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ABSTRACT

 )empagliflozin )25 mg الأهداف: تهدف هذه الدراسة لاستكشاف تأثير
على المعدلات الأيضية والكلوية في المرضى المصابين بداء السكري من النوع الثاني.

في  العسكري  بالمستشفى  رجعي  بأثر  المقارنة  الدراسة  هذه  أُجريت  المنهجية: 
الدراسة  هذه  السعودية. شملت  العربية  المملكة  جنوب  مشيط،  مدينة خميس 
كل البالغين المصابين بداء السكري النوع الثاني الذين تزيد أعمارهم على 18 سنة 
وزاروا عيادات مرض السكري خلال الفترة من اكتوبر 2021 حتى مارس 2022 

)لمدة 6 أشهر(، مع او بدون علاج الانسولين.

بداء  تشخيصهم  تم  مريض   308 مجموعه  ما  الدراسة  هذه  تضمنت  النتائج: 
empagliflozin تم ملاحظة انخفاضات  الثاني. بعد بدء علاج  النوع  السكري 
أشهر.   6 و   ،3-5 و   ،1 عند  )كجم(  المرضى  وزن  في  إحصائية  دلالات  ذات 
بشكل  الكفاءة  منخفض  الدهني  البروتين  مستويات  انخفاض  الى  بالاضافة 
انخفاض  من  بالرغم   ،)p=0.011( العلاج  بدء  بعد  أشهر   3-5 ملحوظ خلال 
من  العلاج،  استخدام  أثناء  الوقت  مرور  مع  تدريجياً  بالدم  الكيراتين  مستوى 
لذلك،  إضافةً   .)0.033(  78.39±27.43 الى    )0.105(  87.45±31.78
 urinary albumin-to-creatinine نسبة  انخفضت  العلاج  بدء  بعد 
بشكل ملحوظ عند 6-3 و 6 أشهر. كما اظهرت مستويات HbA1c انخفاضاً 
إحصائياً معتبراً عند 5-3 أشهر )p<0.001( و عند 6 أشهر )p<0.001( بعد 
بدء العلاج. يجدر بالذكر أن ضغط الدم الانقباضي والانبساطي انخفض بشكل 

ملحوظ بعد 6 أشهر من بدء العلاج. 

التحكم  فعاليته في   empagliflozin أثبت علاج  الدراسة  الخلاصة:  في هذه 
 dyslipidemia بضغط الدم و وزن الجسم، و تحسين كلًا من وظائف الكلى، و
بداء  المصابين  للمرضى  بالدم  السكر  بمستوى  التحكم  و  القصير،  المدى  على 

السكري النوع الثاني.

Objectives: To explore the effects of empagliflozin 
(25 mg) on metabolic and renal parameters in patients 
with type 2 diabetes mellitus (T2DM).

Methods: This retrospective observational comparative 
study was conducted at a military hospital in southern 
Saudi Arabia. All adults (aged >18 years) with T2DM 
who attended diabetic clinics between October 2021 
to March 2022 (6 months), with or without insulin 
treatment, were eligible for inclusion in the study.

Original Article

Results: Following the initiation of empagliflozin 
treatment, statistically significant reductions in patient 
weight (kg) were observed at 1, 3-5, and 6 months. In 
addition, low-density lipoprotein levels significantly 
decreased 3-5 months post-treatment initiation (p=0.011). 
However, serum creatinine level decreased gradually 
with time during the treatment with empagliflozin, 
from 87.45±31.78 (0.105) to 78.39±27.43 (0.033). 
Furthermore, after empagliflozin treatment, the urinary 
albumin-to-creatinine ratio significantly decreased at 
3-5 and 6 months. Moreover, HbA1c levels exhibited 
statistically significant decreases at 3-5 months (p<0.001) 
and at 6 months (p<0.001) following the initiation of 
empagliflozin treatment. Notably, systolic and diastolic 
blood pressure significantly reduced 6 months after 
empagliflozin treatment.

Conclusion: In the current study, empagliflozin has 
demonstrated efficacy in controlling blood pressure and 
body weight, and improving renal function, short-term 
dyslipidemia, and glycemic control in patients with 
T2DM. 

Keywords: empagliflozin, weight, dyslipidemia, glycemic 
control, renal outcomes
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Type 2 diabetes mellitus is a progressive disease.1 
Increasing insulin resistance, progressive 

decline in β-cell function, dysfunctional adipocytes, 
gastrointestinal incretin defects, increased glucose 
reabsorption from the kidneys, hyperglucagonemia, 
and neurotransmitter dysfunction are potential 
factors contributing to the pathogenesis of diabetes.1 
With complex pathophysiology, sodium-glucose 
cotransporter 2 (SGLT2) inhibitors have a unique 
mechanism of action, leading to the excretion of 
glucose via urine and the subsequent lowering of plasma 
glucose. This mechanism is independent of β-cell 
function; thus, these agents are effective treatments for 
T2DM at theoretically any disease stage.2

Evidence from clinical trials shows reductions in 
glycated hemoglobin (-0.59%) to (-0.82%) with a low 
risk of hypoglycemia, except when used with insulin or 
insulin secretagogues, and moderate reductions in body 
weight (-2.1 to -2.5 kg) and systolic blood pressure 
(-2.9 to -5.2 mmHg), thus supporting the use of 
empagliflozin as monotherapy or in combination with 
other glucose-lowering agents.2

A collaborative meta-analysis of 13 clinical trials 
involving 90413 participants showed, in addition to 
the established cardiovascular benefits of SGLT2i, 
data revealed strong support for their use in decreasing 
kidney disease progression and acute kidney injury 
in those with  chronic kidney disease or heart failure 
with or without diabetes.3 Among patients receiving 
the recommended therapy for heart failure, those 
in the empagliflozin group had a lower risk of 
cardiovascular death or hospitalization than those in 
the placebo group, regardless of the presence or absence 
of diabetes.3,4 Approximately 2.6 million people were 
estimated to have received dialysis or undergone kidney 
transplantation for kidney failure in 2010, and this 
number is projected to double by 2030.5 Sodium-
glucose cotransporter 2 inhibitors can reduce the risk 
of dialysis, transplantation, and death due to kidney 
disease in individuals with T2DM and protect against 
acute kidney injury.6

Although numerous international studies have been 
carried out on the safety and effectiveness of SGLT2 
inhibitor, particularly on cardiovascular and renal 
outcomes, no study in Saudi Arabia has determined 
its effectiveness and safety, especially in patients with 
comorbid diabetes of different races and lifestyles.

Methods. This retrospective observational 
comparative study was carried out in the chronic 
illness clinics of the Armed Forces Hospital, Southern 
Region (AFHSR), Khamis Mushait City, located in 
southwestern Arabia. It has a population of 1.353.000, 
according to the estimated 2017 census.

All adults (aged >18 years) with T2DM who 
attended these clinics between October 2021 to March 
2022 (6 months), with or without insulin treatment, 
were eligible for inclusion in the study provided 
that they met the inclusion criteria, that is, being on 
empagliflozin (SGLT-2 inhibitor) for at least 6 months, 
including patients with mild kidney impairment and 
heart failure. In addition, patients on a ketone diet, 
patients with renal failure (end-stage kidney disease) 
or stage 4 or 5 chronic kidney disease, patients with 
estimated glomerular filtration rate (eGFR) <25, 
patients with severe malnutrition, pregnant women, 
and patients with any suspicious information from the 
history or examination of type 1 diabetes mellitus or 
latent autoimmune diabetes in adults (LADA) were 
excluded from the study. 

A checklist was used to collect information on 
patients with T2DM from electronic medical records 
before and after empagliflozin therapy was started. 
This information included body weight, low-density 
lipoprotein (LDL) level, triglyceride (TG) level, 
creatinine level, blood pressure, urinary albumin-to-
creatinine ratio (UACR), and glycated hemoglobin 
level (HbA1c%).

Approval was obtained from the Research and Ethics 
Committee of the AFHSR (AFHSRMREC/2022/
FAMILY MEDICINE/596) prior to the study, which 
was carried out according to the principles of Helsinki. 
In addition, written permission was obtained from the 
medical director of the AFHSR. 

Statistical analysis. The data were entered and 
analyzed using the Statistical Package of Social 
Science, version 26.0 (IBMCorp, Armonk, NY, USA). 
Descriptive statistics, such as mean, range, and standard 
deviation, were calculated to summarize continuous 
numerical data, whereas frequency and percentage 

 Table 1 - Age and gender distribution of the participants 
(N=308).

Variables Description
Gender, n (%)

Male
Female

198 (64.3)
110 (35.7)

Age (years)
Range, mean±SD

23-89
58.0±10.6

SD: standard deviation

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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were used to describe categorical variables. A paired 
t-test was used to compare parameters before and after 
empagliflozin therapy at different follow-up periods. 
Statistical significance was set at p<0.05.

Results. In total, 308 patients with T2DM were 
included in this study. Almost two-thirds (64.3%) of 
the patients were male. Their ages ranged from 23 to 
89 years, with an arithmetic mean of 58 years and a 
standard deviation of 10.6 years (Table 1).

The weight (kg) of patients decreased significantly 
at 1 month from 83.3 ±15.9  to 80.5±15.5 (p=0.010), 
3-5 months from 84.9±15.1 to 82.±15.7 (p<0.001), 
and >6 months from 83.4±13.9 to 79.4±12.8 (p<0.001) 
after the start of empagliflozin treatment. Low-density 
lipoprotein (LDL) levels decreased significantly from 
2.53±0.91 to 2.36±0.84 (p=0.011) at 3-5 months after 
the initiation of empagliflozin treatment but increased 
non-significantly from 2.55±0.77 to 2.6±0.87 (p=0.584) 
at 6 months after starting empagliflozin. Triglyceride 
levels did not decrease significantly at any follow-up 
point. Although serum creatinine levels were consistently 
higher than pretreatment levels, they gradually declined 
over time, from 87.4±31.78 (0.105) to 78.3±27.4 
(0.033). The UACR ratio decreased significantly from 

123.86±348.6 to 91.87±226.3 (p=0.043) at 3-5 months 
and from 133.4±391.8 to 71.9±169.3 (p=0.022) 
at 6 months after starting empagliflozin. Glycated 
hemoglobin level (HbA1c%) decreased significantly 
from 9.0±1.72 to 8.5±1.4 (p<0.001) at 3-5 months and 
from 8.8±1.5 to 8.3±1.3(p<0.001) at 6 months after 
starting empagliflozin. Systolic (p=0.045) and diastolic 
(p=0.002) blood pressure decreased significantly 6 
months after empagliflozin treatment (Table 2).

Discussion. The current study adds to the literature 
concerning the benefits of empagliflozin in weight 
reduction, both systolic and diastolic blood pressure 
lowering, short-term decrease in LDL and HbA1c 
levels, and improvement in renal outcomes. 

In this study, a decrease in patients’ weight was 
observed even at the 1 month follow-up after the start 
of empagliflozin therapy and afterward. This has been 
documented in numerous randomized clinical trials and 
retrospective cohort studies.7-12 The weight reduction 
induced by empagliflozin could be explained by many 
factors, including glucosuria, which leads to the energy 
loss of 200–300 Kcal/day,in addition to reductions in 
visceral adipose tissues, fat mass, and subcutaneous 
adipose tissue.13,12

Table 2 - Comparison of metabolic and renal outcomes of empagliflozin in patients with T2DM at different follow-up periods.

Variables
Before starting 
empagliflozin

Mean±SD

3 weeks to 1 month after 
starting empagliflozin
Mean±SD (p-value)

3-5 months after starting 
empagliflozin

Mean±SD (p-value)

>6 months after  
starting empagliflozin
Mean±SD (p-value)

Weight (kg) 83.3±15.9  (n=45)
84.9±15.1 (n=152)
83.4±13.9  (n=117)

80.4 ±15.5  (0.010)
82.0±15.7  (<0.001)

79.4±12.8 (<0.001)
LDL 2.31±0.58 (n=19)

2.53±0.91 (n=166)
2.55±0.77 (n=73)

2.23±0.63 (0.618)
2.36±0.84 (0.011)

2.60±0.87 (0.584)
TG 2.11±1.20 (n=33)

1.79±0.96 (n=236)
1.87±0.99 (n=126)

1.88±1.18 (0.115)
1.77±1.08 (0.766)

1.77±0.80 (0.223)
Creatinine 83.79±30.14 (n=31)

77.55±25.18 (n=227)
76.04±23.46 (n=147)

87.45±31.78 (0.105)
79.62±28.60 (0.059)

78.39±27.43 (0.033)
UACR 52.39±92.85 (n=21)

123.86±348.6 (n=181)
133.41±391.8 (n=106)

32.87±44.34 (0.208)
91.87±226.3 (0.043)

71.92±169.3 (0.022)
HbA1c 8.93±1.50 (n=34)

9.01±1.72 (n=260)
8.85±1.55 (n=166)

8.73±1.43 (0.411)
8.51±1.43 (<0.001)

8.34±1.35 (<0.001)
SBP 130.45±14.87 (n=22)

129.35±13.77 (n=115)
129.52±13.06 (n=83)

129.59±11.63 (0.777)
129.05±12.71 (0.821)

126.04±12.33 (0.045)
DBP 75.09±8.62(n=22)

74.26±8.32 (n=115)
75.19±7.92 (n=83)

72.41±7.79 (0.066)
73.20±7.35 (0.221)

71.61±8.95 (0.002)
T2DM: type 2 diabetes mellitus, SD: standard deviation, N: number of individuals with an event, LDL: low-density lipoprotein, TG: 

triglycerides, UACR: urine albumin-to-creatinine ratio, HBA1c: glycosylated hemoglobin,  SBP: systolic blood pressure, DBP: diastolic 
blood pressure
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Dyslipidemia is a common comorbid condition 
associated with T2DM, and the current study revealed 
a significant reduction in LDL levels at 3-5 months 
after the initiation of empagliflozin therapy, with a non-
significant TG decline.14 Similarly, a significant decrease 
in LDL cholesterol levels was observed in patients with 
T2DM treated with empagliflozin in another Canadian 
study.8 Furthermore, a non-significant increase in LDL 
levels was observed after 6 months of empagliflozin use, 
and other randomized clinical trials have documented 
similar results.9,15 The use of statins can explain this 
finding; it was caused either by dosage change or 
decreased clearance of LDL from the circulation and 
increased lipolysis of triglyceride-rich lipoproteins.16 
However, most patients with diabetes in chronic illness 
clinics aged >40 at our facility take moderate-intensity 
statins for primary cardiovascular prevention. In a 
Canadian study, the authors documented reduced LDL 
cholesterol after initiating empagliflozin, even though 
most patients continued statin intake without changing 
the dosage.8

In the current study, and in agreement with other 
studies7,11,15,17-22, empagliflozin significantly decreased 
both systolic and diastolic blood pressure after 6 months 
of therapy, which could be attributed to its effect on 
weight reduction, osmotic diuresis, and improvement 
in vascular stiffness and hyperglycemic oxidative 
stress.23 In addition, osmotic diuretics and natriuretics 
help alleviate plasma volume contraction, providing 
cardiovascular benefits.23-26

The present study showed a decrease in HbA1c% 
starting significantly at 3 months after empagliflozin 
initiation, although the mean value was above the 
recommended level of 7%. An improvement in glycemic 
control has also been observed in a similar Canadian 
study;8 however, in the present study, we did not 
include information regarding whether patients were 
taking insulin or other antidiabetic oral medications 
with empagliflozin, which could affect the overall 
impact of empagliflozin on HbA1c%. In a Canadian 
study, the authors observed that patients treated with 
empagliflozin in addition to insulin and no metformin 
had a smaller HbA1c% decrease than patients treated 
with empagliflozin in addition to metformin without 
insulin.9 Further studies and information on the 
intake of other antidiabetic medications along with 
empagliflozin are highly recommended to clarify these 
issues. A reduction in HbA1c% after empagliflozin 
initiation has also been observed.7, 9-11

The current study’s findings showed that, despite all 
creatinine levels being higher than before treatment, 
creatinine levels gradually decreased over time once 

empagliflozin was started. However, no statistically 
significant increase was observed at the 1 month mark 
and beyond 3 months. This pattern can be attributed 
to the mechanism of action of SGLT2 inhibitors, 
which reduce intra-glomerular pressure and eGFR.27 
However, there was a reduction in the UACR, starting 
significantly at 3 months after empagliflozin initiation 
and onwards. Furthermore, improvement in cardiorenal 
hemodynamics with empagliflozin was reported by 
Fitchett.28 In addition, the EMPA-REG OUTCOME29 
study reported a reduction in the incidence of 
nephropathy by almost 46%, a risk of progression to 
severely elevated urinary albumin excretion by 38%, 
a risk of doubling creatinine level by 44%, and a risk 
of initiating renal replacement therapy by 55% with 
empagliflozin. However, other studies observed no 
effect of empagliflozin on serum creatinine levels or 
estimated glomerular filtration rate.30

In conclusion, the strength of this study reflects 
real-world clinical practices. Confounding factors, 
specifically the utilization of statins and angiotensin-
converting enzyme inhibitors (ACEi), were partially 
accounted for in this study. All patients included in the 
study were regularly monitored and treated at chronic 
illness clinics, where it is standard practice to prescribe 
statins for patients with diabetes aged 40 and above 
and ACEi for those with T2DM and moderately or 
severely elevated urinary albumin excretion. However, 
the study was limited by its single-center design, which 
could have affected the generalizability of the findings. 
Furthermore, the authors could not examine patient 
compliance with empagliflozin intake, which might 
have influenced the outcomes. Lastly, missing data 
posed a limitation, as reliance on medical records for 
information was necessary.

This study provides further evidence that 
empagliflozin effectively improves the weight, blood 
pressure, glycemic control, dyslipidemia (short-term 
LDL, TG), and renal outcomes in patients with 
T2DM. However, carrying out additional multicenter 
longitudinal studies would be advantageous in order to 
extend the applicability of the findings obtained from 
this study.
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