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Abstract

Objective: Low-carbohydrate diets should be avoided in patients re-
ceiving Sodium-Glucose Cotransporter-2 (SGLT-2) inhibitors to reduce 
the risk of Diabetic Ketoacidosis (DKA). High-dose acarbose has been re-
ported to delay and reduce the absorption of carbohydrates.

Methods: Herein, we present three cases of Diabetic Ketosis (DK) that 
developed after combined treatment with SGLT-2 inhibitors and high-
dose acarbose. Clinical and laboratory features were summarized.

Results: The three patients were aged between 38-63 years old, and 
have had a history of type 2 diabetes mellitus (T2DM) for 3-10 years. The 
patients visited the hospital either due to poor glucose control or for reg-
ular check-ups. DK (urine ketone 2+ to 3+ and glucose 3+ to 4+) without 
acidosis was revealed 4 days to <1 month after the initiation of combined 
therapy including high-dose acarbose (300 mg/d) and dapagliflozin (10 
mg/d). No symptoms of DKA were reported and all the patients were 
fully oriented. Their BMI was 23.1-25.8 kg/m2. Serum glucose was 172.8-
253.8 mg/dl. HbA1c was 9.97-10.80%. Microvascular and macrovascular 
complications of T2DM were found in patients with normal estimated 
Glomerular Filtration Rate (eGFR). The combination of acarbose and 
Dapagliflozin was discontinued. Low-dose intravenous insulin and fluid 
infusion was administered, as required. Intensive insulin therapy was ad-
opted after the remission of DK.

Conclusion: High-dose acarbose may increase the risk of DK/DKA in 
Asian patients on SGLT-2 inhibitors. Healthcare providers and patients 
should be cautious to avoid this combination.
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Introduction

Treatment options for type 2 Diabetes Mellitus (T2DM) have 
expanded in recent years. Novel anti-diabetic agents, such as 
GLP-1R agonists and Sodium-Glucose Cotransporter-2 (SGLT-2) 
inhibitors, have demonstrated cardiovascular and renal benefits 
and are recommended by the American Diabetes Association 
(ADA) and the European Association for the Study of Diabetes 
(EASD) for patients with Atherosclerotic Cardiovascular Disease 
(ASCVD), Heart Failure (HF), or Chronic Kidney Disease (CKD)
[1]. The use of these novel anti-diabetic agents in China is also 
on the rise. Despite the advantages of SGLT-2 inhibitors, which 
include cardiovascular and renal benefits, weight loss, and low 
hypoglycemic risk, they are associated with several side effects, 
with Diabetic Ketoacidosis (DKA) being rare but potentially fatal 
[2,3]. In this study, we present three cases of Diabetic Ketosis 
(DK) in patients receiving SGLT-2 inhibitors and high-dose acar-
bose (300 mg/d), and compare them with two other recently 
reported cases of Chinese patients who developed DKA under 
a similar regimen. 

Case presentation

Clinical and laboratory features of the patients are summa-
rized in Table 1.

Case 1: A 38-year-old male presented with a 3-year history 
of T2DM. He had been intermittently taking “Xiaoke pills,” a Chi-
nese patent medicine containing glibenclamide. Eighteen days 
prior to his presentation, he visited the Outpatient Department 
(OPD) for polyuria and was found to have a glycated Hemoglobin 
(HbA1c) level of 10.6% (normal range: 4-6%). He was prescribed 
acarbose (100 mg three times a day), dapagliflozin (10 mg once 
daily), and degludec (10 IU/day). During his routine subsequent 
visit on the day of admission, his urine workup revealed ketones 
at 3+ and glucose at 3+. Physical Examination (PE) results were 
mostly within normal limits, with a Body Mass Index (BMI) of 
25.0 kg/m2. Arterial blood gas analysis showed a pH of 7.350 
(normal range: 7.35-7.45), Base Excess (BE) of -3.0 mmol/L (nor-
mal range: -3 to 3 mmol/L), and HCO3- of 22.6 mmol/L (normal 
range: 22-27 mmol/L). Oral Anti-Diabetic Drugs (OAD) were dis-
continued, and low-dose intravenous insulin therapy was initi-
ated alongside fluid infusion. Urine ketone levels became nega-
tive after eight hours. Given his elevated HbA1c of 10.6% on 
admission, intensive insulin therapy was subsequently initiated. 
His C-peptide levels at 0, 30, and 120 minutes post breakfast 
were 1.59, 1.67, and 2.23 ng/mL, respectively. A diagnosis of 
Non-Proliferative Diabetic Retinopathy (NPDR) was confirmed 
following ophthalmological consultation. He had a urinary mi-
croalbumin level of 94.7 mg/24 hours, a Urinary Albumin-Creat-
inine Ratio (UACR) of 77.36 mg/g, and an estimated Glomerular 
Filtration Rate (eGFR) of 285.67 ml/min/1.73 m2 (normal range: 
≥90 ml/min/1.73 m2), leading to the diagnosis of Diabetic Ne-
phropathy (DN) (G1A2). Electromyography revealed Diabetic 
Peripheral Neuropathy (DPN), for which calcium dobesilate, 
irbesartan, and methylcobalamin were prescribed. Vascular ul-
trasound of the lower extremities showed atherosclerosis, con-
firming the diagnosis of Diabetic Peripheral Vascular Disease 
(DPVD). Aspirin and atorvastatin were also applied.

Case 2: The patient was a 55-year-old male with a 10-year 
history of T2DM. He had a sporadic intake of metformin and 

acarbose, and had a brief period of insulin therapy around 
six years before the current presentation. Approximately two 
months prior to seeking medical attention, he transitioned from 
metformin to dapagliflozin (10 mg daily) based on a friend’s 
recommendation. Around one month prior to the current visit 
(exact timing not recalled by the patient), he escalated the acar-
bose dosage to 100 mg three times a day in pursuit of improved 
glycemic management. Just two days before presenting to our 
hospital with symptoms of polydipsia, he had sought care at an-
other medical facility. At that time, his routine urine analysis ex-
hibited 3+ ketones and 4+ glucose levels. Upon admission, the 
physical examination findings were generally within normal lim-
its (BMI: 25.8 kg/m²). The urine analysis performed on admis-
sion showed 2+ ketones and 3+ glucose levels. Arterial blood 
gas analysis indicated a pH of 7.35 (normal range 7.35-7.45), 
BE of -0.2 mmol/L (normal range -3 to 3 mmol/L) and HCO3- 
level of 24.2 mmol/L (normal range 22-27 mmol/L). Following 
six hours of intravenous insulin and fluid administration, urinary 
ketone levels normalized. Intensive insulin therapy was initi-
ated due to the patient’s elevated HbA1c level of 9.97% (nor-
mal range 4-6%). Subsequent assessments confirmed NPDR, 
DN stage G1A2, DPN, and DPVD. Appropriate pharmacological 
management was prescribed for these diagnoses.

Case 3: The patient was a 63-year-old female with a 7-year 
history of T2DM. She initially used OADs and transitioned to two 
years of intensive insulin therapy prior to the current presenta-
tion. Subsequently, she shifted to “Xiaoke pills”. Twenty days 
before the current visit, she was initiated on insulin detemir (10 
units daily), gliclazide (80 mg twice daily), dapagliflozin (10 mg 
once daily), and acarbose (100 mg three times a day) during 
OPD visit due to a high HbA1c level of 10.3%. During a routine 
follow-up appointment, her urine analysis showed 2+ ketones 
and 3+ glucose. Dapagliflozin was discontinued, and she was 
hospitalized the following day. Upon admission, the physical ex-
amination findings were unremarkable (BMI: 23.1 kg/m²). Post 
oral rehydration, urine analysis indicated negative ketone levels 
and 4+ glucose. Blood gas analysis was not performed. Inten-
sive insulin therapy was initiated. Subsequent evaluations con-
firmed DPN and DPVD, leading to appropriate pharmacological 
management.

Discussion and conclusion

The increased expression of SGLT-2 on the proximal tubule 
cells of patients with type 1 Diabetes Mellitus (T1DM) and 
T2DM promotes the reabsorption of glucose in renal tubules. 
SGLT-2 inhibitors selectively inhibit SGLT-2 on renal proximal 
tubule epithelial cells, inhibiting urinary glucose reabsorption 
to reduce serum glucose levels. This mechanism operates inde-
pendently of insulin secretion by β-cells, making it applicable 
across the spectrum of diabetes. Due to their established ef-
ficacy in CKD, heart failure, weight loss, and hypoglycemia risk 
reduction [4,5], SGLT-2 inhibitors are endorsed in the collabora-
tive management guidelines for T2DM by the ADA and the EASD 
[1]. Furthermore, there is a growing trend in the utilization of 
these agents for T1DM [6,7]. 

Despite the various advantages of SGLT-2 inhibitors, there 
are reports indicating an increased risk of DKA [7,8]. The mech-
anism involves the augmentation of urinary glucose excretion, 
which in turn leads to reduced insulin secretion, heightened 
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Table 1: Characteristics of patients who developed DK/DKA on SGLT-2 inhibitors and high dose acarbose.

Patient characteristics Case 1 Case 2 Case 3 Case 4 [22] Case 5 [22]

Age 38 55 63 48 63

Gender Male Male Female Female Male

T1/T2DM T2DM T2DM T2DM T2DM T2DM

Duration of DM 3 years 10 years 7 years 10 years 10 years

Complication DN, DR, DPN, DPVD DN, DR, DPN, DPVD DPN, DPVD *Complications of T2DM NA

Co-morbidities CHB HTN HTN, CHB, CHC CHB HTN, CVD

Family history of DM Uncle with T2DM NO NO NA NA

BMI (kg/m2) 25.0 25.8 23.1 NA NA

HbA1C (4-6%) 10.60 9.97 10.30 10.8 NA

C-peptide (ng/mL)
1.59 (0 min) 

1.67 (30 min) 
2.23 (120 min)

0.53 (0 min) 
0.95 (30 min) 

1.16 (120 min)

eGFR (>90 ml/in/1.73 m2) 285.67 111.52 105.90 **left75.00 
right 70.77 mL min-1 NA

SGLT2 inhibitor (dose) Dapagliflozin 
(10 mg/d)

Dapagliflozin 
(10 mg/d)

Dapagliflozin 
(10 mg/d)

Dapagliflozin 
(10 mg /d)

Dapagliflozin 
(5 mg/d)

α-Glucosidase inhibitors Acarbose 
(300 mg/d)

Acarbose 
(300 mg/d)

Acarbose 
(300 mg/d)

Acarbose 
(300 mg/d)

Acarbose 
(300 mg/d)

Other medications Degludec (12u/d) Irbesartan
Gliclazide 

Detemir (10u/d) 
Nifedipine

Metformin 
Sitagliptin 

Detemir (14u/d)

Metformin 
Nifedipine 

Aspirin 
Atorvastatin

Time to DK/DKA post 
SGLT-2 inhibitor and 
α-Glucosidase inhibitor 
initiation

18 days Less than 1 months 20 days 9 days 4 days

Symtoms of DKA nausea, vomiting nausea, vomiting

Mental status Orited Orited Orited NA NA

Presenting plasma glucose 
(mg/dl) 248.4 191.8 237.6 253.8 172.8

Urine Routine (-) Glu3+, Ket3+
aGlu4+, Ket3+
bGlu3+, Ket2+

cGlu3+, Ket2+ 
dGlu4+, Ket- Glu4+, Ket4+ Glu4+, Ket3+

Serum Ketones NA NA NA + +

PH (7.35-7.45) 7.35 7.35 NA 7.07 7.34

PCO2 (35-45 mmHg) 41 46 NA 15 27

HCO3 (22-27mmol/L) 22.6 24.2 NA 4.3 14.6

Anion gap (-3-3 mmol/L) -3.0 -0.2 NA -25.8 -11.2

*, no detailed information was provided.**, estimated by kidney Emission Computed Tomography (ECT)
a, 2 days prior to admission; b, on admission; c, 1 day prior to admission; d, on admission
SGLT-2: Sodium-Glucose Co-Transporter; DK: Diabetic Ketosis; DKA: Diabetic Ketoacidosis; DN: Diabetic Nephropathy; DR: Diabetic Retinopathy; 
DPN: Diabetic Peripheral Neuropathy; DPVD: Diabetic Peripheral Vascular Disease; CHB: Chronic Hepatitis B; CHC: Chronic Hepatitis C; HT: Hyper-
tension; CVD: Cardiovascular Disease; CKD: Chronic Kidney Disease; T1DM: Type 1 Diabetes Mellitus; T2DM: Type 2 Diabetes Mellitus: BMI: Body 
Mass Index; eGFR: estimated Glomerular Filtration Rate.

glucagon levels, and the inhibition of lipolysis control, conse-
quently promoting ketone body production. The compromised 
elimination of ketone bodies through urine may also contrib-
ute to the heightened susceptibility to DKA. Additionally, the 
escalated urine output associated with SGLT-2 inhibitors could 
hasten the progression of ketoacidosis [4,9]. Notably, due to the 
decreased renal glucose threshold, DKA triggered by SGLT-2 in-
hibitors can present as euglycemic ketoacidosis (eDKA), charac-
terized by metabolic acidosis (pH<7.3, serum bicarbonate <18 
mmol/L) with positive ketones (either urinary or serum) but 
normal to slightly elevated blood glucose levels (<250 mg/dL, 
13.9 mmol/L) [7,10]. This unique feature makes DKA induced by 
SGLT-2 inhibitors more challenging to detect.

Currently, specific predictors for DKA with SGLT-2 inhibitors 
remain unidentified [11]. Nonetheless, individuals with lower 
BMI, longer diabetes duration, elevated HbA1c levels, and re-
duced estimated eGFRs are noted to face a heightened risk 
[12]. Given the earlier β-cell deficiency onset in Asian patients 
compared to their Caucasian counterparts [13,14], enhanced 
vigilance is crucial, particularly for those with confirmed β-cell 
dysfunction [15]. Personalizing the treatment regimen, instead 
of adopting a standardized approach, is recommended due to 
the apparent correlation between DKA incidence and SGLT-2 
inhibitor dosage [7]. Considering that triggers for DKA encom-
pass factors like surgical procedures, diminished caloric intake, 
illness, alcohol consumption, and reduced exogenous insulin, it 
is advisable to steer clear of low-carbohydrate diets in patients 
prescribed SGLT-2 inhibitors [8].
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Acarbose functions by inhibiting α-glucosidase, thereby re-
ducing the overall absorption of dietary carbohydrates through 
the delay or prevention of sugars like maltose and sucrose di-
gestion [16,17]. Given the carbohydrate-heavy diet typical in 
East Asian populations, acarbose sees widespread use in these 
regions and is often recommended as a primary alternative to 
metformin in the initial management of T2DM [18-20]. The im-
pact on carbohydrate absorption becomes more evident with 
higher doses, with some individuals experiencing reduced ap-
petite and lower food consumption due to severe gastrointesti-
nal side effects at elevated doses, leading to significant weight 
loss in patients taking high doses of acarbose (100 mg three 
times a day) [21]. Although SGLT-2 inhibitors induce glucosuria 
levels of 50-100 g/day, concomitant high-dose acarbose admin-
istration mimics a low-carbohydrate diet and may heighten the 
risk of DK/DKA. Therefore, combining these two medications 
should be avoided, particularly in individuals with β-cell insuf-
ficiency. Recently, Yuan et al. documented two cases of Chinese 
patients who developed DKA when treated with a combination 
of SGLT-2 inhibitors and high-dose acarbose [22]. The clinical 
characteristics of these five patients are summarized in Table 1. 
All patients initiated this dual therapy at elevated HbA1c levels, 
with our patients manifesting symptoms of DKA within 18 days 
to less than a month, contrasted with the rapid progression 
seen in Yuan’s cases, displaying typical severe acidosis symp-
toms within days. Analysis of the clinical profiles revealed that 
patients with DKA had a longer T2DM duration, compromised 
β-cell function (indicated by lower C-peptide levels), and ongo-
ing metformin use, potentially exacerbating the gastrointestinal 
reactions linked with high-dose acarbose and exacerbating car-
bohydrate intolerance. Conversely, our patients exhibited less 
pronounced effects on food intake. Noteworthy is that four out 
of the five patients received this treatment combination under 
medical advice, underscoring the need for both healthcare pro-
fessionals and patients to be vigilant about the associated risks.

A critical clinical consideration involves determining the ap-
propriate interval between commencing high-dose acarbose 
and discontinuing SGLT-2 inhibitors. Canagliflozin, dapagliflozin, 
and empagliflozin share comparable half-lives of approximately 
13 hours [23], suggesting potential elimination within approxi-
mately three days. However, the half-life extension and slower 
elimination process are observed in patients with CKD [24]. 
Consequently, while the precise safety timeframe remains un-
certain, the immediate initiation of high-dose acarbose after 
ceasing SGLT-2 inhibitors is not recommended, particularly for 
individuals with renal impairment. Notably, all the cited pa-
tients were administered dapagliflozin, likely due to its earlier 
introduction and wider usage in the Chinese market. It is im-
perative to avoid high-dose acarbose in conjunction with any 
SGLT-2 inhibitor, not limited to dapagliflozin.

High-dose acarbose usage among Asian patients on SGLT-2 
inhibitors may escalate the risk of DK/DKA. Healthcare profes-
sionals and patients should be forewarned to avoid this combi-
nation, prioritizing patient safety and well-being.

Declarations

Funding: This work was supported by Key Research and De-
velopment Program of Shaanxi (Grant No. 2023-ZDLSF-40 and 
2021LL-JB-06). No funding body participated in the design of 
the study and the collection, analysis, and interpretation of data 
and the writing the manuscript. No funding body participated in 
the design of the study, the collection, analysis and interpreta-

tion of data, and writing the manuscript. 

Competing interests: The authors declare that they have no 
competing interests.

Availability of data and material: Not applicable

Authors’ contributions: WQ, FY and LL collected patient 
data, publications, and wrote the first draft of the article. RD 
and YS participated in the treatment of the patients, obtained 
consent and provided consultation. BS and HG provided consul-
tation, critically reviewed and revised the manuscript. All au-
thors read and approved the final manuscript.

Ethics approval: This work has been carried out in accor-
dance with the Declaration of Helsinki (2000) of the World 
Medical Association. 

Consent to publication: The patients gave written informed 
consent to publish this manuscript.

Acknowledgment: Not applicable.

References

1.  Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, 
et al. 2019 Update to: Management of Hyperglycemia in Type 2 
Diabetes, 2018. A Consensus Report by the American Diabetes 
Association (ADA) and the European Association for the Study of 
Diabetes (EASD). Diabetes care. 2020; 43(2): 487-93.

2.  Lupsa BC, Inzucchi SE. Use of SGLT2 inhibitors in type 2 diabe-
tes: weighing the risks and benefits. Diabetologia. 2018; 61(10): 
2118-25.

3.  McGill JB, Subramanian S. Safety of Sodium-Glucose Co-Trans-
porter 2 Inhibitors. The American journal of cardiology. 2019; 
124 Suppl 1: S45-s52.

4.  Libianto R, Davis TM, Ekinci EI. Advances in type 2 diabetes ther-
apy: a focus on cardiovascular and renal outcomes. The Medical 
journal of Australia. 2020; 212(3): 133-9.

5.  Hupfeld C, Mudaliar S. Navigating the “MACE” in Cardiovascular 
Outcomes Trials and decoding the relevance of Atherosclerotic 
Cardiovascular Disease benefits versus Heart Failure benefits. 
Diabetes, obesity & metabolism. 2019; 21(8): 1780-9.

6.  Boeder S, Edelman SV. Sodium-glucose co-transporter inhibitors 
as adjunctive treatment to insulin in type 1 diabetes: A review of 
randomized controlled trials. Diabetes, obesity & metabolism. 
2019; 21 Suppl 2(Suppl 2): 62-77.

7.  Danne T, Garg S, Peters AL, Buse JB, Mathieu C, Pettus JH, et al. 
International Consensus on Risk Management of Diabetic Keto-
acidosis in Patients with Type 1 Diabetes Treated With Sodium-
Glucose Cotransporter (SGLT) Inhibitors. Diabetes care. 2019; 
42(6): 1147-54.

8.  Handelsman Y, Henry RR, Bloomgarden ZT, Dagogo-Jack S, De-
Fronzo RA, Einhorn D, et al. American Association of Clinical En-
docrinologists and American College of Endocrinology Position 
Statement on The Association of Sglt-2 Inhibitors And Diabetic 
Ketoacidosis. Endocrine practice: official journal of the Ameri-
can College of Endocrinology and the American Association of 
Clinical Endocrinologists. 2016; 22(6): 753-62.

9.  Taylor SI, Blau JE, Rother KI. SGLT2 Inhibitors May Predispose to 
Ketoacidosis. The Journal of clinical endocrinology and metabo-
lism. 2015; 100(8): 2849-52.

10.  Modi A, Agrawal A, Morgan F. Euglycemic Diabetic Ketoacidosis: 
A Review. Current diabetes reviews. 2017; 13(3): 315-21.



www.jcimcr.org                Page 5

11.  Erondu N, Desai M, Ways K, Meininger G. Diabetic Ketoacidosis 
and Related Events in the Canagliflozin Type 2 Diabetes Clinical 
Program. Diabetes care. 2015; 38(9): 1680-6.

12.  Turner J, Begum T, Smalligan RD. Canagliflozin-Induced Diabetic 
Ketoacidosis: Case Report and Review of the Literature. Journal 
of investigative medicine high impact case reports. 2016; 4(3): 
2324709616663231.

13.  Møller JB, Pedersen M, Tanaka H, Ohsugi M, Overgaard RV, Lynge 
J, et al. Body composition is the main determinant for the differ-
ence in type 2 diabetes pathophysiology between Japanese and 
Caucasians. Diabetes care. 2014; 37(3): 796-804.

14.  Seino Y, Kuwata H, Yabe D. Incretin-based drugs for type 2 diabe-
tes: Focus on East Asian perspectives. Journal of diabetes inves-
tigation. 2016; 7 Suppl 1(Suppl 1): 102-9.

15.  Lin YH. Sodium-glucose cotransporter-2 inhibitors induced eu-
glycemic diabetic ketoacidosis: The first report in a type 2 dia-
betic (T2D) Taiwanese and literature review of possible patho-
physiology and contributing factors. Journal of the Formosan 
Medical Association = Taiwan yi zhi. 2018; 117(9): 849-54.

16.  Nauck MA, Meier JJ. Break point instead of ACE: acarbose, post-
load glycaemic excursions, and cardiovascular events. The lan-
cet Diabetes & endocrinology. 2017; 5(11): 843-5.

17.  Krause HP, Keup U, Puls W. Inhibition of disaccharide digestion 
in rat intestine by the alpha-glucosidase inhibitor acarbose (BAY 
g 5421). Digestion. 1982; 23(4): 232-8.

18.  Weng J, Ji L, Jia W, Lu J, Zhou Z, Zou D, et al. Standards of care 
for type 2 diabetes in China. Diabetes/metabolism research and 
reviews. 2016; 32(5): 442-58.

19.  Ko SH, Kim SR, Kim DJ, Oh SJ, Lee HJ, Shim KH, et al. 2011 clini-
cal practice guidelines for type 2 diabetes in Korea. Diabetes & 
metabolism journal. 2011; 35(5): 431-6.

20.  Zhang JP, Wang N, Xing XY, Yang ZJ, Wang X, Yang WY. Efficacy 
of acarbose and metformin in newly diagnosed type 2 diabetes 
patients stratified by HbA1c levels. Journal of diabetes. 2016; 
8(4): 559-67.

21.  Gu Y, Wang X, Li J, Zhang Y, Zhong H, Liu R, et al. Analyses of 
gut microbiota and plasma bile acids enable stratification of 
patients for antidiabetic treatment. Nature communications. 
2017; 8(1): 1785.

22.  LIU Min, S. N., Ting X. Sodium-glucose cotransporter 2 inhibitors 
and euglycemic diabetic ketoacidosis. Practical Pharmacy And 
Clinical Ʀ emedies 2018; 21: 581-5.

23.  Tahrani AA, Barnett AH, Bailey CJ. SGLT inhibitors in manage-
ment of diabetes. The lancet Diabetes & endocrinology. 2013; 
1(2): 140-51.

24.  Iqbal I, Hamid M, Khan MAA, Kainat A, Tariq S. Dapagliflozin-
induced Late-onset Euglycemic Diabetic Ketoacidosis. Cureus. 
2019; 11(11): e6089.


