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Abstract: Objective: To evaluate the potential of sodium-glucose cotransporter 2 (SGLT2) inhibitors in preventing 
the progression of diabetic kidney disease and to provide guidance for clinical practice to improve renal health 
management strategies for diabetic patients. Methods: A retrospective analysis was conducted on 178 patients with 
diabetic kidney disease admitted to Baoji High Tech Hospital from March 2023 to March 2024. Of these, 88 patients 
who received early treatment with the SGLT2 inhibitor dapagliflozin were included in the early SGLT2-i group, while 
90 patients receiving later treatment with SGLT2 inhibitor dapagliflozin were included in the late SGLT2-i group. 
Clinical data, overall effectiveness, adverse reactions, blood glucose, renal function, lipid levels, and inflammatory 
markers were compared between the two groups. Results: Prior to treatment, there were no differences in blood 
glucose indicators between the two groups (all P > 0.05). Following treatment, both groups showed reductions in 
2-hour postprandial blood glucose (2hPG), fasting plasma glucose (FPG), and glycosylated hemoglobin (HbA1c), 
with the early SGLT2-i group demonstrating significantly lower values compared to the late SGLT2-i group (all P < 
0.05). Similarly, there were no differences in renal function indicators between the two groups before treatment (all 
P > 0.05). However, following treatment, the early SGLT2-i group showed more noticeable improvements compared 
to the late SGLT2-i group (P < 0.05). Inflammatory markers and lipid levels followed similar patterns. The overall ef-
fectiveness of the early SGLT2-i group was higher than that of the late SGLT2-i group (92.05% vs. 78.89%, P < 0.05), 
while the incidence of adverse reactions did not differ statistically between the two groups (6.82% vs. 10.00%, P 
> 0.05). Conclusion: Early use of SGLT2 inhibitors in diabetic kidney disease patients effectively controls blood 
glucose and lipid levels, improves renal function, reduces inflammatory responses, and exhibits a low incidence of 
adverse reactions. This demonstrates high safety and an important role in delaying disease progression. Therefore, 
it is worth considering clinical promotion and use for this patient population.
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Introduction

Diabetes is a chronic systemic metabolic dis-
ease, usually caused by decreased insulin 
secretion or reduced sensitivity to insulin [1]. 
Diabetic kidney disease, a common complica-
tion of type 2 diabetes, is characterized by an 
insidious onset and slow progression. Appro- 
ximately 40-50% of patients may progress to 
end-stage renal disease, significantly impact-
ing their quality of life [2]. The disease can be 
divided into five stages, with stages I-III referr- 
ed to as early-stage diabetic kidney disease. 
Timely and effective treatment during these 
stages can delay or even reverse kidney dam-
age, making the treatment of patients in these 

stages a current research focus. Furthermore, 
the renal damage in diabetic kidney disease is 
characterized by chronic progressive injury with 
no significant early clinical symptoms, under-
scoring the importance of early treatment.

In recent years, the number of medications  
for treating diabetic kidney disease has in- 
creased, leading to evolving treatment regi-
mens. Throughout the treatment process, it is 
essential to avoid impacting patients’ physical 
and mental health while ensuring treatment 
efficacy and medication safety. In addition to 
conventional health education, dietary and 
exercise guidance, blood pressure regulation, 
lipid control, and glucose management, clini-
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cians have historically chosen renin-angioten-
sin-aldosterone system (RAAS) blockers for 
treatment. These agents modulate renal blood 
flow rhythms, ameliorate the pathological state 
of glomerular hyperperfusion, and exert a renal-
protective effect by inhibiting mesangial cell 
proliferation, reducing interstitial fibrosis, de- 
creasing basement membrane generation, and 
slowing kidney function deterioration [3]. RAAS 
blockade has been clinically confirmed as the 
standard treatment for diabetic kidney disease. 
For example, Ahmed OM et al. [4] have demon-
strated that RAAS blockade effectively reduces 
the progression of kidney disease, delaying the 
onset and mortality rates of cardiovascular  
and renal complications in diabetic patients. 
Irbesartan, an RAAS blocker, plays a crucial 
role in the treatment of diabetic kidney disease. 
Papakitsou I et al. found that irbesartan posi-
tively impacts albuminuria and significantly 
reduces the progression of diabetic kidney  
disease [5]. However, RAAS blockade only 
improves glomerular hyperfiltration in patients 
with early-stage lesions and can cause severe 
side effects such as dry cough, hyperkalemia, 
and acute kidney injury. Therefore, there is a 
clinical imperative to identify drugs with better 
indications and tolerability for treating diabetic 
kidney disease.

Sodium-glucose cotransporter 2 (SGLT2) in- 
hibitors represent a newly discovered class of 
drugs with the dual potential to lower blood  
glucose levels and protect renal function in 
patients. These inhibitors primarily exert renal 
protection through the tubuloglomerular feed-
back mechanism. The SGLT2-mediated reab-
sorption of glucose and sodium demonstrates 
a synergistic effect, resulting in reduced sodi-
um concentration in the macula densa and pro-
moting glomerular hyperfiltration [6]. In this 
context, SGLT2 inhibitors achieve renal protec-
tion by inhibiting sodium-glucose cotransport-
ers. Based on this theoretical foundation, 
SGLT2 inhibitors are considered suitable for  
the early treatment of diabetic kidney disease. 
Their early use is crucial in slowing the progres-
sion of diabetic kidney disease, reducing the 
incidence of end-stage renal disease, alleviat-
ing patient suffering, and ensuring a favorable 
prognosis. For instance, Kao et al. have sug-
gested that SGLT2 inhibitors not only lower 
blood glucose levels but also reduce weight, 
blood pressure, and the risk of diabetic kidney 

disease [7]. Additionally, Fatima et al. have 
highlighted the renal protective effects of 
SGLT2 inhibitors, which are particularly impor-
tant for type 2 diabetes patients at risk of dia-
betic kidney disease and chronic kidney dis-
ease [8].

In recent years, the effectiveness of SGLT2 
inhibitors in managing diabetic kidney disease 
has been well-established. However, the opti-
mal timing for the initiation of SGLT2 inhibitor 
therapy in diabetic kidney disease patients is 
still an area requiring further investigation. This 
study aims to bridge this gap in knowledge by 
focusing on the early use of SGLT2 inhibitors in 
diabetic kidney disease and its impact on dis-
ease progression and patient outcomes. By 
evaluating the potential benefits of early SGLT2 
inhibitor intervention, this study aims to provide 
valuable insights into the timing of SGLT2 inhib-
itor administration in the management of dia-
betic kidney disease, thereby contributing to 
the optimization of clinical practice and treat-
ment strategies for this patient population.

Materials and methods

General information

A total of 178 patients with diabetic kidney dis-
ease admitted to Baoji High Tech Hospital from 
March 2023 to March 2024 were retrospec-
tively included in this study. Among them, 88 
patients who received early treatment with the 
SGLT2 inhibitor dapagliflozin were assigned to 
the early SGLT2-i group, while 90 patients who 
received later treatment with the SGLT2 inhi- 
bitor dapagliflozin were assigned to the late 
SGLT2-i group. The treatment regimen was con-
tinued for 7 years in both groups. This study fol-
lowed the relevant statements of the Helsinki 
Declaration and was approved by the Ethics 
Committee of Baoji High Tech Hospital. The  
ethics committee agreed to waive informed 
consent.

Inclusion criteria: (1) meeting the clinical diag-
nostic criteria for diabetic kidney disease [9]; 
(2) patients with type 2 diabetes mellitus; (3) 
complete clinical data and good compliance; 
(4) no recent use of other kidney-protective 
drugs; (5) no use of steroids or immunosup-
pressive drugs within 8 weeks prior to admis-
sion; (6) history of diabetes > 5 years; (7) no 
history of hypertension; (8) no occurrence of 
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severe diseases such as myocardial infarction 
or cerebrovascular accidents in the 6 months 
prior to admission.

Exclusion criteria: (1) history of drug abuse or 
drug allergies; (2) presence of severe hypogly-
cemia or acute metabolic disorders in diabetes; 
(3) pregnancy, planning for pregnancy, or lacta-
tion; (4) secondary renal diseases caused by 
primary hypertension, coronary heart disease, 
or heart failure; (5) concomitant severe system-
ic diseases and poor tolerance; (6) incomplete 
data that could affect the validity of the study.

Methods

Patients in the two groups received routine 
health education (including an introduction to 
the pathogenesis, clinical manifestations, haz-
ards, treatment methods, and precautions of 
the disease), dietary and exercise guidance 
(advised to follow a low-salt diet, consume 
high-quality protein, ensure adequate daily cal-
orie intake, avoid overeating; suitable exercise 
methods based on the patient’s physical condi-
tion, avoiding excessive fatigue, gradually in- 
creasing exercise duration and intensity), and 
symptomatic treatment for blood pressure, 
lipid regulation, and blood sugar control (self-
blood glucose monitoring guidance, active con-
trol of blood pressure and blood lipid levels 
within the normal range). Metformin (GuoYao- 
ZhunZi H20023370, manufactured by Shang- 
hai Sine Pharmaceutical Laboratories Co., Ltd.) 
was administered orally for glycemic control at 
a dose of 0.5 g twice daily.

The commonly used SGLT2 inhibitors include 
canagliflozin, dapagliflozin, empagliflozin, er- 
tugliflozin, and tofogliflozin. In clinical practice, 
canagliflozin, empagliflozin, and dapagliflozin 
are frequently utilized for treatment. This study 
opted to use dapagliflozin as the SGLT2 inhibi-
tor for both patient groups.

Early SGLT2-i group: In addition to the afore-
mentioned interventions, the early SGLT2-i 
group received dapagliflozin (AstraZeneca Ph- 
armaceuticals LP, National Medicine Permit 
HJ20170117, 5 mg) at an initial dose of 5 mg 
once daily, with the option to increase the dose 
to 10 mg once daily, based on changes in the 
patient’s condition.

Late SGLT2-i group: Patients initially received 
standard metformin (GuoYaoZhunZi H20023- 

370, manufactured by Shanghai Sine Pharma- 
ceutical Laboratories Co., Ltd.) treatment. If 
after one year they still failed to achieve per-
sonalized glycemic control targets, dapagliflozin 
(AstraZeneca Pharmaceuticals LP, National 
Medicine Permit HJ20170117, 5 mg) was then 
administered at the same dosage as in the 
early treatment group. Both groups continued 
the medication for 7 years.

Quality control

We ensured that the selected patient popula-
tion was representative and matched the pur-
pose and hypothesis of the study. We then 
developed a detailed data collection plan to 
ensure the completeness, accuracy, and reli-
ability of collected data, including patients’ 
medical records, medication records, laborato-
ry test data, and adverse reactions. Next, we 
established a rigorous data collection and 
recording system to ensure that all relevant 
data are accurately and completely recorded. 
This included patients’ clinical indicators, labo-
ratory test results, and other pertinent data. In 
retrospective cohort studies, confounding fac-
tors may interfere with the results so it is nec-
essary to identify and control potential confo- 
unding factors, such as patients’ age, gender, 
duration of disease, and disease staging, to 
ensure result accuracy. Appropriate statistical 
methods for data analysis ensure result accu-
racy and reliability.

Observational indicators

Blood Glucose, Lipids, and Inflammatory In- 
dicators: To compare the blood glucose, blood 
lipids, and inflammatory indicators of the two 
groups before and after 1 year of medication, 
10 ml of fasting venous blood was drawn from 
the patients on the day of examination and cen-
trifuged (3000 rpm) for 10 minutes to separate 
the serum, which was then stored in the refrig-
erator for later testing. Fasting plasma glucose 
(FPG) and 2-hour postprandial blood glucose 
(2hPG) were determined using the glucose oxi-
dase method, and glycosylated hemoglobin 
(HbA1c) was measured using the Bio-Rad 
VARIANT II Hemoglobin Testing System with 
high-performance liquid chromatography. FPG 
and 2hPG are common methods for blood glu-
cose testing, used to understand fasting and 
postprandial blood glucose levels. HbA1c is an 
indicator of the average blood glucose level 
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over the past 2-3 months, assessed by measur-
ing the percentage of glycated hemoglobin in 
the blood [10]. The Beckman Coulter AU5800 
automatic biochemical analyzer was used to 
measure triglycerides (TG), total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL-
C), and high-density lipoprotein cholesterol 
(HDL-C). These markers reflect the patient’s 
blood lipid status. The Bio-RAD Model 550 
microplate reader was used to measure inter-
leukin-6 (IL-6) (ab178013, Abcam, UK) and 
monocyte chemoattractant protein-1 (MCP-1) 
(ab179886, Abcam, UK) through enzyme-linked 
immunosorbent assay. IL-6 and MCP-1 are 
markers of the patient’s systemic inflamma- 
tory response [11, 12].

Renal Function Indicators: To compare the 
renal function indicators of the two groups 
before and after 1 year of medication, 24-hour 
urine collection was conducted to quantitative-
ly determine urine protein using the biuret 
method and calculate urinary microalbumin 
(UmALB) and urinary albumin excretion rate 
(UAER). Before treatment and at 1, 3, 5, and 7 
years after treatment, creatinine (Cr) was mea-
sured using an automatic biochemical analy- 
zer, and the urine albumin-to-creatinine ratio 
(UACR) was calculated. Quantitative determina-
tion of 24-hour urine protein was performed 
using the sulfosalicylic acid method. The simpli-
fied Modification of Diet in Renal Disease 
(MDRD) formula [186 × (Cr) - 1.154 × (age) - 
0.203 × (0.742 if female)] was used to estimate 
the glomerular filtration rate (eGFR), where 
male gender equals 1 and female gender 
equals 0.742. UAER refers to the excretion rate 
of albumin in a 24-hour urine sample; 24-hour 
urine protein quantification refers to the deter-
mination of protein in a urine sample collected 
over 24 hours; UmALB refers to urinary microal-
buminuria. eGFR is the estimated glomerular 
filtration rate, an important indicator for evalu-
ating renal function; UACR is the ratio of albu-
min to creatinine in urine, a widely used indica-
tor of renal function. Scr is serum creatinine. 
These markers reflect the patients’ renal func-
tion status [13].

Overall Efficacy: After 7 years of medication, 
the overall efficacy of each group was evaluat-
ed as follows: markedly effective - clinical symp-
toms substantially disappeared, and blood glu-
cose, blood lipids, and renal function indicators 

returned to normal ranges with a reduction of 
over 50% in 24-hour urine protein quantitative 
excretion; effective - evident improvement in 
clinical symptoms compared to before treat-
ment, tendency toward normal blood lipids and 
renal function indicators with slight abnormali-
ties, and a reduction of less than 50% but more 
than 20% in 24-hour urine protein quantitative 
excretion compared to before treatment; inef-
fective - no improvement in clinical symptoms 
or even worsening of the condition, with no 
change or an increase in 24-hour urine protein 
quantitative excretion. The formula for calculat-
ing the overall efficacy rate is: (markedly ef- 
fective + effective)/total number of cases × 
100.00% [14].

Adverse Reactions: Adverse reactions experi-
enced by patients in each group during the 
medication period, including hypoglycemia, 
hyperkalemia, and urinary tract infections, 
were recorded for statistical analysis.

Statistical analysis

In this study, SPSS 25.0 statistical software 
was used for data analysis. Descriptive data 
were presented as counts and percentages [n 
(%)], and the χ2 test was employed for compari-
sons. For continuous data, the Shapiro-Wilk 
test was used to assess the normality of the 
distribution. If the data were normally distribut-
ed, they were presented as mean ± standard 
deviation (mean ± SD), and the independent 
sample t-test was used for comparisons bet- 
ween the two groups, while the paired sample 
t-test was used for within-group comparisons. A 
significance level of P < 0.05 was considered 
statistically significant.

Results

Comparison of clinical data

The two groups were compared in terms of clini-
cal data (gender, age, duration of disease, body 
mass index, and disease staging), and no sta-
tistically significant differences were found (all 
P > 0.05) (Table 1).

Comparison of blood glucose indicators

As shown in Table 2, the various blood glucose 
indicators of both groups before treatment 
were comparable (all P > 0.05). Following treat-
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ment, the 2hPG, FPG, and HbA1c levels in both 
groups decreased, particularly in patients with 
diabetic nephropathy treated with early SGLT2 
inhibitors, as indicated by the lower 2hPG 
(7.24±2.21 mmol vs. 8.36±2.65 mmol, P = 
0.003), lower FPG (5.58±1.76 mmol vs. 
6.24±2.01 mmol, P = 0.021), and lower HbA1c 
(5.12±1.64% vs. 6.47±2.05%, P < 0.001) com-
pared to before treatment.

Comparison of renal function indicators

As shown in Table 3, the renal function indica-
tors of both groups before treatment were com-
parable (all P > 0.05). After treatment, both 
groups showed improvement in UAER, 24-hour 
urine protein quantification, and UmALB com-
pared to before treatment, particularly in pa- 
tients with diabetic nephropathy treated with 
early SGLT2 inhibitors, as indicated by the low- 
er UAER (89.35±9.24 µg/min vs. 97.42±10.03 

µg/min, P < 0.001), lower 24-hour urine protein 
quantification (170.36±17.52 mg/24 h vs. 
188.25±20.46 mg/24 h, P < 0.001) and lower 
UmALB (34.75±10.16 mg/L vs. 48.57±10.29 
mg/L, P < 0.001) compared to before treat- 
ment.

Comparison of long-term renal function indica-
tors

As shown in Table 4, the renal function indica-
tors of both groups before treatment were com-
parable. After treatment, both groups showed 
improvement in UACR, eGFR, and Scr com-
pared to before treatment, particularly in pa- 
tients with diabetic nephropathy treated with 
early SGLT2 inhibitors (all P < 0.001).

Comparison of inflammatory markers

As shown in Table 5, the inflammatory markers 
of both groups before treatment were compa-

Table 1. Comparison of clinical data

Clinical Data
Gender

Age (years) Duration of  
Disease (years)

Body Mass 
Index (kg/m2)

Disease Stage
Male Female I II III

Early SGLT2-i group (n = 88) 38 50 66.48±3.19 6.89±0.87 23.20±1.12 33 31 24
Late SGLT2-i group (n = 90) 41 49 65.55±3.26 7.12±0.84 22.87±1.28 36 27 27
χ2/Z 0.102 1.94 1.757 1.823 0.560
P 0.750 0.054 0.081 0.070 0.756
SGLT2-i, sodium-glucose cotransporter 2 inhibitor.

Table 2. Comparison of blood glucose indicators (
_
x±sd)

Group
2hPG (mmol/L) FPG (mmol/L) HbA1c (%)

Before  
Treatment

After  
Treatment

Before 
Treatment

After  
Treatment

Before 
Treatment

After  
Treatment

Early SGLT2-i group (n = 88) 13.52±4.26 7.24±2.21* 8.09±2.56 5.58±1.76* 8.34±2.68 5.12±1.64*
Late SGLT2-i group (n = 90) 13.81±4.02 8.36±2.65* 8.57±2.75 6.24±2.01* 8.69±2.79 6.47±2.05*
t 0.467 3.059 1.205 2.329 0.853 4.845
P 0.641 0.003 0.230 0.021 0.395 < 0.001
Note: *P < 0.05 compared to pre-treatment within the same group; FPG, fasting plasma glucose; 2hPG, 2-hour postprandial 
glucose; HbA1c, glycated hemoglobin; SGLT2-i, sodium-glucose cotransporter 2 inhibitor.

Table 3. Comparison of renal function indicators (
_
x±sd)

Group
UAER (µg/min) 24 h Urinary Protein (mg/24 h) UmALB (mg/L)

Before  
Treatment

After  
Treatment

Before  
Treatment

After  
Treatment

Before  
Treatment

After  
Treatment

Early SGLT2-i group (n = 88) 155.36±16.38 89.35±9.24* 263.57±28.41 170.36±17.52* 66.32±11.42 34.75±10.16*

Late SGLT2-i group (n = 90) 155.81±16.20 97.42±10.03* 265.14±28.03 188.25±20.46* 66.58±11.72 48.57±10.29*

t 0.184 5.580 0.371 6.260 0.147 9.023

P 0.854 < 0.001 0.711 < 0.001 0.883 < 0.001
Note: *P < 0.05 compared to pre-treatment within the same group; UAER, urinary albumin excretion rate; UmALB, uric micro-albuminiuria; SGLT2-i, sodium-glucose 
cotransporter 2 inhibitor.
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rable (all P > 0.05). After treatment, both gr- 
oups showed a decrease in IL-6 and MCP-1 
compared to before treatment, particularly in 
patients with diabetic nephropathy treated with 
early SGLT2 inhibitors, as indicated by the lower 
IL-6 (11.07±2.59 pg/ml vs. 12.04±2.60 pg/ml, 
P < 0.001) and lower MCP-1 (51.28±6.49 pg/
ml vs. 63.79±7.33 pg/ml, P < 0.001) levels.

Comparison of blood lipid levels

As depicted in Table 6, the blood lipid levels of 
both groups before treatment were comparable 
(all P > 0.05). Following treatment, both groups 
demonstrated improvement in TG, TC, LDL-C, 
and HDL-C compared to before treatment, par-
ticularly in patients with diabetic nephropathy 
treated with early SGLT2 inhibitors, as indicat-
ed by the lower TG (1.15±0.28 mmol/L vs. 

1.43±0.37 mmol/L, P < 0.001), lower TC 
(3.27±1.06 mmol/L vs. 3.81±1.25 mmol/L, P = 
0.002), lower LDL-C (1.63±0.45 mmol/L vs. 
1.84±0.51 mmol/L, P = 0.004), and higher 
HDL-C (1.30±0.41 mmol/L vs. 1.14±0.37 
mmol/L, P = 0.007).

Comparison of overall effective rate

The overall effective rate was used to evaluate 
the effectiveness of drug therapy. The early 
SGLT2-i group demonstrated a higher overall 
effective rate of 92.05% (81 patients) com-
pared to the late SGLT2-i group, which had an 
overall effective rate of 78.89% (71 patients) 
(χ2 = 6.335, P = 0.042). Specifically, within the 
early SGLT2-i group, 39 (44.32%) experienced 
a marked effect, 42 (47.73%) were deemed 
effective, and only 7 (7.95%) were categorized 

Table 4. Comparison of long-term renal function indicators (
_
x±sd)

Parameter Early SGLT2-i 
group (n = 88)

Late SGLT2-i 
group (n = 90) t P

UACR (mg/g) Before treatment 161.25±12.36 160.78±12.81 0.252 0.801
After 1 year treatment 85.39±7.62* 91.74±8.93* 5.108 < 0.001
After 3 years treatment 72.46±7.52* 82.41±8.12* 8.480 < 0.001
After 5 years treatment 54.29±6.58* 71.53±7.51* 16.305 < 0.001
After 7 years treatment 41.87±7.23* 60.25±7.16* 17.047 < 0.001

eGFR [ml/(min·1.73 m2)] Before treatment 73.25±8.38 73.69±8.02 0.359 0.720
After 1 year treatment 85.36±10.25* 79.11±9.45* 4.230 < 0.001
After 3 years treatment 96.14±10.36* 88.52±9.47* 5.120 < 0.001
After 5 years treatment 105.42±10.56* 94.59±9.13* 7.309 < 0.001
After 7 years treatment 113.38±10.51* 101.19±9.43* 8.139 < 0.001

Scr (μmol/L) Before treatment 121.46±10.37 121.59±11.65 0.078 0.938
After 1 year treatment 109.12±10.14 118.75±10.19 6.323 < 0.001
After 3 years treatment 98.52±10.58 109.73±10.42 7.115 < 0.001
After 5 years treatment 84.53±9.54 97.16±9.13 9.017 < 0.001
After 7 years treatment 75.49±8.79 89.43±8.42 10.809 < 0.001

Note: *P < 0.05 compared to pre-treatment within the same group; UACR, urine albumin-to-creatinine ratio; eGFR, estimated 
glomerular filtration rate; Scr, serum creatinine; SGLT2-i, sodium-glucose cotransporter 2 inhibitor.

Table 5. Comparison of inflammatory markers (
_
x±sd, pg/ml)

Group
IL-6 MCP-1

Before Treatment After Treatment Before Treatment After Treatment
Early SGLT2-i group (n = 88) 19.68±3.25 11.07±2.59* 142.36±15.75 51.28±6.49*
Late SGLT2-i group (n = 90) 20.45±3.71 12.04±2.60* 142.95±16.02 63.79±7.33*
t 1.472 2.493 0.248 12.046
P 0.143 0.014 0.805 < 0.001
Note: *P < 0.05 compared to pre-treatment within the same group; IL-6, Interleukin-6; MCP-1, Monocyte Chemoattractant 
Protein-1; SGLT2-i, sodium-glucose cotransporter 2 inhibitor.
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as ineffective. Conversely, in the late SGLT2-i 
group, 31 (34.44%) experienced a marked 
effect, 40 (44.44%) were effective, and 19 
(21.11%) were deemed ineffective (Table 7).

To determine the relation between early  
SGLT2-i intervention and overall effectiveness, 
Spearman correlation analysis was performed. 
The rho was 0.155 with a p-value of 0.039 

neys due to chronic hyperglycemia. This condi-
tion leads to increased glomerular pressure, 
hyperfiltration, and hyperperfusion, resulting  
in thickening of the basement membrane, 
increased mesangial matrix, and progressive 
renal tissue changes that can lead to renal fail-
ure. Essentially, it represents a dynamic pro-
cess of renal fibrosis, which includes intersti- 
tial fibrosis and glomerulosclerosis, marking 

Table 6. Comparison of blood lipid levels (
_
x±sd, mmol/L)

Group
TG TC LDL-C HDL-C

Before 
Treatment

After  
Treatment

Before 
Treatment

After 
Treatment

Before 
Treatment

After  
Treatment

Before 
Treatment

After  
Treatment

Early SGLT2-i group (n = 88) 1.70±0.46 1.15±0.28* 4.68±1.45 3.27±1.06* 2.58±0.74 1.63±0.45* 0.82±0.26 1.30±0.41*

Late SGLT2-i group (n = 90) 1.68±0.44 1.43±0.37* 4.42±1.37 3.81±1.25* 2.66±0.80 1.84±0.51* 0.79±0.23 1.14±0.37*

t 0.296 5.684 1.230 3.105 0.692 2.911 0.816 2.735

P 0.767 < 0.001 0.220 0.002 0.490 0.004 0.416 0.007
Note: *P < 0.05 compared to pre-treatment within the same group; TG, Triglycerides; TC, Total Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-
Density Lipoprotein Cholesterol; SGLT2-i, sodium-glucose cotransporter 2 inhibitor.

Table 7. Comparison of effective rates [n (%)]
Group Marked Effect (n, %) Effective (n, %) Ineffective (n, %) Overall effective rate
Early SGLT2-i group (n = 88) 39 (44.32) 42 (47.73) 7 (7.95) 81 (92.05)
Late SGLT2-i group (n = 90) 31 (34.44) 40 (44.44) 19 (21.11) 71 (78.89)
χ2 6.335
P 0.042
SGLT2-i, sodium-glucose cotransporter 2 inhibitor.

Figure 1. Spearman correlation analysis between early SGLT2-i intervention 
and overall effectiveness. SGLT2-i, sodium-glucose cotransporter 2 inhibi-
tor.

(Figure 1). This result empha-
sized the potential clinical sig-
nificance of early SGLT2-i inter- 
vention.

Adverse reactions comparison

The incidence of adverse reac-
tions is used to assess the 
safety of drug therapy. As in- 
dicated in Table 8, there was 
no statistically significant dif-
ference in the incidence of ad- 
verse reactions between the 
early SGLT2-i group and the 
late SGLT2-i group (6.82% vs. 
10.00%, χ2 = 0.584, P = 0.445).

Discussion

Diabetic nephropathy is a long-
term complication of diabetes 
mellitus caused by hemody-
namic changes and endocrine 
metabolic disorders in the kid-
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irreversible damage to the kidneys [15]. As one 
of the main microvascular complications of dia-
betes, the incidence of diabetic nephropathy is 
increasing annually, and once it progresses to 
end-stage renal disease, its treatment becom- 
es more challenging compared to other kidney 
diseases [16]. Therefore, it is evident that the 
early selection of appropriate treatment modal-
ities plays a crucial role in reducing the progres-
sion of diabetic nephropathy.

Due to the frequent presence of renal impair-
ment in diabetic nephropathy patients, it can 
directly impact the kidney’s clearance capacity 
for blood glucose and HbA1c. As renal function 
declines, the retention time of blood glucose 
and HbA1c in the body increases, leading to 
elevated levels. In an experimental study in- 
volving diabetic animal models, it was found 
that SGLT2 inhibitors reduced 2hPG, FPG, and 
HbA1c levels and improved glucose intolerance 
[17]. This conclusion is similar to the results of 
this study. In this study, after medication, both 
groups showed a decrease in 2hPG, FPG, and 
HbA1c levels compared to before medication, 
with the early SGLT2-i group exhibiting lower 
levels than the late SGLT2-i group, confirming 
the positive impact of SGLT2 inhibitors on 
reducing blood glucose levels.

Dapagliflozin belongs to the class of SGLT2 
inhibitors, with its primary function being the 
inhibition of SGLT2 in the kidneys. SGLT2 is 
expressed in the proximal renal tubules and is 
primarily responsible for the reabsorption of 
glucose by the renal tubules [18]. When dapa-
gliflozin inhibits the function of SGLT2, the reab-
sorption of glucose by the kidneys is reduced, 
leading to increased urinary glucose excretion, 
thus achieving a reduction in 2hPG and FPG. 
Additionally, the HbA1c level reflects the aver-
age blood glucose level over a period of time. 
By lowering blood glucose, dapagliflozin indi-
rectly reduces the binding of glucose to hemo-
globin, thereby lowering the HbA1c level [19].

The levels of UAER, 24-hour urinary protein 
quantification, UmALB, eGFR, UACR, and Scr 
are important indicators for evaluating renal 
function, and their abnormal levels are mainly 
associated with kidney damage caused by dia-
betes [20]. Prolonged hyperglycemia damages 
the glomerular basement membrane and me- 
sangial cells, leading to microalbuminuria and 
subsequently raising UAER, UmALB, UACR, and 
Scr levels. Moreover, 24-hour urinary protein 
quantification reflects the patient’s total daily 
protein excretion. Typically, patients with dia-
betic nephropathy excrete large amounts of 
protein in the urine due to impaired glomerular 
filtration, resulting in abnormally elevated 24- 
hour urinary protein quantification levels. A 
decrease in eGFR levels indicates a decline in 
renal filtration function. Due to the associated 
renal microvascular disease and glomerulo-
sclerosis in diabetic nephropathy patients, a 
reduction in glomerular filtration rate is likely, 
further contributing to the decline in eGFR lev-
els [21].

In this study, treatment with dapagliflozin 
resulted in improvements in UAER, 24-hour  
urinary protein quantification, UmALB, eGFR, 
UACR, and Scr in both groups after medication, 
with the early SGLT2-i group showing more sig-
nificant improvements compared to the late 
SGLT2-i group, suggesting a beneficial effect of 
dapagliflozin on renal function. Similar to the 
findings of Zhankui et al. [22], in a retrospective 
analysis of 176 cases of diabetic nephropathy 
patients, the observation group treated with 
dapagliflozin exhibited lower levels of UAER, 
UACR, and 24-hour urinary protein quantifica-
tion than the control group. Dapagliflozin 
increases the transport of sodium ions to the 
macula densa, promotes afferent arteriolar 
vasoconstriction, reduces renal blood flow, 
improves the glomerular hyperfiltration state, 
restores tubuloglomerular feedback, lowers 
glomerular pressure, and consequently reduc-
es proteinuria. Additionally, the drug can ame-

Table 8. Comparison of adverse reactions [n (%)]

Group Hypoglycemia  
(n, %)

Hyperkalemia  
(n, %)

Urinary Tract Infection  
(n, %) Incidence Rate

Early SGLT2-i group (n = 88) 1 (1.14) 1 (1.14) 4 (4.55) 6 (6.82)
Late SGLT2-i group (n = 90) 2 (2.22) 2 (2.22) 5 (5.56) 9 (10.00)
χ2 0 0 0 0.584
P 1 1 1 0.445
SGLT2-i, sodium-glucose cotransporter 2 inhibitor.



SGLT2 inhibitors reduce diabetic kidney disease

4975 Am J Transl Res 2024;16(9):4967-4978

liorate renal hypoxia, inhibit oxidative stress 
reactions, and thus reduce inflammation-in- 
duced renal fibrosis. Furthermore, dapagliflozin 
can inhibit sodium-hydrogen exchange proteins 
in the kidneys, reduce endothelial damage, and 
glomerulosclerosis, ultimately improving renal 
function indicators.

Research has shown [23] that SGLT2 inhibitors 
have an anti-inflammatory effect, with inflam-
matory reactions playing a crucial role in the 
occurrence and progression of diabetic neph- 
ropathy. Through in-depth clinical analysis, it 
has been discovered that inhibiting inflamma-
tory reactions has a renal protective effect on 
diabetic nephropathy patients. Ruscica M et al. 
[24] conducted a study on type 2 diabetes 
mice, revealing that SGLT2 inhibitors could 
reduce the levels of IL-6 and MCP-1. Addi- 
tionally, Tinti et al. [25] demonstrated the 
mechanism of action of SGLT2 inhibitors in 
reducing diabetic renal inflammation, particu-
larly dapagliflozin’s ability to lower the levels of 
inflammatory markers and weaken histologi- 
cal evidence of nephropathy, preventing the 
enhanced expression of inflammatory factors 
in an animal model. This study also found that 
after medication, both IL-6 and MCP-1 levels 
decreased in both groups, with the early 
SGLT2-i group showing a greater reduction 
compared to the late SGLT2-i group, further 
confirming the role of dapagliflozin in reducing 
inflammatory responses. IL-6 and MCP-1, as 
inflammatory factors, play a crucial role in the 
pathogenesis of diabetic nephropathy, partici-
pating in renal inflammatory response, fibrotic 
processes, and cell damage at multiple levels. 
This underscores the significant importance of 
reducing the levels of these inflammatory fac-
tors in improving the prognosis of diabetic 
nephropathy patients [26]. IL-6 is a cytokine 
belonging to the interleukin family, involved in 
regulating immune and inflammatory respons-
es; MCP-1 is a monocyte chemotactic protein 
that plays a crucial role in inflammation and 
immune responses. Dapagliflozin exhibits a 
direct anti-inflammatory effect, reducing the 
infiltration of inflammatory cells in renal tissue, 
decreasing the release of inflammatory media-
tors, thereby lowering the levels of IL-6 and 
MCP-1, and alleviating renal inflammation.

Firstly, diabetes itself exerts a negative impact 
on lipid metabolism. Secondly, as a chronic 

complication of diabetes, diabetic nephropathy 
also affects lipid metabolism, and as the con- 
dition progresses, the decline in glomerular fil-
tration rate and impaired tubular reabsorption 
function lead to reduced clearance of lipids in 
the body, ultimately triggering abnormal blood 
lipids [27, 28]. In this study, treatment with 
SGLT2 inhibitors showed that after medication, 
both groups exhibited improvements in TG, TC, 
LDL-C, and HDL-C levels, with more significant 
improvements observed in the early SGLT2-i 
group, a conclusion similar to that of Shaheer 
et al. [29]. TG is an indicator in lipid tests, main-
ly responsible for providing energy for cellular 
metabolism; TC is an important item in blood 
lipids, representing the total cholesterol con-
tent of all lipoproteins in the serum; LDL-C is a 
type of lipoprotein in the blood, responsible for 
transporting cholesterol and other lipids to vari-
ous parts of the body; HDL-C is a lipid compo-
nent in human blood, with the function of trans-
porting phospholipids and cholesterol. These 
four markers reflect the patient’s blood lipid 
status. Due to the ability of SGLT2 inhibitors to 
alleviate internal inflammatory and oxidative 
stress responses, both of which are closely 
associated with abnormal blood lipids, and as 
SGLT2 inhibitors can also reduce body weight 
and lower blood pressure, they have a positive 
impact on improving blood lipid levels. Addi- 
tionally, weight loss can reduce the accumula-
tion of adipose tissue, lowering lipid synthesis 
and release, while the reduction in blood pres-
sure can decrease damage to the blood ve- 
ssel wall, lowering the risk of atherosclerosis. 
Therefore, SGLT2 inhibitors (dapagliflozin) can 
improve the levels of TG, TC, LDL-C, and HDL-C 
in diabetic nephropathy patients through vari-
ous mechanisms, including reducing inflamma-
tory and oxidative stress responses, weight 
loss, and lowering blood pressure [30]. Bessho 
R et al. [31] stated that the earlier the use of 
SGLT2 inhibitors begins and the longer the 
treatment duration, the greater the therapeutic 
effect on diabetic nephropathy. Furthermore, 
Baviera M et al. [32] found that SGLT2 inhibi-
tors can reduce the risk of major adverse car-
diovascular events, all-cause mortality, and 
worsening of kidney disease. This study, based 
on conventional treatment, adopted SGLT2 
inhibitors (dapagliflozin), with the results indi-
cating that the total effective rate in the early 
SGLT2-i group was higher than that in the late 
SGLT2-i group, and the incidence of adverse 
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reactions in both groups showed no statistically 
significant difference, indicating that the drug 
not only demonstrated significant efficacy but 
also had a high level of safety and a low inci-
dence of adverse reactions.

This study addresses a critical knowledge gap 
regarding the timing of SGLT2 inhibitor use in 
diabetic kidney disease and adds to the exist-
ing body of evidence supporting the effective-
ness of SGLT2 inhibitors in renal health man-
agement. By demonstrating the favorable ef- 
fects of early SGLT2 inhibitor intervention on 
blood glucose control, renal function improve-
ment, reduction in inflammatory responses, 
and minimal adverse effects, this study pro-
vides valuable insights into the optimal timing 
of SGLT2 inhibitor administration. The findings 
underscore the importance of considering ear- 
ly SGLT2 inhibitor use as a viable strategy for 
delaying the progression of diabetic kidney dis-
ease and improving patient outcomes. Further 
research and clinical initiatives focusing on the 
temporal aspects of SGLT2 inhibitor therapy in 
diabetic kidney disease are warranted to build 
upon the implications of this study and inform 
evidence-based treatment guidelines.

This study has certain limitations. Although the 
research spanned seven years - a relatively 
long period for the progression of chronic dis-
eases - it may still not be sufficient to compre-
hensively assess the long-term impact of 
SGLT2 inhibitors on diabetic nephropathy pro-
gression. The study’s retrospective, observa-
tional nature limits its ability to directly estab-
lish a causal relationship between SGLT2 inhib-
itors and diabetic nephropathy progression. 
Future clinical studies should conduct prospec-
tive, randomized controlled trials to better con-
trol potential confounding factors and accu-
rately assess treatment effects. Additionally, 
extending the study period and conducting  
multicenter, large-sample, long-term follow-up 
studies would be beneficial for more accurately 
evaluating the long-term impact of SGLT2 inhib-
itors on diabetic nephropathy progression.

In conclusion, for patients with diabetic 
nephropathy, early administration of SGLT2 
inhibitors effectively controls blood glucose 
and lipid levels, improves renal function, reduc-
es inflammatory responses, and exhibits mini-
mal adverse effects, demonstrating high safe-

ty. These inhibitors play a crucial role in delay-
ing disease progression and are worthy of clini-
cal promotion and use.
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