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What is wrong about diabetic care today?

• Doctors only look at blood sugar and ignore the causes of diabetes, such as 
lifestyle, the lack of good microflora, drugs, and alcohol.

• When the patients have diabetes, 50% of their beta cells would already be 
dead. So, why not prevent diabetes by treating pre-diabetes.

• Most patients and doctors misunderstand that the aim of diabetes care is to 
control blood sugar, but the true reasons that we need to treat diabetes is to 
prevent complications and sometimes complications come from 
hypoglycemic drugs.

• The use of sulfonylureas can cause kidney complications, cardiovascular 
complications, beta cells apoptosis, and increase mortalities despites good 
control of blood sugar.

• Diabeticians assume that every adults who have diabetes are type 2 
diabetes and forgot about secondary diabetes from pancreatitis.

• Refuse to prescribe insulin.

• Wrong nutritional advice.

• Most doctors don’t have time to correct patients’ lifestyle.



Obesity is the major factor contributed to 
insulin resistance and diabetes
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Prentki & Nolan JCI 2006:116:1802



Why are we gaining weight when we get older?

• Eating too much

• Eat wrong kinds of food (sugar, low fat milk, juice, whole 
wheat, Fructose)

• Lack of exercise

• Disease (hypothyroid)

• Medicine
– Insulin and sulfonylurea
– Steroids
– Oral contraceptives
– Anti-depressant and anti-psychotic

• Lack of good bacteria in the bowels



Obesity and gut flora. 
Bajzer M and Seeley RJ. Nature 2006 Dec 21/28; 444:1009-10. 

• About 90% of our gut bugs fall into one of two divisions —
Bacteroidetes and Firmicutes. Firmicutes generate more harvestable 
energy than Bacteroidetes.

• A Washington University research team found more Firmicutes in the 
gut flora of obese mice than in normal-weight mice; when gut flora 
from obese mice were transferred to germ-free normal-weight mice, 
the slim mice gained weight, without an increase in caloric intake.

• The team then studied the gut flora of 12 obese people and found an 
unusually high proportion of Firmicutes. As the participants lost 
weight through caloric restriction, the proportion of Firmicutes
dropped.



Antibiotic and acid-suppression medications during early 
childhood are associated with obesity

Stark CM et al. Gut 2019; 68: 62-69

• In Gut, researchers retrospectively studied 300,000 military 
dependents. Some 12% received outpatient prescriptions for 
histamine-2 receptor antagonists (H2RAs), 3% received proton-
pump inhibitors (PPIs), and 72% received antibiotics in their first 2 
years of life. 

• Children who received a PPI or H2RA prescription had a slightly 
higher risk for obesity by a median age of 3 years (17% and 15%, 
respectively) than those who didn't receive any study medication 
(11%). 

• Meanwhile, the obesity incidence was 13% in children prescribed 
one antibiotic class and 19% in those prescribed four or more 
classes.



Can diabetes caused by DRUGS?

Medication-induced diabetes
– Glucocorticoids

– Thiazide diuretics

– Beta blockers

– Calcineurin inhibitors (tacrolimus)

– Statins

– Antibiotics??

– Proton pump inhibitors??



High-Potency Statins Are Associated with 
Excess Risk for Diabetes

BMJ 2014 May 29; 348:g3244

• Investigators used data from eight population-based Canadian, U.S., 
and U.K. cohort studies to evaluate risk for developing diabetes in 
137,000 patients (age, ≥40) who were hospitalized for major 
adverse cardiovascular events and who received new prescriptions 
for high-potency or low-potency statins.

• Diabetes incidence in new users of high-potency statins 
(rosuvastatin [Crestor] ≥10 mg, atorvastatin ≥20 mg, or simvastatin 
≥40 mg) was compared with incidence in new users of low-potency 
statins. 

• Within the first 2 years of statin use, new-onset diabetes was 
significantly more common with high-potency statins than with low-
potency statins (rate ratio, 1.2). Risk was highest during the first 4 
months of use (RR, 1.3).



Statin use seems to further increase the risk 
for diabetes in patients already at high risk

BMJ Open Diabetes Research & Care

• High-risk 3,200 patients (elevated BMI, impaired glucose tolerance) 
were randomized to metformin, intensive lifestyle intervention, or 
placebo. Patients could be prescribed statins at their physician's 
discretion. At 10 years, roughly 35% were taking statins.

• Regardless of randomized assignment, statin users had a roughly 
30% increased risk for incident diabetes relative to nonusers, even 
after adjustment for potential confounders. Among patients 
randomized to the lifestyle intervention, statin use was associated 
with a drop in insulin secretion.



Increased risk of diabetes with statin treatment is associated with 
impaired insulin sensitivity and insulin secretion

Diabetologia 2015;58:1109-1117

• A total of 8,749 non-diabetic participants, aged 45-73 years, were 
followed up for 5.9 years. New diabetes was diagnosed in 625 men 
by means of an OGTT, HbA1c ≥6.5% (48 mmol/mol) or glucose-
lowering medication started during the follow-up. Insulin sensitivity 
and secretion were evaluated with OGTT-derived indices.

• Participants on statin treatment (N = 2,142) had a 46% increased 
risk of type 2 diabetes (adjusted HR 1.46 [95% CI 1.22, 1.74]). The 
risk was dose dependent for simvastatin and atorvastatin. 

• Statin treatment significantly increased 2 h glucose (2hPG) 
significant increase in fasting plasma glucose (FPG). 

• Insulin sensitivity was decreased by 24% and insulin secretion by 
12% in individuals on statin treatment (at FPG and 2hPG 
<5.0 mmol/l). 



To cure diabetes, we need to detect 
PRE-DIABETES

• To detect pre-diabetes, we need to know HbA1c

• Lifestyle changes and treatment with Metformin both reduced the 
incidence of diabetes in persons at high risk.

• The lifestyle intervention was more effective than Metformin (N Engl
J Med 2002;346:393-403).

• The problems about using metformin to prevent diabetes:
– No insurance coverage

– The patients will be labeled as diabetes for life

– Most experts consider prescribing metformin in pre-diabetes is dangerous and 
rather wait until the patient develop diabetes (when at least 50% of beta cells has 
already been dead!)



Metformin
First Drug of Choice for Diabetes and Pre-diabetes



Metformin
(Glucophage®)

• Anti-diabetic biguanide derived from the herb, Goat’s rue (Galega
Officinalis)

• First-line drug of choice for overweight diabetes with normal kidney 
and liver functions.

• Treatment of polycystic ovary syndrome
• Prevent type 2 diabetes in high risk group
• Most common side effects are gastrointestinal upset.
• Lactic acidosis is uncommon found in overdosage and in people 

with kidney and liver failure.
• Long term use can cause vitamin B12 deficiency
• Can be used in gestational diabetes



Practical Metformin

• Glucophage is the common trade name for metformin.
• Some company will add metformin with other medicine 

to reduce cost (Janumet, Actosmet, Jardiance Duo).
• Common Dosage is 500 mg bid or 850 mg bid, higher 

dosage will not give better results.
• Glucophage XR (750 mg or 1000 mg) is once daily form 

of metformin.
• Low dose, interval dosage metformin can be used as 

anti-aging medicine.
• Vitamin B12 supplementation may be needed.
• Lactic acidosis is rare unless the dosage is too high.



Use of metformin is associated with reduced mortality in patients 
with diabetes plus chronic heart failure (CHF), chronic kidney 

disease (CKD), or chronic liver disease 
Crawley MJ et al. Ann Intern Med February 7, 2017

• In the past, metformin's label included warnings about its use in 
such patients, but restrictions in CHF and moderate CKD have been 
relaxed.

• Researchers examined 17 observational studies that included 
patients with type 2 diabetes plus historical contraindications or 
precautions for metformin use — moderate to severe CKD, CHF, or 
chronic liver disease with hepatic impairment. Metformin use, 
compared with nonuse, was associated with reduced all-cause 
mortality in patients with CKD (hazard ratio, 0.78), CHF (HR, 0.78), 
and chronic liver disease (HR, 0.43). Metformin was also associated 
with fewer heart failure readmissions in patients with CKD or CHF.
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Aim of diabetes care in NOT 
about blood sugar control

• Aim of diabetes treatment is to 
prevent complications 

• Complications of diabetes is 
related to blood sugar control.

• However, good blood sugar 
control may not prevent its 
complications

• Some doctors don’t even 
recognize that many 
complications may come from 
diabetic drugs! (sulfonylurea, 
statins)
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Experts say good glycemic controls (HbA1C < 7%) reduce diabetic 
complications.

But, if the true reason is patients who have good diabetic control 
using less drugs 

It may be drugs not blood glucose that cause complications!

Complication DCCT

N=1441

Kumamoto

N=110

UKPDS

N=5102

Retinopathy ↓76% ↓69% ↓21%

Nephropathy ↓54% ↓70% ↓34%

Neuropathy ↓60%

DCCT (Diabetes Control and Complications Trial) N Engl J Med 1993;329:977

Kumamoto Diabetes Res Clin Prac 1995;28:103

UKPDS (UK Prospective Diabetes Study) Lancet 1998;352:837



Tight Glucose Control?
Earlier, the better.

• A Cohort study performed in Italy has shown that 
obtaining an HbA1c level of 7.0% or less at baseline 
was associated with lower 5-year incidence of 
cardiovascular events in the low-to-moderate 
comorbidity subgroup, but not in the high 
comorbidity subgroup.

Ann Intern Med 2009;151:854-860



Numerous studies have shown that intensive glucose 
lowering provide no benefits and can be dangerous



Less Intensive Blood Glucose Control in Diabetes?
Ann Intern Med March 6, 2018

• The American College of Physicians now recommends that most 
patients with type 2 diabetes aim for a hemoglobin A1c level 
between 7% and 8%. 

• In a guideline update published in the Annals of Internal Medicine, 
the ACP cites evidence that treating to targets of 7% or lower rather 
than 8% does not reduce the risk for death or macrovascular events 
over 5–10 years — but does result in "substantial harms," such as 
hypoglycemia.



Controling Blood Sugar: 
The balance between disease complications and drug side effects

• According to UKPDS, a 1% decrease in glycated hemoglobin levels 
(HbA1c) was associated with a significant decrease in the risk of 
diabetes-related death, myocardial infarction (MI) and microvascular
complications.

• However, intensified therapy to lower HbA1c level will complicated by 
risk of hypoglycemia, beta cell apoptosis, obesity, and hyperlipidemia.

Wright et al. J Diabetes Complicat 2006;20:395–401 (UKPDS 73)



What is wrong with current hypoglycemic agents?

• Sulfonylureas

– Weight gain

– Risk of hypoglycemia

– Increased risk of renal failure and beta cell failure

• Insulin

– Weight gain

– Risk of hypoglycemia, and hyperlipidemia

• PPARg –activators (pioglitazone)

– Weight gain

– Risk of cardiovascular disease

• Metformin

– Higher dosage increases side-effects
– Risk of lactic acidosis in patients with renal failure



Sulfonylurea: Friends of Foes?
Glipizide, Gliclazide, Glibenclamide, Glimepiride

• Bind to ATP-dependent K+ (KATP) channel on the cell membrane of 
pancreatic beta cells

• Most common medicine used in diabetes.

• Promote insulin release by binding to sulfonylurea receptor can result 
in hypoglycemia, weight gain, and beta cell apoptosis.

• The binding to the same receptor at myocardial cell impairs ischemic 
preconditioning and has arrhythmogenic effects.
(Leibowitz Diabetologia 1996;39:503-514)

• Increase overall mortality. 
(Simpson et al. CMAJ 2006;174:169-174) 

• Compared to metformin, sulfonylurea users had an increased risk for 
persistent declined in GFR, end stage renal disease, and death
(Kidney Int 2012;81:698-706)



Metformin is better than sulfonylurea in CKD
Journal of General Internal Medicine 2018;33:155-165.

• In 2016, the FDA endorsed metformin’s safety in patients with mile to 
moderate kidney function impairment.

• To determine the risk for death following initiation of metformin 
monotherapy or sulfonylurea monotherapy among veterans with type 
2 diabetes and chronic kidney disease, researchers conducted this 
cohort study of 175,000 patients who initiated these drugs as 
monotherapy between 2004 and 2009.

• About 5000 deaths occurred during follow-up. Adjusted for multiple 
potential confounders, metformin monotherapy (compared with 
sulfonylurea monotherapy) was associated with a significant 
36% lower relative risk for death. Within estimated glomerular 
filtration rates of ≥90, 60–89, 45–59 and 30–44 mL/minute/1.73 m2, 
metformin monotherapy was associated with 3.0, 4.3, 3.4, and 12.1 
fewer deaths per 1000 person-years, respectively; all differences 
were significant.



Compared with sulfonylurea users, metformin users 
had a 10% lower incidence of cancer

Diabetes Care 2012 Jan; 35:119

• In a population-based retrospective study, Dutch 
researchers recorded the incidence of cancer in 85,000 
type 2 diabetic patients who initiated metformin or 
sulfonylurea monotherapy. 

• During up to 10 years of follow-up, metformin users were 
less likely to receive cancer diagnoses than sulfonylurea 
users.

• Metformin-associated lower risks were noted for 
cancers of the esophagus, stomach, colon, liver, 
pancreas, lung, breast, and prostate.



Is it time that we end sulfonylurea era?

• Compared to metformin, sulfonylurea users had an increased risk for 
persistent declined in GFR, end stage renal disease, and death

(Kidney Int 2012;81:698-706)
• Promote insulin release by binding to sulfonylurea receptor can result 

in beta cell apoptosis and progression of diabetes.
 



The pathophysiology underlying T2DM is progressive pancreatic 
beta-cell failure with consequently reduced insulin secretion plus 
insulin resistance in peripheral tissues. 

It has been suggested that, at diagnosis, only 20-50% 
of original beta-cell function remains.

IFG, impaired fasting glucose. Data are mean±SE
Obese: BMI >27 kg/m2

Lean: BMI <25 kg/m2

Adapted from Butler et al. Diabetes 2003;52:102–10



In T2DM, beta-cell function progressively 
declines despites treatment

Lebovitz. Diabetes Reviews 1999;7:139–53 
(data are from the UKPDS population: UKPDS 16. Diabetes 1995;44:1249–58) 

HOMA: homeostasis model assessment



Continuous loss of beta-cells results in 
worsening glucose control over time

*Diet initially then sulphonylureas, insulin and/or metformin if FPG >15 mmol/L 

†ADA clinical practice recommendations. UKPDS 34, n=1704
UKPDS 34. Lancet 1998:352:854–65; Kahn et al (ADOPT). N Engl J Med 2006;355:2427–43



Diabetes Mellitus Classification 
All of them indicate insulin production defects!

Type 1
• Absolute insulin deficiency from pancreatic beta cell destruction

Type 2
• Progressive insulin secretory defect on the background of insulin 

resistance.

• However, there are other types of diabetes that most 
doctors don’t recognize such as alcoholic pancreatitis, 
post pancreatitis, malnutrition diabetes, and aging 
diabetes.

• Without understanding the nature of disease, all the 
treatment guidelines went wrong and it is the patients 
who pay the price.



Why most diabeticians and patients are 
“insulin haters”?

• It has been suggested that, at diagnosis, only 20-50% of original beta-
cell function remains.

• The pancreas cannot make enough of insulin, earlier insulin treatment 
means beta cells can rest and possibly regenerate.

• Insulin is also a growth factor, without insulin the body cannot use sugar 
and the cells cannot regenerate.

• Sulfonylurea drugs force pancreas to work harder and eventually died. 

• By the time, diabeticians decide to give patients insulin, complications 
(foot ulcer, kidney failure, cardiovascular disease).

• Some of these complications come from sulfonylurea uses.

• Soon after insulin treatment, these complications will soon be the cause 
of death.

• It is not insulin that cause death, the true culprit is “delayed 
insulin prescription” and overuse of sulfonulurea medication.



INSULININSULIN

LIVER
Inhibits glycogenolysis

Inhibits conversion of amino 
acids to glucose

Promotes glucose storage as 
glycogen

Increases triglyceride 
synthesis

LIVER
Inhibits glycogenolysis

Inhibits conversion of amino 
acids to glucose

Promotes glucose storage as 
glycogen

Increases triglyceride 
synthesis

FAT
Increased 
triglyceride 
storage

FAT
Increased 
triglyceride 
storage

MUSCLE
Increase glycogen synthesis

Increase glucose transport

Increase protein synthesis

MUSCLE
Increase glycogen synthesis

Increase glucose transport

Increase protein synthesis

• Insulin is secreted by pancreas in response to rising in blood glucose.
• It switch glucose into storage form of energy (triglycerides in fat cells 

and glycogen in muscle and liver) and transport glucose into muscle 
cells to metabolize into energy.

• Without insulin the body will convert fat into ketones and use them for 
energy.



Insulin

• Short-acting (regular insulin)
– Starts working  within 30 min and active about 5-8 hr.

• Intermediate-acting (NPH)
– Starts working in 1- to 3 hr and active 16-24 hr.

• A mixture of NPH and regular insulin  
– starts working in 30 minutes and is active 16 to 24 hours

• Long-acting (insulin glargine, insulin detemir)
– Starts working within 1 to 2 hr and continue to be active without 

major peaks or dips for 24 hr



Insulin
Analogues

• Intermediate acting (NPH) 
– Low cost
– Requires multiple injections per day.
– Peak activity is 6-8 hr, can cause hypoglycemia.

• A long-acting insulin
– Expensive
– Administered once a day 
– Approximate to basal secretion of insulin by the pancreas
– They have no peak activity, so combination with other 

medications (except sulfonylurea) is required.



Insulin: Disadvantage

• Side Effects
– Requires injection

– Less Compliance

– Skin hypertrophy at injection 
sites

– Hypoglycemia

– Increase triglyceride synthesis 
and may cause weight gain and 
fatty liver

– Aging if overdosage.



Most doctors will avoid using insulin until it is late, way 
too late causing beta cells to die because of working 
overload!

Insulin is not a bad thing because it will allow beta cell 
to rest and recover.

These diabetes patients will need insulin injection

• Diabetes with kidney and liver failure

• Skinny, malnourished diabetes

• Skinny, alcoholic with diabetes

• Post pancreatitis diabetes

• Long standing diabetes who begins to lose weight and loss appatite

• Older people with sarcopenia (frailty)



SGLT2 (sodium-glucose co-transporter 2)- Inhibitors

• SGLT2 is a low-affinity, high capacity glucose transporter located in 
the proximal tubule in the kidneys. It is responsible for 90% of 
glucose reabsorption. 

• Inhibition of SGLT2 leads to the decrease in blood glucose due to 
the increase in renal glucose excretion. 



SGLT2 Inhibitor
Forxiga (dapagliflozin), Jardiance (empagliflozin), Lusefi (luseogliflozin)

• Dosage – 1 tablet daily or every other day
• Contraindication

– type 1 diabetes 
– severe renal impairment

• Benefits
– Weight reduction (for diabetes only)
– Lowering blood pressure
– Cardiovascular and renal benefits

• Side effects 
– Ketoacidosis
– Urinary tract genital infection
– Osteoporosis
– Stroke
– Amputation
– Fournier gangrene

• It is important to advice patients to drink a large amount of water to help 
excrete excess glucose from the body.

• Also, they need to clean themselves after urination!
• Don’t use in patients who already have kidney failure, prone to have 

ketoacidosis, poor hygiene, or diabetic wound.



Canagliflozin, a sodium-glucose cotransporter 2 (SGLT2) 
inhibitor, lowers risks for renal and cardiovascular 

outcomes in type 2 diabetes
N Engl J Med. 2017 Aug 17;377(7):644-657, N Engl J Med 2019; 380:2295-2306

• Some 4400 adults with type 2 diabetes and albuminuric chronic 
kidney disease were randomized to receive 100 mg of oral 
canagliflozin or placebo daily. All were already receiving a stable 
dose of an angiotensin-converting enzyme inhibitor or angiotensin-
receptor blocker. 

• After a median 2.6 years' follow-up, the rate of the primary 
composite outcome — end-stage kidney disease, doubling of serum 
creatinine level, or renal or CV death — was significantly lower with 
canagliflozin than with placebo (43 vs. 61 per 1000 patient-years). 
Additionally, the rate of the renal-specific composite of end-stage 
kidney disease, creatinine doubling, or renal death was significantly 
lower with canagliflozin (27 vs. 40), as was the rate of myocardial 
infarction, stroke, or CV death (39 vs. 49).



Sodium-glucose cotransporter-2 (SGLT2) inhibitors are 
associated with increased risk for Fournier gangrene 

Annals of Internal Medicine. 4 JUNE 2019

• In the 6 years after SGLT2 inhibitors were first approved, some 55 
cases of Fournier gangrene were reported in treated patients.

• Diagnostic criteria included necrotizing infection of the perineum 
plus surgical debridement. In contrast, just 19 cases were reported 
over 35 years in patients taking other diabetes drugs.

• Roughly 70% were in men.

• The time from treatment initiation to Fournier gangrene ranged from 
5 days to 49 months.

• Complications included diabetic ketoacidosis, sepsis, and kidney 
injury.

• Eight patients underwent fecal diversion surgery, and two patients 
developed necrotizing fasciitis of a lower extremity that led to 
amputation.

• Three patients died.



Fournier Grangrene
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Meal stimulates the release of incretin hormones from 
intestinal mucosa resulting in insulin secretion

• Glucagon-like peptide-1 (GLP-1)
• Glucose-dependent insulinotropic polypeptide (GIP)



GLP-1: functional pancreatic effects

Ørskov et al. Endocrinology 1988;123:2009–13; Drucker et al. Proc Natl Acad Sci USA 1987;84:3434–8; 
Hvidberg et al. Metabolism 1994;43:104–8



GLP-1 stimulates beta-cell regeneration 
and mass in animal models

1. Farilla et al. Endocrinology 2003;144:5149–58; 2. Bulotta et al. J Mol Endocrinol 2002;29:347–60; 
3. Klinger et al. Diabetes 2007;57:584–93



Glucagon-like peptide-1 (GLP-1)
More Than Just Insulinotropic Effect

1. During et al. Nat Med 2003;9:1173–9; 2. Perry et al. J Pharmacol Exp Ther 2002;302:881–8; 3. Perry et al. J Neurosci Res 2003;72:603–
12; 4. Kieffer, Habener. Endocr Rev 1999;20:876–913; 5. Flint et al. J Clin Invest 1998;101:515–20; 6. Wettergren et al. Dig Dis Sci
1993;38:665–73; 7. Bose et al. Diabetes 2005;54:146–51; 8. Kavianipour et al. Peptides 2003;24:569–78; 9. Thrainsdottir et al. Diab Vasc 
Dis Res 2004;1:40–3; 10. Nikolaidis et al. Circulation 2004;109:962–5; 11. Nystrom et al. Am J Physiol Endocrinol Metab 2004;287:E1209–
15; 12. Nystrom et al. Regul Pept 2005;125:173–7 



Inhibition of beta-cell apoptosis 
by GLP-1 in isolated human islets

Farilla et al. Endocrinology 2003;144:5149–58 



Adapted from: Knudsen. J Med Chem 2004;47:4128–34; Vilsbøll. J Clin Endocrinol Metab 2003;88:220–4

Native GLP-1 has limited clinical value 
because of its short half-life
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Since GLP-1 is inactivated by Dipeptidyl Peptidase IV 
(DPP-IV), a serine protease in the capillary bed of the 

gut mucosa, DPP4 inhibitors were developed to 
prolong native GLP-1 half-life

sitagliptin, vidagliptin = 
DPP-4 inhibitor



Sitagliptin enhance  cell neogenesis in 
high-fat/streptozotocin diabetic mice 

• Doctors have been taught that do not start insulin injection unless oral 
hypoglycemic agents fail to achieve HbA1c goal which mean HIGH 
DOSE SULFONYLUREA. This practice could be harmful to beta cells 
and lead to progression of disease.

Mu et al. Diabetes 
2006;55

Green = insulin producing cells

Red = glucagon producing cells



DPP-4 Inhibitors (LIPTIN)
• Sitagliptin (Januvia 100 mg, Janumet 50/500)

• Vidagliptin (Galvus 50 mg, Galvusmet 50/1000)



DPP4 Inhibitor Practical Points

• Side effects of DPP4 inhibitors
– Upper respiratory tract infection

– Acute Pancreatitis

– Inflammatory bowel disease

• Use half dosage help controlling blood sugar level while 
minimize risk of side effects.

• Use combination with metformin for better compliance 
and reduced cost. For example: metformin 500 mg with 
breakfast, Janumet (Januvia 50 mg + metformin 500 mg) 
with dinner.



Glucagon-like peptide-1 receptor agonist
liraglutide (Victoza, Saxenda) – once daily injection. 

dulaglutide (Trulicity) – once weekly injection.
semaglutide (Ozempic) – oral form of GLP-1

• Benefits
– Weight loss
– Decrease blood sugar
– Lower blood pressure
– Beta cell regeneration

• Side effects
– Nausea, vomiting
– Loss appetite 
– Dyspepsis
– Dizziness
– Hypoglycemia (worse if sugar is taken!)



Liraglutide is a once-daily, human 
GLP-1 analogue

Knudsen et al. J Med Chem 2000;43:1664–9; Degn et al. Diabetes 2004;53:1187–94



Liraglutide increases beta-cell mass in 
animal models of diabetes

Adapted from 1. Sturis et al. Br J Pharmacol 2003;140:123–32; 2. Rolin et al. 
Am J Physiol Endocrinol Metab 2002;283:E745–52 

BID, twice daily; db, diabetic; ZDF, Zucker diabetic fatty (rats)



Liraglutide is noninferior to glimepiride, but achieves 
HbA1c target with lower risk of hypoglycaemia

Gough et al. Diabetes 2010;59(Suppl. 1):A208 (764-P)



Secher et al. J Clin Invest 2014;124:4473–88; van Can et al. Int J Obes (Lond) 2014;38:784–93

Arcuate
nucleus

POMC/ 
CART

NPY/ 
AgRP

Appetite

Liraglutide

GLP-1 increases satiety and reduces hunger 
Via neurons in the arcuate nucleus

AgRP, Agouti-related peptide; CART, cocaine- and amphetamine-regulated 
transcript; NPY, neuropeptide Y; POMC, pro-opiomelanocortin 

HungerSatiety



Effect on weight of liraglutide vs. a 
sulphonylurea in type 2 diabetes patients

Adapted from: Madsbad et al. Diabetes Care 2004;27:1335–42



Dose
escalation 0–4 weeks

3731 participants
• ≥18 years
• Stable BW
• BMI ≥30 kg/m2

or 
≥27 kg/m2 + 
comorbidities

With prediabetes1

Without 
prediabetes

Trial design: SCALE Obesity and Prediabetes 
Liraglutide 3.0 mg in weight management (56 weeks)

Pi-Sunyer et al. N Engl J Med 2015;373:11–22

Liraglutide 3.0 mg (n=959)

Placebo (n=487)

Placebo (n=757)

Trial information

• June 2011 to March 
2013 

• Randomised 
controlled 
double-blind study

• 191 sites in 27 
countries

• Duration: 56 weeks 
(with prediabetes), 
68 weeks (without 
prediabetes)

Key endpoints
• Three co-primary: BW change, 5% or 10% BW loss
• Secondary: Changes from baseline in BMI, WC, glycaemic control 

variables, cardiometabolic risk factors, and HRQoL

Trial objective
• Efficacy and safety of liraglutide 3.0 mg, as adjunct to D&E, 

in participants with obesity or overweight plus 
comorbidities, without diabetes

Liraglutide 3.0 mg (n=1528)

EOTRe-randomisation (1:1)

Treatment duration 
52 weeks 

1. ADA. Diabetes Care 2010;33(Suppl. 1):S11–61
BW, body weight; D&E, diet and exercise; EOT, end of treatment; FU, follow-up; HRQoL, health-related quality of life; WC, waist circumference

2-week
FU

12 weeks

Lifestyle intervention: -500 kcal/day diet + 150 min/week physical activity

Randomisation (2:1)



Change in body weight (%)
0–56 weeks

Mean baseline weight: 106 kg

FAS, fasting visit data only. Line graphs are observed means (±SE). Statistical analysis is ANCOVA.
FAS, full analysis set; LOCF, last observation carried forward; SE, standard error
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Liraglutide shows cardiovascular and renal benefits.
LEADER trial, N Engl J Med 2017 Aug 31; 377:839

• In the LEADER trial, treatment with liraglutide (Victoza) lowered the 
incidence of adverse cardiovascular (CV) outcomes in 9340 patients 
with longstanding type 2 diabetes, most of whom had known CV 
disease at baseline (N Engl J Med 2016; 375:311). 

• During average follow-up of 4 years, incidence of a combined renal 
endpoint (new-onset persistent macroalbuminuria, doubling of 
serum creatinine, end-stage renal disease, or renal-related death) 
was significantly lower with liraglutide than with placebo (5.7% vs. 
7.2%). 

• New-onset persistent macroalbuminuria accounted for most of this 
difference. 

• Among patients whose baseline eGFR was between 30 and 60 
mL/minute/1.73 m2, mean eGFR declined less with liraglutide than 
with placebo (by 2 mL/minute/1.73 m2), but no difference was seen 
in patients whose baseline eGFRs were outside this range.



Dulaglutide (Trulicity) Prevents Some Adverse 
Cardiovascular Outcomes in Patients with Diabetes

Lancet 2019 Jun 7; S0140-6736(19)31149-3

• In manufacturer-sponsored study, researchers randomized 9900 patients 
with type 2 diabetes (mean age, 66; median HbA1c level, 7.2%) and known 
CV disease or CV risk factors to receive weekly subcutaneous injections of 
dulaglutide (Trulicity; 1.5 mg) or placebo.

• After median follow-up of 5.4 years, significantly fewer patients taking 
dulaglutide reached a composite CV endpoint (i.e., nonfatal myocardial 
infarction or stroke, CV-related death, or death from unknown causes) than 
patients taking placebo (12.0% and 13.4%, respectively). A composite 
microvascular (retinal and renal) outcome also occurred significantly less 
frequently in the dulaglutide group.

• A composite renal endpoint (i.e., new macroalbuminuria, sustained decline 
of >30% from baseline in estimated glomerular filtration rate, or chronic 
renal replacement therapy) occurred significantly less frequently in the 
dulaglutide group (incidence rates, 3.5 vs. 4.1 per 100 patient-years), driven 
primarily by significantly lower incident macroalbuminuria.



An Oral Glucagon-Like Peptide-1 Agonist for 
Glycemic Control and Weight Loss

Lancet 2019 Jul 6; 394:39

• In this manufacturer-sponsored trial, investigators enrolled 711 
patients with glycosylated hemoglobin (HbA1c) levels of 7.0% to 
9.5% who were taking metformin with or without a sodium–glucose 
cotransporter 2 (SGLT2) inhibitor. 

• Patients were randomized to receive oral semaglutide, 
subcutaneous liraglutide (Victoza), or double placebo once daily for 
52 weeks. 

• Mean change in HbA1c level from baseline after 26 weeks was 
−1.2% for oral semaglutide versus −1.1% for subcutaneous 
liraglutide, demonstrating noninferiority. 

• After 52 weeks, mean change in HbA1c level from baseline was 
significantly greater for semaglutide than for liraglutide (−1.2% vs. 
−0.9%). Reduction in body weight was significantly greater for 
semaglutide than for liraglutide at both 26 and 52 weeks.



Practical way of prescribing hypoglycemic agent

• To avoid drugs’ complications, HbA1c less than 7.5% is 
acceptable. Better control results should achieve by 
lifestyle changes, not by drugs!

• Always start treatment with metformin (plus probiotics 
and/or B1-6-12 supplementation).

• If goal is not reach, try metformin 500 mg in the morning 
and Janumet (50/500) in the evening.

• If goal is still not reach, add SGLT2 inhibitor every other 
day.

• If patients are overweight, recommend GLP-1 injection.
• If patients are frail, malnourished, skinny, history of 

pancreatitis, diabetic wound, kidney failure, cirrhosis, do 
advice INSULIN!.


