
Turkish Journal of Internal Medicine
http://www.tjim.org
ISSN:  2687-4245

Received: October 24, 2020; Accepted: November 4, 2020; Published Online: January 29, 2021

Address for Correspondence:Address for Correspondence:
Sazi Imamoglu, MD

Division of Endocrinology and Metabolism, Department of Internal Medicine,  
Uludag University Faculty of Medicine, Bursa, Turkey
E-mail: drsazi@gmail.com

Oral Glucose-Lowering Agent Treatments  
in Type 2 Diabetes Mellitus

Turk J Int Med 2021;3(1):1-5
DOI: 10.46310/tjim.815794

Keywords: oral treatment, anti-diabetics, type 2 diabetes mellitus, 

Copyright © 2021Copyright © 2021

Sazi IMAMOGLU1 

1Division of Endocrinology and Metabolism, Department of Internal Medicine, Bursa Uludag University Faculty of Medicine,  
Bursa, Turkey

Editorial

Type 2 diabetes is manifested by impaired 
insulin secretion in pancreatic beta cells, increased 
glucagon secretion in alpha cells, and generally 
has a history of  insulin resistance.1,2 The treatment 
of  glucose metabolism disorder and the resulting 
hyperglycemia constitute an important part of  the 
treatment of  type 2 diabetes.3-5 Glycemic targets 
can be targeted with A1C <7% to reduce the risk 
of  micro and macrovascular complications in 
eligible patients, and A1C <6.5% to reduce the risk 
of  diabetic chronic renal failure and retinopathy 
in those with low risk of  hypoglycemia.5-8 We 
can consider the treatment of  hyperglycemia in 
two components; lifestyle changes and glucose 
lowering agent therapy.5

Lifestyle Changes

All type 2 diabetics should be given adequate 
training on lifestyle changes (nutrition therapy, 
physical activity and weight maintenance, no 
smoking, improvement of  lifestyle) and self-
monitoring of  their diabetes, and these trainings 
should be reinforced as the patient comes to 
control.5-11

Glucose-Lowering Agent Treatments

We can consider the glucose-lowering agent 
therapies necessary for the regulation of  glycemia 
in type 2 diabetes as glucose-lowering oral agent 
and injection therapies and insulin therapy. 
Glucose-lowering oral agents are indicated for 
patients with noninsulin-dependent stage of  type 
2 diabetes.5

In this article, I will review the glucose lowering 
oral agent therapy used in the treatment of  type 2 
diabetes (Table 1).

Glucose-Lowering Oral Agent Treatments
 The glucose lowering oral agent treatment to be 
applied should be personalized according to the 
medical conditions (age, duration of  diabetes, risk 
of  hypoglycemia, co-morbidities and life expec-
tancy) and other risk factors of  the patients.4-7

Monotherapy
•	 Biguanide (Metformin)

Metformin enhances insulin sensitivity in 
liver and peripheral tissues by activation of   
AMP-activated protein kinase.12,13 With the 
diagnosis of  type 2 diabetes, lifestyle changes and 
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initiation of  metformin treatment in the absence 
of  any contraindications [allergy to metformin, 
renal failure (eGFR <30%)] is the first step.4,9,14

Metformin is a safe drug that is considered 
to reduce the cardiovascular events and related 
deaths that can be caused by diabetes.4,5 Besides 
the vitamin B12 deficiency, metformin has 
rare side effects such as nausea, vomiting and 
diarrhea.15,16 If  the glycemic goal is not achieved 
within 3-6 months with metformin treatment and 
life changes, metformin treatment and life changes 
should be questioned, if  there is no deficiency in 
their application, the addition of  a second drug 
should be considered.5,17

Combination Treatments

When a second oral agent is added to the 
treatment, a patient-centered assessment should 
be made. In this evaluation;  clinical characteristics 
such as the presence of  atherosclerotic 
cardiovascular disease (ASCVD), heart failure 
(HF), diabetic kidney disease (DKD), diabetic 
retinopathy, diabetic neuropathy and other co-
morbidities, as well as the effect of  the second drug 
on glycemia, the risk of  hypoglycemia, the effect of  
weight change and diabetes complications, and the 
side effects of  the drug  should be considered.5,18,20

•	 Sodium Glucose Co-Transporter-2 (SGLT-2)  
Inhibitors

Glucose excretion from the kidneys is 
decreased in patients with type 2 diabetes. SGLT-
2’s is effective in the reabsorption of  glucose in 
the proximal renal tubule in the kidneys. SGLT2 
inhibitors inhibit glucose reabsorption in the 
kidney and promote urinary glucose excretion, 
thus improve glycemic control independently of  
insulin-mediated mechanisms.9,20

SGLT-2 inhibitors are quite safe, well tolerated 
and do not cause hypoglycemia.20 SGLT-2 
inhibitors significantly reduce cardiovascular death 
or hospitalization and heart failure in patients 
with cardiovascular problems or pre-existing heart 
failure problems.21-23 This effect is not statistically 
significant in patients without cardiovascular 
problems.21-23

SGLT-2 inhibitors in use today significantly 
reduce the deterioration of  kidney function due 
to diabetes, end-stage renal failure and kidney-
related deaths.24-26 This effect appears to be present 
in both groups with and without atherosclerotic 
cardiovascular disease.24-26 

Side effects of  SGLT-2 inhibitors such as vaginal 
fungal infections, urinary infections, volume 
depletion, low blood pressure, increased risk of  

Table 1. The characteristics of  the glucose lowering oral agents
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diabetic ketoacidosis, increased LDL-cholesterol 
can be seen.24-26 

Canagliflozin studies have reported an increase 
in bone fractures and leg amputations, although 
not in other SGLT-2 inhibitors.25

•	 Dipeptidyl Peptidase-4 (DPP-4) Inhibitors
DPP-4 inhibitors maintain the effects of  

incretin hormones (GLP-1, GIP) for a long time by 
inhibiting the DPP-4 enzyme that enzymatically 
degrades incretin hormones.27 Incretin hormones 
increase insulin secretion in pancreatic beta cells 
according to serum glucose concentration, inhibit 
glucagon secretion in alpha cells and delay gastric 
emptying.27 In this group of  drugs with neutral 
cardiovascular effects and some weight reduction, 
the risk of  heart failure was found to only be high 
in saxagliptin studies.27-30 Pancreatitis and joint 
pain may rarely be seen in patients using DPP-4 
inhibitors.27

•	 Oral Glucagon Like Peptid-1 (GLP-1) Receptor 
Agonist (Semaglutide)

Semaglutide is an oral GLP-1 receptor agonist. 
Semaglutide stimulates GLP-1 receptors and 
promote insulin secretion in a glucose dependent 
manner while at the same time inhibiting 
glucagon secretion and delay gastric emptying.31 
Studies with Semaglutide reported that it 
reduced cardiovascular death and all-cause death 
compared to placebo.32,33 In a study comparing 
the efficacy and tolerability oral semaglutide with 
empagliflozin and sitagliptin, it was reported that 
the capacity of  oral semaglutide to lower A1C was 
superior to empagliflozin and sitagliptin, and this 
superiority in weight reduction was not observed 
with empagliflozin.34 Semaglutide may show side 
effects such as gastrointestinal (nausea, vomiting, 
diarrhea, abdominal pain), increased amylase and 
lipase, risk of  acute pancreatitis, risk of  thyroid 
c cell cancer (not seen in human studies), risk of  
acute renal failure.32 Semaglutide is to be initiated 
at a low dose, with its dose titrated upwards as 
appropriate.32,33

•	 Thiazolidinedione (TZD)’s (Pioglitazone)
TZDs activate one of  the nuclear receptors, 

peroxisome proliferator-activated receptors 
gamma (PPAR-gamma), increase specific genes 
and also increase the synthesis of  certain proteins 
involved in fat and glucose metabolism, which 

reduces levels of  certain types of  lipids, and 
circulating free fatty acids.35,36 TZDs are shown to 
improve glycemic control by promoting peripheral 
insulin sensitivity and inhibiting hepatic glucose 
release. TZDs generally decrease triglycerides 
and increase high-density lipoprotein cholesterol 
(HDL-C) and low-density lipoprotein cholesterol 
(LDL-C).37,38

 TZDs are also often associated with weight gain 
due to their ability to promote fluid retention and 
they also carry risks such as the development of  
edema, congestive heart failure, anemia, bladder 
cancer, and bone fracture.39-43 Patients should also 
be monitored in these aspects. 

•	 Sulphonylurea (SU)s / Glinides
SUs and glinides binding a channel protein 

in the ATP-sensitive potassium channels on the 
membrane of  pancreatic beta cells, they promote 
the secretion of  insulin from pancreatic beta- 
cell.44 SUs are not recommended for people who 
are overweight or obese, as their mode of  action 
(increase in insulin secretion) means that weight 
gain can be a relatively common side effect.45-47 
Their effect on insulin levels also means users are 
at increased risk of  hypoglycemia, although this 
risk is reduced with newer sulphonylureas.47 

•	 a-Glucosidase inhibitors (AGIs)
AGIs inhibit intestinal glycolysis and 

delay intestinal glucose absorption and 
suppress postprandial hyperglycemia and 
hyperinsulinemia.48,49 AGIs are also often 
associated with flatulans and diarrhea.48,49
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