0.443
  p 0.673 0.361 0.552 0.552

HbA1c (%)
  Baseline 9.31 ± 1.32 9.04 ± 1.97 9.75 ± 1.84 9.88 ± 1.49 0.051
  6th month 8.08 ± 0.99 7.51 ± 1.26 8.31 ± 1.87 8.39 ± 1.95 0.003
  p  < 0.001  < 0.001 0.009 0.015

LDL-C (mg/dL)
  Baseline 115.93 ± 34.25 121.15 ± 45.87 132.85 ± 28.41 128.87 ± 42.91 0.419
  6th month 96.91 ± 38.38 104.45 ± 40.00 103.33 ± 29.23 125.95 ± 39.52 0.100
  p 0.007  < 0.001 0.012 0.557

HDL-C (mg/dL)
  Baseline 46.62 ± 15.32 45.40 ± 15.63 41.89 ± 9.01 44.87 ± 11.75 0.845
  6th month 51.31 ± 23.07 46.29 ± 11.87 43.61 ± 10.64 43.36 ± 9.77 0.494
  p 0.043 0.004 0.754 0.256

Triglyceride (mg/dL)
  Baseline 211.38 ± 164.87 222.38 ± 138.46 282.68 ± 277.07 210.33 ± 106.84 0.623
  6th month 166.22 ± 72.22 163.77 ± 83.41 143.00 ± 38.57 204.56 ± 95.32 0.190
  p 0.096  < 0.001 0.006 0.981

Urine ACR (mg/g)
  Baseline 145.70 ± 505.44 89.04 ± 305.16 83.59 ± 98.92 125.04 ± 336.94 0.492
  6th month 29.18 ± 63.15 51.11 ± 172.31 148.71 ± 307.52 32.75 ± 42.38 0.394
  p 0.001  < 0.001 0.569 0.231
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of SGLT2i therapy, including empagliflozin [16]. Accord-
ing to Szalat et al. [16], there were three possible causes of 
this damage: (i) effective volume depletion due to excessive 
diuresis; (ii) loss of trans-glomerular pressure in patients 
receiving renin–angiotensin–aldosterone blockade; (iii) renal 
medullary hypoxic injury. However, the role of these mecha-
nisms has not been adequately explored due to the conflicting 
results of studies on acute kidney injury potentially caused 
by SGLT2i treatment. According to the results of the present 
study, the detrimental effect of SGLT2i on kidney and blood 
electrolytes seems to increase with time, and these effects 
seem to be more pronounced in empagliflozin. Also, these 
effects do not seem to be affected by other concomitant anti-
diabetic treatment regimens, duration of diabetes mellitus 
and SGLT2i initiation time after diagnosis. However, avail-
able data regarding the kidney safety of SGLT2i are conflict-
ing and limited. Further information on the renal damage or 
protective properties of SGLT2i will be provided by clinical 
trials designed to evaluate outcomes in large populations.

The cardioprotective effects of SGLT2i have been demon-
strated in many randomized controlled trials. In the EMPA-
REG OUTCOME study of 7020 patients with T2DM and 
CVD, Zinman et al. showed that the composite incidence of 
major adverse cardiovascular events was lower in patients 
using empagliflozin compared to placebo [9]. The CANVAS 
trial compared the results of canagliflozin and placebo in 
10,142 patients with T2DM and high cardiovascular risk. 
Patients treated with canagliflozin had a lower risk of car-
diovascular events than those treated with placebo [10]. On 
the other hand, other meta-analyses showing no effects on 
cardiovascular events, death, and major safety outcomes 
have been published [7, 30]. These conflicting results may 
be due to the uncertain effects of SGLTi on lipid profile. 
In this study, we also investigated the temporal changes of 
SGLTi on lipid parameters. SGLT2i significantly decreased 
triglyceride levels and significantly increased HDL-C levels 
3 months after baseline, and significantly decreased LDL-C 
and triglyceride levels and significantly increased HDL-C 
levels at 6 months. In a meta-analysis, SGLT2i were asso-
ciated with increased HDL-C and LDL-C and decreased 
triglyceride compared with placebo. SGLT2i increased 
HDL-C and LDL-C compared to sulfonylurea treatment and 
dipeptidyl peptidase 4 inhibitors, but did not cause lower 
levels of triglycerides [7]. Other studies have also shown that 
SGLT2i increase HDL-C and LDL-C levels [9, 31, 32]. In a 
randomized placebo-controlled trial, dapagliflozin was not 
found to cause any alterations in lipid-related parameters, 
including HDL subfractions, cholesterol efflux, enzymes 
mediating the antioxidant role of HDL (PON1 and ARE), 
when compared to placebo [33]. In an experimental study 
using a mouse model to examine the effects of SGLT2 inhi-
bition on plasma lipoprotein metabolism, SGLT2 inhibition 

was demonstrated to increase circulating LDL-C and reduce 
plasma triglycerides. Also, SGLT2 inhibition was shown to 
delay LDL turnover [15]. According to the current findings, 
SGLT2i seem to have increasing positive effects on lipid 
profile over time, and these effects seem to be independent 
of SGLT2i type, other medications, time with disease, and 
SGLT2i initiation time. Comprehensive studies are needed 
to demonstrate the precise effects of SGLT2i on lipid profile 
and to assess long-term effects.

Limitations

This was a single-center study and has relatively few par-
ticipants compared to previously published comprehensive 
randomized controlled trials. This limits the generalizability 
of the results. As it is a retrospective study, the effect of 
SGLT2i on long-term outcomes and other laboratory param-
eters could not be investigated. In addition, due to the ret-
rospective design, the weight factor, which is an important 
factor that may affect HbA1c levels, was not included in the 
study. A placebo control group or a comparison group using 
only other antidiabetics could not be created and included 
in the study. Differences in numbers between patients using 
dapagliflozin and empagliflozin may have affected the statis-
tical results. The differences in these numbers were a natural 
consequence of following the recommendations of the ADA 
and the European Association for the Study of Diabetes. The 
sample size was not computed to compare the two types 
of inhibitors in the study, and the sample sizes in the two 
groups are unequal, caution should be exercised while draw-
ing inferences from this comparison. Furthermore, as the 
study already has a retrospective nature, the probability of 
selection bias risk is very low. Finally, since canagliflozin 
was not marketed in Turkey at the time of the study, the 
results of this agent could not be included.

Conclusion

In conclusion, SGLT2i significantly decreased glucose and 
HbA1c over time, and this positive effect was more pro-
nounced in empagliflozin. SGLT2i increased creatinine, 
serum sodium, and serum potassium over time and decreased 
urinary ACR levels, and the impact on sodium was more 
pronounced in empagliflozin recipients. SGLT2i signifi-
cantly increased HDL-C levels, while significantly decreas-
ing LDL-C and triglyceride levels over time. While SGLT2i 
seems to provide positive effects on the lipid profile in addi-
tion to its positive glycemic effects in patients with T2DM, 
it would be useful to review it in terms of renal safety and to 
perform further trials examining their effects on lipid profile. 
For this, more comprehensive studies are required.
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