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Abstract: With the number of individuals diagnosed with type 2 diabetes on the rise, it has 

become more important to ensure these patients are effectively treated. The Centers for Disease 

Control and Prevention estimated that 8.3% of all Americans were diagnosed with diabetes in 

2011 and this number will likely continue to rise. With lifestyle interventions, such as proper 

diet and exercise, continuing to be an essential component of diabetes treatment, more patients 

are requiring medication therapy to help them reach their therapeutic goals. It is important for 

the clinician, when determining the treatment strategy for these individuals, to find a balance 

between reaching treatment goals and limiting the adverse effects of the treatments themselves. 

Of all the adverse events associated with treatment of diabetes, the risk of hypoglycemia is one 

that most therapies have in common. This risk is often a limiting factor when attempting to 

aggressively treat diabetic patients. This manuscript will review how hypoglycemia is defined 

and categorized, as well as discuss the prevalence of hypoglycemia among the many different 

treatment options.
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Introduction
In 2011, approximately 8.3% of all Americans were diagnosed with diabetes and 

diabetes reported as the seventh leading cause of death and disability in the US.1,2 The 

prevalence of diabetes is projected to increase to nearly one-third of the population 

by 2050.3 Long-term complications of poorly controlled diabetes (glycated hemoglo-

bin [A1C] .7%) include microvascular complications (retinopathy, neuropathy, and 

nephropathy) and macrovascular complications (cardiovascular, cerebrovascular, and 

peripheral vascular diseases). These complications have been associated with a 2.0–4.0 

fold increase in premature cardiac disease and death versus non-diabetics.1 Intensive 

treatment to improve glycemic control has been shown to prevent or delay disease onset 

and help mitigate progression of these lifelong complications.4,5 The leading limitation 

to intensive glucose lowering is the increased risk for hypoglycemia. Individuals with 

diabetes need their treatment optimized to achieve and maintain euglycemia safely.6 

This manuscript will discuss treatment options available in the US for type 2 diabetes 

and their potential likelihood for hypoglycemia.

Hypoglycemia
According to the American Diabetes Association (ADA), hypoglycemia is defined as 

a plasma glucose value of less than 70 mg/dL. These guidelines further define mild 

hypoglycemia as when the patient has the ability to self-treat the condition by ingesting 
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glucose- or carbohydrate-containing foods. Severe hypo-

glycemia is defined as a life-threatening emergency when 

the patient needs assistance of another person to administer 

therapy due to confusion or unconsciousness; in these cases 

in which the patient is not able to be treated with oral carbo-

hydrates, they should be treated using intravenous glucose 

or emergency glucagon kits.7

incidence
Event rates for severe hypoglycemia during aggressive insu-

lin therapy in type 2 diabetes vary greatly and it is difficult 

to derive comparable data due to differing study designs, 

populations, and definitions of hypoglycemia. Some studies 

indicate a range from 3% to 10%, but other cases demon-

strate 73 episodes per 100 patient years.8–10 Most episodes 

of hypoglycemia in type 2 diabetes are considered mild to 

moderate.11 In addition to hypoglycemia with insulin therapy, 

the rate of hypoglycemic events has been reported to be as 

high as 20% with some oral agents, such as glyburide, which 

may even compromise initiation of or titration to intensive 

oral therapy.12

Symptoms and consequences  
of hypoglycemia
Acute symptoms of hypoglycemia derive from the activa-

tion of the autonomic central nervous system (neurogenic) 

and commonly present as shakiness, palpitations, sweating, 

and anxiety (Table 1). Neuroglycopenic symptoms are 

derived from the brain’s deficiency of glucose and present as 

blurred vision, dizziness, confusion, and can lead to seizures 

and loss of consciousness.13

Hypoglycemia has also been shown to be associated with 

long term complications, such as provoking major cardio-

vascular and cerebrovascular events including myocardial 

infarction, acute heart failure, ventricular arrhythmias, and 

stroke.14–16 Another hypoglycemia-related consequence is 

weight gain. As reported by the Diabetes Control and Com-

plications Trial (DCCT), it appears that more weight gain is 

seen in intensively treated type 1 diabetics who experienced 

at least one severe hypoglycemic episode than in diabetics 

without a severe hypoglycemic episode.17 This occurrence 

may be secondary to patients increasing their food intake to 

prevent a hypoglycemic episode. Severe hypoglycemia has  

also been associated with an increased risk of mortality, 

as shown in Campbell et al, who found that sulfonylurea-

induced severe hypoglycemia increases mortality by 9%.18

Risk factors for hypoglycemia
Many factors can put type 2 diabetics at increased risk of 

experiencing hypoglycemia. These factors include admin-

istering too much insulin or insulin-producing medications, 

delayed or missed meal intake or eating a smaller meal than 

planned, unplanned strenuous exercise, alcohol consumption, 

and interactions with other drugs. Patient-specific risk fac-

tors are also recognized to increase the risk of hypoglycemia, 

including advanced age, nutritional status, long duration of 

diabetes, renal or hepatic disease (may alter the metabolism 

or excretion of medications), and a history of previous hypo-

glycemic episodes.20–24

Hypoglycemia and special populations
There are many special populations who are at increased risk 

for episodes of hypoglycemia. Those with mental illness and 

cognitive impairment have been shown to be at greater risk 

making it important for health care providers to seek treatment  

regimens that will help reduce this concern.25 The elderly may 

suffer from treatment related hypoglycemia, which may be 

more severe in those patients who are hospitalized and have 

a poor prognosis.26 Minority populations may also suffer 

from the effects of hypoglycemia secondary to poverty and 

low literacy levels directly affecting medication access and 

compliance.27 In addition, glycemic control in pregnancy is  

a known concern and is assessed between the 24th and 28th 

week of gestation. Even though the effects of hypoglycemia 

in pregnancy have not been well defined in the literature, 

patients more prone to hypoglycemia were found to be 

younger and have more comorbidities.28

Hypoglycemia treatment
Mild hypoglycemia (patient can self-treat) is managed with 

the oral administration of 15–20 grams of carbohydrates 

(four teaspoons of sugar or glucose).29 It is important to rec-

ognize that the ingestion of added fat may slow the glycemic 

response. After ingesting carbohydrates, it is recommended 

to check blood glucose in 15 minutes before determining if 

treatment needs to be repeated. Once glucose is restored and 

Table 1 Hypoglycemia signs and symptoms13,19

Early neurogenic symptoms Neuroglycopenic signs

Shakiness Confusion
irritability Difficulty speaking
Sweating Disorientation
Palpitations Dizziness
Pallor Seizures
Hunger Loss of consciousness
Anxiety Coma
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symptoms are resolved, it is recommended to consume a meal 

or snack to help avoid hypoglycemia recurrence.7 If severe 

hypoglycemia occurs, as defined previously, rapid treatment 

is necessary. Treatment with glucagon intramuscularly may 

be administered by a family member at home followed by 

replenishment of glucose once the patient is able to eat. If  

the patient does not respond to glucagon therapy then intra-

venous glucose will likely be needed.30

Pharmacologic treatments  
for diabetes and their associated 
risk of hypoglycemia
Biguanides
Metformin
The American Association of Clinical Endocrinologists 

(AACE) and the ADA recommend metformin as initial 

therapy after lifestyle modification for type 2 diabetes in 

appropriate patients (Table 2). Metformin inhibits hepatic 

glycogenolysis, gluconeogenesis, and enhances insulin sen-

sitivity in muscle and adipose tissue.23,50,51 An A1C decrease 

of between 1% to 1.5% may be seen with this agent.28 When 

used as monotherapy, it has a minimal risk for hypoglycemia. 

When compared with placebo, hypoglycemia was reported 

in less than 5% of patients taking metformin alone. Since 

metformin enhances insulin sensitivity, when combined with 

other medications that increase circulating levels of insulin, 

the risk of hypoglycemia increases.34 Metformin does not 

induce weight gain, making it an optimal agent in obese 

patients. A modest decrease (10%–30%) in triglyceride lev-

els is also seen.52–55 Common side effects include diarrhea, 

bloating, and nausea. An extremely rare but serious side 

effect of metformin therapy is lactic acidosis (0.03 cases per 

1,000 patient years).56 Because of this risk, metformin should 

not be used in patients with renal or hepatic diseases, alcohol-

ism, or in unstable or hospitalized patients with congestive 

heart failure (CHF).

Thiazolidinediones (TZDs)
Pioglitazone and rosiglitazone
Pioglitazone is considered as second-line therapy to be added 

to metformin if target A1C is not met, or may be used as 

first-line therapy in patients who cannot take metformin by 

AACE/ADA guidelines.23 TZDs increase glucose transporter 

expression on the cell surface of muscle, liver, and adipose 

tissues, causing enhanced insulin sensitivity and glucose 

uptake into these tissues.23,50,51 These medications reduce 

A1C by 1% to 1.5% and, similar to metformin, these agents 

carry a low risk of hypoglycemia when used in monotherapy.51 

Pioglitazone has been associated with significant improve-

ments in plasma lipids independent of glycemic control, but 

also causes an increase in weight.57,58 Other adverse effects 

include fluid retention, CHF, and bone fractures.59 Concerns 

over an increased risk of a heart attack with rosiglitazone 

led to its restricted use through the Avandia-Rosiglitazone 

Medicines Access Program (REMS).57

Dipeptidyl peptidase-4 (DDP-4) 
inhibitors
Sitagliptin, saxagliptin, linagliptin, and alogliptin
Agents in this class may be used as first-line therapy in 

patients who cannot take metformin, but are otherwise sec-

ond line agents.23 The DDP-4 enzyme is responsible for the 

breakdown of the incretin hormones glucagon-like peptide-1 

(GLP-1) and glucagon-dependent insulinotropic polypeptide 

(GIP). DDP-4 inhibitors therefore enhance circulating con-

centrations of active GLP-1 and GIP, indirectly doing some 

of the same actions as the GLP-1 agonists.60 In addition, 

slightly lower rates of A1C reductions are seen with these 

agents between 0.5% to 1%.51 DDP-4 inhibitors generally 

do not cause hypoglycemia when used as monotherapy, are 

weight neutral, and relatively well tolerated.61

Alpha-glucosidase inhibitors
Acarbose and miglitol
These agents are third-line therapies because of their lower or 

equivalent overall glucose lowering effectiveness compared 

to other therapies and/or their limited clinical data or relative 

expense.23 This class of medications competitively block the 

brush border alpha-glucosidase enzymes necessary for the 

breakdown of complex carbohydrates and thus slows glucose 

absorption after meal ingestion.23 Moderate reductions in A1C 

of 0.5% to 1% are expected.62 Since the mechanism of these 

agents does not increase circulating insulin levels, the risk of 

hypoglycemia is very low.63 However, should a patient experi-

ence hypoglycemia, it cannot be treated with sucrose, or table 

sugar (which is hydrolyzed to glucose and fructose), since the 

absorption is inhibited by the mechanism of these medications. 

Hypoglycemic episodes must be treated with simple sugars, 

such as oral glucose (dextrose).31 Other common adverse 

effects include bloating, abdominal pain, and flatulence.23

Sodium-glucose co-transporter 2 
(SGLT2) inhibitors
Canagliflozin
The ADA guidelines do not mention this agent, as these guide-

lines were published before the approval of SGLT2 inhibitors. 
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The AACE guidelines base their recommendations on the 

Phase III clinical trials data for this agent as a second-line 

therapy to be added to metformin if target A1C is not met, or 

as first-line therapy in patients who cannot take metformin.64 

These agents decrease plasma glucose by reducing the reab-

sorption of filtered glucose, lowering the renal threshold for 

glucose, and increasing urinary glucose excretion. SGLT2 

inhibitors have been associated with a decrease in A1C by 

0.7% to 1%, weight loss, a slight reduction of systolic blood 

pressure, and a low risk of hypoglycemia with monotherapy. 

Canagliflozin may also increase low-density lipoprotein 

(LDL) and increase risk of stroke. Other adverse effects 

include urinary tract infections (UTIs) and genital fungal 

infections.65,66

Meglitinides
Repaglinide and nateglinide
These agents are mainly reserved as a second-line therapy 

to be added to metformin if target A1C is not met, or may 

be used as first-line therapy in patients who cannot take 

metformin.23 Similar to sulfonylureas, meglitinides are 

insulin secretagogues that work by stimulating rapid insulin 

release from the pancreatic beta-cells in response to glucose. 

A decrease in A1C of 0.5% to 1% may be seen when using 

these medications.51 Varghese et al reviewed the use of 

meglitinides in 2,174 patients on antihyperglycemic agents 

(with or without insulin) over 3 months. They reported 7.1% 

(1/14) and 7.0% (4/57) of those on nateglinide and repaglin-

ide, respectively, experienced a hypoglycemic occurrence.67 

Compared with sulfonylureas, these agents cause less occur-

rences of hypoglycemia; however, they pose a similar risk of 

weight gain.68 This lower hypoglycemia risk is also thought 

to be secondary to the rapid onset and short duration of these 

medications, which also contributes to its more frequent 

dosing schedule.69

Sulfonylureas
Glyburide, glipizide, and glimepiride
The AACE and ADA consider these as second-line therapies 

to be added to metformin if target A1C is not met, or may 

be used as first-line therapy in patients who cannot take 

metformin. Sulfonylureas are insulin secretagogues that 

appear to work by stimulating insulin secretion from beta 

cells of the pancreas.50,51 Typically, monotherapy reduces 

A1C by 1% to 1.5%.51 Although these medications are 

efficacious, hypoglycemia is a very common adverse effect 

even when administered as monotherapy and the rate of 

hypoglycemia differs with each sulfonylurea based on each 

agent’s  pharmacokinetic properties.51,70,71 Glyburide has been 

associated with a higher incidence of hypoglycemia when 

compared to glipizide (1.9 adjusted relative risk [ARR]), 

likely due to the accumulation of active metabolites.72 To 

help avoid this accumulation, glyburide should be avoided 

in patients with a creatinine clearance of ,50 mL/minute.73 

Glimepiride and glipizide are thought to be better options 

for patients at increased risk of hypoglycemia; however, 

they are not risk-free. Inzucchi et al conducted a study to 

assess hypoglycemia incidence in 2,174 patients receiving 

antihyperglycemic agents (with or without insulin) over a  

period of 3 months.51 They found the incidence of a single 

episode of hypoglycemia to be 13.6% (8/59), 10.0% (19/190), 

and 19.1% (18/94) in those taking glimepiride, glipizide, and 

glyburide, respectively.51 In addition to hypoglycemia, sulfo-

nylureas also cause significant weight gain, secondary to the 

increased amount of circulating endogenous insulin.

GLP-1 agonists
exenatide and liraglutide
The AACE and ADA consider these as second-line therapy 

to be added to metformin if target A1C levels are not met, 

or may be used as first-line therapy in patients who cannot 

take metformin.23 GLP is a gut derived hormone secreted 

in response to food ingestion. These agents stimulate the 

production of insulin in response to high glucose concentra-

tions, inhibit the release of glucagon after meals, slow the 

rate of gastric emptying, and decrease appetite.51 This class of 

medications can decrease A1C between 1% to 1.5%.74 GLP-1 

agonists are associated with a low risk of hypoglycemia and 

modest weight loss, but cause a relatively high incidence of 

gastrointestinal disturbances, including nausea, vomiting, 

and diarrhea.23 Concerns over the association with liraglutide 

and thyroid cancer in rodents and the risk of pancreatitis with 

these agents remains unsettled.51

Amylin analogs
Pramlintide
This agent is considered as a third-line therapy because of 

its lower or equivalent overall glucose lowering effectiveness 

compared to other therapies and/or their limited clinical data 

or relative expense.23 Amylin is a human neuroendocrine 

hormone that is co-released with insulin from pancreatic beta-

cells in a molar ratio of 100:1 (insulin:amylin).  Pramlintide 

is a synthetic analog of amylin and works by slowing gastric 

emptying, leading to feelings of early satiety, and suppresses 

postprandial glucagon secretion.75,76 This agent decreases 

A1C by 0.5% to 1%, but is  associated with a high risk of 
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hypoglycemia when it is combined with insulin therapy, 

as US Food and Drug Administration (FDA)  indicated.51 

 Pramlintide carries a black box warning that when adding 

pramlintide to insulin, the prandial insulin dose must be 

reduced by 50% and titrated up to avoid severe  hypoglycemia. 

Other common adverse effects of pramlintide include nausea 

and vomiting.23,51

insulin
The AACE and ADA guidelines consider insulin, usually 

basal, as second-line therapy to be added on to metformin or 

other antidiabetic agents mentioned previously if target A1C is 

not met, or may be used as first-line therapy in patients who are 

unlikely to reach their target A1C with additional antidiabetic 

medications.23 Insulin therapy mimics physiologic glucose 

control and is associated with a 1.5% to 3.5% A1C  reduction. 

All insulin analogs are associated with some amount of weight 

gain and hypoglycemia. Long acting basal insulins, such as 

insulin glargine and insulin detemir, have a lower risk of 

hypoglycemia when compared to intermediate-acting neutral 

protamine Hagedorn (NPH) insulin.66 In addition, insulin 

glargine was also associated with a lower hypoglycemia risk 

when compared to premixed insulin.77 This lower hypogly-

cemia risk with long acting insulin is most likely due to the 

lack of peaks in their pharmacokinetic profiles. In a systematic 

review of randomized control trials, they looked at insulin 

monotherapy versus combination therapy with oral agents, 

and 13 of the 14 studies showed no significant difference in 

the rates of hypoglycemia between the regimens.78

In some cases, patients require the addition of a rapid act-

ing insulin (basal-bolus regimen), which mimics the mealtime 

insulin response, to achieve optimal glycemic control. Rapid 

acting insulins include insulin lispro, insulin aspart, and 

insulin glulisine. These agents are quickly absorbed into the 

system, and have a rapid onset and shorter duration of action. 

Based on their pharmacokinetic properties, they reduce post-

prandial blood glucose excursions and help lower the risk of 

hypoglycemia between mealtimes. It is imperative that patients 

eat a meal when they take a dose of rapid-acting insulin to 

avoid experiencing severe hypoglycemia due to the excess 

insulin. However, these rapid acting agents are associated 

with a lower risk of hypoglycemia than for those patients on 

short-acting regular human insulin. A systematic review found  

a median 0.3 episodes per 100 person-years in type 2 diabet-

ics for rapid-acting insulins, compared with 4.1 episodes per 

100 person-years in type 2 diabetics for short-acting regular 

insulin.79 It is also suggested that rapid-acting insulins reduce 

the risk of nocturnal hypoglycemia. This is based off a study 

which found that 1.3% of patients experienced major noctur-

nal hypoglycemic events with insulin aspart versus 3.4% of 

patients with short-acting regular insulin.80

Summary and comparison  
of hypoglycemia risks with  
the pharmacotherapy treatment  
options for diabetes
The highest risks of hypoglycemia have been associated with 

sulfonylureas and meglitinides, both secondary to increasing 

the amount of circulating insulin in the body. Both classes 

of medications have increased the absolute risk of hypogly-

cemia by 4%–9% compared to placebo or other agents.81 

 Sulfonylureas have an 11% higher risk of hypoglycemia 

than metformin, and a 9% higher risk than TZDs.82 The risk 

of hypoglycemia with meglitinides is 6% higher than with 

metformin.82

The rate of hypoglycemia in type 2 diabetics on pramlin-

tide therapy was shown to be two to four times greater than 

that of placebo.83,84 To minimize the risk of hypoglycemia, the 

manufacturer recommends reducing the dose of short-acting 

insulin by 50% when starting pramlintide.

Metformin, TZDs, GLP-1 inhibitors, DPP-4 inhibitors, 

alpha-glucosidase inhibitors, and canagliflozin have not been 

shown to significantly increase the risk of hypoglycemia 

compared to placebo.85–89

Glucose monitoring/goals of therapy
Two essential principles of optimal and safe management of 

patients at high risk of hypoglycemia are frequently moni-

toring blood glucose values and individualizing glycemic 

goals.90 The ADA recommends the frequency and timing 

of self-monitoring of blood glucose be individualized and 

determined by the specific needs of each patient.7 Frequent 

self-testing helps recognize the relationship between symp-

toms with decreases in blood glucose and detects developing 

episodes, which allows patients to act promptly to help avoid 

major hypoglycemic events.91–93

Longitudinal studies have demonstrated a strong correla-

tion between improved blood glucose control in early disease 

stages and a reduction in complications.94 The ADA recom-

mends an A1C goal for most non-pregnant adults to be ,7% 

to reduce the occurrence of microvascular  complications.7 

Selected individuals, such as patients with short duration 

of diabetes, long life expectancy, and no significant cardio-

vascular disease (CVD), are appropriate patients to suggest 

a more stringent A1C goal (such as ,6.5%) if this can be 

achieved without significant hypoglycemia.7
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However, this benefit does not apply to all patients, in 

terms of preventing complications and mortality.94 Other 

trials demonstrated risks and uncertain safety margins associ-

ated with restoring normal blood glucose control with narrow 

targets in certain specific patient populations with type 2 

diabetes.95–97 Less stringent A1C goals (such as ,8%) may 

be appropriate for patients with a history of severe hypogly-

cemia, limited life expectancy, advanced microvascular or 

macrovascular diseases, extensive comorbid conditions, and 

those with a long duration of diabetes in whom achieving the 

general goal is problematic.7

Conclusion
It appears that the diagnosis of diabetes is on the rise in the 

US and the need for medication treatment for this disease 

is increasing. The ADA has set specific treatment goals for 

diabetics, and the aggressive treatment to reach these goals 

may lead to increased incidences of hypoglycemia. Some 

medications, such as metformin and DDP-4 inhibitors, do 

not generally cause hypoglycemia when used as monothera-

pies; however, many diabetics require additional agents 

added on to these medications to reach their therapeutic 

goals. Many other medications, such as sulfonylureas, 

meglitinides and others, may cause hypoglycemia when 

used alone to treat diabetes. Insulin therapy will continue 

to have the highest incidences of hypoglycemia; however, 

with the use of the new long acting insulins, such as glargine 

and detemir, these incidences can be reduced. The need 

for multiple therapies, comorbidities, and lack of patient 

education will continue to play a role in hypoglycemic 

incidences. Hypoglycemia will always be a risk when treat-

ing diabetes; however, it is important to individualize the 

treatment strategy for each diabetic to help them achieve 

their individual treatment goals while minimizing their risk 

for hypoglycemia.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Centers for Disease Control and Prevention. National diabetes fact sheet: 

national estimates and general information on diabetes and prediabetes in 
the United States, 2011. Atlanta, GA: Department of Health and Human 
Services, Centers for Disease Control and Prevention; 2011.

2. American Diabetes Association. Diabetes statistics. Available from: 
http://www.diabetes.org/diabetes-basics/statistics/. Accessed November 
6, 2013. 

3. Boyle JP, Thompson TJ, Gregg EW, Barker LE, Williamson DF.  Projection 
of the year 2050 burden of diabetes in the US adult population: dynamic 
modeling of incidence, mortality, and prediabetes prevalence. Popul 
Health Metr. 2010;8:29.

 4. The effect of intensive treatment of diabetes on the development and 
progression of long-term complications in insulin-dependent diabetes 
mellitus. The Diabetes Control and Complications Trial Research Group. 
N Engl J Med. 1993;329(14):977–986.

 5. Intensive blood-glucose control with sulphonylureas or insulin com-
pared with conventional treatment and risk of complications in patients 
with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study 
(UKPDS) Group. Lancet. 1998;352(9131):837–853.

 6. Cryer PE. Hypoglycaemia: the limiting factor in the glycaemic man-
agement of Type I and Type II diabetes. Diabetologia. 2002;45(7): 
937–948.

 7. American Diabetes Association. Standards of medical care in  diabetes –  
2013. Diabetes Care. 2013;36(Suppl 1):S11–S66.

 8. Abraira C, Colwell JA, Nuttall FQ, et al. Veterans Affairs Cooperative 
Study on glycemic control and complications in type II diabetes (VA 
CSDM). Results of the feasibility trial. Veterans Affairs Cooperative 
Study in Type II Diabetes. Diabetes Care. 1995;18(8):1113–1123.

 9. Saudek CD, Duckworth WC, Giobbie-Hurder A, et al. Implantable insulin 
pump vs multiple-dose insulin for non-insulin-dependent diabetes mel-
litus: a randomized clinical trial. Department of Veterans Affairs Implant-
able Insulin Pump Study Group. JAMA. 1996;276(16): 1322–1327.

 10. MacLeod KM, Hepburn DA, Frier BM. Frequency and morbidity of 
severe hypoglycaemia in insulin-treated diabetic patients. Diabet Med. 
1993;10(3):238–245.

 11. Henry RR, Gumbiner B, Ditzler T, Wallace P, Lyon R, Glauber HS. Inten-
sive conventional insulin therapy for type II diabetes. Metabolic effects 
during a 6-mo outpatient trial. Diabetes Care. 1993;16(1): 21–31.

 12. Bell DS, Yumuk V. Frequency of severe hypoglycemia in patients with 
non-insulin-dependent diabetes mellitus treated with sulfonylureas or 
insulin. Endocr Pract. 1997;3(5):281–283.

 13. Hepburn DA, Deary IJ, Frier BM, Patrick AW, Quinn JD, Fisher BM. 
Symptoms of acute insulin-induced hypoglycemia in humans with and 
without IDDM. Factor-analysis approach. Diabetes Care. 1991;14(11): 
949–957.

 14. Landstedt-Hallin L, Adamson U, Lins PE. Oral glibenclamide suppresses 
glucagon secretion during insulin-induced hypoglycemia in patients with 
type 2 diabetes. J Clin Endocrinol Metab. 1999;84(9): 3140–3145.

 15. McAulay V, Frier BM. Hypoglycemia. In: Sinclair AJ, Finucane P, 
editors. Diabetes in Old Age. 2nd ed. Chichester, UK: John Wiley and 
Sons; 2001:133–152.

 16. Desouza C, Salazar H, Cheong B, Murgo J, Fonseca V. Association 
of hypoglycemia and cardiac ischemia: a study based on continuous 
monitoring. Diabetes Care. 2003;26(5):1485–1489.

 17. Weight gain associated with intensive therapy in the diabetes control 
and complications trial. The DCCT Research Group. Diabetes Care. 
1988;11(7):567–573.

 18. Campbell IW. Metformin and the sulphonylureas: the comparative risk. 
Horm Metab Res Suppl. 1985;15:105–111.

 19. Kalra S, Mukherjee JJ, Venkataraman S, et al. Hypoglycemia: The neglected 
complication. Indian J Endocrinol Metab. 2013;17(5):819–834.

 20. Hartling SG, Faber OK, Wegmann ML, Wåhlin-Boll E, Melander A.  
Interaction of ethanol and glipizide in humans. Diabetes Care. 
1987;10(6):683–686.

 21. Tattersall RB. Frequency, causes and treatment of hypoglycemia. In: 
Frier BM, Fisher BM, editors. Hypoglycaemia in Clinical Diabetes. 
Chichester, UK: John Wiley and Sons; 1999:55–88.

 22. United Kingdom Prospective Diabetes Study 24: a 6-year, random-
ized, controlled trial comparing sulfonylurea, insulin, and metformin 
therapy in patients with newly diagnosed type 2 diabetes that could not 
be controlled with diet therapy. United Kingdom Prospective Diabetes 
Study Group. Ann Intern Med. 1998;128(3):165–175.

 23. Nathan DM, Buse JB, Davidson MB, et al; American Diabetes Associa-
tion; European Association for Study of Diabetes. Medical manage-
ment of hyperglycemia in type 2 diabetes: a consensus algorithm for 
the initiation and adjustment of therapy: a consensus statement of the 
American Diabetes Association and the European Association for the 
Study of Diabetes. Diabetes Care. 2009;32(1):193–203.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.diabetes.org/diabetes-basics/statistics/


Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

93

Type 2 diabetes and hypoglycemia

 24. Holstein A, Hammer C, Hahn M, Kulamadayil NS, Kovacs P. Severe 
sulfonylurea-induced hypoglycemia: a problem of uncritical prescrip-
tion and deficiencies of diabetes care in geriatric patients. Expert Opin 
Drug Saf. 2010;9(5):675–681.

 25. Feil DG, Rajan M, Soroka O, Tseng CL, Miller DR, Pogach LM. 
Risk of hypoglycemia in older veterans with dementia and cognitive 
impairment: implications for practice and policy. J Am Geriatr Soc. 
2011;59(12):2263–2272.

 26. Shah N, Mohammad A, Afridi H, et al. Prevalence, risk factors and 
outcomes of hypoglycemia in elderly diabetic patients. J Postgrad Med 
Inst. 2013;26(3):272–276.

 27. Hsia SH. Insulin glargine compared to NPH among insulin-naïve, US 
inner city, ethnic minority type 2 diabetic patients. Diabetes Res Clin 
Pract. 2011;91(3):293–299.

 28. Pugh SK, Doherty DA, Magann EF, Chauhan SP, Hill JB, Morrison JC. 
Does hypoglycemia following a glucose challenge test identify a high 
risk pregnancy? Reprod Health. 2009;6:10.

 29. Kalra S, Mukherjee JJ, Venkataraman S, et al. Hypoglycemia: The 
neglected complication. Indian J Endocrinol Metab. 2013;17(5): 
819–834.

 30. Edelman SV, Henry RR, editors. Diagnosis and Management Off Type 2 
Diabetes. 4th ed. Caddo: Professional Communications; 2001.

 31. Precose® (acarbose) [package insert]. Wayne, NJ: Bayer Healthcare; 
2011.

 32. Glyset® (miglitol) [package insert]. New York, NY: Pharmacia and 
Upjohn; 2012.

 33. Symlin® (pramlintide) [package insert]. San Diego, CA: Amylin: 2008.
 34. Glucophage® (metformin) [package insert]. Princeton, NJ: Bristol Myers 

Squibb; 2009.
 35. Onglyza® (saxaliptin) [package insert].  Princeton, NJ: Bristol Myers 

Squibb; 2013.
 36. Januvia® (sitagliptin) [package insert]. Whitehouse Station, NJ: Merck; 

2010.
 37. Tradjenta® (linagliptin) [package insert]. Ridgefield, CT: Boehringer 

Ingelheim; 2013.
 38. Byetta® (exenatide) [package insert]. San Diego, CA: Amylin; 2011.
 39. Bydureon® (exenatide LAR) [package insert]. San Diego, CA: Amylin; 

2012.
 40. Victoza® (liraglutide) [package insert]. Plainsboro, NJ; Novo Nordisk; 

2013.
 41. Starlix® (nateglinide) [package insert]. East Hanover, NJ: Novartis; 

2013.
 42. Nesina® (alogliptin) [package insert]. Deerfield, IL: Takeda; 2013.
 43. Prandin® (repaglinide) [package insert]. Plainsboro, NJ; Novo Nordisk; 

2011.
 44. Diabeta® (acarbose) [package insert]. Bridgewater, NJ: Sanofi Aventis; 

2013.
 45. Glucotrol® (glipizide) [package insert]. New York, NY: Pfizer; 2013.
 46. Amaryl® (glimepiride) [package insert]. Bridgewater, NJ: Sanofi Aven-

tis; 2009.
 47. Actos® (pioglitazone) [package insert]. Deerfield, IL: Takeda; 2013.
 48. Avandia® (rosiglitazone) [package insert]. Research Triangle Park, NC: 

GlaxoSmithKline; 2013.
 49. Invokana® (canagliflozin) [package insert]. Titusville, NC: Janssen; 2013.
 50. Garber AJ, Abrahamson MJ, Barzilay JI, et al; American Association of 

Clinical Endocrinologists. AACE comprehensive diabetes management 
algorithm 2013. Endocr Pract. 2013;19(2):327–336.

 51. Inzucchi SE, Bergenstal RM, Buse JB, et al; American Diabetes Associa-
tion (ADA); European Association for the Study of Diabetes (EASD). 
Management of hyperglycemia in type 2 diabetes: a patient-centered 
approach: position statement of the American Diabetes Association 
(ADA) and the European Association for the Study of Diabetes (EASD). 
Diabetes Care. 2012;35(6):1364–1379.

 52. Effect of intensive blood-glucose control with metformin on compli-
cations in overweight patients with type 2 diabetes (UKPDS 34). UK 
Prospective Diabetes Study (UKPDS) Group. Lancet. 1998;352(9131): 
854–865.

 53. Nagi DK, Yudkin JS. Effects of metformin on insulin resistance, risk 
factors for cardiovascular disease, and plasminogen activator inhibitor 
in NIDDM subjects. A study of two ethnic groups. Diabetes Care. 
1993;16(4):621–629.

 54. Grant PJ. The effects of high- and medium-dose metformin therapy on 
cardiovascular risk factors in patients with type II diabetes. Diabetes 
Care. 1996;19(1):64–66.

 55. DeFronzo RA, Goodman AM. Efficacy of metformin in patients with 
non-insulin-dependent diabetes mellitus. The Multicenter Metformin 
Study Group. N Engl J Med. 1995;333(9):541–549.

 56. Chan NN, Brain HP, Feher MD. Metformin-associated lactic acidosis: 
a rare or very rare clinical entity? Diabet Med. 1999;16(4):273–281.

 57. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocar-
dial infarction and death from cardiovascular causes. N Engl J Med. 
2007;356(24):2457–2471.

 58. Goldberg RB, Kendall DM, Deeg MA, et al; GLAI Study  Investigators. 
A comparison of lipid and glycemic effects of pioglitazone and rosigli-
tazone in patients with type 2 diabetes and dyslipidemia. Diabetes Care. 
2005;28(7):1547–1554.

 59. Loke YK, Singh S, Furberg CD. Long-term use of thiazolidinediones 
and fractures in type 2 diabetes: a meta-analysis. CMAJ. 2009;180(1): 
32–39.

 60. Deacon CF. Dipeptidyl peptidase-4 inhibitors in the treatment of type 2  
 diabetes: a comparative review. Diabetes Obes Metab. 2011;13(1): 
7–18.

 61. Goldstein BJ,  Feinglos MN, Lunceford JK,  Johnson J, 
Williams-Herman DE; Sitagliptin 036 Study Group. Effect of initial 
combination therapy with sitagliptin, a dipeptidyl peptidase-4 inhibitor, 
and metformin on glycemic control in patients with type 2 diabetes. 
Diabetes Care. 2007;30(8):1979–1987.

 62. Van de Laar FA, Lucassen PL, Akkermans RP, et al. Alpha-glucosidate 
inhibitors for type 2 diabetes mellitus [review]. Cochrane Database Syst 
Rev. 2009;2:CD003639.

 63. Scheen AJ. Clinical efficacy of acarbose in diabetes mellitus: a critical 
review of controlled trials. Diabetes Metab. 1998;24(4):311–320.

 64. Garber AJ, Abrahamson MJ, Barzilay JI, et al; American Association of 
Clinical Endocrinologists. AACE comprehensive diabetes management 
algorithm 2013. Endocr Pract. 2013;19(2):327–336.

 65. Little S, Shaw J, Home P. Hypoglycemia rates with basal insulin analogs. 
Diabetes Technol Ther. 2011;13 Suppl 1:S53–S64.

 66. Stenlöf K, Cefalu WT, Kim KA, et al. Long-term efficacy and safety of 
canagliflozin monotherapy in patients with type 2 diabetes inadequately 
controlled with diet and exercise: findings from the 52-week CANTATA-
M study. Curr Med Res Opin. [Epub ahead of print.]

 67. Varghese P, Gleason V, Sorokin R, Senholzi C, Jabbour S, Gottlieb JE. 
Hypoglycemia in hospitalized patients treated with antihyperglycemic 
agents. J Hosp Med. 2007;2(4):234–240.

 68. Gerich J, Raskin P, Jean-Louis L, Purkayastha D, Baron MA. 
PRESERVE-beta: two-year efficacy and safety of initial combination 
therapy with nateglinide or glyburide plus metformin. Diabetes Care. 
2005;28(9):2093–2099.

 69. Modi P. Diabetes beyond insulin: review of new drugs for treatment of 
diabetes mellitus. Curr Drug Discov Technol. 2007;4(1):39–47.

 70. Ferner RE, Neil HA. Sulphonylureas and hypoglycaemia. Br Med J 
(Clin Res Ed). 1988;296(6627):949–950.

 71. DeFronzo RA. Pharmacologic therapy for type 2 diabetes mellitus. Ann 
Intern Med. 1999;131(4):281–303.

 72. Shorr RI, Ray WA, Daugherty JR, Griffin MR. Individual sulfony-
lureas and serious hypoglycemia in older people. J Am Geriatr Soc. 
1996;44(7):751–755.

 73. Brodows RG. Benefits and risks with glyburide and glipizide in elderly 
NIDDM patients. Diabetes Care. 1992;15(1):75–80.

 74. Peters A. Incretin-based therapies: review of current clinical trial data. 
Am J Med. 2010;123(Suppl 3):S28–S37.

 75. Butler PC, Chou J, Carter WB, et al. Effects of meal ingestion on plasma 
amylin concentration in NIDDM and nondiabetic humans. Diabetes. 
1990;39(6):752–756.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy is 
an international, peer-reviewed open-access journal committed to 
the rapid publication of the latest laboratory and clinical findings 
in the fields of diabetes, metabolic syndrome and obesity research.  
Original research, review, case reports, hypothesis formation, expert 

opinion and commentaries are all considered for publication. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

94

Anderson et al

 76. Schmitz O, Brock B, Rungby J. Amylin agonists: a novel approach in 
the treatment of diabetes. Diabetes. 2004;53 Suppl 3:S233–S238.

 77. Janka HU, Plewe G, Riddle MC, Kliebe-Frisch C, Schweitzer MA, 
Yki-Järvinen H. Comparison of basal insulin added to oral agents 
versus twice-daily premixed insulin as initial insulin therapy for type 
2 diabetes. Diabetes Care. 2005;28(2):254–259.

 78. Goudswaard AN, Furlong NJ, Rutten GE, Stolk RP, Valk GD. Insulin 
monotherapy versus combinations of insulin with oral hypoglycaemic 
agents in patients with type 2 diabetes mellitus. Cochrane Database 
Syst Rev. 2004;(4):CD003418.

 79. Siebenhofer A, Plank J, Berghold A, et al. Short acting insulin ana-
logues versus regular human insulin in patients with diabetes mellitus. 
Cochrane Database Syst Rev. 2006;(2):CD003287.

 80. Home PD, Lindholm A, Riis A; European Insulin Aspart Study Group. 
Insulin aspart vs human insulin in the management of long-term blood 
glucose control in Type 1 diabetes mellitus: a randomized controlled 
trial. Diabet Med. 2000;17(11):762–770.

 81. Bolen S, Feldman L, Vassy J, et al. Systematic review: comparative 
effectiveness and safety of oral medications for type 2 diabetes mellitus. 
Ann Intern Med. 2007;147(6):386–399.

 82. Bennett WL, Maruthur NM, Singh S, et al. Comparative effectiveness and 
safety of medications for type 2 diabetes: an update including new drugs 
and 2-drug combinations. Ann Intern Med. 2011;154(9):602–613.

 83. Ratner RE, Want LL, Fineman MS, et al. Adjunctive therapy with the 
amylin analogue pramlintide leads to a combined improvement in 
glycemic and weight control in insulin-treated subjects with type 2 
diabetes. Diabetes Technol Ther. 2002;4(1):51–61.

 84. Hollander PA, Levy P, Fineman MS, et al. Pramlintide as an adjunct 
to insulin therapy improves long-term glycemic and weight control 
in patients with type 2 diabetes: a 1-year randomized controlled trial. 
Diabetes Care. 2003;26(3):784–790.

 85. Garber AJ, Duncan TG, Goodman AM, Mills DJ, Rohlf JL. Efficacy 
of metformin in type II diabetes: results of a double-blind, placebo-
controlled, dose-response trial. Am J Med. 1997;103(6):491–497.

 86. Aronoff S, Rosenblatt S, Braithwaite S, Egan JW, Mathisen AL, 
 Schneider RL. Pioglitazone hydrochloride monotherapy improves glyce-
mic control in the treatment of patients with type 2 diabetes: a 6-month 
randomized placebo-controlled dose-response study. The Pioglitazone 
001 Study Group. Diabetes Care. 2000;23(11):1605–1611.

 87. Amori RE, Lau J, Pittas AG. Efficacy and safety of incretin therapy 
in type 2 diabetes: systematic review and meta-analysis. JAMA. 
2007;298(2):194–206.

 88. Wang JS, Huang CN, Hung YJ, et al; Acarbose/metformin fixed-dose 
combination study investigators. Acarbose plus metformin fixed-dose 
combination outperforms acarbose monotherapy for type 2 diabetes. 
Diabetes Res Clin Pract. 2013;102(1):16–24.

 89. Cryer PE. Hypoglycemia Pathophysiology, Diagnosis and Treatment. 
New York: Oxford University Press; 1997.

 90. Noh RM, Graveling AJ, Frier BM. Medically minimising the impact of 
hypoglycaemia in type 2 diabetes: a review. Expert Opin Pharmacother. 
2011;12(14):2161–2175.

 91. Bolli GB. How to ameliorate the problem of hypoglycemia in intensive 
as well as nonintensive treatment of type 1 diabetes. Diabetes Care. 
1999;22 Suppl 2:B43–B52.

 92. Davis S, Alonso MD. Hypoglycemia as a barrier to glycemic control. 
J Diabetes Complications. 2004;18(1):60–68.

 93. Effect of intensive blood-glucose control with metformin on complications 
in overweight patients with type 2 diabetes (UKPDS 34). UK Prospective 
Diabetes Study (UKPDS) Group. Lancet. 1998;352(9131): 854–865.

 94. Ceriello A, Gallo M, Armentano V, Perriello G, Gentile S, De Micheli A;  
Associazione Medici Diabetologi. Personalizing treatment in type 2  
diabetes: a self-monitoring of blood glucose inclusive innovative 
approach. Diabetes Technol Ther. 2012;14(4):373–378.

 95. Action to Control Cardiovascular Risk in Diabetes Study Group. 
Effects of intensive glucose lowering in type 2 diabetes. N Eng J Med. 
2008;358:2545–2559.

 96. Patel A, MacMahon S, Chalmers J, et al. ADVANCE Collaborative 
Group. Intensive blood glucose control and vascular outcomes in patients 
with type 2 diabetes. N Engl J Med. 2008;358(24):2560–2572.

 97. Duckworth W, Abraira C, Moritz T, et al; VADT Investigators. Glucose 
control and vascular complications in veterans with type 2 diabetes. 
N Engl J Med. 2009;360(2):129–139.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


