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INTRODUCTION

• Diabetes mellitus is the leading cause of chronic kidney disease (CKD) 
and a major public health issue worldwide.

• Approximately 20–30% of patients with type 2 diabetes mellitus   
(T2DM) have renal impairment, classified as moderate-to-severe CKD   
glomerular filtration rate (GFR) <60 mL/min/1.73m2).

• Unfortunately, the combination of diabetes and CKD is associated 
with increased morbidity and mortality, mainly due to increased 
cardiovascular risk
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Glucose-Lowering Medications
• Biguanide – Metformin

• Sulfonylureas

• Glinides

• Alpha-glucosidase inhibitors

• Glitazones

• Dipeptidyl peptidase-4 inhibitors (DPP-4 I) 

• Incretin mimetics( GLP-1 receptor Analog)

• Sodium-glucose cotransporter 2 inhibitors(SGLT2I)

• Insulin therapy
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Biguanide - Metformin

• metformin is the initial pharmacological agent for type 2
diabetes treatment.

• It inhibits mitochondrial respiratory chain complex 1, activates the 
energy metabolism and AMPK, thereby regulating various metabolic 
systems to promote ATP synthesis and suppress ATP consumption, 
and inhibits gluconeogenesis in the liver

• This drug acts mainly by decreasing hepatic glucose 
production, increasing peripheral glucose uptake, improving 
glucose tolerance and lowering fasting and postprandial plasma 
glucose.

4



Biguanide - Metformin

• The use of metformin is still avoided in patients with CKD 
stages 3–5 with other associated risk factors for lactic acidosis.

• Its most serious adverse effect is the development of lactic acidosis, 
although this is a very rare occurrence
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Sulfonylureas

• Sulfonylureas (SUs) are drugs that stimulate endogenous
insulin secretion by pancreatic b cells

• These drugs may potentially cause hypoglycemia, especially in 
association with high doses;

• Hypoglycemic episodes may be severe in patients with renal 
failure, and the drugs are contraindicated from stage 3 of CKD 
(eGFR <60 mL/min).

6



Sulfonylureas

• They are divided into two groups: first-generation agents, which 
includes chlorpropamide, tolazamide, and tolbutamide, and second-
generation agents, which includes glipizide, glimepiride, and 
glyburide. 

• The first-generation sulfonylureas are known to have longer half-lives, 
higher risk of hypoglycemia, and slower onset of action, as compared 
to second-generation sulfonylureas.

• Hypoglycemia is the major side effect of all sulfonylureas, while minor 
side effects such as headache, dizziness, nausea, hypersensitivity 
reactions, and weight gain are also common
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Sulfonylureas

• Gliclazide has inactive metabolites that are eliminated mainly in 
the urine (80%) and presents a lower risk of severe 
hypoglycemia than glibenclamide and glimepiride do.

• This drug can be considered in renal impairment if appropriate 
attention is paid to the dose.

• However, use should be avoided if the GFR falls to <40 mL/min
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Sulfonylureas

• Sulfonylureas are contraindicated in patients with hepatic and renal 
diseases and are also contraindicated in pregnant patients due to the 
possible prolonged hypoglycemic effect to infants.

• Drugs that can prolong the effect of sulfonylureas such as aspirin, 
allopurinol, sulfonamides, and fibrates must be used with caution to 
avoid hypoglycemia. 

• Sulfonylureas should be used with caution in subjects receiving beta 
blockers.
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Glinides

• Both Repaglinide and Nateglinide belong to a class of glinides,

which are Su-like agents that stimulate insulin secretion but are

rapidly absorbed, with a short duration of action, thus contributing 
to reducing postprandial hyperglycemia.

• Repaglinide is considered a safe option until the GFR falls to 
<30 mL/min/1.73 m2 

• .In advanced renal disease, treatment with Repaglinide should

begin cautiously, with 0.5 mg daily, to avoid hypoglycemia.
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Alpha-glucosidase inhibitors

• Alpha-glucosidase inhibitors reduce the rate of digestion and 
intestinal absorption of carbohydrates, resulting in mild
reduction of glycated hemoglobin (A1C).

• Acarbose is metabolized nearly completely within the 
gastrointestinal tract, so less than 2% of an oral dose is 
recovered as the active drug or its metabolites in the urine.

• As a result, it delays the digestion of carbohydrates and disaccharides 
into absorbable monosaccharides, thereby dampening the 
postprandial blood glucose peak
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Thiazolidinedione

• Like biguanides, TZDs improve insulin action.
• TZDs facilitate increased glucose uptake in numerous tissues including 

adipose, muscle, and liver. 
• Mechanisms of action include diminution of free fatty acid accumulation, 

reduction in inflammatory cytokines, rising adiponectin levels, and 
preservation of β-cell integrity and function, all leading to improvement 
of insulin resistance.

• These medications may cause fluid retention and thus should be 
used with caution in patients with heart failure (HF) as well as in 
those with CKD and a significant decrease in the GFR

• Thus, TZDs are not preferred as first-line.
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Dipeptidyl peptidase-4 inhibitors (DPP-4 Inhibitor) 

• Dipeptidyl peptidase-4 (DPP-4) inhibitors prevent degradation

of incretin hormones by DPP-4, enhancing glucose-dependent

insulin secretion.
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Dipeptidyl peptidase-4 inhibitors (DPP-4 Inhibitor) 

• There are five available DPP-4 inhibitors, also known a‘‘gliptins’’ 
(sitagliptin, vildagliptin, saxagliptin, linagliptin and alogliptin), 
and despite their common mechanism of action, these agents 
have structural heterogeneity that translates into different 
pharmacological properties and different metabolism and 
excretion pathways.
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Dipeptidyl peptidase-4 inhibitors (DPP-4 Inhibitor) 

• Sitagliptin is mostly eliminated unchanged in the urine and

can be used with appropriate dose reduction in all chronic

kidney stages.

• The usual dose of 100 mg once per day should be adjusted to 
50 mg/day for patients with moderate renal impairment.

• In severe renal impairment (creatinine clearance <30 mL/min) 
or end-stage renal disease (ESRD) requiring dialysis, the dose 
is further reduced to 25 mg once daily.
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Dipeptidyl peptidase-4 inhibitors (DPP-4 Inhibitor) 

• The three most commonly reported adverse reactions in clinical trials 
with gliptins were: 

• nasopharyngitis, 

• upper respiratory tract infection, 

• and headache. 

Acute pancreatitis was reported in a fraction of subjects taking 
sitagliptin or metformin and sitagliptin

16



Incretin mimetics (GLP1) 

• Incretin mimetics include glucagon-like peptide 1 (GLP1)
analogs and agonists (exenatide, lixisenatide and liraglutide),

which increase insulin secretion and suppress glucagon 
secretion in a glucose-dependent manner, with reduced risk of

hypoglycemia.

• These mimetics also slow gastric emptying and suppress 
appetite via central nervous system modulations, resulting in a 
reduced body weight.

• However, the main side effects are nausea and vomiting.
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Incretin mimetics (GLP1) 

• its prescription in patients beyond mild-stage renal disease is limited 
and there are no recommendations that support its use in the 
moderate and severe stages
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Incretin mimetics (GLP1) 

• The glucagon-like peptide-1 (GLP-1) receptor agonist liraglutide
reduced the incidence of a composite renal endpoint (consisting of 
new onset of albuminuria.

•
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Sodium-glucose cotransporter 2 
inhibitors(SGLT2 inhibitors)

• The sodium-glucose cotransporter 2 (SGLT2) protein,

expressed in the kidney proximal tubules, is able to reabsorb

approximately 90% of glucose filtered through the glomeruli.
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SGLT2 inhibitors

• SGLT2 inhibitors, By inhibiting the function of the glucose, these drugs 
inhibit glucose reabsorption in the renal tubules and increase urinary 
glucose excretion. 

• In addition to blood glucose control through the hypoglycemic effect 
caused by urinary glucose excretion, there is also a reduction in 
hypoglycemia, weight loss, and blood pressure. 

• Furthermore, these drugs have varied effects, including improving 
lipid profiles, and lowering of uric acid levels

• These drugs have also been reported to reduce the risk of 
cardiovascular events
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Sodium-glucose cotransporter 2 
inhibitors

• This therapeutic class has been approved for the treatment of 
patients with T2DM with an eGFR of >45 mL/min/1.73 m2

• To date, however, just canagliflozin has been evaluated, 
showing safety and efficacy in a subset of patients with stage 3 
CKD
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Sodium-glucose cotransporter 2 
inhibitors

• Urinary tract infections leading to urosepsis and pyelonephritis, as 
well as genital mycosis, may occur with SGLT2 inhibitors.

• SGLT2 inhibitors may rarely cause ketoacidosis.

• Patients should stop taking their SGLT2 inhibitor and seek medical 
attention immediately if they have symptoms of ketoacidosis (frank 
nausea or vomiting, or even non-specific features like tiredness or 
abdominal discomfort).
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UP TODATE

• The use of sodium-glucose cotransporter 2 (SGLT-2) inhibitors, such 
as canagliflozin and empagliflozin, in patients with type 2 diabetes 
reduced the risk of kidney disease progression and of renal endpoints 
in some trials 
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Insulin therapy

• The kidney also plays an important role in insulin clearance 
from the systemic circulation by distinct pathways.

• The first route involves glomerular filtration and subsequent

absorption of insulin by proximal tubular cells through
endocytosis
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Insulin therapy

• Few studies have examined the pharmacokinetics of longacting

insulin in diabetic patients with CKD. 

• Although patients with impaired kidney function have lower 
insulin requirements, no dose adjustment is required if the GFR 
is >45mL/min

• Therefore, certain authors have suggested an insulin reduction 
to 75% of the total daily dose when the GFR is between 10 and 
50 mL/min and to 50% for a GFR of <10 mL/min, independent 
of the insulin type being used.
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CONCLUSIONS AND FUTURE
DIRECTIONS

• SGLT2is and GLP-1 RAs represent antihyperglycemic therapies shown 
to reduce CVD and CKD risks in patients with T2D.

• In addition, SGLT2is have shown benefit in patients with HF 
independently of diabetes status, which opens up exciting 
possibilities for the use of these therapies in patients at risk for or 
with established cardiovascular or kidney disease without T2D.
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در ایران چه ترکیباتی داریم؟
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Liraglutide-GLP-1 Agonist
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sitagliptin
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linagliptin
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Sitagliptin +metformin
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Linagliptin+metformin
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Empagliflozin
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Empagliflozin+Metformin
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Empagliflozin+linagliptin
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