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                     Abstract 
  Objective     The data regarding the safety and effi  cacy of dapaglifl ozin during fasting is lacking especially in Pakistan. So, the 

current study aimed to explore the safety and effi  cacy of dapaglifl ozin in minimizing the episodes of hypoglycemia during 

fasting and reducing the HbA1c. 

   Methods     A single-center, prospective observational cohort study was conducted at the National Institute of Diabetes and 

Endocrinology Department (NIDE), Dow International Medical College (DIMC), from March to June 2022. Diabetic patients 

who were being treated with stable doses of metformin and dipeptidyl peptidase-4 (DPP-4) inhibitors were included, and 

then, diff erent doses of dapaglifl ozin (DAPA) were added in their standard regimen after dividing them into two groups 

(Group A and B receiving 5 mg and 10 mg of DAPA, respectively). 

   Results     Most of the study participants were females (63.9%) of which 37.7% had ages ranging from 41 to 50 years, were 

obese, and had diabetes ≤ 3 years with 24.6% participants having hypertension as comorbidity. Post-intervention analysis of 

the participants showed a signifi cant decrease in HbA1c and blood pressure levels with the DAPA regimen ( p -value = 0.000). 

Additionally, the effi  cacy of diff erent doses was also signifi cant ( p -value = 0.008); however, the negative odds ratio of 0.929 

indicated that increasing the dose would decrease the HbA1c. 

   Conclusions     It was found that DAPA was safe and eff ective for the patients as it improves the HbA1c levels, and there were 

no signifi cant hypoglycemic events. Further, urinary tract infections and diabetic ketoacidosis were also not reported by the 

patients. 

    Keywords     Safety    ·  Effi  cacy    ·  Diabetes mellitus    ·  Dapaglifl ozin  

      Introduction 

 Fasting in the month of Ramadan carries a considerable 

challenge for people with type 2 diabetes mellitus because 

it could precipitate episodes of hypoglycemia, hyperglyce-

mia, dehydration, diabetic ketoacidosis (DKA), and venous 

thromboembolism [ 1 ]. Fasting, an essential pillar of Islam, 

is exempted for those people who are living with medical 

conditions or illnesses that put them at high risk and dia-

betes mellitus is one of them. The International Diabetes 

Federation–Diabetes and Ramadan (IDF-DAR) guidelines 

categorize people with diabetes into three groups—very 

high risk, high risk, and moderate/low risk [ 2 ]. Very high 

and high risk patients are advised not to fast while moder-

ate to low risk could fast under the supervision of health 

care professionals provided that adequate education has been 

given. However, most of the patients falling in the high and 

very high risk category insisted to fast at any cost [ 2 ]. 

 The Epidemiology of Diabetes and Ramadan (EPIDIAR) 

study performed in 2001 concluded that the prevalence of 

fasting for at least 15 days during Ramadan among Muslim 

world diabetic patients is around 8.7% in type 1 and 91.3% 

in type 2 diabetes [ 3 ]. Optimal care and proper Ramadan-

centered focused education must be given to these diabetic 

patients before and during Ramadan to make sure that they 

could fast safely. 
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 The key elements of education included training of the 

participants regarding nutritional and dietary advice, exer-

cise, medications, and dosage adjustment and more impor-

tantly knowing when to break the fast if hypoglycemia and 

hyperglycemia occur [ 2 ]. The Ramadan Education and 

Awareness in Diabetes (READ) study proved that a sig-

nifi cant number of hypoglycemic events could be avoided 

during fasting in Ramadan, if patients have received pre-

Ramadan education training programs [ 4 ]. 

 Many trials have proven the safety of diff erent anti-hyper-

glycemic drugs in fasting during the month of Ramadan for 

diabetic patients [ 5 – 7 ]. Over the last few years, the use of 

sodium-glucose co-transporter 2 (SGLT2) inhibitors is pre-

ferred. Thus, due to its cardio-renal advantages, dapaglifl o-

zin (DAPA) is used these days [ 8 ,  9 ]. This newest class of 

drug has the added advantage that it does not cause severe 

episodes of hypoglycemia as compared to sulfonylureas [ 10 ]. 

However, the risk of developing thirst, dehydration, postural 

hypotension, thrombosis, and diabetic ketoacidosis increases 

with the use of SGLT2 inhibitors during Ramadan as evident 

by diff erent trials done worldwide [ 10 – 12 ]. 

 The available data regarding the safety and effi  cacy of 

dapaglifl ozin during fasting in Ramadan is lacking especially 

in Pakistan. Thus, this study aimed to explore the safety of 

dapaglifl ozin in minimizing the episodes of hypoglycemia 

during fasting in Ramadan and measure the effi  cacy of dif-

ferent dosages of dapaglifl ozin in reducing the HbA1c along 

with the standard of care received by the type 2 diabetic 

patients in the month of Ramadan. 

    Materials and methods 

   Study design 

 This was a single-center, prospective observational cohort 

study conducted at the National Institute of Diabetes & 

Endocrinology (NIDE), Dow International Medical Col-

lege, Dow University of Health Sciences, Karachi, OJHA, 

Campus, from March to June 2022, that is 4 weeks before 

Ramadan until 4 weeks post-Ramadan, after ethical approval 

of the protocol from the ethics committee. 

 Non-probability convenience sampling technique was 

used to recruit the participants in the study. All patients 

with type 2 diabetes mellitus aged between 18 and 

65 years old, who intend to fast at least 20 days during 

Ramadan, had an HbA1c level of 7 or above, and who 

are being treated with a stable dosage of metformin and 

dipeptidyl peptidase-4 (DPP-4) inhibitors were included 

in the study, whereas diabetic patients who were pregnant 

or were breastfeeding their child and patients who were 

on insulin or sulfonylureas were excluded as this class of 

drug is proven to be associated with severe hypoglycemia 

(blood sugar level below 70 mg/dl anytime during the 24-h 

period of the day in the fasting month of Ramadan). Fur-

ther, patients who had a past history of recurrent urinary 

tract infections, impaired renal function with estimated 

Glomerular Filtration Rate (eGFR) < 60 ml/min/1.73  m 2 , 

malignancy, cardiovascular events within the last 90 days, 

or contraindication for fasting were excluded. 

 The sample size was calculated using Open epi, version 3, 

open-source calculator. Keeping a 97% confi dence interval 

(CI), a percentage of hypoglycemia in the intervention group 

of 6.9% as reported in a previous study [ 13 ], and a margin of 

error of 5%, the current study sample size was calculated to 

be 121 patients. As the current study comprised two groups, 

so there were 61 participants in each group. 

 All patients who met the inclusion criteria were enrolled 

in the study after taking informed consent. Patients were 

divided into two groups. Group A included those patients 

who took 5 mg of dapaglifl ozin before and continued dur-

ing the study period along with any doses of metformin and 

DPP-4 inhibitors. Group B included those patients who 

took 10 mg of dapaglifl ozin before and continued during 

the study period along with any doses of metformin and 

DPP-4 inhibitors. Both groups were enrolled at least 1 month 

before fasting. 

 Data was collected from all participants at the initial visit 

4 weeks before Ramadan and on a follow-up visit 4 weeks 

after Ramadan. Patients were advised to document their 

blood glucose at seven diff erent times per week [ 2 ]. 

 All data was entered using a predefi ned structured pro-

forma for documenting the sociodemographic variables and 

clinical and laboratory parameters. Data regarding socio-

demographic features (age, gender, weight, height, body 

mass index, comorbidities); clinical data (duration of type 

2 diabetes); details of micro- and macrovascular compli-

cations of diabetes like nephropathy, neuropathy, retin-

opathy, ischemic heart disease, or cerebrovascular disease; 

and measurement of systolic and diastolic blood pressures 

at baseline (4 weeks before Ramadan) and at 4 weeks post 

Ramadan and incidents of hypoglycemia during fasting and 

any adverse events and laboratory data (HbA1c levels, serum 

sodium, potassium, chloride, bicarbonate, creatinine levels 

4 weeks before Ramadan and at 4 weeks post Ramadan and 

urinalysis) were collected. 

 Statistical software for social sciences (SPSS version 

26) was used to analyze the data. All categorical variables, 

including age, duration of disease, mean laboratory param-

eters, the frequency of hypoglycemic episodes, gender, and 

adverse events, were presented as frequency and percentages 

and compared using the chi-squared test. 

 Comparison between groups was analyzed with analysis 

of variance (ANOVA). Data was presented in the form of 

tables and bar charts. A  p -value of < 0.05 was considered 

the cutoff  for signifi cance. 
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     Results 

 Although the calculated sample size of this study was 121 

patients with 61 patients in each group, however, the sample 

size was reduced to 61 participants only due to the following 

reasons: (1) death of the participants ( n  = 2) and (2) non-

response rate of the participants ( n  = 20), patients were not 

willing to conduct the laboratory assessment after Ramadan 

due to multiple reasons: one such reason was the fi nancial 

issues or non-availability of services at their area as most 

of them were residing in rural areas ( n  = 11), and also the 

participants did not fast in Ramadan as per the inclusion 

criteria with most of the participants had less than 20 fasts 

or even zero fasting ( n  = 26). 

 On these bases, the sample size was reduced to 61 partici-

pants in total with 30 patients in each group. Out of 61 par-

ticipants, 63.9% were females. Around 37.7% participants’ 

age ranged in between 41 and 50 years. 

 Most of the participants (37.7%) were suff ering from dia-

betes since ≤ 3 years. Most of the participants (55.7%) did 

not have any comorbidity; however, 24.6% were suff ering 

from hypertension. The majority of the participants. 

 (37.7%) were obese and 72.1% were diabetic as per their 

HbA1c levels (Table  1 ).  

 When the safety of the drug DAPA was assessed, it was 

found that the number of hypoglycemic and diabetic ketoaci-

dosis events was reduced signifi cantly ( p -value = 0.000). 

There were no signifi cant hypoglycemic events reported by 

participants which were managed at home. Out of 61 par-

ticipants, 9 (14.7%) reported to the hospital with high and 

low blood sugar levels, in which only 4 (6.5%) participants 

reported hypoglycemia. That was not statistically signifi cant. 

Further, urinary tract infections were also not reported by 

the patients at a signifi cant level ( p -value = 0.001) (Table  2 ). 

The 14 patients reported only mild-intensity urinary tract 

infections which were managed conservatively and urinary 

microscopy and cultures were not done. They continued 

dapaglifl ozin as symptoms of UTI were mild and improved 

with increased fl uid intake in a non-fasting state (after iftar), 

safe hygiene practices, and standard antimicrobial medica-

tions if required.  

 When the effi  cacy of the drug dapaglifl ozin was assessed 

in comparison to the dipeptidyl peptidase-4 (DPP-4) inhibi-

tors, that were given previously to the patients, it was found 

that the HbA1c levels and systolic and diastolic blood pres-

sures were significantly decreased with DAPA regimen 

( p -value = 0.000) (Table  3 ).  

 Additionally, when the effi  cacy of diff erent doses was 

assessed, the values were signifi cant ( p -value = 0.008) where 

the negative odds ratio of 0.929 indicated that increasing the 

dose would decrease the HbA1c further (Table  4 ). But the 

safety of the drug decreased with an increase in dose from 5 

to 10 mg. Four out of 61 participants reported hypoglycemic 

events in which 1 was on 5 mg and 3 were on 10 mg.  

  Table 1       Demographic 

characteristics of the 

participants ( n  = 61)  

  Variables    Frequency    Percentage  

  Gender    Male    22    36.1  

  Females    39    63.9  

  Age    30 to 40    13    21.3  

  41 to 50    23    37.7  

  51 to 60    15    24.6  

  61 to 70    10    16.4  

  Duration of diabetes    1 month till 3 years    23    37.7  

  4 to 6 years    13    21.3  

  7 to 9 years    10    16.4  

  10 and above years    15    24.6  

  Comorbidities    Chronic kidney disease (CKD)    1    1.6  

  Hypertension (HTN)    15    24.6  

  Ischemic heart disease (IHD)    1    1.6  

  Retinopathy    4    6.6  

  Neuropathy    1    1.6  

  Dyslipidemia    2    3.3  

  None    34    55.7  

  Body mass index (BMI)    Underweight    1    1.6  

  Normal    16    26.2  

  Overweight    18    29.5  

  Obese    23    37.7  
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    Discussion 

 This study was conducted with a primary objective to 

assess the number of hypoglycemic events that occurred 

by dapaglifl ozin and a secondary objective to assess the 

number of events of diabetic ketoacidosis, urinary tract 

infections, and/or decline in eGFR and eff ectiveness of 

dapaglifl ozin in reducing HbA1c level. Many studies have 

been conducted in the past to prove the safety and effi  cacy 

of diff erent anti-hyperglycemic drugs for diabetic patients 

[ 5 – 7 ]. 

 Over the last few years, SGLT2 inhibitors are preferred 

due to their cardio-renal advantages [ 8 ,  9 ]. However, the 

risk of developing thirst, dehydration, postural hypoten-

sion, thrombosis, and diabetic ketoacidosis increases 

with the use of SGLT2 inhibitors as evident by diff erent 

researches conducted globally [ 10 – 12 ]. 

 It was found that the available data regarding the safety 

and effi  cacy of these SGLT2 inhibitors is lacking during 

fasting in type 2 diabetes mellitus patients in Pakistan. 

Thereby, this study aimed to explore the safety of one such 

drug named dapaglifl ozin in minimizing the episodes of 

hypoglycemia during fasting in Ramadan and measure the 

effi  cacy of diff erent dosages of dapaglifl ozin in reducing 

the HbA1c along with the standard of care received by the 

type 2 diabetic patients in the month of Ramadan. 

 This study found that the drug DAPA was safe for the 

diabetic patients at both diabetic and pre-diabetic levels as 

it signifi cantly reduced the number of hypoglycemic and 

diabetic ketoacidosis events ( p -value = 0.000) during fast-

ing. Further, urinary tract infections were also not reported 

by the patients at a signifi cant level ( p -value = 0.001). These 

fi ndings are in agreement with the results of the study con-

ducted by Verma et al. in 2018 and concluded that SGLT2 

inhibitors are state-of-the-art pharmacological tools for the 

prevention of cardiovascular risks as compared to other 

sugar-lowering drugs [ 14 ]. Similarly, another study con-

ducted by Wiviott et al. in 2018 confi rmed the safety and 

effi  cacy of the drug dapaglifl ozin towards the cardiovascular 

events in diabetes patients [ 15 ]. One more study explained 

the cardioprotective eff ects and safety of SGLT2 inhibitor 

in addition to volume and diuresis, adipokine kinetics, and 

myocardial metabolism in diabetic patients [ 16 ]. Similarly, 

  Table 2       Safety of the drug 

dapaglifl ozin towards the 

patients of type 2 diabetes 

mellitus during fasting ( n   =  61)  

   Safety variables        Frequency      Percentage      p  -value   

  Any admission due to high or low blood sugar level?    Yes    9    14.8     0.000   
  No    52    85.2  

  Any admission due to low blood pressure or extreme 

dehydration?  

  Yes    10    16.4     0.000   
  No    51    83.6  

  Any admission with Diabetic Ketoacidosis (DKA)?    Yes    1    1.6     0.000   
  No    60    98.4  

  Any kind or symptom of 

 Urinary tract infection (UTI)?  

  Yes    14    22.9     0.001   
  No    47    77.1  

  Table 3       Effi  cacy of the drug 

dapaglifl ozin in comparison to 

dipeptidyl peptidase-4 (DPP-4) 

inhibitors ( n  = 61)  

  Regimen    DPP-4 inhibitors 

(pre-intervention)  

  Dapaglifl ozin 

(post interven-

tion)  

  Correlation    Signifi cance     p -value  

  HbA1c levels    8.05 ± 1.89    7.22 ± 1.60    0.199    0.466     0.000   
  Systolic pressure (mmHg)    132.627 ± 21.160    128.731 ± 16.130     − 0.13    0.937     0.000   
  Diastolic pressure (mmHg)    79.069 ± 9.678    78.170 ± 9.669    0.067    0.680     0.000   
  Creatinine (mg/dl)     0.797 ± 0.202    0.812 ± 0.226    0.125    0.455     0.000   
  eGFR 

 (ml/min/1.73m 2 )   

  107.378 ± 27.924    107.787 ± 24.844     − 0.13    0.937     0.000   

  Table 4       Effi  cacy of diff erent 

doses of the drug dapaglifl ozin 

( n  = 60)  

  a    Estimation terminated at iteration number 4 because parameter estimates changed by less than 0.001 

  Drug dosages     N      p -value    Odds ratio 

 (OR)  

  -2 Log likelihood    Cox and Snell R 

 square  

  Nagelkerke R 

 square  

  DAPA 5 mg    30    0.008    Ref    37.620 a     0.000    0.000  

  DAPA 10 mg    30    0.929  
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studies conducted by Bonora et al. in 2020 and Neuen et al. 

2019 concluded that numerous diverse mechanisms could 

play their role in the overall cardio and nephron-protective 

eff ects as produced by SGLT2 inhibitors in diabetic patients. 

However, not considering the exact molecular pathway, the 

ancillary extraglycemic eff ects approach of SGLT2 inhibi-

tors signifi cantly decreased the risk of hospitalization due 

to heart failure, cardiovascular events, and diabetic ketoaci-

dosis progression, thereby protecting the heart and kidneys 

of the diabetic patients [ 17 ,  18 ]. 

 Further, the current study assessed the effi  cacy of the 

drug dapaglifl ozin in comparison to the dipeptidyl pepti-

dase-4 (DPP-4) inhibitors, that were given previously to 

the patients; it was found that the HbA1c levels were sig-

nifi cantly decreased with DAPA regimen ( p -value = 0.000) 

during fasting. Similar to the current study results, a study 

conducted by Dainele et al. in 2016 reported that dapaglifl o-

zin improves insulin sensitivity increasing lipid oxidation in 

diabetes patients thereby increasing their glucagon to insulin 

ratio [ 19 ]. Thus, DAPA treatment causes an acute reduction 

in the concentration of plasma glucose thereby decreasing 

glucose entry into muscle and thus decreasing the HbA1c 

levels of the diabetic patients. 

 Additionally, when the effi  cacy of diff erent doses was 

assessed, the values were signifi cant ( p -value = 0.008) where 

the negative odds ratio of 0.929 indicated that increasing the 

dose would decrease the HbA1c further. Likewise, another 

recent meta-analysis conducted by Abu-Zaid et al. in 2021 

found that HbA1c levels, BMI, and total daily insulin dose 

were significantly reduced in the diabetic patients who 

received dapaglifl ozin versus placebo [ 20 ]. 

    Conclusion 

 In conclusion, the current study fi ndings suggested that the 

drug dapaglifl ozin is safe and eff ective for type 2 diabe-

tes patients during fasting in the month of Ramadan. As it 

improves the HbA1c levels, the number of hypoglycemic 

and diabetic ketoacidosis events was reduced signifi cantly. 

Further, urinary tract infections were also not reported by the 

patients. Although previous studies have shown increased 

cases of diabetic ketoacidosis and urinary tract infection 

with long-term use of the dapaglifl ozin drug, the current 

study does not show any such incidents. This might be due to 

the following reasons that many of these previous researches 

involved type 1 diabetes patients in whom the daily dose of 

insulin was decreased with SGLT2 inhibitors’ therapy as 

they increase glucose secretion [ 21 ,  22 ], whereas the cur-

rent study only included patients with type 2 diabetes who 

were not taking insulin as therapy and it is evident that the 

insulin dose reduction would result in ketoacidosis. Another 

common case in many previous researches cases was any 

associated medical and/or surgical condition which result in 

moderate-to-severe physical and mental stress for the dia-

betic patients which leads to catecholamine’s predisposition 

and development of ketoacidosis both by insulin secretion 

inhibition and ketone production stimulation [ 23 ]. Lastly, it 

has been hypothesized by diff erent studies that this increased 

plasma ketone concentration [ 24 – 26 ] worked as a readily 

oxidizable fuel for the myocardium [ 27 ,  28 ] and provided 

the benefi cial cardiovascular eff ects in type 2 diabetes mel-

litus patients [ 29 ]. The current results are entirely in agree-

ment with all above-mentioned theories and provide a strong 

explanation for the safety and effi  cacy of dapaglifl ozin dur-

ing fasting in type 2 diabetes patients. 

 However, there are some limitations of the current study 

including the lower sample size and being a single-center 

study. Further, studies with increased sample sizes and 

including multiple centers are recommended. Moreover, a 

comparison of type 1 and type 2 diabetic patients is also 

recommended using dapaglifl ozin for generalizability of 

its adverse eff ects like urinary tract infections and diabetic 

ketoacidosis. 

     

  Author contribution     The authors confi rm contribution to the paper as 

follows: study conception and design: AB, KS; data collection: NF, 

MH; analysis and interpretation of results: AB, ZK, NF; draft manu-

script preparation: KS, NF, ZK. All authors reviewed the results and 

approved the fi nal version of the manuscript.  

  Data availability     All data generated or analyzed during this study are 

included in this article. Further enquiries can be directed to the cor-

responding author.  

  Declarations    

   Consent to participate     Written informed consent was obtained from 

participants. 

    Competing interests     The authors declare no competing interests.   

  References 

      1.                                                                              Abdelgadir E, Rashid F, Bashier A, Al Saeed M, Khalifa A, Ala-

wadi F, et al. Use of fl ash glucose monitoring system in assessing 

safety of the SGLT2 inhibitors during Ramadan fasting in high 

risk insulin treated patients with type 2 diabetes. Diabetes Metab 

Syndr: Clin Res Rev. 2019;13(5):2927–32.  

      2.                                                                           Hassanein M, Al-Arouj M, Hamdy O, Bebakar WMW, Jabbar A, 

Al-Madani A, et al. Diabetes and Ramadan: practical guidelines. 

Diabetes Res Clin Prac. 2017;126:303–16.  

      3.                                                                                 Salti I, Bénard E, Detournay B, Bianchi-Biscay M, Le Brigand C, 

Cl Voinet, et al. A population-based study of diabetes and its char-

acteristics during the fasting month of Ramadan in 13 countries: 

results of the epidemiology of diabetes and Ramadan 1422/2001 

(EPIDIAR) study. Diabetes Care. 2004;27(10):2306–1.  

      4.                                                                            Bravis V, Hui E, Salih S, Mehar S, Hassanein M, Devendra 

D. Ramadan education and awareness in diabetes (READ) 



299International Journal of Diabetes in Developing Countries (April–June 2025) 45(2):294–299 

programme for Muslims with type 2 diabetes who fast during 

Ramadan. Diabetic Med: J Br Diabet Assoc. 2010;27(3):327–31.  

      5.                                                                              Bashir MI, Pathan MF, Raza SA, Ahmad J, Khan AKA, Ishtiaq O, 

et al. Role of oral hypoglycemic agents in the management of type 

2 diabetes mellitus during Ramadan. Indian J Endocrinol Metab. 

2012;16(4):503–7.  

      6.                                                                              Devendra D, Gohel B, Bravis V, Hui E, Salih S, Mehar S, et al. 

Vildagliptin therapy and hypoglycaemia in Muslim type 2 diabetes 

patients during Ramadan. Int Jclin Prac. 2009;63(10):1446–50.  

      7.                                              Bashier A, Bin Hussain A, Mk A. Safety and effi  cacy of liraglutide 

as an add-on therapy to pre-existing anti-diabetic regimens during 

Ramadan, a prospective observational trial. J Diabetes Metab. 

2015;6:590.  

      8.                                                                              McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosi-

borod MN, Martinez FA, et al. Dapaglifl ozin in patients with 

heart failure and reduced ejection fraction. N Eng J Med. 

2019;381(21):1995–2008.  

      9.                                                                              Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, 

Greene T, Hou F-F, et al. Dapaglifl ozin in patients with chronic 

kidney disease. New Engl J Med. 2020;383(15):1436–46.  

      10.                                                                              Wan Seman WJ, Kori N, Rajoo S, Othman H, Mohd Noor N, 

Wahab NA, et al. Switching from sulphonylurea to a sodium-

glucose cotransporter2 inhibitor in the fasting month of Ramadan 

is associated with a reduction in hypoglycaemia. Diabetes Obes 

Metab. 2016;18(6):628–32.  

      11.                                                                              Bashier A, Khalifa AA, Abdelgadir EI, Al Saeed MA, Al Qaysi 

AA, Bayati MBA, et al. Safety of sodiumglucose cotransporter 2 

inhibitors (SGLT2-I) during the month of Ramadan in Muslim 

patients with type 2 diabetes. Oman Med J. 2018;33(2):104–10.  

      12.                                                                           Shao Y, Lim GJ, Chua CL, Wong YF, Yeoh ECK, Low SKM, 

et al. The eff ect of Ramadan fasting and continuing sodium-glu-

cose co-transporter-2 (SGLT2) inhibitor use on ketonemia, blood 

pressure and renal function in Muslim patients with type 2 diabe-

tes. Diabetes Res Clin Pract. 2018;142:85–91.  

      13.                                                                              Wan Seman W, Kori N, Rajoo S, Othman H, Mohd Noor N, 

Wahab N, et al. Switching from sulphonylurea to a sodium[Inline 

Image Removed]glucose cotransporter2 inhibitor in the fasting 

month of Ramadan is associated with a reduction in hypoglycae-

mia. Diabetes Obes Metab. 2016;18(6):628–32.  

      14.                                                                              Verma S, Bhatt DL, Bain SC, Buse JB, Mann JF, Marso SP, et al. 

Eff ect of liraglutide on cardiovascular events in patients with 

type 2 diabetes mellitus and polyvascular disease: results of the 

LEADER trial. Circulation. 2018;137(20):2179–83.  

      15.                                                                           Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn 

A, et al. The design and rationale for the dapaglifl ozin eff ect on 

cardiovascular events (DECLARE)–TIMI 58 Trial. Am Heart J. 

2018;200:83–9.  

      16.                                            Verma S, McMurray JJ. SGLT2 inhibitors and mechanisms of 

cardiovascular benefi t: a state-of-the-art review. Diabetologia. 

2018;61(10):2108–17.  

      17.                                              Bonora BM, Avogaro A, Fadini GP. Extraglycemic eff ects of 

SGLT2 inhibitors: a review of the evidence. Diabetes, Metab 

Syndr Obes: Targets Therap. 2020;13:161.  

      18.                                                                              Neuen BL, Young T, Heerspink HJ, Neal B, Perkovic V, Billot 

L, et al. SGLT2 inhibitors for the prevention of kidney failure 

in patients with type 2 diabetes: a systematic review and meta-

analysis. Lancet Diabetes Endocrinol. 2019;7(11):845–54.  

      19.                                                                              Daniele G, Xiong J, Solis-Herrera C, Merovci A, Eldor R, Tri-

pathy D, et al. Dapaglifl ozin enhances fat oxidation and ketone 

production in patients with type 2 diabetes. Diabetes Care. 

2016;39(11):2036–41.  

      20.                                                                        Abu-Zaid A, Altowairqi AK, Dissanayaka T, Oganesyan A, 

Bhagavathul AS, Alhabeeb H, et al. A systematic review and 

dose-response meta-analysis on the efficacy of dapagliflozin 

in patients with type 1 diabetes mellitus. Pharmacolog Res. 

2021;165:105456.  

      21.     DeFronzo RA. 2001 Regulation of intermediary metabolism dur-

ing fasting and feeding. Endocrinol 737–75  

      22.                                                                    Crook ED, Zhou J, Daniels M, Neidigh JL, McClain DA. Reg-

ulation of glycogen synthase by glucose, glucosamine, and 

glutamine: fructose-6-phosphate amidotransferase. Diabetes. 

1995;44(3):314–20.  

      23.     McGarry J, Wright PH, Foster DW. Hormonal control of ketogen-

esis. Rapid activation of hepatic ketogenic capacity in fed rats by 

anti-insulin serum and glucagon. J clin invest. 1975;55(6):1202–9.  

      24.                                                    Ferrannini E, Mark M, Mayoux E. CV protection in the EMPA-

REG OUTCOME trial: a “thrifty substrate” hypothesis. Diabetes 

Care. 2016;39(7):1108–14.  

      25.                                                    Mudaliar S, Alloju S, Henry RR. Can a shift in fuel energet-

ics explain the benefi cial cardiorenal outcomes in the EMPA-

REG OUTCOME study? A unifying hypothesis Diabetes care. 

2016;39(7):1115–22.  

      26.                                                               Abdul-Ghani M, Del Prato S, Chilton R, DeFronzo RA. 

SGLT2 inhibitors and cardiovascular risk: lessons learned 

from the EMPA-REG OUTCOME study. Diabetes Care. 

2016;39(5):717–25.  

      27.                                                    Stanley WC, Recchia FA, Lopaschuk GD. Myocardial sub-

strate metabolism in the normal and failing heart. Physiolog rev. 

2005;85(3):1093–129.  

      28.                                                                                 Bedi KC Jr, Snyder NW, Brandimarto J, Aziz M, Mesaros C, 

Worth AJ, et  al. Evidence for intramyocardial disruption of 

lipid metabolism and increased myocardial ketone utilization in 

advanced human heart failure. Circulation. 2016;133(8):706–16.  

      29.                                                                              Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel 

S, et al. Empaglifl ozin, cardiovascular outcomes, and mortality in 

type 2 diabetes. N Eng J Med. 2015;373(22):2117–28.   

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2025-06-07T00:52:04+0000
	Preflight Ticket Signature




