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Abstract 
Hypoglycemia is a common and potentially serious complication of diabetes 

management that can hinder optimal glycemic control. It is more frequent in individuals 
with type 1 diabetes but also affects those with long-standing type 2 diabetes requiring 
insulin therapy. Hypoglycemia is associated with distressing symptoms, impaired daily 
functioning, cardiovascular effects, and increased healthcare utilization. Repeated episodes 
can lead to hypoglycemia unawareness and a diminished counterregulatory response, 
further increasing the risk of severe hypoglycemia. Healthcare providers must identify at-
risk patients and implement preventive strategies. Risk factors include insulin therapy, 
sulfonylureas, aggressive glycemic targets, altered mental status, impaired cognition, 
alcohol use, and organ dysfunction. Patient education is crucial for prevention and 
management, focusing on self-monitoring of blood glucose, recognizing symptoms, promptly 
treating episodes, and understanding triggers such as exercise, missed meals, and alcohol. 
Evaluation of hypoglycemia during follow-up visits should assess frequency, severity, and 
awareness of episodes. Modifying treatment regimens, using continuous glucose monitoring, 
and involving support systems can help prevent recurrent hypoglycemia. Addressing this 
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often-overlooked complication is essential for ensuring patient safety and optimal diabetes 
management. 
 
Keywords: Hypoglycemia, Diabetes management, Blood sugar regulation, Insulin therapy, 
Glycemic control. 
 

Introduction 

Hypoglycemia represents a significant barrier to achieving optimal glycemic control in 

patients with diabetes. The American Diabetes Association (ADA) recommends targeting a 

hemoglobin A1c (HbA1c) level below 7% for most patients, whereas the American Association 

of Clinical Endocrinologists (AACE) advocates for an HbA1c target below 6.5%, provided it 

can be achieved without substantial hypoglycemia (Handelsman et al., 2015; Marathe et al., 

2017). Seminal research, such as the Diabetes Control and Complications Trial (DCCT) and 

the United Kingdom Prospective Diabetes Study (UKPDS), has demonstrated that stringent 

glycemic management can delay or prevent the onset of microvascular complications, 

including retinopathy, nephropathy, and neuropathy in both type 1 and type 2 diabetes. 

However, aggressive glycemic goals increase the likelihood of hypoglycemia (Nathan & for 

the DCCT/EDIC Research Group, 2014). For patients experiencing recurrent hypoglycemia, 

limited life expectancy, or multiple comorbidities, setting higher glycemic targets may be more 

appropriate, necessitating individualized treatment plans. Achieving a balance between 

preventing microvascular complications through rigorous glycemic control and minimizing the 

risk of hypoglycemia remains a challenge for both clinicians and patients. 

The prevalence of hypoglycemia in diabetes is frequently underestimated and 

underreported, particularly in cases of mild or asymptomatic episodes. Hypoglycemia is more 

common among individuals with type 1 diabetes, who experience an estimated 1–2 

symptomatic episodes weekly and at least one severe episode annually (Frier, 2014). Although 

the incidence of hypoglycemia is lower in type 2 diabetes, patients with long-standing type 2 

diabetes requiring insulin therapy exhibit rates of hypoglycemia comparable to those seen in 

type 1 diabetes (UK Hypoglycaemia Study Group, 2007). Repeated hypoglycemia weakens the 

body’s defense mechanisms against hypoglycemia, heightening the risk of recurrent and severe 

episodes, which can be fatal. Notably, hypoglycemia accounts for an estimated 4–10% of 

deaths in patients with type 1 diabetes (Seaquist et al., 2013). 

Hypoglycemia is associated with both short-term and long-term consequences. The 

symptoms of hypoglycemia are distressing and can significantly disrupt daily activities. For 

instance, hypoglycemia occurring during driving may lead to motor vehicle accidents, 

endangering both the patient and others. Additionally, hypoglycemia can impair workplace 

performance and lead to falls, injuries, seizures, or even death in severe cases. Recurrent 

hypoglycemia results in a diminished counterregulatory response and unawareness of 

hypoglycemia, further exacerbating the problem. Fear of hypoglycemia among patients with 

frequent episodes can result in skipped medication doses, contributing to poor glycemic 

control. Moreover, overtreatment of hypoglycemia episodes often worsens overall glucose 

regulation (McCoy et al., 2013). 

Hypoglycemia also exerts cardiovascular effects. Physiologically, it increases cardiac 

contractility, induces changes in electrocardiographic parameters, and raises myocardial 

workload (Frier et al., 2011). Severe hypoglycemia has been linked to a prolonged QT interval, 

and deaths attributed to hypoglycemia are thought to be caused by cardiac arrhythmias. In the 

Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial, which evaluated intensive 

versus standard glycemic control on cardiovascular outcomes, the trial was prematurely 

discontinued due to higher mortality in the intensively treated group, which also experienced a 

significantly greater frequency of hypoglycemia episodes (Buse, 2007). 
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Furthermore, hypoglycemia contributes to increased healthcare utilization and costs. It 

has been linked to greater rates of emergency room visits (Foos et al., 2015; Quilliam et al., 

2011). Between 2006 and 2009, the Centers for Disease Control and Prevention (CDC) 

reported an average of 300,000 annual emergency department visits attributed to hypoglycemia 

in patients with diabetes. 

Healthcare providers must be equipped to identify and manage this often-overlooked 

complication of diabetes care. Awareness of medications associated with hypoglycemia, 

recognition of at-risk patients, and implementation of preventive strategies are critical to 

ensuring patient safety. Educating patients about hypoglycemia is a fundamental aspect of 

prevention and management. 

HYPOGLYCEMIA: DEFINITION 

Hypoglycemia is characterized as any blood glucose level low enough to pose harm to the 

patient. Although a specific glucose threshold is not universally defined due to variability in 

patient symptoms at different glucose levels a glucose concentration below 70 mg/dL should 

prompt awareness of potential or impending hypoglycemia (Seaquist et al., 2013). The 

American Diabetes Association Workgroup on Hypoglycemia has categorized hypoglycemia 

as follows: 

1. Severe hypoglycemia: An episode requiring intervention by a third party to treat 

hypoglycemia, such as administering carbohydrates, glucagon, or other glucose 

sources. 

2. Documented symptomatic hypoglycemia: An event where the patient exhibits 

symptoms of hypoglycemia, with a measured glucose level below 70 mg/dL at the time 

of symptoms. 

3. Asymptomatic hypoglycemia: An instance of a glucose concentration below 70 

mg/dL without any accompanying hypoglycemic symptoms. 

4. Probable symptomatic hypoglycemia: An episode in which hypoglycemia symptoms 

are present but glucose levels are not documented as being below 70 mg/dL. 

5. Pseudo-hypoglycemia: A situation where symptoms of hypoglycemia are reported by 

the patient, but glucose levels remain above 70 mg/dL. This may occur in individuals 

with poor glucose control, who experience hypoglycemia-like symptoms at normal 

glucose levels. 

GLUCOSE REGULATION 

Glucose serves as a crucial energy source, especially for the brain, which requires a 

constant supply to function optimally. Glucose can be obtained exogenously through dietary 

intake or endogenously, primarily from glycogen stored in the liver. The kidneys also contribute 

to glucose homeostasis by generating glucose through gluconeogenesis and reabsorbing it via 

the proximal tubule. When plasma glucose levels drop, the body initiates a series of responses 

to restore glucose levels and maintain homeostasis. 

The initial response occurs when glucose levels decrease to 80–85 mg/dL, triggering a 

reduction in pancreatic insulin secretion. This reduction, the body’s primary defense against 

hypoglycemia, stimulates hepatic and renal glucose production to replenish glucose levels. As 

glucose declines further to 65–70 mg/dL, glucagon secretion is activated by the pancreatic 

alpha cells and released into the hepatic portal vein. Glucagon promotes hepatic glucose output 

through glycogenolysis, forming the second line of defense. 

The third defense mechanism involves the release of epinephrine, cortisol, and growth 

hormone, which also occurs at glucose levels between 65–70 mg/dL. Epinephrine exerts its 

effects through multiple pathways: stimulating hepatic glycogenolysis, enhancing renal 

gluconeogenesis, suppressing pancreatic insulin secretion, and increasing glycolysis and 

lipolysis in muscle and fat tissues. As glucose levels fall below 60 mg/dL, neuroglycopenic 

symptoms emerge, prompting patients to consume carbohydrates to counteract hypoglycemia 
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(Cryer & Arbeláez, 2017). At glucose levels below 50 mg/dL, cognitive impairment occurs, 

and prolonged hypoglycemia may lead to brain death (Cryer, 2007). 

In type 1 diabetes, these regulatory mechanisms are compromised. Patients with type 1 

diabetes lack insulin production due to pancreatic beta cell failure, necessitating the use of 

exogenous insulin injections. When glucose levels decline, individuals with type 1 diabetes 

cannot reduce circulating insulin levels as effectively as those with intact pancreatic function. 

Additionally, glucagon secretion is impaired in these patients, eliminating both the primary and 

secondary defenses against hypoglycemia. Consequently, they are at greater risk for frequent 

and severe hypoglycemic events. Individuals with type 1 diabetes must rely heavily on the third 

defense mechanism, mediated by epinephrine and other counterregulatory hormones, to 

combat hypoglycemia (Kaufman, 2008). 

RISK FACTORS FOR HYPOGLYCEMIA 

In individuals with diabetes, hypoglycemia results from elevated circulating insulin 

levels and/or diminished defenses against hypoglycemia. Medications that increase insulin 

levels include insulin itself, sulfonylureas, and meglitinides. While other drug classes, such as 

biguanides, thiazolidinediones, glucagon-like peptide-1 (GLP-1) agonists, alpha-glucosidase 

inhibitors, and dipeptidyl peptidase-4 (DPP-IV) inhibitors, do not directly cause hypoglycemia, 

combining these agents with higher-risk medications like insulin, sulfonylureas, or 

meglitinides can raise the risk of hypoglycemia. Notably, GLP-1 receptor agonists and DPP-

IV inhibitors stimulate insulin release only in the presence of hyperglycemia, whereas 

sulfonylureas promote insulin secretion irrespective of glucose levels. Intensive insulin 

regimens and aggressive HbA1c targets further increase the risk of hypoglycemia (Kaufman, 

2008). The type and dose of insulin are tailored individually, taking into account factors such 

as insurance coverage, the number of daily injections, patient motivation, willingness to use 

insulin, and the severity of hyperglycemia. Any individual using insulin is at risk for 

hypoglycemia. 

Patients on basal-bolus insulin regimens, which involve the use of both long-acting 

(basal) and rapid-acting (bolus) insulin, require rigorous glucose monitoring and multiple daily 

injections. This approach aims to replicate physiological insulin secretion, with basal insulin 

addressing hepatic glucose production and bolus insulin managing postprandial glucose spikes. 

Factors such as prolonged fasting, skipped or delayed meals, incomplete meals, or mistimed 

insulin doses relative to food intake can result in hypoglycemia. Individuals using premixed 

insulin, which combines intermediate-acting and rapid-acting insulin in a single injection, are 

especially susceptible to hypoglycemia when meals are missed or consumed inconsistently 

(Unger, 2012). 

Hypoglycemia is particularly common at night, which represents the longest fasting 

period of the day. Insulin sensitivity increases between 1 AM and 3 AM, and patients may fail 

to detect hypoglycemia symptoms during sleep. Nocturnal hypoglycemia can also cause 

rebound hyperglycemia upon waking. Additionally, insulin sensitivity rises with exercise and 

weight loss. During physical activity, glucose demands increase, and glycogen stores are 

rapidly depleted. Hypoglycemia may occur during or several hours after exercise (Fonseca, 

2006). 

Patients with altered mental status or impaired cognition are at heightened risk of 

hypoglycemia, as they may be unable to recognize symptoms, seek assistance, or treat 

themselves. Alcohol and recreational drugs can obscure hypoglycemia symptoms, delaying 

detection and treatment (Kaufman, 2008). Alcohol further exacerbates this risk by inhibiting 

gluconeogenesis. 

Organ dysfunction, including renal, hepatic, or adrenal impairments, can alter the 

body’s response to hypoglycemia. Renal dysfunction slows the clearance of insulin, 
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sulfonylureas, and meglitinides, prolonging their hypoglycemic effects. Hepatic impairment 

limits glycogen stores, reducing the liver's ability to respond to falling glucose levels. Adrenal 

insufficiency impairs the secretion of counterregulatory hormones essential for addressing 

hypoglycemia. 

Older adults face a higher risk of hypoglycemia due to slower medication clearance, 

diminished cognitive function, and impaired recognition of symptoms. This increases their 

likelihood of falls and injuries. Hospitalization rates for hypoglycemia are higher in older adults 

than in younger populations (Lipska et al., 2014). Similarly, very young children are vulnerable 

because they may be unable to articulate symptoms or manage treatment independently. 

Delaying the treatment of mild hypoglycemia increases the risk of progression to severe 

hypoglycemia (Kaufman, 2008). Clinicians should remain vigilant about these risk factors and 

carefully prescribe or administer medications to at-risk patients. 

SYMPTOMS 

Hypoglycemia symptoms vary between individuals, with thresholds for symptom 

manifestation differing based on glycemic control. Patients with well-controlled diabetes often 

experience symptoms at lower glucose levels, while those with poorly controlled diabetes may 

exhibit symptoms at higher glucose concentrations (International Hypoglycaemia Study 

Group, 2015). Symptoms are categorized into neuroglycopenic and autonomic types. 

Neuroglycopenic symptoms arise from insufficient glucose supply to the brain and 

include confusion, weakness, fatigue, slurred speech, hunger, and severe manifestations like 

coma and death. Autonomic symptoms include pallor, anxiety, palpitations, numbness or 

tingling, tremors, and diaphoresis (Fonseca, 2006). Mild symptoms are generally self-treatable, 

while severe symptoms—such as altered mental status, unconsciousness, seizures, or coma—

require third-party assistance. The severity of symptoms and glucose thresholds at which they 

occur depend on the patient’s overall glucose regulation and hypoglycemia frequency. Patients 

with elevated HbA1c may exhibit hypoglycemic symptoms at normal glucose levels due to 

chronic hyperglycemia. Conversely, individuals with low HbA1c or frequent hypoglycemia 

episodes may only experience symptoms at lower glucose levels. Frequent hypoglycemia 

episodes reduce the glucose threshold for symptom onset, increasing the risk of hypoglycemic 

unawareness. 

HYPOGLYCEMIA UNAWARENESS 

Repeated hypoglycemia episodes can impair the body’s defense mechanisms, 

progressively lowering the glucose threshold required to elicit symptoms (Kaufman, 2008). 

Patients who remain asymptomatic at glucose levels below 55 mg/dL should consult their 

healthcare provider to address hypoglycemia unawareness. 

Hypoglycemia-associated autonomic failure (HAAF) combines defective glucose 

counterregulation with impaired hypoglycemia awareness. It is often triggered by recent or 

recurrent hypoglycemia. Contributing factors include long-standing diabetes, lack of 

endogenous insulin production, frequent hypoglycemia, and unawareness of hypoglycemic 

episodes. HAAF may be reversed by maintaining glucose levels above target for 2–3 weeks, 

resetting the body’s ability to recognize declining glucose levels and restoring symptom 

awareness. 

 

HYPOGLYCEMIA TREATMENT 

When hypoglycemia is suspected, blood glucose levels should be measured for 

confirmation. If testing equipment is unavailable, the patient or caregiver should assume the 

glucose level is low and initiate treatment based on symptoms. For mild hypoglycemia in 

patients who are alert and capable of consuming liquids orally, 15–20 grams of fast-acting 

carbohydrates should be consumed immediately. Foods high in fat or protein are not 

recommended for treating hypoglycemia, as these macronutrients slow glucose absorption. 
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Overtreatment should be avoided, as excessive intake of glucose or carbohydrates can 

result in overcorrection, potentially leading to hyperglycemia. Blood glucose levels should be 

reassessed 15 minutes after initial treatment, and the process should be repeated if levels remain 

below 70 mg/dL. Once glucose levels exceed 70 mg/dL, a meal or snack should be consumed 

to prevent recurrent hypoglycemia (Marathe et al., 2017). 

In cases of severe hypoglycemia where third-party assistance is required, oral 

carbohydrates should not be administered, as altered mental status may compromise the 

patient’s ability to swallow, increasing the risk of aspiration. Instead, glucagon should be 

administered intramuscularly, or intravenous dextrose should be given if access is available. 

Glucagon, which requires a prescription and specific patient education, is typically dosed at 1 

mg for most adults. For patients with intravenous access, 10–25 grams of 50% dextrose are 

recommended. Blood glucose should be reassessed every 15 minutes, with repeated 

interventions until glucose levels exceed 70 mg/dL. If medical personnel and equipment are 

available, intravenous dextrose is preferred over glucagon (Marathe et al., 2017). 

HYPOGLYCEMIA: PATIENT EDUCATION, EVALUATION, AND PREVENTION 

Patient Education 

Education should commence during the initial patient-provider interaction. If resources 

permit, the inclusion of a diabetes educator, nursing staff, and a dietitian can enhance patient 

understanding and management. A foundational component of education is self-monitoring of 

blood glucose (SMBG). The frequency of SMBG depends on the patient’s prescribed 

medications. For those on low-risk hypoglycemic agents, providers may recommend periodic 

glucose checks, whereas patients on high-risk agents or insulin may require more frequent 

monitoring. Patients should be encouraged to bring their glucometer or glucose logbook to each 

clinical visit for review. 

HbA1c alone should not be relied upon to gauge glycemic control in patients prone to 

frequent hypoglycemia, as significant glucose fluctuations can distort HbA1c readings. Patients 

with frequent hypoglycemia may present with a deceptively low or acceptable HbA1c level. 

When initiating hypoglycemic therapies, patients should be educated about the 

associated risks, including the medication's onset, peak, and duration. For individuals with 

frequent hypoglycemia or those for whom risks outweigh the benefits of stricter glucose 

control, providers may consider switching to medications with a lower hypoglycemic risk. 

Education should also address medication timing relative to meals or glucose levels, along with 

the risks posed by skipped meals, prolonged fasting, or alcohol consumption (Choudhary et al., 

2015). Additionally, patients should be made aware of how exercise, weight loss, and nocturnal 

hypoglycemia contribute to hypoglycemic risk. For patients engaging in these activities, 

SMBG should be conducted before exercise, sleep, and driving. 

Patients must recognize the signs and symptoms of hypoglycemia and act promptly 

when glucose falls below 70 mg/dL, even if asymptomatic. Individuals at risk for 

hypoglycemia should carry a readily available source of carbohydrates to manage symptoms 

effectively. Prompt treatment of glucose levels below 70 mg/dL can mitigate progression to 

severe hypoglycemia (Choudhary et al., 2015). 

It is also essential for patients to understand which foods are effective in raising blood 

glucose levels. For those using mealtime insulin, consistent carbohydrate intake is critical. 

Consuming fewer carbohydrates than usual while maintaining the same insulin dose can 

predispose patients to post-meal hypoglycemia. Type 1 diabetes patients should receive 

instruction in carbohydrate counting to optimize mealtime insulin dosing. Patients using 

premixed insulin should prioritize regular meal schedules, as these formulations contain both 

long-acting and short-acting insulin components. Skipping meals increases the hypoglycemia 

risk in individuals on premixed insulin therapy. 
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Evaluation of Hypoglycemia 

During follow-up visits, providers should routinely evaluate for hypoglycemia to 

determine its presence and extent. This assessment includes reviewing the frequency, severity, 

and whether the patient is aware of hypoglycemia episodes. Questions that can help gather 

relevant information include: 

 Do you monitor your blood sugar levels? How frequently? What are your typical 

readings? 

 Have you ever recorded blood sugar levels below 70 mg/dL? 

o If yes, when does this typically happen? How often? 

o Do you notice any symptoms during these instances? If so, what are they? 

o If no, do you experience any signs of hypoglycemia, such as sweating, 

palpitations, or anxiety? 

 How do you respond when your blood sugar falls below 70 mg/dL, or when you exhibit 

symptoms of low blood sugar? 

 At what blood sugar level do you begin to feel symptoms? 

 Have you ever required assistance from someone else to address low blood sugar? 

 Have you ever needed hospitalization or emergency services due to low blood sugar? 

Once hypoglycemia is identified, it is crucial to assess for risk factors and contributing 

elements. Adjustments to the medication regimen may be necessary to reduce the frequency 

and duration of hypoglycemia while avoiding subsequent hyperglycemia or deterioration in 

overall glucose control. Understanding specific situations that precipitate hypoglycemia is 

essential for its prevention. Additional questions for identifying triggers include: 

 Does hypoglycemia occur at certain times of the day? 

 Does hypoglycemia happen during specific activities? 

 How does hypoglycemia impact your daily activities? 

 Do you ever skip medication or insulin doses to prevent or out of fear of hypoglycemia? 

Interventions and Prevention Strategies 

After determining the underlying causes of hypoglycemia, providers may need to 

modify the patient’s treatment regimen. For suspected nocturnal hypoglycemia, possible 

interventions include glucose monitoring at bedtime, upon waking, and occasionally between 

1:00 AM and 3:00 AM. Providers may recommend adjusting pre-bedtime medication doses or 

consuming a snack before sleep to prevent overnight hypoglycemia. 

If hypoglycemia occurs during physical activity, patients should monitor their glucose 

levels both before and after exercise. Depending on the results, patients might need to consume 

additional carbohydrates before exercising or adjust their medication dosages. Education on 

adjusting insulin doses based on triggers is crucial and should be conducted with the guidance 

of a diabetes care provider. 

For patients experiencing recurrent or severe hypoglycemia despite multiple daily 

insulin injections, transitioning to an insulin pump with a continuous glucose monitor (CGM) 

may be beneficial (Choudhary et al., 2015). Insulin pumps deliver variable rates of insulin 

throughout the day, allowing for higher doses during times of greater need and reduced doses 

when insulin sensitivity increases (Seaquist et al., 2013). Some pumps feature basal suspend 

settings, which halt insulin delivery when the CGM detects hypoglycemia. 

CGMs continuously measure interstitial glucose at intervals ranging from every 1 to 5 

minutes. These devices not only display current glucose levels but also indicate trends in 

glucose change, such as the direction and rate of decrease. CGMs can alert users to imminent 

hypoglycemia based on glucose values or rapid decreases in levels, enabling preemptive action. 

CGMs also allow healthcare providers to analyze trends in glucose fluctuations. Patients who 

use CGMs consistently report reduced anxiety regarding hypoglycemia, leading to an improved 
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quality of life (Chamberlain et al., 2016). CGMs can also help minimize severe hypoglycemia, 

particularly in patients with hypoglycemia unawareness (Choudhary et al., 2015). 

For patients with hypoglycemia unawareness, involving family members or a support 

system in their care is vital. Education should include how to administer glucagon, and 

providers should ensure a glucagon prescription is available. These patients should be 

encouraged to monitor their glucose levels more frequently—before meals, at bedtime, and 

occasionally overnight to detect nocturnal hypoglycemia. 

Hypoglycemia is a prevalent issue among individuals with diabetes, often hindering 

their ability to achieve optimal glucose management. This condition can induce significant 

anxiety, contribute to nonadherence with prescribed medication regimens, and adversely affect 

overall quality of life. In severe instances, hypoglycemia may result in cardiac rhythm 

disturbances and can be life-threatening. Providing education to patients and their caregivers 

or families on self-monitoring of blood glucose (SMBG), identifying risk factors for 

hypoglycemia, understanding medication-related risks, and implementing prevention strategies 

is instrumental in reducing the likelihood of hypoglycemia. Preventing hypoglycemia can 

support patients in attaining better glucose control and improving overall diabetes 

management. 

Conclusion 

Hypoglycemia remains a critical barrier to achieving effective glycemic control in 

individuals with diabetes, posing significant challenges for both patients and healthcare 

providers. Its implications, ranging from distressing symptoms to life-threatening 

complications such as cardiac arrhythmias, underscore the need for comprehensive 

management strategies. Educating patients and caregivers on self-monitoring of blood glucose, 

recognizing risk factors, and adopting tailored prevention approaches are fundamental in 

reducing the incidence and severity of hypoglycemia. Advances in technology, such as insulin 

pumps and continuous glucose monitors, provide promising tools for mitigating risk, 

particularly in individuals with recurrent or severe episodes. By prioritizing hypoglycemia 

prevention, clinicians can support patients in attaining better glycemic control, improving their 

overall quality of life while minimizing risks associated with this potentially serious condition. 
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