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Does Dapagliflozin ameliorate kidney function in Saudi type II 

diabetic patients with chronic kidney diseases? 

Wesam Abdel-Razaq1,5, Mahmoud Mansour*1,5, Tariq M. Aldebasi2,3, Sham Alonazi1, Ghada Al-Sanoni1, 
Sarah Alwaily1, Abeer Alzubaidi4, Yousef Al-Rajhi1,4, Abdullkarem M. Albekairy1,4,5 

 

ackground: In recent years, type 2 diabetes mellitus (T2DM) has become increasingly prevalent and is 

associated with numerous cardiovascular and renal complications. Various drug classes are utilized for 

treating and preventing complications in patients with T2DM. Dapagliflozin, a selective sodium-glucose 

cotransporter-2 inhibitor, has recently been approved for treating chronic kidney disease (CKD), whether DM 

is present. This study evaluates dapagliflozin effectiveness in managing T2DM patients with CKD. 

Methods: Adult diabetic patients with CKD who received 10 mg dapagliflozin once daily for 12 months were 

compared with another group on a glucose-lowering regimen without dapagliflozin. Data of HbA1C and kidney 

function tests, including eGFR, serum creatinine, blood urea nitrogen (BUN), sodium, potassium, calcium, and 

albumin levels were retrieved before starting dapagliflozin treatment and then every three months for a total 

of 12 months. 

Results: 159 diabetic patients with varying CKD stages received a glucose-lowering regimen. Group I (n=84) 

included 51 males and 33 females who were administered dapagliflozin, while group II (n =75) comprised 35 

males and 40 females who received different glucose-lowering regimens without dapagliflozin. Furthermore, 

during the 12-month study period, a higher proportion of patients in the dapagliflozin group were identified 

as having retinopathy, cataracts, and glaucoma (29.8%, 11.9%, and 4.8%, respectively). 

Conclusion: The present findings indicate that dapagliflozin did not demonstrate a significant renal protective 

effect during the first 12 months in this cohort. Further research is warranted to assess the long-term impact 

of dapagliflozin. 
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Introduction 

Chronic kidney disease (CKD) is a complex illness caused 

by the loss of nephrons, which progressively declines 

kidney function over time. This may ultimately result in 

end-stage renal disease (ESRD) and death. Globally, an 

estimated 700 million people suffer from CKD [1]. 

Furthermore, CKD is a contributing risk factor 

associated with a diminished quality of life and a lower 

life expectancy. Several systemic diseases, such as type 

2 diabetes mellitus (T2DM), hypertension, 

cardiovascular diseases, or primary kidney diseases like 

glomerulonephritis, can induce CKD. Diabetes mellitus 

(DM) is one of the leading causes of ESRD in developed 

countries due to its prevalence and impact on kidney 

function [2]. Studying these risks in Saudi patients with 

CKD is crucial due to the increasing prevalence of T2DM 

and its effects on kidney disease progression [3,4]. Such 

an investigation into the Saudi population will enable 

healthcare providers to develop tailored health 

strategies that improve long-term therapeutic 

outcomes. However, the complex pathogenesis of DM-

related CKD involves structural, physiological, 

hemodynamic, and inflammatory processes, 

necessitating a comprehensive, multidisciplinary 

approach to treatment [5]. 

Until recently, only angiotensin-converting enzyme 

inhibitors (ACEIs) and angiotensin-receptor blockers 

(ARBs) have been proven to slow the decline in kidney 

function; however, most evidence was generated in 

patients with T2DM [6-9]. Recent studies suggest a move 

towards a holistic strategy involving a combination of 

antihypertensive, antihyperglycemic, and 

hypolipidemic therapies to slow CKD progression and 

reduce cardiovascular events. Current management of 

diabetic kidney disease (DKD) primarily includes ACEIs, 

ARBs, and sodium-dependent glucose transporter 2 

(SGLT-2) inhibitors, which have demonstrated 

significant renal and cardiovascular benefits [10]. 

SGLT-2 inhibitors are a class of anti-hyperglycemic 

medications that target the SGLT-2 transporters in the 

kidneys, specifically in the proximal convoluted tubules. 

These drugs inhibit the reabsorption of glucose from the 

urine, thus reducing blood sugar levels in patients with 

T2DM. They have demonstrated promising, favorable 

effects on kidney and cardiovascular outcomes in large 

clinical trials with T2DM patients [10-12]. There are four 

SGLT-2 inhibitors approved by the FDA for adult use, 

including canagliflozin, dapagliflozin, empagliflozin, 

and ertugliflozin. Although their indications may vary 

slightly, all four are intended to be used in conjunction 

with diet and exercise to improve blood sugar control in 

adults with T2DM [13,14]. 

Recent evidence suggests that SGLT-2 inhibitors may 

have beneficial impacts on cardiovascular and renal 

outcomes in patients with T2DM. Studies have reported 

that prolonged administration of canagliflozin 

conferred protection for the cardiovascular and renal 

systems in T2DM patients with CKD [15]. However, the 

benefits of SGLT-2 inhibitors seem to be independent of 

their blood glucose-lowering effects but could be 

mediated by natriuresis and glucose-induced osmotic 

diuresis, resulting in a decrease in intra-glomerular 

pressure. So, the underlying mechanisms remain not 

fully understood [16-18]. Furthermore, dapagliflozin is 

utilized to minimize the risk of a decline in estimated 

glomerular filtration rate (eGFR), ESRD, cardiovascular 

mortality, and hospitalization due to heart failure in 

individuals with CKD at risk of progression [13]. 

Several reports have demonstrated that SGLT-2 

inhibitors reduce death rates and cardiovascular adverse 

events among patients with T2DM [14,15,19]. The 

CREDENCE trial was the first study to demonstrate a 

significant reduction in the risk of kidney and 

cardiovascular events due to the SGLT-2 inhibitors in 

T2DM patients with high albuminuria and/or impaired 

kidney function [17]. Moreover, the DAPA-CKD trial 

revealed a 39% decrease in the risk of deteriorating 

kidney function due to dapagliflozin in CKD patients, 

both with and without T2DM, as well as a significant 

reduction in the progression to ESRD or kidney failure-

related death [20]. 

Therefore, patients with reduced eGFR and higher 

albuminuria levels are poised to experience the greatest 

benefits of SGLT-2 inhibitors, which are consistent 

across patients with and without DM. This challenges 

the notion that these medications act solely to mitigate 

diabetes-related kidney damage. Thus, potential 

mechanisms for renal protection may include 

hemodynamic changes, blood pressure control, 

improved salt sensitivities, and improvements in 

glucose, uric acid, and triglyceride levels. Many 

outstanding reviews have already been published on 

dapagliflozin and CKD management, discussing both its 

effectiveness and safety [21,22]. 

The current study aimed to assess the potential 

impacts of long-term use (12 months) of a single daily 

dose of 10 mg of dapagliflozin on ameliorating kidney 

function parameters in patients with T2DM and CKD. 

Furthermore, it is crucial to evaluate the long-term 

efficacy and safety of the SGLT-2 inhibitor in T2DM 

patients with CKD to potentially avoid adverse 

outcomes such as retinopathy, cataracts, and glaucoma 

in these individuals. 

Methods 

Study Design 

Patients with T2DM who were subsequently diagnosed 

with CKD were included in this retrospective cohort 

study, which was carried out at King Abdulaziz Medical 

City (KAMC), National Guard, Riyadh, Saudi Arabia.  
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Patients were either treated with dapagliflozin in 

conjunction with other glucose-lowering drugs (Group I, 

n = 84) or with glucose-lowering drugs only (Group II, n 

= 75). Dapagliflozin was administered at a dose of 10 mg 

once daily. For subgroup analysis, all 159 patients were 

reclassified into four categories to evaluate insulin 

effects: Group A (n = 21, 13.2%) received dapagliflozin 

alone; Group B (n = 63, 39.6%) received dapagliflozin 

with insulin; Group C (n = 30, 18.9%) received neither 

dapagliflozin nor insulin; and Group D (n = 45, 28.3%) 

received insulin without dapagliflozin. These subgroup 

totals correspond accurately to the overall study 

population (n = 159). 

Data Collection 

Data from 159 Saudi citizens aged 38–96 years, with 

T2DM and CKD at different stages, were gathered from 

the patients’ electronic medical records. Medical record 

review was conducted in compliance with clinical data 

confidentiality protection measures of the Institutional 

Review Board at King Abdullah International Medical 

Research Center. Each patient was assigned an 

anonymous number to ensure confidentiality. 

Hemoglobin A1C (HbA1C), blood electrolytes (sodium, 

potassium, and calcium), and kidney function test 

parameters, including serum creatinine, blood urea 

nitrogen (BUN), serum albumin, eGFR, and albuminuria 

were retrieved before starting treatment, and at 3, 6, 9, 

and 12 months of treatment. Demographic data, 

including age, gender, BMI, and other comorbidities 

were also collected. The study was conducted following 

the Declaration of Helsinki and approved by the 

Institutional Review Board at King Abdullah 

International Medical Research Center, Riyadh, Saudi 

Arabia. 

Statistical Methods  

The mean ± standard deviation (SD), along with the 

median and interquartile range (IQR), were used to 

summarize quantitative variables, and frequency and 

proportions were used to express categorical variables. 

Quantitative data were compared using unpaired t-tests, 

while categorical data were compared using chi-squared 

tests, as appropriate to assess differences between 

patient groups. A longitudinal analysis was conducted to 

assess changes in HbA1C levels, kidney function 

parameters, and other clinical outcomes over the 12-

month study period, with measurements taken at 

baseline and every three months thereafter. The analysis 

aimed to identify trends and patterns in these variables 

across different time points for each treatment group. A 

two-way ANOVA was used to evaluate the effects of time 

and treatment on the outcomes to identify significant 

differences between specific time points and groups. 

Univariate regression analysis was used to describe the 

association between diabetes-related eye disorders (i.e., 

retinopathy, glaucoma, and cataracts) and patients’ 

variables. Odds ratios and confidence intervals (CIs) at 

the 95% level were calculated to determine the 

likelihood of outcomes in patients and the strength and 

direction of these associations. All tests were two-sided 

and a p-value <0.05 was considered significant.  Data 

were entered in Microsoft Excel 2010 and descriptive 

and statistical analyses were performed using the 

GraphPad Prism® software package version 9.0 (San 

Diego, CA, USA). 

Results 

Patient Baseline Characteristics 

Of the 159 T2DM patients with CKD included in this 

study, 84 patients were treated with dapagliflozin in 

combination with other glucose-lowering drugs (group 

I), and 75 patients were treated with glucose-lowering 

drugs without dapagliflozin (group II). The baseline 

characteristics of the patients are shown in Table 1. The 

gender distribution in the dapagliflozin group (I) was 

predominantly male (60.7%), whereas the non-

dapagliflozin group (II) had a slightly higher percentage 

of females (53.3%). However, this difference was not 

statistically significant (p-value of 0.076). Age-wise, 

both groups had a comparable mean age, around 70 

years, and the distribution of patients below and above 

65 years of age was also similar. Obesity was the most 

common BMI category in both groups. The mean BMI 

was slightly higher in the non-dapagliflozin group, but 

again, the difference was not statistically significant. 

Notably, there was a significant difference in the use 

of other antidiabetic medications, especially insulin, 

with 75% of the dapagliflozin group on insulin compared 

to 60% in the non-dapagliflozin group (p-value < 0.001). 

Of the 84 patients (dapagliflozin group), 29 (34.5%) were 

on metformin, 19 (22.6%) were on sulfonylureas, 17 

(20.2%) were on DPP-4 inhibitors, and 10 (11.9%) were 

on semaglutide. While the non-dapagliflozin group (75 

patients) was included as a control group, who were 

treated with other glucose-lowering drugs. Of these, 21 

(28.0%) were on metformin, and 19 (25.3%) were on 

sulfonylureas. 

The prevalence of co-morbidities such as dyslipidemia 

and hypertension was significantly higher in the 

dapagliflozin group, with hypertension present in 85.7% 

of patients (p = 0.018). Kidney function, measured by 

eGFR, showed that a higher percentage of the 

dapagliflozin group had moderate CKD (67.5%) 

compared to the non-dapagliflozin group (31.9%), and 

more patients in the dapagliflozin group had a CKD 

stage of 3 or higher. These differences were significant 

(p < 0.001 and p = 0.045, respectively). 

HbA1C levels, which indicate blood sugar control, 

were higher in the dapagliflozin group, with 44.6% of 

patients having levels above 9.0%, compared to 40.0% in 
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the non-dapagliflozin group. This was also statistically 

significant, with a p-value of 0.023. Other laboratory 

parameters, including creatinine, albumin, sodium, 

potassium, and BUN levels, exhibited no significant 

differences between the two groups. 

Remarkably, the study also found considerable 

variations in ophthalmology-related conditions, with 

the dapagliflozin group showing a higher proportion of 

patients with retinopathy, cataracts, and glaucoma (p-

value < 0.001). This may imply that dapagliflozin could 

have an impact on the occurrence of eye conditions in 

T2DM patients with CKD. 

Hemoglobin A1C and Kidney Function Changes 

The HbA1C levels, blood electrolytes, and other kidney 

function parameters were monitored over a 12-month 

period to evaluate the efficacy of antidiabetic drugs with 

and without dapagliflozin regarding glycemic control 

and improvement of renal function in T2DM patients 

with CKD. Measurements were taken at baseline (0 

months) and at 3, 6, 9, and 12 months. 

Hemoglobin A1C 

Initially, HbA1C levels were slightly higher in the 

dapagliflozin group (8.99 ± 1.88%) compared to the non-

dapagliflozin group (8.62 ± 2.48%). However, this 

difference was not statistically significant (p-value of 

0.336). Both groups with and without Dapagliflozin 

showed fluctuations in HbA1C levels, and the reduction 

in HbA1C levels over time was minimal and gradual, 

though the dapagliflozin group consistently maintained 

higher levels (data not shown). In the dapagliflozin 

group, the HbA1C level was reduced to 8.29 ± 1.52% by 

the third month, representing a decline of 0.70 %. At the 

six-month mark, there was a slight increase to 8.58 ± 

1.80%, followed by stabilization around 8.61 ± 1.8% at 

nine months, and a final decrease to 8.40 ± 1.59% at 

twelve months. In the group without dapagliflozin, the 

HbA1C level was also slightly decreased by the third 

month to 7.83 ± 1.69%, marking a reduction of 0.79 % 

points. However, there was a slight increase to 8.01 ± 

1.39% and 8.25 ± 2.10% at six and nine months, 

respectively, and a final level of 7.87 ± 1.61% at twelve 

months. A two-way ANOVA analysis revealed 

significant effects for both the time (p = 0.024) and 

treatment (p = 0.012). 

Thus, to realize the effects of various antidiabetic 

medications, patients were categorized into four groups 

as follows: Group A (n=21, 13.2%) which included 

patients who received dapagliflozin, Group B (n=63, 

39.6%) who received dapagliflozin along with insulin, 

Group C (n=30, 18.9%) who did not receive dapagliflozin 

or insulin, and Group D (n=45, 28.3%) those received 

insulin without dapagliflozin. Figure 1 displays the 

longitudinal changes in the mean levels of parameters 

assessed in the present research, including HbA1c, 

creatinine, albumin, eGFR, blood electrolytes (Na, K, 

and Ca), and BUN. These parameters were measured at 

baseline and every three months for 12 months. 

At baseline, all groups had similar mean HbA1C levels 

(Figure 1A), with the highest in the dapagliflozin and 

insulin group (9.23 ± 1.86%). By 3 months, all groups 

showed a decrease in mean HbA1C levels, with the 

dapagliflozin group showing a reduction from 8.26 ± 

1.80% to 7.72 ± 1.61%. However, the group without 

dapagliflozin achieved the lowest mean (7.41 ± 1.26%). 

By 6 and 9 months, HbA1C levels fluctuated, with the 

dapagliflozin group experiencing an increase at 9 

months (8.71 ± 2.24%). At 12 months, mean HbA1C 

levels stabilized, with slight improvements in the group 

without dapagliflozin. These trends suggest that 

although dapagliflozin, whether used alone or in 

combination with insulin, may initially reduce HbA1C 

levels, the long-term control varies among individuals. 

However, the two-way ANOVA analysis revealed no 

statistically significant time effects on HbA1C levels 

over 12 months among all groups (p=0.085). 

Creatinine Blood Test 

Regarding creatinine levels (Figure 1B), results show 

remarkable changes over 12 months across the four 

groups. The group treated with dapagliflozin showed a 

steady increase in creatinine levels from 140.3 ± 41.6 

µmol/L at baseline to 162.9 ± 52.7 µmol/L at 12 months. 

All biochemical parameters were standardized to SI 

units for consistency: BUN (mmol/L), Sodium (Na⁺, 

mmol/L), Potassium (K⁺, mmol/L), Calcium (Ca²⁺, 

mmol/L), and Albumin (g/L). Patients on dapagliflozin 

and insulin exhibited a similar trend, with levels rising 

from 157.0 ± 149.3 µmol/L to 161.9 ± 94.8 µmol/L. The 

group without dapagliflozin initially had lower 

creatinine levels (112.0 ± 54.7 µmol/L) but showed a 

slight decrease to 110.9 ± 36.5 µmol/L by the end of the 

study. The group without dapagliflozin but with insulin 

exhibited the greatest variation in creatinine levels over 

time, which started with significantly higher creatinine 

levels (256.9 ± 225.8 µmol/L) at baseline, and 

significantly increased and peaked at 321.9 ± 290.6 

µmol/L at 9 months before decreasing to 227.2 ± 200.7 

µmol/L at 12 months. This group showed the highest 

values and the greatest changes in creatinine levels over 

the 12 months. This fluctuation indicates a larger range 

of changes compared to the other groups. A two-way 

ANOVA indicated a statistically significant difference 

between treatments (p < 0.001), with the most notable 

differences observed between groups rather than over 

time within the same group (p = 0.579). 

Albumin Blood Test 

In contrast to creatinine, albumin levels (Figure 1C) 

show a notable increase in all groups, except group C 

(without dapagliflozin or insulin). At baseline, albumin 
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levels were fairly similar across groups, with the 

"without dapagliflozin + insulin" group having the 

lowest mean (35.03 ± 6.29 g/L). By 3 and 6 months, a 

considerable increase was observed in the group treated 

with dapagliflozin (mean rising from 38.7 ± 4.1 to 39.9± 

3.4 and 40.8 ± 4.4 g/L, respectively). The most significant 

change occurred in the group without dapagliflozin, 

which showed a reduction from 37.9 ± 4.9 g/L at baseline 

to 35.2 ± 6.6 g/L at 9 months, before slightly rising again 

to 37.6 ± 6.0 g/L at 12 months. However, none of these 

changes were statistically significant (p=0.581). 

Throughout the 12 months, the group with dapagliflozin 

and insulin exhibited relatively stable albumin levels, 

indicating less variability compared to other groups. A 

two-way ANOVA analysis indicated a statistically 

significant difference between treatments (P < 0.001), 

yet no statistically significant time effect was observed 

over 12 months among all groups (p=0.581). 

Estimated Glomerular Filtration Rate (eGFR) 

The effects of dapagliflozin, both with and without 

insulin, on eGFR (Figure 1D) over a 12-month period 

exhibited different patterns across treatment groups. 

The mean eGFR values in the dapagliflozin group and 

the dapagliflozin plus insulin group showed a slight 

decline from 49.1 ± 21.4 mL/min at baseline to 42.9 ± 

20.2 mL/min and from 47.1 ± 20.7 mL/min at baseline to 

43.1 ± 22.1 mL/min at 12 months, respectively. In 

contrast, the group without dapagliflozin displayed a 

relatively stable eGFR, with a mean value of 66.7 ± 26.5 

mL/min at baseline and 62.7 ± 22.5 mL/min at 12 

months. The group without dapagliflozin but with 

insulin maintained the lowest eGFR, with minimal 

changes from 37.3 ± 27.7 mL/min at baseline to 37.0 ± 

22.7 mL/min at 12 months. Overall, dapagliflozin 

treatment, with or without insulin, was associated with 

a modest decline in eGFR, whereas the groups without 

dapagliflozin exhibited more stable eGFR values over 

the study period. Like creatinine and albumin, two-way 

ANOVA analysis indicated a statistically significant 

difference between treatments (P < 0.001), but not 

statistically significant across time intervals among all 

groups (p=0.315). 

Electrolyte Blood Test 

In Figure 1E, sodium (Na) levels remain relatively stable 

across all treatment groups over the 12 months, showing 

minor fluctuations. The overall range of Na across all 

groups was within normal values, which ranged from a 

mean minimum of 135.6 ± 4.9 mmol/L (in the group 

without dapagliflozin + insulin, at baseline) to a mean 

maximum of 138.8 ± 2.0 mmol/L (in the dapagliflozin 

group, at 3 months). Potassium (K) levels (Figure 1F) 

exhibited a slight but not significant increase, 

particularly in the non-dapagliflozin groups, suggesting 

a potential worsening of kidney function. Like Na, the 

overall range of K fell within the physiological normal 

limit, which was from a mean minimum of 4.2 ± 0.4 

mmol/L (in the group without dapagliflozin, at 9 

months) to a mean maximum of 4.7 ± 0.5 mmol/L (in the 

group without dapagliflozin + insulin, at month 12). The 

calcium (Ca) levels (Figure 1G) also remained stable with 

only minor variations in all treatment groups. The 

overall Ca range remained consistent in the group 

without dapagliflozin + insulin, changing slightly from a 

mean minimum of 2.2 ± 0.3 mmol/L at 6 months to a 

mean maximum of 2.4 ± 0.3 mmol/L at 3 months, 

respectively. 

Blood Urea Nitrogen (BUN) 

The study results then observed varying trends in BUN 

levels among different treatment groups (Figure 1H). 

The mean BUN in the dapagliflozin group increased 

from 9.7 ± 3.4 mmol/L at baseline to 11.6 ± 3.0 mmol/L 

at 12 months. The dapagliflozin plus insulin group 

showed a similar increasing trend, from 10.8 ± 4.5 

mmol/L at baseline to 12.6 ± 9.8 mmol/L at 12 months. 

However, the group without dapagliflozin exhibited a 

less pronounced change, with mean BUN values moving 

from 7.1 ± 2.9 mmol/L at baseline to 7.7 ± 2.7 mmol/L at 

12 months. Conversely, the group without dapagliflozin 

but with insulin initially had the highest BUN levels, 

starting at 14.5 ± 8.1 mmol/L and peaking at 17.6 ± 10.9 

mmol/L at 9 months before decreasing to 12.5 ± 5.8 

mmol/L at 12 months. Overall, dapagliflozin treatment, 

with or without insulin, was associated with a rise in 

BUN levels, whereas the groups without dapagliflozin 

demonstrated relatively stable or slightly fluctuating 

BUN levels throughout the study period. Moreover, two-

way ANOVA analysis indicated a statistically significant 

difference between treatments (P < 0.001), but not 

across time (p=0.700). 

Hemoglobin A1C and kidney function changes in 

advanced CKD patients 

To specifically assess the impact of CKD, all measured 

parameters (HbA1C, Creatinine, Albumin, eGFR, Blood 

electrolytes, and BUN) were reevaluated among the 

same four patient groups with advanced stages of CKD 

(n=117). Figure 2 presents the longitudinal changes in 

the mean levels of various clinical data of patients with 

CKD stage III and higher over a 12-month period. 

Hemoglobin A1C 

The mean HbA1C levels (Figure 2A) in patients with 

advanced CKD stages exhibited a similar trend to 

patients with any CKD stage, but with a slightly higher 

baseline and a smaller decrease in HbA1C levels in the 

group treated with dapagliflozin plus insulin. This 

predicts a more pronounced effect in patients with lower 

stages of CKD. The most significant reduction was 
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observed in the dapagliflozin and the dapagliflozin plus 

insulin groups. 

Creatinine, Albumin, and eGFR 

Just as an increase in the creatinine levels over time was 

shown for all groups in Figure 1, patients with advanced 

CKD stages (Figure 2B) exhibited a steeper increase in 

creatinine levels across all groups, indicating more 

pronounced kidney dysfunction. Although the albumin 

levels remain relatively stable in Figure 1C, Figure 2C 

displays an initial increase in albumin levels in patients 

with advanced CKD stages (except for those without the 

dapagliflozin group), followed by a statistically 

nonsignificant decrease in albumin levels over time, 

with the smallest decrease observed in the dapagliflozin 

plus insulin group. In contrast to other groups that 

maintained low but stable levels of eGFR, the 

dapagliflozin groups showed a slight, though not 

statistically significant, decline in eGFR over time in 

patients with advanced CKD stages (Figure 2D), 

implying poorer renal outcomes. However, these 

changes did not reach statistical significance. Groups 

receiving dapagliflozin experienced a slower rate of 

decline. 

Electrolyte Blood Test 

The blood electrolytes (Na, K, and Ca) remained 

relatively stable with minor variations across all groups 

in all CKD stages (Figure 1E, 1F & 1G) and advanced CKD 

stages (Figure 2E, 2F & 2G). However, potassium levels 

increased slightly over time, with more variability 

observed in the non-dapagliflozin groups. 

Blood Urea Nitrogen (BUN) 

When comparing BUN levels in patients with different 

CKD stages (Figure 1H), it is evident that the increase in 

BUN levels was more pronounced in patients with 

advanced CKD stages over 12 months in all groups 

(Figure 2H). The non-dapagliflozin groups showed a 

steeper increase in BUN levels. However, when 

combined with insulin, dapagliflozin appeared to help 

maintain almost stable BUN levels across different CKD 

stages, though the overall increase was still greater in 

advanced CKD stages. 

Diabetes eye disorders and participant factors 

Finally, Table 2 presents a univariate regression analysis 

exploring the association between various participant 

variables and diabetes-related eye disorders among the 

study patients. 49 (30.8%) patients developed diabetes-

related eye disorders, such as retinopathy, cataracts, and 

glaucoma. Gender and age do not show a significant 

association with the outcomes, as indicated by their p-

values of 0.606 and 0.393, respectively. The analysis 

surprisingly revealed that dapagliflozin was 

significantly associated with a higher probability of eye 

disorders, with an odds ratio of 6.67 and a highly 

significant p-value of <0.001. Other treatments, such as 

gliclazide (OR 2.25, p = 0.036) and sitagliptin (OR 5.02, p 

= 0.003), were also significantly associated with bad 

outcomes. 

 
Variable n (%) With Dapagliflozin 

(n=84, 52.8%) 

Without 

Dapagliflozin 

(n=75, 47.2%) 

p-value† 

Gender 

Male 

Female 

 

51 (60.7%) 

33 (39.3%) 

 

35 (46.7%) 

40 (53.3%) 

 

0.076 

Age (in years) 

Mean ± (SD) 

Median (range, IQR) 

 

68.8 ± (11.5) 

69 (38-88, 17.0) 

 

70.1 ± (12.8) 

69 (40-96, 18.5) 

 

0.495 

Age group 

< 65 years 

≥ 65 years 

 

29 (34.5%) 

55 (65.5%) 

 

25 (33.3%) 

50 (66.7%) 

 

0.874 

Body mass index (kg/m2) 

Mean ± (SD) 

Median (range, IQR) 

31.2 ± (6.0) 

30.9 (17.3-56.2, 8.0) 

33.1 ± (9.1) 

31.5 (18.9-57.4, 

12.2) 

 

0.122 

Body mass index (BMI) 

< 18.5 (underweight) ¶ 

18.5-24.9 (healthy) 

25-29.9 (overweight) 

≥ 30 (obesity) 

Missing data (n=5) ¶ 

 

1 (1.3%) 

8 (10.0%) 

26 (32.5%) 

45 (56.3%) 

 

 

0 (0.0%) 

13 (17.6%) 

19 (25.7%) 

42 (56.8%) 

 

 

0.329 

Antidiabetic treatment § 

Dapagliflozin ¶ 

Metformin 

Gliclazide 

Sitagliptin 

Semaglutide 

Insulin 

 

84 (100.0%) 

29 (34.5%) 

19 (22.6%) 

17 (20.2%) 

10 (11.9%) 

63 (75.0%) 

 

0 (0.0%) 

21 (28.0%) 

19 (25.3%) 

0 (0.0%) 

0 (0.0%) 

45 (60.0%) 

 

<0.001 

Duration of Dapagliflozin (in 

years) 

Mean ± (SD) 

Median (range, IQR) 

 

2.6 ± (2.2) 

1.9 (0.1-7.9, 1.2) 

 

NA 

 

NA 

History of co-morbidities § 

None 

Hypertension 

Dyslipidemia 

Cardiac diseases 

Cerebral vascular stroke 

Hypothyroidism 

Others 

 

3 (3.6%) 

72 (85.7%) 

42 (50.0%) 

30 (35.7%) 

12 (14.3%) 

6 (7.1%) 

14 (16.7%) 

 

5 (6.7%) 

56 (74.7%) 

25 (33.3%) 

8 (10.7%) 

1 (1.3%) 

3 (4.0%) 

6 (8.0%) 

 

0.018 

eGFR (mL/min/1.73 m²) 

Normal GFR (> 90) 

Mild CKD (60-89) 

Moderate CKD (30-59) 

Severe CKD (15-29) 

End-stage CKD (<15) 

Unspecified (n=4) ¶ 

 

4 (4.8%) 

11 (13.3%) 

56 (67.5%) 

12 (14.5%) 

0 (0.0%) 

 

 

7 (9.7%) 

16 (22.2%) 

23 (31.9%) 

17 (23.6%) 

9 (12.5%) 

 

 

<0.001 

CKD Stage 

1 or 2 (normal-mild) 

≥ 3 (moderate-severe) 

Unspecified (n=4) ¶ 

 

15 (18.1%) 

68 (81.9%) 

 

 

23 (31.9%) 

49 (68.1%) 

 

 

0.045 

Hemoglobin A1C (%) 

Below 6.5% 

6.5% to 8.9% 

Above 9.0% # 

Missing data (n=30) ¶ 

 

2 (2.7%) 

39 (52.7%) 

33 (44.6%) 

 

 

9 (16.4%) 

24 (43.6%) 

22 (40.0%) 

 

 

0.023 

Creatinine level (µmol/L) 

Normal 

Elevated (>98 or 115) 

Missing data (n=12) ¶ 

 

21 (25.6%) 

61 (74.4%) 

 

 

24 (36.9%) 

41 (63.1%) 

 

 

0.139 

Albumin level (g/L) 

Normal 

Hypoalbuminemia (< 35) 

Missing data (n=20) ¶ 

 

63 (80.8%) 

15 (19.2%) 

 

 

48 (78.7%) 

13 (21.3%) 

 

 

0.762 

Blood Na+ level (mmol/L) 

Normal 

Hyponatremia (<135) 

Missing data (n=11) ¶ 

 

54 (65.9%) 

28 (34.1%) 

 

 

44 (66.7%) 

22 (33.3%) 

 

 

0.917 

Blood K+ level (mmol/L) 

Normal 

Hyperkalemia (>5.1) 

Missing data (n=11) ¶ 

 

70 (85.4%) 

12 (14.6%) 

 

 

58 (87.9%) 

8 (12.1%) 

 

 

0.657 

Blood Ca²⁺ level (mmol/L) 

Normal 

Hypocalcemia (<2.1) 

Hypercalcemia (>2.55) 

Missing data (n=18) ¶ 

 

78 (97.5%) 

0 (0.0%) 

2 (2.5%) 

 

 

46 (75.4%) 

10 (16.4%) 

5 (8.2%) 

 

 

<0.001 

BUN level (mmol/L) 

Normal 

Elevated (>7.2) 

Missing data (n=12) ¶ 

 

18 (22.0%) 

64 (78.0%) 

 

 

20 (30.8%) 

45 (69.2%) 

 

 

0.225 

Ophthalmology-related 

conditions 

None 

Retinopathy 

Glaucoma 

Cataracts 

 

45 (53.6%) 

25 (29.8%) 

4 (4.8%) 

10 (11.9%) 

 

65 (86.7%) 

8 (10.7%) 

1 (1.3%) 

1 (1.3%) 

 

<0.001 

† Calculated using a chi-squared test for categorical variables or an unpaired t-test for continuous 

variables to assess differences between the two groups. 
¶ Variables with either a value of zero or missing data were excluded from the statistical calculations. 
§ Percentages are calculated from the total number of patients in the corresponding group. 
# Patients with HbA1C levels above 9% are at higher risk of complications. 

Table 1: Baseline characteristics of the involved 
patients, n = 159. 
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Variable Negative 

(good 

outcome) 

(n=110) 

Positive † 

(bad outcome) 

(n=49) 

Odds Ratios (95% 

CI) 

p-value 

Gender 

Male (n=86) 

Female (n=73) 

 

58 (52.7%) 

52 (47.3%) 

 

28 (57.1%) 

21 (42.9%) 

 

0.84 (0.42 to 1.6) 

 

0.606 

Age 

< 65 years (n=54) 

≥ 65 years (n=105) 

 

35 (31.8%) 

75 (68.2%) 

 

19 (38.8%) 

30 (61.2%) 

 

0.74 (0.37 to 1.4) 

 

0.393 

BMI 

< 25 Healthy (n=22) 

≥ 25 Obese (n=133) 

Missing data (n=4) ¶ 

 

18 (17.0%) 

88 (83.0%) 

 

 

4 (8.2%) 

45 (91.8%) 

 

 

2.30 (0.73 to 7.2) 

 

0.152 

Antidiabetic treatments 

Dapagliflozin (n=84) 

Metformin (n=50) 

Gliclazide (n=38) 

Sitagliptin (n=17) 

Semaglutide (n=10) 

Insulin (n=108) 

 

44 (40.0%) 

32 (29.1%) 

21 (19.1%) 

6 (5.5%) 

5 (4.5%) 

75 (68.2%) 

 

40 (81.6%) 

18 (36.7%) 

17 (34.7%) 

11 (22.4%) 

5 (10.2%) 

33 (67.3%) 

 

6.67 (2.9 to 15.1) 

1.42 (0.69 to 2.8) 

2.25 (1.06 to 4.8) 

5.02 (1.7 to 14.5) 

2.39 (0.66 to 8.6) 

0.96 (0.47 to 1.9) 

 

<0.001 

0.339 

0.036 

0.003 

0.186 

0.917 

Duration of dapagliflozin 

< 2 years (n=44) 

≥ 2 years (n=40) 

 

25 (55.6%) 

20 (44.4%) 

 

19 (48.7%) 

20 (51.3%) 

 

1.32 (0.56 to 3.1) 

 

0.532 

History of comorbidity 

None (n=8) 

Yes (n=151) 

 

6 (5.5%) 

104 (94.5%) 

 

2 (4.1%) 

47 (95.9%) 

 

1.36 (0.26 to 6.9) 

 

0.716 

Baseline CKD Stage 

GFR ≥ 60 mL/min (n=38) 

GFR < 60 mL/min 

(n=117) 

Missing data (n=4) ¶ 

 

26 (24.5%) 

80 (75.5%) 

 

 

12 (24.5%) 

37 (75.5%) 

 

 

 

1.00 (0.46 to 2.2) 

 

 

0.996 

Baseline hemoglobin A1C 

Below 6.5% (n=11) 

Above 6.5% (n=118) 

Missing data (n=30) ¶ 

 

10 (11.1%) 

80 (88.9%) 

 

 

1 (2.6%) 

38 (97.4%) 

 

 

4.75 (0.59 to 

38.47) 

 

0.144 

Baseline Creatinine level 

Normal (n=45) 

Elevated (n=102) 

Missing data (n=12) ¶ 

 

28 (28.0%) 

72 (72.0%) 

 

 

17 (36.2%) 

30 (63.8%) 

 

 

0.69 (0.33 to 

1.44) 

 

0.317 

Baseline Albumin 

Normal (n=111) 

Hypoalbuminemia (n=28) 

Missing data (n=20) ¶ 

 

72 (79.1%) 

19 (20.9%) 

 

 

39 (81.3%) 

9 (18.8%) 

 

 

0.87 (0.36 to 

2.12) 

 

0.766 

Baseline BUN 

Normal (n=38) 

Elevated (n=109) 

Missing data (n=12) ¶ 

 

25 (25.3%) 

74 (74.7%) 

 

 

13 (27.1%) 

35 (72.9%) 

 

 

0.910 (0.42 to 

1.99) 

 

0.812 

† Eye problems associated with diabetes observed during the study period, which include retinopathy, 

glaucoma, and cataracts. 
¶ Patients were excluded from the statistical calculations. 

Table 2: Univariate regression analysis evaluating the 
relationship between diabetes-related eye disorders and 
participant variables (n=159). 

Discussion 

There is currently a scarcity of research assessing the 

effectiveness of dapagliflozin when combined with 

insulin or other glucose-lowering treatments for 

managing blood glycemic levels and improving renal 

function in patients with T2DM and CKD. The present 

study assessed the efficacy of a 10 mg daily dose of 

dapagliflozin used in combination with conventional 

glucose-lowering drugs over 12 months in T2DM 

patients with CKD versus patients who received 

antidiabetic medications without dapagliflozin. 

Initially, the effectiveness of dapagliflozin was 

evaluated by comparing its impact on HbA1C levels 

between two groups: one group of patients who received 

dapagliflozin in addition to the conventional 

antidiabetic medications, and the other group who 

received the glucose-lowering medications without 

dapagliflozin. Results showed that both groups 

experienced a relatively stable trend in HbA1C levels 

over the 12-month period, with more fluctuations 

observed in the dapagliflozin group. 

It was then decided to categorize patients into four 

groups to recognize the effects of various antidiabetic 

medications, particularly patients using insulin. The 

groups were as follows: Group A received dapagliflozin, 

Group B received dapagliflozin with insulin, Group C did 

not receive dapagliflozin or insulin, and Group D 

received insulin without dapagliflozin. Although 

dapagliflozin showed the largest initial HbA1C 

reduction, sustained control was not maintained 

throughout the 12-month study period. The impact of 

dapagliflozin on HbA1C was most notable when 

administered with insulin, resulting in a greater 

reduction in HbA1C levels compared to patients solely 

on insulin treatment. Surprisingly, the group without 

dapagliflozin achieved the lowest mean HbA1C levels, 

indicating potential long-term benefits of this 

treatment approach. Overall, patients demonstrated 

comparable fluctuations in HbA1C levels across all 

treatment groups throughout the 12-month study 

period. Despite these fluctuations, the present results 

indicate a slight overall reduction in A1C levels in the 

dapagliflozin group, suggesting some level of efficacy in 

managing A1C over time. However, the long-term 

control varied among individuals, and no significant 

time effects were observed among all groups. 

Unfortunately, the current findings are inconsistent 

with several previous studies that demonstrated a 

significant reduction in HbA1C and improved glycemic 

control with dapagliflozin [21-23]. 

On the other hand, the present study also assessed the 

effects of dapagliflozin on kidney function parameters 

and blood electrolytes. Results revealed a similar trend 

of fluctuations in most of the data measured in the four 

patient groups over 12 months. Combination therapy 

(dapagliflozin with other antidiabetic drugs) resulted in 

a transient drop in eGFR at 6 months, with partial 

improvement observed thereafter, although not a full 

recovery to baseline levels. However, patients treated 

solely with insulin had consistently lower eGFR (around 

37 mL/min) compared to other groups throughout the 

12-month observation period. These results align with a 

recent study that found a similar effect for dapagliflozin, 

which significantly reduces the risk of a composite 

sustained decline in eGFR by at least 50% among 

patients with CKD irrespective of their diabetic status 

[21]. Patients receiving dapagliflozin also had a reduced 

incidence of ESKD and death from cardiovascular and 

renal causes compared to those who received a placebo. 

Another study also indicated that SGLT-2 inhibitors 

cause an initial decline in eGFR during the first 2–4 

weeks of treatment in patients with CKD [24]. Despite 

the early sharp decline in eGFR, the renal protective 

effect of SGLT-2 inhibitors gradually emerged and 

maintained stability over the following years.  
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Figure 1: In all CKD patients (n=159), longitudinal changes in mean HbA1c, creatinine, albumin, eGFR, and electrolytes (Na, K, Ca) 
across four treatment groups: dapagliflozin (blue), dapagliflozin + insulin (red), non-dapagliflozin (green), and insulin only (black). 

 

 
Figure 2: In advanced CKD patients (n=117), longitudinal changes in mean HbA1c, creatinine, albumin, eGFR, and electrolytes (Na, K, 
Ca) across four treatment groups: dapagliflozin (blue), dapagliflozin + insulin (red), non-dapagliflozin (green), and insulin only (black). 
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The significant benefit of SGLT-2 inhibitors only 

became apparent by the second year of treatment. 

Additionally, Chertow et al., (2021) found that patients 

with stage 4 CKD had a lesser effect of dapagliflozin on 

eGFR than patients with stages 2 or 3 CKD [25]. 

The current findings also revealed a more significant 

impact on serum creatinine and BUN when insulin was 

administered without dapagliflozin. However, the 

combination therapy (dapagliflozin and insulin) was 

associated with long-term stabilization of both serum 

creatinine and BUN by the 12 months of the study, which 

were significantly greater compared to the group treated 

with insulin alone. This study is the first to explore the 

effect of dapagliflozin on serum creatinine and BUN 

during the first year of treatment, comparing those on 

insulin or other oral hypoglycemic drugs with or without 

dapagliflozin. 

One of the major complications of T2DM is diabetic 

nephropathy. Therefore, the potential benefits of 

antidiabetic medications on kidney function have 

always been of research interest [26,27]. In animal 

models, dapagliflozin treatment showed improved 

diabetic nephropathy by improving glucose levels and 

reducing inflammation and oxidative stress [28,29]. 

These findings show promise in treating diabetic 

nephropathy; however, further studies are required to 

elucidate the exact mechanism of protection. 

Previous studies have suggested that SGLT-2 

inhibitors may provide advantages for kidney function 

via several mechanisms. These include lowering 

glomerular hyperfiltration, decreasing sodium 

reabsorption in the proximal tubules, reducing 

inflammatory and fibrotic reactions in the kidney, and 

decreasing urinary albumin creatinine ratio (UACR), all 

of which potentially slow down the progression of 

diabetic nephropathy [30-32].  Moreover, SGLT-2 

inhibitors not only lower blood pressure and body 

weight but also reduce uric acid concentrations, 

providing additional benefits to the cardiovascular 

system [33]. The decreased serum uric acid 

concentration is likely due to the inhibition of sodium-

conjugated uric acid reabsorption in the proximal renal 

tubules [34]. As for serum albumin, dapagliflozin 

elevates the serum albumin levels in patients treated 

with insulin or oral glucose-lowering drugs. This could 

be linked to the usual decrease in albuminuria 

associated with diabetic patients. 

Numerous studies have investigated the effectiveness 

of dapagliflozin as a valuable medication that can be 

administered as a monotherapy or in conjunction with 

other antidiabetic drugs [35]. According to a recent 

study, the DAPA-CKD trial, dapagliflozin can reduce 

deleterious kidney and cardiovascular outcomes as well 

as overall mortality in patients with CKD, regardless of 

their diabetes status [20,36]. In addition, a different 

study examined whether the use of cardiovascular 

medications, such as diuretics, β-blockers, calcium 

channel blockers, antithrombotic agents, and lipid-

lowering agents, influences the renal protective effects 

of dapagliflozin. The study found that the renal and 

cardiovascular benefits of dapagliflozin were consistent. 

This consistency was observed with an unchanged safety 

profile, regardless of the cardiovascular medications 

used [37]. 

Finally, all previous findings indicate that 

dapagliflozin provides advantages in T2DM patients 

with cardiovascular risk factors by managing elevated 

BUN levels and slowing down kidney dysfunction, yet 

the challenge is considerably escalated in patients with 

advanced CKD. The results also confirm the safety and 

effectiveness of dapagliflozin, whether used alone or in 

combination with cardiovascular drugs, demonstrating 

benefits on renal and cardiovascular outcomes in 

patients with mild to advanced CKD, both diabetic and 

non-diabetic, who are at a greater risk for adverse effects 

compared to individuals with normal or near-normal 

kidney function. However, a few studies have warned 

against the use of dapagliflozin, particularly in patients 

with moderate or severe kidney impairments and in 

patients at risk of volume depletion [34]. Moreover, 

dapagliflozin has been linked to a higher occurrence of 

genital and lower urinary tract infections. However, 

these infections are generally mild to moderate in 

severity and respond well to antimicrobial treatment 

[35]. In the current study, a higher prevalence of 

retinopathy, cataracts, and glaucoma was observed in 

the dapagliflozin-treated group compared to the control 

groups during the 12-month study period. However, 

since this was a retrospective analysis, these results 

should be interpreted as associative findings rather than 

causal effects. Therefore, clinicians should be cautious 

and closely monitor patients when prescribing 

dapagliflozin to avoid potential adverse effects. 

In summary, although dapagliflozin may initially 

reduce HbA1C levels, the reduction was not sufficiently 

significant at any time point, and the long-term control 

varies among individuals. Treating T2DM patients with 

CKD using dapagliflozin for 12 months did not 

demonstrate a significant renal protective effect. 

Dapagliflozin alone does not appear to be a promising 

treatment for preventing or reducing kidney tissue 

damage, particularly in CKD cases. Continued research 

is still warranted to further explore the long-term 

effectiveness of dapagliflozin in controlling HbA1C 

levels and its role as a renal-protective agent over an 

extended duration. 

Study limitations 

It is essential to highlight that this study was 

retrospective and limited to King Abdulaziz Medical City 
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in Riyadh, Saudi Arabia. Patients who received follow-

up care at other hospitals were not included. Therefore, 

additional research that encompasses multiple regions 

is necessary to clarify the precise effect of Dapagliflozin 

on kidney function tests. 
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