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INTRODUCTION

• In the management of diabetes, health care providers usually assess glycemic control with:
• Fasting plasma glucose (FPG)

• Premeal glucose measurements
• HbA1c

• Elevated postprandial glucose (PPG) concentrations may contribute to suboptimal glycemic control

INTRODUCTION

• Strategies for the management of hyperglycemia associated with type 2 diabetes is challenging

• Current consensus guidelines:
• American Diabetes Association (ADA), American Association of Clinical Endocrinologist ( AACE) and the
European Association for the Study of Diabetes (EASD)
• Recognize that many different drug combinations can be used to achieve A1C goals
• Reflects both basal and postprandial glucose levels

PROGRESSIVE
D E T E R I O R AT I O N O F T H E
G LY C E M I C P R O F I L E S
AC C O R D I N G TO A 1 C L E V E L S
Daytime
postprandial
periods

• As A1C levels approach normal
range
• PPG contributes more than FPG
to overall hyperglycemia

Nocturnal glucose
periods

PATHOGENESIS OF POSTPRANDIAL
HYPERGLYCEMIA
• In nondiabetic individuals
• Basal glucose levels are maintained within a narrow range by continuous low-level of insulin
secretion into the portal circulation
• Regulates the rate of hepatic glucose production during the periods between meals.

• In the postprandial state:
• As soon as the blood glucose concentration starts to rise, there is an increase in rapid pulsatile
insulin secretion.
• Increases uptake of glucose by the liver, muscle, kidney, adipose tissue, and other insulin-dependent
tissues.
• Suppresses hepatic and renal gluconeogenesis

PATHOGENESIS OF POSTPRANDIAL
HYPERGLYCEMIA

• The physiologic response of the beta cell to an increase in plasma
glucose concentration is biphasic:
• First-phase insulin release (0-10 minutes) followed by a steady and
longer-lasting second phase.

• Rapid early-phase insulin secretion is the chief determinant of PPG
levels
• The loss of early-phase insulin response characterizes type 2 diabetes
mellitus and IGT

PATHOGENESIS OF POSTPRANDIAL
HYPERGLYCEMIA
• Absorption of glucose form gastrointestinal tract:
• Insulin secretion is stimulated by oral glucose is ingested than it is when glucose is infused intravenously

• Incretin effect
• Responsible for 50% to 70% of the insulin response to glucose
• Caused mainly by glucagon-like peptide 1 (GLP-1) and glucose dependent insulinotropic polypeptide (GIP)
• GLP-1 and GIP secretion are stimulated primarily by glucose ingestion

• The GLP-1 response to a meal is decreased in type 2 diabetes mellitus

PATHOGENESIS OF POSTPRANDIAL
HYPERGLYCEMIA
• The first step in the deterioration of glucose homeostasis
is the loss of postprandial glycemic control due to the
loss of first-phase insulin secretion

• Decreased insulin sensitivity in peripheral tissues

• Consequent decreased suppression of hepatic glucose
output after meals due to insulin deficiency

IMPORTANCE

• Postprandial hyperglycemia can be the rate-limiting factor for achieving optimal
glycemic control

• There is also evidence suggesting that postprandial hyperglycemia may be an
independent risk factor for:
• cardiovascular disease
• stroke
• retinopathy
• renal failure

IS POSTMEAL HYPERGLYCEMIA
HARMFUL?

IS POSTMEAL HYPERGLYCEMIA
HARMFUL?
• High postprandial glucose levels may lead to increased oxidative
stress on the beta cell
• Inadequate insulin production during chronic hyperglycemia
results from decreased insulin gene transcription due to
hyperglycemia
• Hyperglycemia may induce apoptosis of beta cells

• The panel concluded:
• No clinical trials have assessed whether postprandial hyperglycemia plays a unique role in the
pathogenesis of diabetic specific complication

• No prospective clinical trial have examined whether treatments that primarily lowers post
prandial decrease cardiovascular events
• Further studies are needed in order to determined whether postprandial hyperglycemia is an
independent risk factor for CVD

EPIDEMIOLOGICAL EVIDENCE

• The DECODE Study -Diabetes Epidemiology
• Data form 25,000 subjects in different areas of Europe
• No previously diagnose with DM
• All cause mortality during a mean follow up period of 7.3 years were assessed after
stratification according to fasting and post-challenge plasma glucose
• Subject with with 2 hr OGTT plasma >140 mg/dL has a relative risk if mortality
twofold higher than subjects with NGT

EPIDEMIOLOGICAL EVIDENCE

• The Hoorn Study
• 2,363 participant aged 50-70 without know diabetes
• 8 year follow up
• 2 hr glucose better predictor of mortality than HBA1c
• An elevated 2 hour postprandial plasma glucose 2 SD’s above the
population mean increase the risk for death
• CVD increased 62% even after excluding individuals with preexisting
CVD and correcting for other risk factor

Epidemiological studies showing an association between
postprandial hyperglycemia with risk of CVD and mortality
Honolulu Heart Program

One-hr post prandial glucose predicts
coronary heart disease

Chicago Heart Study

2-h postchallenge glucose predicts allcause mortality and increase risk of
cardiovascular mortality
2-h postchallenge glucose predicts allcause and CHD mortality

Whitehall Study, (Paris)
Diabetes Intervention Study

Postmeal but not fasting glucose is
associated with CHD

IS THE TREATMENT OF POSTMEAL
HYPERGLYCAEMIA BENEFICIAL IN
IMPROVING CLINICAL OUTCOMES AND
GLYCEMIC CONTROL (HBA1C)

INTERVENTION STUDIES

• Study to Prevent Non-Insulin-Dependent Diabetes Mellitus (STOP-NIDDM)
• 1,418 subjects diagnosed with IGT were randomized in a double-blind fashion

• Acarbose (100 mg t.i.d.) vs placebo
• Follow-up period of 3.9 years.

• Primary outcome
• The development of type 2 diabetes diagnosed using a 75-g oral glucose tolerance test

• Secondary outcomes:
•

Changes in blood pressure, lipid profile, insulin sensitivity and cardiovascular events

INTERVENTION STUDIES

• STOP-NIDDM
• 36% reduction in the risk of progression to diabetes

• 34% risk reduction in the development of new cases of hypertension
• 49% risk reduction in cardiovascular events
• Significant reduction in cardiovascular events even after adjusting for other
risk factor
• Acarbose treatment was associated with a significant decrease in the
progression of intima-media thickness.

TREATMENT APPROACHES TO
POSTPRANDIAL GLUCOSE

DIET AND PHYSICAL ACTIVITY
• Diabetes Prevention Program (DPP) and ongoing DPP Outcomes Study
(DPPOS)

DIET AND PHYSICAL ACTIVITY

• After an average follow-up of 2.8 years in the DPP
• 58% relative reduction in the progression to diabetes was observed in the lifestyle
group
• 31% relative reduction in the group who took Metformin when compared with
participants who took a placebo

• At the 15-year follow-up
• Participants from the DPP Lifestyle Change Program continued to have a delay in the
development of diabetes by 27 %
• participants who continued to take metformin had a delay in the development of
diabetes by 18 %

DIET AND PHYSICAL ACTIVITY

• Glycemic index
• Compares the plasma glucose levels attained after eating a certain food to the levels
after ingesting pure glucose

• Consumption of foods with a low glycemic index results in lower PPG levels
• The appreciation that PPG values are primarily dependent on carbohydrate
intake has led to the technique of carbohydrate counting
• Premeal insulin flexibly - adjust their dose of insulin in accordance with the number
of grams of carbohydrate

PHARMACOLOGIC INTERVENTIONS

• Pharmacologic therapy have reported a significant lowering of
the incidence of diabetes
• Diabetes Prevention Program - metformin reduced the risk of IGT progression to
diabetes by 31%
• STOP NIDDM trial - a-glucosidase inhibitor acarbose reduced the risk by 32%

• All oral hypoglycemics have a favorable effect on postprandial
hyperglycemia

METFORMIN

• Decrease hepatic glucose output by inhibiting
gluconeogenesis after meal
• Antilipolytic effect that lowers serum free fatty acid concentration reducing substrate
availability for gluconeogenesis after meals

• Increases insulin-mediated glucose utilization in peripheral
tissues

THIAZOLIDINEDIONES
• Pioglitazone
• Improve postprandial peripheral glucose utilization in adipose tissues and
muscle
• Decrease glucose production by liver - lesser degree
• Most of the antihyperglycemic effects associated with TZDs are the result
of lowered FPG these agents have only mild effects on PPG
• Not be an appropriate treatment option
• Can lead to fluid retention, increased risks of congestive heart failure, and
increased fracture risk for postmenopausal women

SULFONYLUREAS

• Reduce postprandial glucose through stimulation of insulin secretion
and perhaps additional extrapancreatic effects
• The sulfonylurea receptor is a component of the adenosine
triphosphate (ATP)-sensitive potassium channel (K-ATP channel) in
the pancreatic beta cells
• Sulfonylurea binding leads to inhibition of these channels
• Alters the resting potential of the cell to stimulation of insulin
secretion
• Glipizide is short-acting and is occasionally used specifically for
post meal hyperglycemia
• They stimulate a rapid but short lived (for 1-2 hours) release of insulin from
pancreatic ß-cells.

MEGLITINIDES

• Two agents are commercially available: nateglinide and repaglinide
• Mechanism of action similar to sulfonylureas
• act by closing ATP channels on β-cell membranes increasing insulin secretion

• Meglitinides have a rapid onset and short duration of action
• Administered with meals to reduce postprandial hyperglycemia
• Attractive for some patients with irregular meal schedules, because of their rapid onset and short duration of
action

SULFONYLUREAS/ MEGLITINIDES

• Disadvantage:
• Risk of hypoglycemia

• Weight
• More frequent dosing – meglitinides
• Modest decrease in A1C with meglitinides than with most other antidiabetic drug
classes
• More expensive than sulfonylureas

ALPHA-GLUCOSIDASE INHIBITORS
• Acarbose and Miglitol
• a-Glucosidase inhibitors have a direct effect on postprandial hyperglycemia
• Block the breakdown of disaccharides to monosaccharides in the brush border of the small
intestine
• Essential for absorption of carbohydrates

• Effectively compensate for defective early-phase insulin by:
• Delays intestinal carbohydrate absorption

• Attenuate post-meal plasma glucose excursions

• The overall glucose lowering effect of these agents is somewhat inferior to that of the
sulfonylureas
• The effect on postprandial hyperglycemia is much greater than on fasting glucose levels

ROLE OF INCRETINS IN GLUCOSE
HOMEOSTASIS

ROLE OF INCRETINS IN GLUCOSE
HOMEOSTASIS
• It is estimated that GLP-1 and GIP are responsible for 50%–70% of
postprandial insulin release
• GLP-1 suppresses inappropriate glucagon secretion by pancreatic
α-cells
•

At pharmacologic doses, delays gastric emptying by inhibiting gastroduodenal motility

• Associated with an increase in satiety and reduced food intake

DIPEPTIDYL PEPTIDASE -4 (DPP-4)
INHIBITORS

• Linagliptin, saxagliptin, sitagliptin, alogliptin and vildagliptin

• DPP-4 inhibitors act by inhibiting the DPP-4 enzyme
• Degrades GLP-1 thereby increasing the active form of the hormone
• Stimulates glucose-dependent insulin secretion and suppresses
glucagon release

• Decrease post meal glucose and improve HbA1c without
causing hypoglycemia

GLP-1 RECEPTOR AGONIST

• The incretin effects which are triggered by orally ingested glucose
• Potentially useful role in combating postprandial hyperglycemia with a low risk of
hypoglycaemic

• Exenatide, liraglutide, dulaglutide, semaglutide (IM and PO)
• Glucagon-like peptide 1 infusions
• Compared with long-acting GLP-1 receptor agonists, short-acting GLP-1 receptor
agonists (exenatide twice daily and lixisenatide)
• Tend to have a more pronounced effect on postprandial hyperglycemia and gastric emptying
and less effect on fasting glucose

PRANDIAL INSULIN

• Regular insulin
• After regular insulin is injected subcutaneously, the hexamers that have formed dissociate into
dimers and monomers that are absorbed
• This causes a delay in rise of insulin concentrations in the bloodstream
• Resulting in a need to inject at least 30 minutes before the meal to best cover post-meal glycemic
excursions

• The duration of action can exceed the duration of the postprandial rise in glucose observed after
most meals, particularly meals that are not high in carbohydrate and fat.
• This can cause hypoglycemia several hours after eating

PRANDIAL INSULIN
• Analog insulins
• Insulin lispro, aspart and glulisine

• New ones: faster aspart and lispro-aabc
• Use recombinant DNA technology
• Have faster onset and shorter duration of action
than regular insulin for pre-meal coverage

• Produce more physiologic insulin profiles
• Especially for type 1 diabetes and reduce the risk of
hypoglycemia.

PRANDIAL INSULIN

• Inhaled insulin
• The inhalation of insulin premeals improves postprandial glycemia in both type 1
and type 2 diabetic patients
• Inhaled insulin is rapidly absorbed from the alveoli.
• Despite the rapid absorption of inhaled insulin, the duration of action is longer than
that of the rapid-acting subcutaneous insulin analogues
• Inhaled insulin dosing can only be adjusted in 4-unit increments
• Contraindicated in the presence of chronic lung disease.
• Requires initial pulmonary function testing

PRAMLINTIDE

• Pramlintide is a synthetic analogue of the beta-cell hormone amylin
• Inhibits glucagon secretion, delays gastric emptying and acts as a satiety agent
• Co-administration of pramlintide with lispro or regular human insulin reduced PPG
excursions by 81% compared with lispro insulin alone

• Adjunctive therapy with pramlintide lowers HbA1c without weight gain and with less
hypoglycemia in type 1 diabetes mellitus

PRAMLINTIDE

• Indications:
• Only approved for diabetic patients taking prandial insulin

• Requires injections with each meal in the setting of type 1 diabetes and at
least twice daily in type 2 diabetes.
• Before meals that contain at least 250 calories or 30 grams of carbohydrates

• It cannot be mixed in a syringe with insulin.

C U R R E N T A N D E M E R G I N G M A N A G E M E N T T EC H N O LO G I ES

• CMG
• Provides a dynamic, real-time measuring interstitial glucose
concentration
• Contributed greatly to understanding PPG excursions along with
overall patterns of glycemia

• Continuous Subcutaneous Insulin Infusion (CSII, or
insulin pump)
• Aims to mimic normal insulin secretion by continuously infusing rapidacting insulin at preselected rates, with patient-activated bolus doses
at mealtimes or as corrections for hyperglycemia

CONCLUSION

• Most guidelines for Type 2 Diabetes, recommend a general HbA1c target of <7.0%
• Emphasizing the need to take into account patient factors in determining the appropriate target for an
individual

• The data reviewed in this presentation support the concept that postmeal glucose makes a
significant contribution to overall glycaemia reflected in the HbA1c level
• Especially when HbA1c is below 8.0%

• In people with HbA1c levels between 7.0 and 8.0%
• Assessing postmeal glucose is warranted
• If found to be elevated, blood glucose lowering therapy should preferentially choose an agent which
specifically lowers postmeal glucose.
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