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Abstract
Hypoglycemia is a common complication in patients with diabetes, mainly in those treated with insulin, sulfonylurea, or glinide. Impairments in counterregulatory responses and hypoglycemia unawareness constitute the main risk factors for severe hypoglycemia. Episodes of hypoglycemia are associated with physical and psychological morbidity. The fear of hypoglycemia constitutes a barrier that impairs the patient’s ability to reach good glycemic control. To prevent hypoglycemia, much effort must be invested in patient education regarding risk factors, warning signs, and treatment of hypoglycemia at an early stage, together with setting personalized goals for glycemic control. In this review, we present a comprehensive update on the treatment and prevention of hypoglycemia in type 1 and type 2 diabetic patients.
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Core Tip: Hypoglycemia in diabetes is associated with increased morbidity and constitutes a barrier to glycemic control. Great effort must be invested in patient education on hypoglycemia prevention and management. Herein we present the recent data on the treatment and prevention of hypoglycemia in diabetes, with a focus on the benefits of treatment adjustment and the role of continuous glucose monitoring.


INTRODUCTION
Hypoglycemia is defined as a condition where plasma glucose concentration is low, which may expose patients to possible harm. This is common amongst persons who have type 1 diabetes, with an annual incidence of severe hypoglycemia ranging from 3.3% to 13.5%[1]. While patients treated with insulin or insulin secretagogues (sulfonylureas and meglitinides) are generally at higher risk[2], severe hypoglycemia is less common in patients with type 2 diabetes.
Glucose-lowering medications that do not cause unregulated insulin secretion, such as dipeptidyl peptidase-4 inhibitors, metformin, glucagon-like peptide-1 receptor agonists, thiazolidinediones, and sodium-glucose cotransporter-2 inhibitors are associated with lower risk of hypoglycemia, unless used in combination with insulin or insulin secretagogues[3].
Historically, lowering the glycemic targets in diabetes in order to prevent microvascular and macrovascular complications has led to greater risk of hypoglycemia. In the United Kingdom Prospective Diabetes Study (UKPDS), when the HbA1c goal was 7% in the intensive treatment arm, the yearly incidence rate of severe hypoglycemia ranged from 0.7%-1.8% in type 2 diabetes patients receiving conventional treatment or treated with insulin, respectively[4]. In the ACCORD, ADVANCE, and VADT trials, significant increases in hypoglycemic episodes were observed in the intensive treatment as compared to the standard treatment groups (Figure 1)[5-8]. In the Diabetes Control and Complications Trial (DCCT), at least one episode of severe hypoglycemia during the follow-up period was experienced in ≤ 65% of type 1 diabetes patients in the intensive treatment arm[9]. Interestingly, observational studies point to a lack of significant reduction in the incidence of severe hypoglycemia over the last 20 years, albeit some recent studies have reported decreasing trends, especially among patients with type 2 diabetes[10-12].
In patients with diabetes, it is not easy to determine a specific plasma glucose concentration that is diagnostic of hypoglycemia, because the threshold for the appearance of hypoglycemia symptoms varies among patients. This threshold drops due to recurrent episodes of hypoglycemia and rises in individuals with uncontrolled diabetes.
The current classification of hypoglycemic episodes in diabetes includes three levels corresponding to the severity of hypoglycemia[13]:
Level 1 hypoglycemia: defined as plasma glucose concentration < 70 mg/dL but > 54 mg/dL. Plasma glucose of 70 mg/dL constitutes the threshold concentration below which neuroendocrine responses to hypoglycemia usually appear in individuals without diabetes. Many patients with diabetes suffer from impaired defense mechanisms against hypoglycemia and/or lack of hypoglycemia awareness; therefore, plasma glucose concentrations < 70 mg/dL are defined as clinically significant in diabetes and require intervention irrespective of symptom severity.
Level 2 hypoglycemia: defined as plasma glucose concentration below 54 mg/dL requiring immediate intervention to correct the hypoglycemia. 
Level 3 hypoglycemia: defined as a serious event characterized by a change in the mental status or impairment in the patient’s physical ability to function that requires intervention by another person to correct the glucose concentration.

Symptoms of hypoglycemia
Symptoms of hypoglycemia include autonomic symptoms and neuroglycopenic symptoms. These vary among patients according to age and diabetes duration. For example, children may demonstrate emotional and behavioral changes secondary to hypoglycemia in addition to classic autonomic and neuroglycopenic symptoms.
Autonomic symptoms include anxiety, tremor, palpitations, diaphoresis, paresthesia, and sensation of hunger.
Neuroglycopenic symptoms include lack of concentration, headache, blurred vision, dizziness, confusion, convulsions, speech disturbance, restlessness, and loss of consciousness.
Neuroglycopenic symptoms result from brain neuronal glucose deprivation. The glycemic threshold for neuroglycopenic symptoms is typically around 54 mg/dL[13]. Unlike autonomic symptoms, the onset of neuroglycopenic symptoms is usually not affected by counter-regulatory hormonal failure or previous episodes of hypoglycemia[14].

RISK FACTORS FOR HYPOGLYCEMIA
Risk factors for hypoglycemia can be from therapeutic hyperinsulinemia or failure of “defense mechanisms” from a drop in plasma glucose concentration.
Conditions causing therapeutic hyperinsulinemia include: (1) Treatment with insulin, sulfonylureas, or glinides, if administered at high dose or with incorrect timing related to meal; (2) Lack of exogenous glucose, such as when eating a very low carbohydrate food portion, or during prolonged fasting; Lack of endogenic glucose production after drinking alcohol, (3) Increase in glucose consumption during or after physical exercise; (4) Increase in insulin sensitivity due to weight loss or physical exertion; and (5) Drop in insulin excretion under conditions such as renal failure, hepatic failure, and hypothyroidism[15] .

Impairment in counter-regulatory responses to hypoglycemia
A decrease in plasma glucose concentration may lead to two main responses in the body under normal conditions: (1) Increase in endogenous glucose production by glycogenolysis and gluconeogenesis; and (2) Behavioral changes leading to a sensation of hunger and food seeking[8].
In non-diabetic patients, the initial response to a drop in glucose concentration is reduced insulin secretion. This occurs while the glucose concentration is still within the low physiological range. An additional drop in glucose will cause increased secretion of glucagon and epinephrine (also cortisol and growth hormone, whose roles are less significant) so that lower glucose concentrations activate an intensive sympathoadrenal reaction leading to the appearance of relevant symptoms, with additional lowering of glucose concentration liable to cause cognitive deterioration and severe neurological effects (e.g., convulsions, loss of consciousness)[16].
The above defense mechanisms are often impaired in patients with diabetes and significant beta-cell failure who lack an initial response to a drop in insulin. This leads to a delay in the secretion of glucose from the liver during hypoglycemia. The rate of hypoglycemic episodes increases with the duration of diabetes, perhaps due to the gradual lack of endogenous insulin, which occurs more rapidly in patients with type 1 diabetes and slower in those with type 2 diabetes[8].
In addition, although it is normal in the initial stages of diabetes, the glucagon reaction to hypoglycemia deteriorates over time in type 1 diabetes, and more slowly in persons with type 2 diabetes. In advanced stages, there is also a marked impairment in the sympathoadrenal reactions to hypoglycemia. The drop in the adrenal reaction is secondary to the reduction in the plasma glucose threshold required to activate this mechanism. In patients with type 1 diabetes, a combined reduction in glucagon and epinephrine reactions to hypoglycemia increases risk of hypoglycemia. These mechanisms also occur in the initial stages of type 2 diabetes but less as diabetes progresses[8].

Hypoglycemia unawareness
It is believed that the impaired sympathoadrenal response is secondary to repeated episodes of hypoglycemia that reduce the autonomic response to other hypoglycemic events. This exposes patients to a vicious cycle of frequent hypoglycemia events and shifts glycemic thresholds for symptoms to lower plasma glucose concentrations close to levels that cause cognitive failure. After 25 years of treatment, the prevalence of this phenomenon in patients with type 1 diabetes reached 50%, as compared to a prevalence of approximately 10% in type 2 diabetics. It is unclear whether this phenomenon develops in diabetic patients taking oral medications alone[8]. This condition was defined by Cryer as hypoglycemia-associated autonomic failure (HAAF)[17].
The defense mechanisms may be impaired by repeated hypoglycemia events, physical exercise, and sleep thus contributing to the development of hypoglycemia.
The presumed mechanisms of hypoglycemia unawareness are summarized in Figure 2[12].
Recurrent hypoglycemia can develop as a result of reduced autonomic response to hypoglycemia with attenuation of autonomic warning symptoms. The defective brain response is characterized by increased GLUT1 activity aimed at preserving brain function and altering glucose sensing in the ventromedial hypothalamus (VMH), mediated by elevated levels of Gamma-Aminobutyric Acid (GABA)[12]).

IMPLICATIONS OF HYPOGLYCEMIA IN DIABETES
Hypoglycemia causes physical and psychological morbidity in diabetic patients. Symptomatic hypoglycemia constitutes a concern and a distraction. It can impair judgment, performance of simple daily activities such as driving, and behavior. In more severe cases, hypoglycemia may result in convulsions and loss of consciousness. Sometimes transient neurological deficits may appear, and rarely, there may be permanent neurological damage.
In systematic follow-up of patients over 18 years from the DCCT/EDIC, no significant reduction in long-term cognitive function was demonstrated in patients with type 1 diabetes[18]. However, the data did not include elderly patients or children with diabetes. Other studies show evidence of a relationship between hypoglycemia and cognitive decline in patients with type 1 or 2 diabetes. In one study, a relationship was found between hypoglycemia and reduction in cognitive function in children, including linguistic abilities, working memory, and speed of non-verbal processing[19]. Other studies suggest that among elderly diabetic patients hypoglycemia had twice the risk of developing dementia[20].
Concern about hypoglycemia is a barrier to diabetes treatment and control, while patients experiencing recurrent episodes of hypoglycemia are also at risk of depression and anxiety.
In a meta-analysis of more than 900000 patients, a 2-fold increase in the risk of cardiovascular morbidity was observed amongst patients with type 2 diabetes and severe hypoglycemia. This phenomenon may be explained by the sympathoadrenal response and marked increase in the level of catecholamines in the blood, causing a direct effect on the myocardium and vascular system, platelet activation, and aggregation[21].
In more severe cases, hypoglycemia is liable to cause mortality, responsible for 4%-10% of mortality in patients with type 1 diabetes[22,23]. In patients with type 2 diabetes, the mortality rate from hypoglycemia is unknown.
Although severe, sustained hypoglycemia may cause brain death, with most cases of sudden death related to cardiac arrhythmias due to enhanced sympathoadrenal reaction causing QT prolongation[24]. Hypoglycemia may affect cardiovascular events by several mechanisms, as detailed in Figure 3[25].
Clinical and epidemiological studies based on tens of thousands of patients with type 1 and type 2 diabetes from a variety of health services in different world regions showed a 1.5- to 6-fold increase in the risk of cardiovascular events and mortality among patients who experienced severe hypoglycemia[26].

Hypoglycemia in pregnancy
It is very important to control diabetes in pregnant women to prevent maternal and fetal complications. The definition and diagnosis of hypoglycemia in pregnancy are challenging because glucose goals during pregnancy are 20% lower than prior to pregnancy[27]. A marked increase of up to 5-fold in the rate of severe hypoglycemia in the first trimester among women with type 1 diabetes has been found[28].
In general, the fetus is not in danger from maternal hypoglycemia if the mother is not injured during the episode. The risk of hypoglycemia in diabetic women treated with insulin also increases with breastfeeding[29].

Hospitalized patients with hypoglycemia
At any given moment persons with diabetes constitute about 30 percent of hospitalized patients[30]. Attitudes towards glycemic control during hospitalization have altered considerably in the last decades, changing from a strict approach with tight control to a more lenient approach with less tight control. For the majority of critically and non-critically ill patients, a target glucose range of 140-180 mg/dL is recommended[31]. This change in recommendations is mostly based on observations that too much control often results in severe hypoglycemia and even endangers life, and thus, for diabetic patients, there is no improvement in morbidity or hospitalization parameters.

HYPOGLYCEMIA TREATMENT
Most self-monitoring diagnoses of episodes of symptomatic or asymptomatic hypoglycemia can be treated effectively by rapid-acting carbohydrate (approximately 20 g of glucose constitutes a reasonable dose in most cases) with an expectation of clinical improvement within 20 min. 
The importance of giving long-acting carbohydrates after correction of glucose level should be emphasized, because in prolonged hyperinsulinemia effects of oral glucose last fewer than 2 h. 
Table 1 presents the protocol for treating hypoglycemia, established mostly in accordance with the Joint British Diabetes Societies guidelines[32].

PREVENTION OF HYPOGLYCEMIA
The approach to hypoglycemia prevention includes patient education, appropriate dietary and exercise regimens, glucose monitoring, medication adjustment, and close clinical supervision[33].

Patient education
The patients and those around them should be educated to identify symptoms of hypoglycemia and given appropriate treatment as soon as possible. It is important to routinely discuss the dangers of developing hypoglycemia and how it should be treated in patients treated with insulin, sulfonylurea, or glinide. In every hypoglycemia documented, the circumstances of the episode should be investigated together with the patient to try to detect the reason, for example, a skipped meal/prolonged fasting, physical exertion, alcohol consumption, and injection of a high insulin dose.
Patients with diabetes who are at increased risk of hypoglycemia are requested to carry glucagon with them at all times. Family members and people in the environment of patients with diabetes should be instructed regarding the administration of glucagon to the patient; they should also know where the glucagon is kept. Glucagon products include a solution for subcutaneous or intramuscular injection and intranasal glucagon (FDA approved in 2019).

Dietary intervention
Dietary intervention includes instruction regarding the amount of carbohydrates at meals and its effect on blood glucose concentration and building a personalized regular meal plan. In patients treated with insulin, there should be an emphasis on the importance of giving insulin with appropriate dosage and timing in relation to meals. Patients at risk of hypoglycemia should be instructed to equip themselves with glucose or foods containing carbohydrates and to always keep them at hand. In some patients, especially those with type 1 diabetes or at high risk of nocturnal hypoglycemia, a bedtime snack can be recommended with the purpose of preventing overnight hypoglycemia.

Recommendations on physical exercise
Physical exercise increases glucose consumption and the risk of hypoglycemia. Risk factors include strenuous, prolonged physical exertion, and lack of energy source relative to the insulin in the body. By monitoring blood glucose before and after physical exercise, early steps can be taken to prevent hypoglycemia. Small meals should be eaten prior to physical exercise if there are drops in glucose concentration. Patients are recommended to equip themselves with rapid-acting carbohydrates during physical exercise. When physical exercise is planned, it is important to adjust the insulin dose.

Glucose monitoring
Self-monitoring of blood glucose (SMBG) and continuous glucose monitoring constitute essential tools to diagnose hypoglycemia in the early stages. SMBG constitutes an integral part of the efforts to prevent hypoglycemia. ADA recommendations for most patients on intensive insulin regimens (multiple daily injections (MDI) or pump) are to check glucose before meals and occasionally post-prandially, before sleep and physical exercise, when there is a suspicion of low blood glucose, after treatment of hypoglycemia, and before certain activities requiring high concentration like driving[34].
There is insufficient information in the literature regarding the frequency of glucose self-monitoring required in patients who do not use intensive insulin regimens, including those with type 2 diabetes using basal insulin and/or oral agents. According to most authorities, monitoring should be less intensive with fasting measurements in the morning and sometimes before supper. 
Continuous glucose monitoring (CGM), which measures the interstitial glucose in real-time, constitutes a potential tool to improve diabetes control and reduce hypoglycemic episodes. There are two types of CGM devices: real-time CGM that provides information about current glucose concentrations and trends to a receiver; and intermittently scanned CGM which requires passing a scanner over the transmitter to determine the glucose concentration.
CGM has been investigated in many studies, with the efficacy of CGM in diabetes control tested in some studies and the integration of CGM intending to reduce hypoglycemic episodes in other studies.
In patients with uncontrolled diabetes (type 1 or type 2), the use of CGM contributed to improved control and reduction of 0.3%-0.6% in HbA1c[35].
Most studies that investigated the use of CGM to prevent hypoglycemia in type 1 diabetes showed a significant reduction in time spent in hypoglycemia within the range of 54-70 mg/dL[35]. To this day, only limited evidence is available on the effectiveness of CGM in reducing level 3 hypoglycemia episodes.
In a study of 120 patients, children and adults, with type 1 diabetes and HbA1c < 7.5% were divided for 26 wk into a group under CGM monitoring and a control group. Patients using CGM spent less time in hypoglycemia per day and was accompanied by better control than the control group[36].
A study of 322 patients with type 1 diabetes treated with an intensive insulin regimen showed that adults > 25 years who used CGM had a decrease of 0.5% in HbA1c vs those who performed SMBG, without a significant difference in hypoglycemia rate. No significant difference was observed in HbA1c or hypoglycemia episodes in people < 25 years[37].
In a recent trial, CGM was effective in reducing hypoglycemia as compared with standard blood glucose monitoring in adults > 60 years with type 1 diabetes[38].
An additional study in patients with type 1 diabetes and initial HbA1c < 7% showed advantages to using CGM with regard to diabetes control and reducing hypoglycemia[39]. 
The HypoDE trial showed that the use of CGM significantly reduced hypoglycemia rate in adult patients with type 1 diabetes with a history of hypoglycemia unawareness or severe hypoglycemia who were treated with an MDI regimen[40]. Nevertheless, a significant reduction in episodes of severe hypoglycemia requiring medical intervention (administration of glucose or glucagon) was not observed when compared to the control group[40].
In the DIAMOND trial that was conducted in patients with type 1 diabetes, use of CGM for 24 wk led to improvement in diabetes control (decrease of 0.6% in HbA1c) with a significant decrease in glycemic variability and reduction in time spent in hypoglycemia, but without change in number of severe hypoglycemia episodes[41].
For patients with type 1 diabetes who experience recurrent episodes of hypoglycemia and/or hypoglycemia unawareness, CGM technology may be useful, though its long-term efficacy has not yet been determined.
An additional technology that has come into use in recent years is flash technology to monitor blood glucose, which works by scanning without the need for finger prick or calibration, which has been proven to significantly reduce hypoglycemia rate in adult patients with well-controlled type 1 diabetes[42].
In the recent ALERTT1 trial, adults with type 1 diabetes who switched from intermittently scanned CGM (devoid of alarms) to real-time CGM (with alarms) had improved glycemic control and lower rates of grade 3 hypoglycemia[43]. However, the ALERTT1 trial results might become less applicable as intermittently scanned CGM devices are being updated to include alarms[44]. Further research comparing real-time CGM with updated intermittently scanned CGM technology is needed.
There is insufficient information in the literature regarding CGM efficacy in preventing hypoglycemia in type 2 diabetes. In a recent meta-analysis, no significant advantage was observed for CGM over SMBG in preventing hypoglycemia among patients with type 2 diabetes treated with insulin. Nevertheless, it should be noted that no increase in the risk of hypoglycemia was observed in patients who used CGM, despite the more significant reduction in HbA1c[45]. Recently, Karter et al[46] followed the outcomes of 3806 insulin-treated patients with diabetes (91% type 1, 9% type 2) who initiated real-time CGM. They demonstrated that patients with type 2 diabetes benefited from the use of CGM in terms of improved glycemic control and a significant decrease in the rate of hypoglycemia-related emergency department or hospital utilization. In a randomized clinical trial reported by Martens et al[47], CGM use in patients with type 2 diabetes treated with basal insulin resulted in better glycemic control with non-significant reduction of CGM-measured hypoglycemia.
However, further dedicated studies are needed to draw clear conclusions regarding CGM utility in hypoglycemia prevention among insulin-treated patients with type 2 diabetes.

Medication adjustment
Some hypoglycemia episodes in diabetes are associated with the treatment itself; therefore, it is important to use drugs with a low risk of hypoglycemia.
Metformin, DPP-4 inhibitors, GLP-1 analogs, SGLT-2 inhibitors, and pioglitazone are all associated with low risk of hypoglycemia in patients with type 2 diabetes. In contrast, sulfonylureas and glinides are associated with higher risk of hypoglycemia[48]; therefore, consideration of dose reduction or cessation of these drugs and switching to a different treatment is recommended in cases of recurrent hypoglycemia.
A decade ago, the transition to the use of long-acting basal insulin analogs (such as Detemir and Glargine U100) led to a significant reduction in episodes of nocturnal hypoglycemia compared to NPH insulin[49,50]. In patients with both type 1 and type 2 diabetes, the new ultra-long basal insulins Glargine U300 (300 units per mL) and Degludec have recently led to a significant additional reduction in the rate of nocturnal hypoglycemia[51-54].
The use of short-acting insulin analogs has also led to a significant reduction in rates of severe hypoglycemia as compared to human insulin[55].
In patients with type 2 diabetes, the combination of basal insulin and GLP-1 analog in one syringe at a fixed ratio showed a significant improvement in diabetes control without increased risk of hypoglycemia[56]. The approach to preventing hypoglycemia in patients with diabetes treated with insulin is detailed in Figure 4[57]. 
A 2010 study showed that the use of continuous subcutaneous insulin infusion (CSII) prevented hypoglycemic episodes and improved the threshold of hypoglycemia awareness in patients with type 1 diabetes who suffered from recurrent episodes of non-severe or severe hypoglycemia[58]. An earlier meta-analysis showed that, compared to the MDI regimen, the use of CSII reduced the rate of severe hypoglycemia, but this conclusion was based on three randomized controlled studies that used NPH or Lente insulin[59]. Data has so far been inconsistent for patients with either type 1 or type 2 diabetes; two meta-analyses concluded there was no advantage to using a CSII over MDI regimen in terms of reducing the risk of severe hypoglycemic events. CSII, especially sensor-augmented insulin pump, showed an advantage in terms of glycemic control in adults with type 1 diabetes mellitus[60,61].
In the ASPIRE trial, using a sensor-augmented insulin pump programmed to suspend insulin infusion in response to low glucose concentrations led to a significant reduction in episodes of nocturnal hypoglycemia in patients with type 1 diabetes, without an increase in HbA1c[62]. 
The HypoCOMPaSS trial, which included patients with type 1 diabetes, compared a group treated with MDI and SMBG with a group treated with CSII and real-time CGM, showing a similar reduction in episodes of severe hypoglycemia and improvement in hypoglycemia awareness in both groups; patient satisfaction was higher in the pump group[63].
In recent years, much effort has been invested in building an “artificial pancreas”- a closed-loop system combining a real-time CGM and CSII using glucose control and safety algorithms that manage insulin delivery in a glucose-responsive manner. The use of an artificial pancreas can reduce the burden on patients by automatically adjusting the delivery of insulin based on sensor glucose levels. Single-hormone (insulin-only) and dual-hormone (insulin and glucagon) systems have been developed. In the dual-hormone system glucagon is also delivered in a similar glucose-responsive manner. 
In a recent systematic review and meta-analysis, it was shown that the use of the “artificial pancreas” technology constitutes effective and safe treatment for patients with type 1 diabetes and leads to improved diabetes control, and reduced time in hypoglycemia[64]. However, current evidence for artificial pancreas systems is limited by inconsistent reporting of outcomes and short follow-up times[64-67].
Pancreatic islet transplantation might be of great promise for patients with type 1 diabetes. Significant progress has been made to improve islet function and clinical outcomes after transplantation. Pancreatic islet transplantation has provided glycemic control, reduced episodes of hypoglycemia, and improved hypoglycemia awareness in patients with type 1 diabetes[68-70].

CONCLUSION
Hypoglycemia in diabetes is associated with increased morbidity and constitutes a barrier to glycemic control. Much effort must be invested in hypoglycemia prevention, including patient education, appropriate dietary and exercise regimens, adjustment of the treatment regimen, and implementation of glucose monitoring systems as appropriate.
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Figure Legends
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Figure 1 Percentage of severe hypoglycemic events in ACCORD, ADVANCE, and VADT. Adapted from Frier et al[8] with permission from the American Diabetes Association. Citation: Frier BM, Schernthaner G, Heller SR. Hypoglycemia and cardiovascular risks. Diabetes Care 2011; 34 Suppl 2: S132-S137. Copyright ©The American Diabetes Association.
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Figure 2 Putative mechanisms of hypoglycemia unawareness. Recurrent hypoglycemia results in a reduced autonomic response to hypoglycemia with attenuation of autonomic warning symptoms. The maladaptive response in the brain is characterized by increased glucose transporter 1 (GLUT1) activity in a bid to preserve brain function and alter glucose sensing in the ventromedial hypothalamus (VMH), mediated by elevated levels of gamma aminobutyric acid (GABA). Adapted from Iqbal et al[12] with permission from Elsevier. Citation: Iqbal A, Heller S. Managing hypoglycaemia. Best Pract Res Clin Endocrinol Metab 2016; 30: 413-430. Copyright © Elsevier. 

[image: ]
Figure 3 Mechanisms by which hypoglycemia may affect cardiovascular events. Hypoglycemic events may induce inflammation by stimulating the release of C-reactive protein (CRP), IL-6, and vascular endothelial growth factor (VEGF). Hypoglycemia also increases the activation of platelets and neutrophils. Sympathoadrenal response during hypoglycemia increases adrenaline release and may lead to arrhythmias and increased cardiac workload. Endothelial dysfunction may also contribute to cardiovascular risk. Adapted from Desouza et al[25] with permission from the American Diabetes Association. Citation: Desouza CV, Bolli GB, Fonseca V. Hypoglycemia, diabetes, and cardiovascular events. Diabetes Care 2010; 33: 1389-1394. Copyright ©The American Diabetes Association. 
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Figure 4 Algorithm of the approach to hypoglycemia. CGM: Continuous glucose monitoring; SMBG: Self-monitoring of blood glucose. Adapted from Blumer et al[57] with permission from Elsevier. Citation: Blumer I, Clement M. Type 2 Diabetes, Hypoglycemia, and Basal Insulins: Ongoing Challenges. Clin Ther 2017; 39: S1-S11. Copyright © Elsevier. 

Table 1 Protocols for treating hypoglycemia
	Steps 
	Procedure

	
	Adults who are conscious, orientated, and able to swallow

	1
	If the patient is receiving insulin (pump or IV infusion), stop it immediately

	2
	Give 15-20 g rapid-acting carbohydrate of the patient’s choice where possible. Examples include: 15-20 g chewable glucose tablets, 150-200 mL orange juice, or 3-4 heaped teaspoons of sugar dissolved in water

	3
	Repeat capillary blood glucose measurement 10-15 min later. If it is still less than 70 mg/dL, repeat the previous step up to 3 times

	4
	If the capillary blood glucose remains less than 70 mg/dL after 30-45 min or three cycles of treatment, consider IV 200 mL of 10% glucose over 15 min or administration of 1 mg of glucagon IM

	5
	Once blood glucose is above 70 mg/dL and the patient has recovered, it is recommended to give a long-acting carbohydrate. Examples: one slice of bread, a 200-300 mL glass of milk, or two biscuits

	
	Adults who are conscious but confused, unable to cooperate but able to swallow

	1
	If the patient is receiving insulin (pump or IV infusion), stop it immediately

	2
	If the patient is uncooperative but is able to swallow, give a 15g tube of glucose (e.g., Glucogel), squeezed into the mouth between the teeth and gums, or (if this is ineffective) glucagon 1mg IM

	3
	Repeat capillary blood glucose levels after 10-15 min. If it is still less than 70 mg/dL, repeat the previous step up to three times (glucagon injection should only be given once)

	4
	If the capillary blood glucose remains less than 70 mg/dL after 30-45 min (or three cycles of treatment), give IV 200 mL of 10% glucose over 15 min

	5
	Once blood glucose is above 70 mg/dL and the patient has recovered, giving a long-acting carbohydrate is recommended (as detailed above)

	
	Adults who are unconscious and/or having seizures

	1
	An urgent medical assessment is required. The following things should be checked and treated accordingly: Airway (administration of oxygen as appropriate), breathing, circulation (pulse), state of consciousness, blood glucose concentration, and body temperature

	2
	If the patient is receiving insulin (pump or IV infusion), stop it immediately

	3
	Request immediate assistance from medical staff

	4
	If IV access is available, give 100 mL of 20% glucose IV or 200 mL of 10% glucose over 15 min

	5
	If no immediate IV access is available, give 1mg glucagon IM. If no IV access is available initially, continue trying to obtain IV access as IM glucagon is less likely to be successful if required for a second time. If there is a need for prolonged treatment, IV administration of glucose is the treatment of choice

	6
	Capillary blood glucose test should be repeated after 10 min. If it is still less than 70 mg/dL repeat step 4 (or step 5 if IV access remains unavailable)

	7
	Once the blood glucose is greater than 70 mg/dL and the patient has recovered, give a long-acting carbohydrate (as previously detailed)


In an unconscious person with hypoglycemia, glucose may also be given as 20-50 mL of 50% glucose IV over 1-3 min in accordance with Diabetes Canada guidelines [33]. However, it is important to monitor the infusion, especially if given peripherally. The risk of extravasation during the administration of hypertonic glucose solution should be emphasized, as this may lead to significant tissue damage. It is important to note that glucagon may be less effective when administered repeatedly, in cases of sulfonylurea use, after alcohol consumption, and in patients with chronic liver disease. Individuals who received glucagon require a larger portion of complex carbohydrate (40 g) to replenish glycogen stores. Take into account that sometimes nausea appears after administration of glucagon. If hypoglycemia was secondary to sulfonylurea or long-acting insulin, the risk of hypoglycemia may persist 24-36 h following the last dose, especially in people with renal insufficiency.
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