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Abstract  

 

    Diet is one of the main therapies for patients with type 2 diabetes mellitus (T2DM). Many studies have 

investigated the relationship and risks between diet lifestyle, carbohydrate intake, and diabetes. It is not known 

exactly how diets, along with medication, affect medication during the treatment of diabetes mellitus. The purpose 

of this review is to summarize studies investigating the interaction of low-carbohydrate diets (LCD) and diabetes 

mellitus medication. 

Introduction 

    Diabetic patients are generally accompanied with 

overweight or obesity, and excessive body mass 

index (BMI) increases result in the risk of diabetes 

rises [1]. Many studies have investigated the 

relationship and risks between diet lifestyle, 

carbohydrate intake, and diabetes. Excessive 

carbohydrate intake is strongly associated with 

hyperglycemia and insulin resistance [2,3]. Diet is 

one of the main therapies for patients with T2DM [4]. 

Various diets have been studied to improve glycemic 

control, such as a low-calorie diet, a low-fat diet, a 

low-protein diet, a high protein diet, and a low 

glycemic diet [5]. Both low-carbohydrate diets 

(LCD) and calorie-restricted diets (CRD) are 

considered useful treatments for diabetic patients [4]. 

Because the main macronutrient diet carbohydrates 

that elevate blood glucose levels, researchers have 

aimed to reduce the amount of carbohydrates in 

meals to examine the effects on the drug dose 

between glycemic load, antidiabetic regimen and 

diabetic people [5]. While the World Health 

Organization (WHO) and International Diabetes 

Federation (IDF) acknowledged that there is no one-

size-fits-all diet for diabetes management, traditional 

dietary guidelines recommend individuals consume 

45–65% of total energy intake from fiber-rich 

carbohydrate, 20–35% from fat, and 15–25% from 

protein [6]. Carbohydrates are part of around 55% of 

the typical western diet, ranging from 200 to 350 g / 

day in relation to a person’s overall caloric intake [7]. 

American Diabetes Association (ADA) described a 

low carbohydrate diet that less than 130 g/day or 

26% total energy intake (TEI) from carbohydrate [8]. 

Low carbohydrate diets restrict daily carbohydrates 

between 20 and 50 g, as in clinical ketogenic diets 

[7]. Till now, various drugs that either or both 

increase insulin secretion or improve insulin 
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sensitivity have been developed for the treatment of 

diabetes.  However, T2DM patients present with 

various pathologies depending on their lifestyle, 

including dietary habits, such that antidiabetic drugs 

vary in terms of the degree and nature of their 

effectiveness [9]. It is not known exactly how diets, 

along with medication, affect medication during the 

treatment of diabetes. 

 

Low carbohydrate diet and diabetes mellitus 

medication  

    In patients with diabetes, carbohydrate restriction 

can increase the risk of  hypoglycemia, especially in 

patients treated with insulin and insulin 

secretagogues (sulfonylureas, incretin-based 

therapies). For this reason, it is recommended to 

change the dosage of the drug before starting this diet 

depending on the antidiabetic drug treatment class 

[5]. 

 

    The thiazolidinedione pioglitazone is an FDA-

approved drug indicated for use in type 2 diabetes 

mellitus. It is an agonist for the transcription factor 

PPARγ which regulates hundreds of genes involved in 

glucose and lipid metabolism, anti-inflammation, 

anti-oxidation, and mitochondrial function. PPARγ is 

expressed in adipose tissue, liver, skeletal muscle and 

brain [10,11]. Thus PPARγ agonists, in particular 

antidiabetic agent pioglitazone for T2DM, are 

currently under investigation in preclinical and 

clinical studies for the treatment of neurodegenerative 

diseases such as Alzheimer's, Parkinson's, 

Amyotrophic Lateral Sclerosis and Hypertension 

[12,13]. Regulation of the nuclear transcription factor 

PPARγ contributes to the anti-seizure efficacy of the 

ketogenic diet [14]. Moreover, adjuvant treatment 

results in a greater than additive effect, indicating a 

synergistic interaction between the ketogenic diet and 

pioglitazone [10]. 

 

    Sodium‐glucose co‐transporter-2 (SGLT2) 

inhibitors have recently been developed as a novel 

class of glucose‐lowering agents for the treatment of 

type 2 diabetes [15]. SGLT2 inhibitors increase 

urinary glucose excretion, thereby improving both 

pre- and postprandial glucose excretion 

independently as insulin and also leading to a 

decrease in body weight [16]. SGLT2 inhibitors, 

especially empagliflozin and canagliflozin, have been 

shown to have cardiovascular benefits in T2DM 

patients [5].During theclinical use of SGLT2 

inhibitors, there may be serious adverse events such 

as diabetic ketoacidosis or euglycemic ketoacidosis 

[5]. 

 

    However, in clinical use, SGLT2 inhibitors raised 

questions about whether differences in carbohydrate 

uptake would affect the effective dose or efficacy of 

this class of drugs. More specifically, questions about 

whether high carbohydrate consumers display a 

higher dose or lower response than the normal diet 

and whether dose reduction is necessary for patients 

with an LCD. There are several studies related to 

SGLT2 inhibitors and diet. Recently, it was reported 

that a Japanese patient with type 2 diabetes on a strict 

low‐carbohydrate diet developed euglycaemic 

diabetic ketoacidosis (DKA) after initiation of the 

SGLT2 inhibitor ipragliflozin [17]. It is possible that 

low carbohydrate intake together with SGLT2 

inhibitor usage could have limited circulating insulin 

levels and thereby induced euglycaemic DKA. The 

glucose‐lowering effects of luseogliflozin, typical of 

SGLT2 inhibitors, with limited adverse events in 

Japanese people with type 2 diabetes receiving meals 

consisting of 40% to 55% total energy from 

carbohydrates with either a high glycaemic index or a 

low glycaemic index; however, results suggest that 

the carbohydrate content of meals can play an 

important role in SGLT2 inhibitor‐associated hepatic 

ketogenesis and onset of euglycaemic DKA [16]. 

Ketone bodies were significantly increased by 

luseogliflozin in the low carbohydrate-high glycaemic 

index group, suggesting that SGLT2 inhibitors might 

trigger onset of euglycaemic DKA in individuals on a 

strict low carbohydrate diet, with or without 

withdrawal of insulin and/or sulphonylureas [16]. 

 

    Komiya et al. reported that ipragliflozin 

treatment enhanced fat accumulation but 

ameliorated insulin resistance in epididymal 

adipocytes of high-fat diet-induced obese mice [18]. It 

was reported that SGLT2 inhibitor tofogliflozin 

promotes lipolysis in adipose tissue and improves 

insulin resistance in the skeletal muscle of mice fed a 
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high-fat diet [19]. Another SGLT2 inhibitor, 

empagliflozin, increases glucose disposal rates, 

decreases hepatic glucose production and raises 

glucose uptake in the liver and kidney, but not in 

either the muscles or the adipose tissue of db/db mice 

[20]. Long-term treatment with SGLT2 inhibitor does 

not increase plasma glucagon levels, though SGLT2 

inhibition directly triggers glucagon secretion from 

pancreatic alpha cells [21,22]. In particular, SGLT2 

inhibitor might enhance gluconeogenesis 

predominantly in the kidney, whereas an LCD mainly 

in the liver [22]. The treatment with SLGT2 inhibitor 

could simultaneously activate β-oxidation, and fatty 

acid synthesis, possibly resulting in triglyceride 

accumulation in the kidney. β-oxidation was 

enhanced in the liver, it was only when mice were fed 

an LCD [22]. SGLT2 inhibitor and LCD quite distinctly 

influence kidney and liver metabolism [22]. 

 

Conclusion  

    These combined studies show that SGLT2 inhibitor 

may have beneficial effects on glycemic control and 

lipid metabolism, especially when administered with 

appropriate dietary carbohydrate compositions [23]. 

In conclusion, there is a need for new studies to 

explain the effects of drugs and LCD on the treatment 

of diabetes mellitus. 
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