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Abstract

Hypoglycaemia is common in patients with type 1 diabetes and type 2 diabetes and

constitutes a major limiting factor in achieving glycaemic control among people with

diabetes. While hypoglycaemia is defined as a blood glucose level under 70 mg/dL

(3.9 mmol/L), symptoms may occur at higher blood glucose levels in individuals with

poor glycaemic control. Severe hypoglycaemia is defined as an episode requiring the

assistance of another person to actively administer carbohydrate, glucagon, or take

other corrective actions to assure neurologic recovery. Hypoglycaemia is the most

important safety outcome in clinical studies of glucose lowering agents. The American

Diabetes Association Standards of Medical Care recommends that a management

protocol for hypoglycaemia should be designed and implemented by every hospital,

along with a clear prevention and treatment plan. A tailored approach, using clinical

and pathophysiologic disease stratification, can help individualize glycaemic goals and

promote new therapies to improve quality of life of patients. Data from recent large

clinical trials reported low risk of hypoglycaemic events with the use of newer
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anti-diabetic drugs. Increased hypoglycaemia risk is observed with the use of insulin

and/or sulphonylureas. Vulnerable patients with T2D at dual risk of severe

hypoglycaemia and cardiovascular outcomes show features of “frailty.” Many of such

patients may be better treated by the use of GLP-1 receptor agonists or SGLT2 inhibitors

rather than insulin. Continuous glucose monitoring (CGM) should be considered for all

individuals with increased risk for hypoglycaemia, impaired hypoglycaemia awareness,

frequent nocturnal hypoglycaemia and with history of severe hypoglycaemia. Patients

with impaired awareness of hypoglycaemia benefit from real-time CGM. The dia-

betes educator is an invaluable resource and can devote the time needed to thor-

oughly educate the individual to reduce the risk of hypoglycaemia and integrate

the information within the entire construct of diabetes self-management. Conver-

sations about hypoglycaemia facilitated by a healthcare professional may reduce

the burden and fear of hypoglycaemia among patients with diabetes and their

family members. Optimizing insulin doses and carbohydrate intake, in addition to

a short warm up before or after the physical activity sessions may help avoiding

hypoglycaemia. Several therapeutic considerations are important to reduce

hypoglycaemia risk during pregnancy including administration of rapid-acting insu-

lin analogues rather than human insulin, pre-conception initiation of insulin ana-

logues, and immediate postpartum insulin dose reduction.
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Hypoglycaemia is common in patients with type

1 (T1D) and type 2 diabetes (T2D) and constitutes a

major limiting factor in achieving glycaemic control

among people with diabetes.1

1 | DEFINING HYPOGLYCAEMIA FOR
CLINICAL PRACTICE AND CLINICAL TRIALS

The American Diabetes Association (ADA) defined hypoglycaemia in

diabetes as any episode of an abnormally low plasma glucose concen-

tration that exposes the individual to potential harm.2 This non-

numerical definition was based on the facts that glycaemic thresholds

for responses to hypoglycaemia vary among individuals and within the

same individual. Also, there is no specific glucose concentration that

defines hypoglycaemia in diabetes.

Hypoglycaemia is an important safety outcome in clinical studies

of glucose lowering agents. It is also frequently defined as a secondary

outcome in treat-to-target studies comparing different insulins—

whereas the same glycaemic target is striven for in all arms, and the

hypoglycaemia rates are compared.

It is difficult to compare the frequency of hypoglycaemic events

in different clinical trials due to differences in interventions and

methods of data collection, as well differences in definition for

hypoglycaemia. Additionally, there are limited data regarding back-

ground risk of hypoglycaemia, and patients with repeated episodes of

hypoglycaemia are often excluded from clinical trials.

The ADA aimed to provide uniform definitions of glucose

levels to be reported in clinical trials. In a recent publication they

proposed three levels of definition for hypoglycaemia in clinical

trials.1

Level 1: A glucose alert value of 3.9 mmol/L (70 mg/dL) or less.

This need not be reported routinely in clinical studies, although this

would depend on the purpose of the study.

Level 2: A glucose level of <3.0 mmol/L (<54 mg/dL) is sufficiently

low to indicate potentially serious, clinically important hypoglycaemia.

Level 3: Severe hypoglycaemia, as defined by the ADA, denotes

severe cognitive impairment requiring external assistance for recovery.

1.1 | A questionnaire may be used by the primary
care provider to grade hypoglycaemia (Appendix)

Despite the ADA effort, there are currently no approved guidelines

for how hypoglycaemia should be captured in clinical trials. Common

existing measures to capture hypoglycaemia include the use of patient
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diaries; with some trials mandating self-monitoring of blood glucose

(SMBG). Some studies incorporate the use of continuous glucose

monitoring (CGM) where only glucose levels under a predefined

threshold for >20 minutes are considered. Larger studies, particularly

cardiovascular (CV) outcome trials, in which hypoglycaemia is merely

a safety concern, have limited event collection to patients' recall once

every 3 to 6 months. Clearly, this level of heterogeneity alters the rate

of episodes captured—as can be seen in the table.

Severe hypoglycaemia is defined as an episode requiring the

assistance of another person to actively administer carbohydrate, glu-

cagon, or take other corrective actions to assure neurologic recovery.3

Although this seems quite undisputable, unfortunately this is not

always the case. For example, in the DEVOTE (Cardiovascular Safety

of Insulin Degludec vs Insulin Glargine in Patients with Type 2 Diabe-

tes at High Risk of Cardiovascular Events) clinical study, only events

of major hypoglycaemia were adjudicated.4 Events that may be pro-

posed as major hypoglycaemia by study investigators, but are not

confirmed as such, may include cases in which the person experienc-

ing hypoglycaemia was offered help due to politeness without actual

neurological deterioration, or events of very low glucose which are

erroneously reported as hypoglycaemia.

In spite of the aforementioned limitations, in-depth analysis of

the baseline characteristics of patients experiencing hypoglycaemia in

clinical trials, as well an analysis of the precipitating factors for the

events may improve our understanding of the predictors of

hypoglycaemia and means to prevent it.

The major predictors of hypoglycaemia emerging from clinical

trials are insulin use, particularly short acting insulin, and the

use of insulin secretagogues such as sulphonylurea. Additional risk

factors include impaired kidney function with low glomerular

filtration rate (eGFR) due to reduced renal gluconeogenesis and

reduced insulin clearance, and long-standing diabetes which

is associated with more severe endogenous insulin deficiency.5,6

A previous history of hypoglycaemia is recognized as risk factor

for future episodes of severe hypoglycaemia and recurrent

events.7 Body mass index and baseline HbA1c have not been con-

sistently shown to be associated with either increased or

decreased risk of hypoglycaemia.6

2 | SIGNS AND SYMPTOMS OF
HYPOGLYCAEMIA

According to the ADA Standards of Medical Care, symptoms of

hypoglycaemia may include, but are not limited to: confusion, hunger,

irritability, shakiness, and tachycardia. It is critical to understand that

while hypoglycaemia is initially defined as a blood glucose level under

70 mg/dL (3.9 mmol/L), symptoms may occur at higher blood glucose

levels in individuals with poor blood glucose control.1

In individuals with long standing diabetes or widely fluctuating

blood glucose levels, there may be no hypoglycaemia symptoms, even

with much lower blood glucose levels, a condition known as impaired

awareness of hypoglycaemia.8

3 | COGNITIVE EFFECTS OF
HYPOGLYCAEMIA

The association between hypoglycaemia and cognitive dysfunction

and/or dementia among people with diabetes has been examined in

clinical studies. Several studies have examined if there was a correla-

tion between the effects of repeated hypoglycaemic episodes and

acceleration of cognitive dysfunction in patients with diabetes. A

recent prospective long-term study in 11 495 individuals with type

2 diabetes mellitus (T2DM) found that neither severe nor non-severe

hypoglycaemia was associated with an increased risk for cognitive

dysfunction.9 These findings were similar to those from the ACCORD

MIND trial (Action to Control Cardiovascular Risk in Diabetes Mem-

ory in Diabetes) and the ADVANCE study (Action in Diabetes and

Vascular Disease: Preterax and Diamicron MR Controlled Evalua-

tion).10,11 In those two large trials there was no direct correlation

between severe hypoglycaemia and cognitive dysfunction.10,11

Cognitive decline has been associated with an increased risk of

subsequent hypoglycaemic events in T2DM patients regardless of

their assignments to standard of care or intensive glycaemic control.11

In addition, some cross-sectional population-based studies in older

patients with T2DM have demonstrated an association between a

previous history of severe hypoglycaemia and poor cognitive function

later in life.12,13 Furthermore, a recent study looked at the effects of

severe hypoglycaemia on cognitive function. In this cohort of patients

followed between 2011 and 2013, people with severe hypoglycaemia

were found to be 1.51 times more likely to have more mild cognitive

impairment and almost 2.35 times more dementia compared to those

without severe hypoglycaemia. The authors indicated that the exact

mechanisms were not clear, but reported that predisposing factors

included poor medication taking behaviour and less blood glucose

monitoring. The authors urged primary care providers to consider

screening for history of hypoglycaemia in patients with diabetes.14

Practical implications. The presence of a hypoglycaemia risk in a

patient should prompt providers to reevaluate their current diabe-

tes medication regimen with the aim to reduce and prevent

hypoglycaemia, particularly in people with diabetes and cognitive

dysfunction.14 This also brings to light concerns of a bidirectional

relationship between cognitive dysfunction, possibly increasing

hypoglycaemic events, and hypoglycaemia, possibly increasing cog-

nitive dysfunction.15

4 | IMPAIRED AWARENESS OF
HYPOGLYCAEMIA

Repeated hypoglycaemic events may induce the development of

impaired symptomatic warnings and diminished ability to perceive the

onset of hypoglycaemia, a condition known as “impaired awareness of

hypoglycaemia” (IAH).16

The exact aetiology of IAH syndrome remains unknown. How-

ever, a proposed mechanism is a decrease in autonomic (sympathetic

neural and adrenomedullary) response to hypoglycaemia, with
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resulting loss of neurogenic symptoms such as tremulousness, sweat-

ing, palpitations, anxiety, and hunger.17,18

The impaired counter-regulatory mechanisms of defence against

declining plasma glycaemia in T1D have been reviewed in detail.19,20

The blunted epinephrine response, which is a sign of decreased auto-

nomic, sympathetic neural as well as adrenomedullary response, is

particularly involved in the clinical syndrome of IAH.17 Recent

hypoglycaemia causes a shift towards lower glycaemic thresholds for

symptomatic autonomic responses to subsequent hypoglycaemia 21,22

arising a vicious cycle where hypoglycaemic events lead to more

episodes of hypoglycaemia, which describes the concept of

hypoglycaemia-associated autonomic failure (HAAF).20 This mecha-

nism causes a higher recurrence of severe iatrogenic hypoglycaemia.23

Notably, the frequent exposure to hypoglycaemia ought to make the

healthcare provider suspect the syndrome of IAH development. This

condition affects a significant number of adults with T1D,24 with a

large hospital-based clinic population study reporting that 19.5% of

patients with T1D have IAH despite advances in insulin delivery.25

IAH is also associated with a 2-fold increase in less severe

hypoglycaemia events, and in up to 6-fold increased incidence of

severe hypoglycaemia.24,26 Frier and co-workers compared 19 patients

with T1D with normal hypoglycaemia awareness and 19 patients with

IAH (matched for glycaemic control, duration of diabetes age and sex).

The researchers found a 7-fold increased frequency of severe hyp-

oglycaemic events and twice all the episodes of hypoglycaemia in the

IAH group.27

Generally, patients with type 1 diabetes mellitus (T1DM) have

approximately 10-fold higher frequency of iatrogenic hypoglycaemia

compared to patients with T2DM with long-duration and intensive

insulin therapy (62-170 vs 3-73 episodes per 100 patient/years,

respectively).28-32 Of interest, in the Diabetes Control and Complica-

tions Trial (DCCT) 65% of the intensively treated patients with T1DM

experienced severe hypoglycaemia, whereas severe hypoglycaemia

occurred in only 11.2% of patients with T2DM treated with insulin in

the UK Prospective Diabetes Study (UKPDS). Nonetheless, the

UKPDS data could have underestimated the frequency of iatrogenic

hypoglycaemia in T2DM because participants were newly diagnosed

and glycaemic control was not as rigorous as in the (DCCT). However,

researchers in the UKPDS, similarly to the (DCCT), found that

hypoglycaemia was the main limitation in achieving more aggressive

glycaemic control over the study interval.33,34

Clinical experience suggests that in addition to progressive insulin

deficiency, iatrogenic hypoglycaemia occurs more frequently in

patients with a long duration of diabetes. Indeed, Cryer and

co-workers showed that glucose counter regulation (mainly glucagon

response) was virtually absent in patients with longstanding insulin-

treated T2DM, and those subjects were at risk for developing IAH,

similarly to patients with T1DM.35 These findings support the clinical

observation that iatrogenic hypoglycaemia becomes a major issue,

especially in patients with longstanding insulin-deficient T2DM.33,34,36

Using data from insulin-treated 122 patients with median age

67 years and a median duration of diabetes of 15 years, Frier and

co-workers have evaluated the prevalence of IAH in T2DM. Using a

specific questionnaire, the authors found that the prevalence of IAH

was 9.8%, and that the incidence of severe hypoglycaemia was

17-fold higher in the subgroup with IAH compared with those without

IAH. The same population prospectively evaluated for 1 month,

patients with IAH showed a 5-fold higher incidence of biochemical

hypoglycaemia compared to those without IAH. Overall, these data

suggest that the development of IAH should be evaluated in patients

with T2DM treated with insulin.37

Several studies have shown that the rigorous avoidance of iatro-

genic hypoglycaemic events can reverse hypoglycaemia unawareness

and improve the impaired glucose counter regulation in during a

period as short as 2 to 3 weeks, providing robust support to the con-

cept of HAAF in T1D.38-40 In addition, relaxation of glycaemic targets

for 2 to 3 weeks, in patients with T1DM may result in improvement

of hypoglycaemic unawareness.38-40

Practical implications. Clinical practice recommendations suggest

that patients with IAH may benefit from frequent glucose monitoring,

in particular of the use of real-time continuous glucose monitoring

(RT-CGM).41 The use of RT-CGM reduces severe hypoglycaemia in

patients with T1DM and IAH as well as increases the time in range

(time spent in normoglycaemia) compared to self-monitoring of capil-

lary blood glucose.42 RT-CGM in adolescents with T1DM also seems

to improve the epinephrine response and induce higher adrenergic

symptom scores to induced hypoglycaemia when compared to the

control group when tested using hyperinsulinaemic hypoglycaemic

clamps.43 This data support the use of RT-CGM in patients with IAH,

although further studies are warranted.

See Appendix for more about grading and awareness of

hypoglycaemia.

4.1 | Disease heterogeneity and severe
hypoglycaemia risk

Severe hypoglycaemia is almost always related to insulin and sul-

phonylurea therapy, in both T1DM and T2DM.

Clinical stratification. Hypoglycaemia risk is three-times higher in

patients on insulin secretagogues (sulphonylurea) and five-times

higher for those on insulin.44

Risk stratification by disease origins. Genetic mutations can cause

neonatal diabetes mellitus (NDM) and maturity onset diabetes of the

young (MODY), and both can be treated by using sulphonylureas,

however NDM cases are not prone to severe hypoglycaemia despite

needing high-dose sulphonylureas.45 HNF1A/MODY and HNF4A/

MODY, are hypersensitive to sulphonylureas,46 although the use of

glinides can ameliorate severe hypoglycaemia risk.47 Impairment of

glucagon secretion in pancreatitis and cystic fibrosis may explain a

predisposition to hypoglycaemia plus severe hypoglycaemia, espe-

cially in the former.48

Risk stratification by clinical features. Risk factors for severe

hypoglycaemia in T2D include both insulin deficiency and islet auto-

antibodies, both potentially related to disease-clusters within T2D as

well as the increased risk that such cases are on insulin or
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sulphonylureas.49,50 Other contributing factors to severe hypoglycaemia

include senility, irregular mealtimes, malnutrition, low educational level,

ethnicity, polypharmacy, previous hypoglycaemia, IAH and comorbidities

(eg, impaired renal function, congestive heart failure, cognitive impair-

ment and frailty).51,52

Risk stratification by hypoglycaemia. While severe hypoglycaemia

is a risk factor for CV disease, reduced glycaemia is protective.53

Practical implications. A tailored approach, using clinical and path-

ophysiologic disease stratification, can help individualize glycaemic

goals and promote new therapies to improve life quality and survival

of patients.54,55

5 | ASSOCIATION OF HYPOGLYCAEMIA
AND CV OUTCOMES AND THE ROLE OF
FRAILTY

Hypoglycaemia is associated with adverse CV outcomes and all-cause

mortality in patients with T1DM and T2DM.53,56,57 This association is

particularly strong in the context of severe hypoglycaemic events,

while less severe episodes of hypoglycaemia seem to contribute

rather little to this association. It is typical that following a severe hyp-

oglycaemic event, there is an approximate 2-fold increased risk for all-

cause mortality, heart failure events and major adverse CV event

including non-fatal myocardial infarction, non-fatal stroke and CV

death.

Whether the association between hypoglycaemia and poor health

outcome represents a causative link or a simple association, is a mat-

ter of ongoing debate.53,56,57 Clearly, a causative connection is

suggested in patients with severe hypoglycaemia and the acutely

related increased risk of cardiac arrhythmias, hypokalaemia, hyperten-

sive crisis, increased platelet activation and endothelial dysfunc-

tion.58-61 However, there has been reported a 2- to 3-fold excess risk

of severe hypoglycaemia occurring after a non-fatal myocardial infarc-

tion, acute coronary syndrome, stroke, or hospitalization for heart fail-

ure. This bidirectional relationship between severe hypoglycaemic

events and CV outcomes suggests, or is at least compatible with the

notion, that there may be a common multimorbid “frail” T2DM pheno-

type of patients (as e.g., defined by a high Charlson Comorbidity

Index) who are susceptible to both of these events. Thus, severe

hypoglycaemia in many, if not most, instances—rather than being

causative of CV death, heart failure events, or all cause death events—

may simply be indicative of “frail” patients who are at higher risk of

both outcomes likely due to a multitude of coexisting risk factors.

Indeed, these types of patients more often develop heart failure after a

first CV event and are more likely older, have advanced kidney disease

a longer duration of diabetes, and very often are treated with insulin

and with higher doses of insulin. Notably, use of sulphonylureas is

rather infrequent in those patients. Conversely, their multimorbidity is

reflected by much higher use of CV medications, especially of anti-

platelet therapies, beta-blockers, diuretics, and statins. Of note, HbA1c

concentrations of these patients do not seem to differ from those with-

out dual risk or even show a trend to higher levels.56,57

Practical implications. Avoiding hypoglycaemia, especially the

severe form is a high priority goal in the treatment of all people with

diabetes. It is important to recognize that vulnerable patients at dual

risk of severe hypoglycaemia and CV outcomes show many features

of multimorbidity or “frailty.” In many circumstances such patients

may be better treated by anti-diabetic drugs not associated

with hypoglycaemia such as DPP-4 inhibitors, GLP-1 receptor ago-

nists or SGLT2 inhibitors rather than insulin or insulin secretagogues

(sulphonylurea). Adjusted and more relaxed targets for HbA1c lower-

ing should be considered if insulin therapy is needed.62,63

6 | PREVENTION OF HYPOGLYCAEMIA

Prevention of hypoglycaemia is crucial and should be considered in

every diabetes management plan. CGM is a very important tool to

assess diabetes therapy and predict incipient hypoglycaemia. People

with diabetes treated with insulin or sulphonylureas need to obtain

proper education allowing them to understand the situations that may

increase the risk of hypoglycaemia.

6.1 | The role of the diabetes educator in
hypoglycaemia detection and prevention

It is evident that diabetes self-management education and support

(DSMES) is a crucial component of diabetes care. Within the

context of DSMES, delivering hypoglycaemia prevention and man-

agement education to healthcare professionals and individuals with

diabetes is essential to reduce the risks and improve outcomes. It

is recommended that individuals with diabetes be referred to an

accredited or recognized diabetes education programme with the

overall objective to aid the individual in creating lasting positive

self-care behaviours, increase problem solving, and shared decision

making with all healthcare professionals involved in that patients'

care.64

The National Standards for DSMES are designed to define quality

DSMES and assist those who provide DSMES services to implement

evidence-based DSMES. Standard six focuses on the curriculum

required and highlights the key topics that must be in place within all

education programmes. The following core content areas demonstrate

successful outcomes and are required to be reviewed to determine

which are pertinent within every education session:

• Diabetes pathophysiology and treatment options,

• Healthy eating,

• Physical activity,

• Monitoring and using patient-generated health data,

• Preventing, detecting, and treating acute complications including

hypoglycaemia, hyperglycaemia, diabetes ketoacidosis, sick day

guidelines, and severe weather or situation crisis and diabetes sup-

plies management and chronic complications including immuniza-

tions and preventive eye, foot, dental, and renal examinations as
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indicated per the individual participant's duration of diabetes and

health status,

• Healthy coping with psychosocial issues and concerns,

• Problem solving.65

Practical implications. There are various methods to deliver infor-

mation regarding hypoglycaemia prevention and successful treat-

ment. However, the core components and concepts should include

comprehensive information, with the therapeutic objectives aiming

to reduce the hypoglycaemic episodes including the severity and

duration without increasing the possibility of hyperglycaemia and

the higher HbA1c levels.65 See Table 1 for the core concepts that

include education about hypoglycaemia.

The DSMES in T2D joint position statement identified four critical

times to assess, provide and adjust DSMES: (a) when there is a new

diagnosis of diabetes; (b) annually for health maintenance and

TABLE 1 Diabetes self-management education for hypoglycaemia prevention

• For group or individual education

� Diabetes basics, glycaemic goals, complications

• Effect of medications on risk of hypoglycaemia, especially insulin or secretagogues

• Insulin clearance is decreased with renal failure, hepatic failure, hypothyroidism, or, rarely, high levels of insulin-binding antibodies

� Self-monitoring of blood glucose (SMBG), insulin use

• Impact of insulin on hypoglycaemia

• If doses are excessive, ill-timed or of the wrong type

� Understanding and detecting hypoglycaemia, treatment using carbohydrate

� Meal planning for diabetes

• Exogenous glucose delivery is decreased after a missed or low-carbohydrate meal and during an overnight fast

• Exogenous insulin production is decreased after alcohol ingestion

• Adjusting carbohydrate surrounding physical activity to reduce risk of hypoglycaemia

� Physical activity and foot care

• Effect of exercise on hypoglycaemia risk especially immediately or several hours later

• Glucose utilization is increased during and shortly after exercise

• Sensitivity to insulin is increased in the middle of the night, late after exercise and after weight loss or improved fitness

� Stress management

• Intensive individualized education for hypoglycaemia

� Understanding hypoglycaemia

� Detection of hypoglycaemia symptoms

• Severe hypoglycaemia

• Documented symptomatic hypoglycaemia

• Documented asymptomatic hypoglycaemia

� Corrective management using carbohydrate and re-testing blood glucose within 15-30 minutes after treatment

• 15 to 20 g of glucose or any form of carbohydrate that contains glucose and minimal if no fat or protein such as the following

• 3 to 4 glucose tablets (follow package instructions)

• glucose gel

• 8 to 10 hard candies

• 2 tablespoons of raisins

• 1 tablespoon of sugar, honey or corn syrup

• 4 to 6 oz non-diet soft drink

• 4 to 6 oz of juice

• 1 piece of fruit

• 1 cup low-fat or non-fat milk

� General guidelines for treating hypoglycaemia

• Only consume the specific required carbohydrate intake; wait 15 to 30 minutes, then test blood glucose to identify if additional carbohydrate

is needed

• It will take up to 15-30 minutes for symptoms to disappear; continuing to eat until symptoms disappear will lead to much higher blood

glucose levels

• Do not use high-fat foods for treatment since they will not aid in increasing glucose levels quickly

• Always carry some type of carbohydrate

• Keep carbohydrate at your bedside to treat overnight hypoglycaemia

• Always wear diabetes medical identification

� Assessment of possible causes

� Dose adjustment of medication schedule

Note: References for Table 1. 1. International Hypoglycaemia Study Group. Minimizing hypoglycaemia in diabetes. Diabetes Care. 2015; 38:1583-1591. 2.

Lifestyle Management: Standards of Medical Care in Diabetes—2018. Diabetes Care. 2018; 41(suppl 1): S38-S50. 3. Yong Y-M, Shin K-M, Lee K-M et al.

Intensive individualized reinforcement education is important for the prevention of hypoglycaemia in patients with type 2 diabetes. Diabetes Metab J.

2015;39:154-163. 4. The Art and Science of Diabetes Self-Management Education Desk Reference. 4th edn. Chapter 18. Pharmacotherapy for Glucose

Management, 2017. Chicago, IL: American Association of Diabetes Educators. 5. Silbert R, Salisido-Montenegro A, Rodriguez-Gutierrez R et al.

Hypoglycaemia among patients with type 2 diabetes: epidemiology, risk factors and prevention strategies. Curr Diabetes Rep. 2018;18:53. 10.1007/

s11892-018-1018-0.
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prevention of complications; (c) when new complicating factors influ-

ence self-management; and (d) when transitions in care occur.66 Given

the details and time required for proper DSMES, the diabetes

educator is an invaluable resource and can devote the time needed to

thoroughly educate the individual to reduce the risk of hypoglycaemia

and integrate the information within the entire construct of self-

management.

6.2 | Meal planning to reduce the risk of
hypoglycaemia

There is no one meal plan that has been proven to reduce the risk of

hypoglycaemia. In fact, it is widely accepted that not a single meal

plan will fit the needs of all individuals with diabetes. The key compo-

nents to reducing the risk of hypoglycaemia is having a good under-

standing of carbohydrate and their appropriate portion sizes in the

context of each person's daily meal preferences.

Practical implications. Individualized diabetes-focused medical

nutrition therapy provided by a registered dietitian nutritionist is rec-

ommended for all people with diabetes at least annually.67

7 | HYPOGLYCAEMIA BURDEN ON CARE
GIVERS AND FAMILIES

A report from a survey titled “Home Alone, family caregivers pro-

viding complex chronic care” shed light on the heavy involvement

of caregivers of patients with chronic disease, including diabetes

in their care. Ninety-one percent of caregivers are directly respon-

sible for ordering, picking up and paying for patients' medication,

83% administer patient medications, 31% monitor for potential

side effects, 78% perform various medical and nursing tasks

including injections and 32% use meters and monitoring. For all

these tasks shockingly, 61% of these caregivers were self-taught.

Among the qualitative data, caregivers pointed out diabetes, mon-

itoring as difficult and daunting tasks. This study is a real-life

example of the scope of involvement of caregivers in diabetes

management.68

Hypoglycaemia burden is not restricted to the patient with diabe-

tes. In a multinational cross-sectional study that surveyed 4300 family

members of people with T1D or T2D on insulin and/or secretagogues

for more than or equal to 12 months uncovered significant levels of

anxiety and burden. Sixty-six percent of family members reported

thinking about the hypoglycaemia in their family member with diabe-

tes at least monthly, and 64% felt worried or anxious about their rela-

tive with diabetes' risk for hypoglycaemia.69

Practical implications. Conversations about hypoglycaemia, facili-

tated by a healthcare professional, may reduce the burden stemming

from the worry about hypoglycaemia and hypoglycaemia risk in family

members of patients with diabetes. While training family members

and caregivers on how to use intramuscular (IM) and/or subcutaneous

(SC) glucagon kits may have been a hindrance in the past, the recent

introduction of the easier to administer nasal glucagon is likely to

improve rates of utilization of this rescue therapy.

8 | HYPOGLYCAEMIA TREATMENT

Administration of fast-acting carbohydrates should be the first line of

treatment at blood glucose levels of 70 mg/dL (3.9 mmol/L) or less.

Primary care providers should always alert people with diabetes about

the importance of fast-acting carbohydrates which include pure glu-

cose in the form of tablets or gels or glucose-containing beverages.

Importantly, ingested fats may delay the acute glycaemic response

and protein may increase insulin more than increasing blood glucose

levels. Providers should always keep in mind the recurrence of

hypoglycaemia especially when using intermediate or long acting insu-

lin or sulphonylureas.

Glucagon may also be used for the treatment of hypoglycaemic

episodes in case of inability to eat by mouth. However, proper educa-

tion of people with diabetes and their custodial care is important to

assure appropriate use of SC or nasal glucagon.1

9 | TECHNOLOGY AND HYPOGLYCAEMIA

In recent years the usage of technology in diabetes is increasing.

While in the past, diabetes technology was attributed only to

T1D, use in T2DM is increasing. Moreover, in the 2019 ADA Stan-

dards of Medical Care, there is a new section on technology for

the management of patients with diabetes. In addition, the United

Kingdom, position statement for the use of technology in T1DM

has recently given technology a well-deserved spotlight. The tech-

nology is a tool for the healthcare provider to work towards

achieving glycaemic control such that hypoglycaemia events are

reduced or prevented.70,71

Continuous subcutaneous insulin infusion/pump therapy (CSII)

remains a standard of care in the treatment of T1DM and is able to

demonstrate a reduction in hypoglycaemia events mostly in patient

with frequent hypoglycaemia. An important feature of CSII is the basal

infusion which, when carefully determined is a minority of the admin-

istered insulin and prevents hypoglycaemia when food intake is del-

ayed or reduced. The bolus calculator also adds value in providing a

better adjustment of insulin dose for correction of hyperglycaemia

and mealtime carbohydrate intake. In order to achieve its full impact,

a structured education should take place alongside with carbohydrate

counting.72-75

While in T2DM patients there is a steady increase in the use of

CSII, most data relate to the improvement of overall glycaemic control

rather than its effect on hypoglycaemia.

CGM is becoming standard of care in the management of T1DM

and helps to unveil episodes of diurnal and nocturnal hypoglycaemia.

The frequency of CGM detected hypoglycaemia events can reach

several-fold higher than that of self-reported hypoglycaemia by BGM

in insulin-treated patients.76
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Even in T2DM patients, a short period of CGM use (72 hours),

there was a 2-fold increase in the detection of hypoglycaemia events

as compared to SMBG.77 In T1DM patients using CGM vs SMBG with

two insulin regimens (analogues vs human) over 3 days also demon-

strated the advantage of CGM, here, the ability to detect

hypoglycaemia 17 times more frequently.78

In patients with T1D, extensive data show the benefits of CGM in

frequency and in reducing time spent with hypoglycaemia.79 Bolinder

et al showed that in T1D patients well controlled with HbA1c below

7.5% that CGM can reduce the time in hypoglycaemia without

increasing HbA1c. Interestingly, the reduction of hypoglycaemia was

in early phase of the trial and was maintained during the whole trial

period.80 When comparing professional is-CGM with RT-CGM in a

head to head clinical trial there was a greater magnitude of

hypoglycaemia reduction with RT-CGM, and there was a minor effect

of is-CGM on hypoglycaemia when compared to baseline.81

Data from several RCT of RT-CGM displayed the benefits of CGM

and safety regarding hypoglycaemia when using either MDI or CSII and

even in those with impaired hypoglycaemia awareness.42,82-86 In type

2 patients, a reduction of hypoglycaemia events while using is-CGM

was also seen without increasing HbA1c.
87 Trend arrows on the CGM

can trigger an action to prevent a hypoglycaemia event and this valu-

able information needs to be taught to the patients.88,89

The international consensus on the use of CGM was able to stan-

dardize the way glucose metrics should be presented. The definition

and assessment of hypoglycaemia in clinical studies are well

described90 with recent consensus of “Time in Range” (TIR) and for

“Time Below Range” (TBR) are set with a cut-off of 70-54 mg/dL

(3.9-3 mmol/L) (level 1) and below 54 mg/dL (3 mmol/L) (level

2 hypoglycaemia). The percent of time below 70 mg/dL (3.9 mmol/L)

recommendation is different for the general population of patients

with diabetes and for type 1 patients during pregnancy (below 4%) vs

older/high risk patients (below 1%).91

The ability of CGM devices to communicate with insulin pumps

has opened the path for closed loop systems. One important mile-

stone is the suspension ability where the CSII is suspended when the

glucose is reaching a threshold (ie, set by the healthcare provider) and

later on the development of the predictive before low suspension.92

This feature has proven itself also in the real-world environment with

the reduction of hypoglycaemia events.93

With the advancement of technology and closed loop systems

many of the glucose metrics are improving including among them

the number of hypoglycaemic events and their magnitude. Even in

people at high risk for hypoglycaemia, there is currently only one

Food and Drug Administration (FDA) approved system and the data

were consistent with those findings.94-96

While the cost and reimbursement issues may prevent the use of

CGM, healthcare providers need to remember that even with more

simplified technology hypoglycaemic events can be reduced without

increasing HbA1c. Rossi et al reported that with a short messaging sys-

tems communication system (DID-Diabetes interactive Diary), which

has a carbohydrate/bolus calculator, patients can be well informed as

a substitute for traditional education.97

We must remember that technology has limitations (eg, lag time

when CGM and blood glucose monitoring). This may be of particular

importance during and following physical activity. Accuracy issues of

CGM devices remain a concern although newer devices are becoming

more accurate. Lack of adherence to CGM can mask its true effect,

for example, the results from HypoCOMPaSS study that failed to

show a difference between SMBG and CGM; an outcome that might

have been related to the fact that in the CGM group the adherence to

wearing CGM was only 57% and in post hoc analysis there was a

trend in the CGM group with better adherence. Finally, the devices

are not plug-and-play and require support and education to maximize

their abilities.98-102

In contrast to the well-regulated devices (CSII, CGM) the field of

mobile applications is breached. There are thousands of mobile apps that

might put the patient in danger due to a lack of regulation and the lack

of availability of well-established outcomes. Many of those apps provide

glucose diaries and some can suggest treatment recommendations.

Hypomaps, a mobile application developed by Joslin Diabetes Center

and powered by the online portal Glooko in a small pilot study showed a

reduction in daytime hypoglycaemia in a subset of T1D adults with

reduced hypoglycaemia awareness but non-completers of this study

attributed their non-completion to time required and difficulties using

the mobile app.103 However, that same platform was found to increase

blood glucose testing with a greater improvement in blood glucose when

compared to users who did not use the mobile platform.104

Educational applications for diabetes often include hypoglycaemia

education, but the glucagon application by Eli Lilly is dedicated to the

teaching of glucagon use to patients.105

Furthermore, Diabetes Digital Media platform launched an online

structured education programme targeting both patients and healthcare

providers to improve hypoglycaemia awareness but no results are avail-

able to date about the effectiveness of this programme.106

Practical implications. CGM should be considered for all individ-

uals with increased risk for hypoglycaemia, impaired hypoglycaemia

awareness, frequent nocturnal hypoglycaemia and frequent severe

hypoglycaemia.79

The role and effectiveness of mobile applications and online plat-

forms need larger studies and further investigation.

We expect that with further technology advancement as with the uti-

lization of machine learning and artificial intelligence capabilities to predict

and prevent hypoglycaemic events may minimize hypoglycaemia harmful

effects. Those tools will surely assume an important place in the world of

hypoglycaemia assessment and management.107, 108 Technology can be

included as an important tool for evaluation of hypoglycaemia episodes,

the identification of people at risk for hypoglycaemia and for prevention of

hypoglycaemia eventswithout compromising glycaemic control.

10 | NEWER ANTI-DIABETIC DRUGS AND
RISK OF HYPOGLYCAEMIA

Two types of anti-diabetic agents are associated with hypoglycaemia—

insulin secretagogues (ie, sulphonylureas) and insulin. As shown in
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Table 2, intensive treatment mainly with supplemental treatment with

insulin and SU (ACCORD, ADVANCE, and VADT) shows that the

risk of hypoglycaemic events are about 2- to 3-fold higher than

compared to standard treatment compared to newer glucose-

lowering agents.44, 109 Within the last decade newer anti-diabetic

drugs have been developed and marketed with minimal if any risk

of hypoglycaemia when used as monotherapy. These newer drugs

are GLP-1 RAs (glucagon-like peptide-1 receptor agonists), DPP-4

(dipeptidyl peptidase-4)-inhibitors, and SGLT2 (sodium glucose co-

transporter-2)-inhibitors.109

10.1 | DPP-4 inhibitors

DPP inhibitors inhibit DDP-4, the main enzyme that degrades incretin

hormones, for example, GLP-1 and GIP. DPP-4 inhibitors increase the

level of endogenous GLP-1 and GIP by 2 to 3 folds, stimulating insulin

secretion from the ß-cell in a glucose-dependent manner, as well as

reducing glucagon secretion.109

As shown in Table 2 the risk of hypoglycaemic events is very low

with this class of drugs and the risk only seems to be marginally

increased (by 0%-15%) as compared to placebo.109

10.2 | GLP-1 receptor agonists

GLP-1 receptor agonists, protected against DPP-4 degradation,

directly stimulate the ß-cell to secrete insulin through binding to the

GLP-1 receptor and inhibit glucagon secretion and thereby reduce

hyperglycaemia. These agonists are administered as SC injections

(daily or weekly). Exenatide and lixixenatide are given twice daily,

liraglutide is given by daily injections. Several weekly formulations are

available including exenatide extended release formulation, dulaglutide,

albiglutide, and semaglutide. As shown in Table 2 GLP1-RA have a

robust effect in lowering HbA1c with a low risk of hypoglycaemia win

patients with T2DM. The explanation for the relatively low level of hyp-

oglycaemic events relates to the glucose-dependent effect of GLP-1 on

insulin secretion—the insulin secretory effect is abolished or reduced at

lower plasma glucose concentrations.109, 110

Recently, a daily oral treatment with a GLP-1 analogue, semaglutide,

has been investigated in clinical trials111 and received FDA approval. The

risk of severe hypoglycaemia was also low with oral semaglutide, yet it

was higher (1.8%) than in the placebo arm (0.8%) (Table 2).

It was noted that of these hypoglycaemic events occurred with

the concomitant use of oral semaglutide with insulin and/or sul-

phonylurea treatment.

TABLE 2 Prevalence of hypoglycaemia in recent large clinical trials in individuals with T2DM

Name of the study Interventional drug tested N (number of participants)
Trial median
duration (years) Baseline HbA1c

% individuals with hypoglycaemiaa

Intervention Control

ACCORD Intensive vs standard 10 251 3.4 8.1 16.2 5.1

ADVANCE Intensive vs standard 11 140 5.0 7.2 2.7 1.5

VADT Intensive vs standard 1791 5.6 9.4 8.5 3.1

ORIGIN Insulin/Glargine 12 537 6.2 6.4 5.7 1.8

DPP-4 inhibitors

SAVOUR Saxagliptin 16 492 2.1 8.0 2.1 1.8

EXAMINE Alogliptin 5380 1.5 8.0 0.7 0.6

CARMELINA Linagliptin 6991 2.2 7.9 15.9 16.4

CAROLINA Linagliptin

TECOS Sitagliptin 14 671 3.0 7.0-7.4 0.78 0.70

GLP-1 analogues

LEADER Liraglutide 9340 3.8 8.7 3.3 2.4

REWIND Dulaglutide 9901 5.4 7.2 1.3 1.5

SUSTAIN 6 Semaglutide 3297 2.0 8.7 21.7 21

Pioneer6 Oral Semaglutide 3183 2.3 8.2 1.4 0.8

SGLT-2 inhibitors

EMPA-REG Empagliflozin 7020 2.6 8.1 1.5 1.3

CANVAS Canagliflozin 10 142 3.6 7.0-10.5 — —

CREDENCE Canagliflozin 4401 2.6 8.3 10.2 10.9

DECLARE Dapagliflozin 17 160 4.2 8.3 0.7 0.9

DAPA-HF Dapagliflozin 4744 1.5 7.4* — 0.2

aHypoglycaemia was defined differently in the different studies and it is, therefore, not possible to perform comparisons between the studies, but only

comparison within each study. However, in most of the studies the prevalence is estimated as pct of individuals with at least one major hypoglycaemic

event. *Glycated hemoglobin value is only for patients with diabetesal which were less than half of the participants.
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10.3 | SGLT-2 inhibitors

SGLT-2 inhibitors reduce blood glucose concentration by increasing

glucosuria via blocking glucose reabsorption in the proximal tubule of

the kidneys (REF). Most of the FDA approved agents are used once

daily (canagliflozin, empagliflozin, dapagliflozin, and ertugliflozin).

Because the glucose lowering effect of SGLT2-inhibitors is indepen-

dent of insulin secretion, the risk of hypoglycaemia is low when used

as monotherapy. The clinical trials shown in Table 2 are in accordance

with this expectation. For example, the risk of hypoglycaemia using

canagliflozin is extremely low and if hypoglycaemia occurs, it is most

often associated with background use of insulin or sulphonylureas.112

Moreover, a recent study of dapagliflozin in patients with heart failure

(less than 50% with diabetes) showed similar low rate of hypoglycaemia

in the dapagliflozin group and the placebo group.113

Practical implications. Data from recent large clinical trials clearly

show very low risk of hypoglycaemic events associated with the use

of these newer drugs, and if an increase is observed it is often due to

concomitant use of insulin and/or sulphonylureas. From the present

analyses, it is not possible to determine whether there are differences

in the risk of hypoglycaemia between the three different classes of

drugs or whether there are differences between drugs within the

same class.114, 115

Finally, we have to remember that other glucose-lowering drugs

such as metformin and thiazolidinediones (eg, pioglitazone, rosiglitazone)

are also associated with low risk of hypoglycaemia and significantly lower

costs.115

11 | HYPOGLYCAEMIA DURING
PREGNANCY

Near-normoglycaemia is universally recommended in pregnant

women with pre-gestational and gestational diabetes to improve

obstetrical, foetal and neonatal outcomes.116 As expected, striving for

optimal glycaemic control imposes a major challenge to the diabetes

team and the patient. It increases the maternal risk of minor as well as

severe hypoglycaemia requiring assistance.117

Clearly, severe hypoglycaemia is unsafe to the mother and repre-

sents the main limiting factor for achieving stringent glucose control

throughout pregnancy in women with T1D and T2D. Severe

hypoglycaemia comprises hazards that include loss of consciousness,

seizures, traffic accidents, and even death. Patients with severe

hypoglycaemia during the first trimester had also higher burden of

hypoglycaemia-related anxiety than women without hypoglycaemia.118

In addition, recurrent hypoglycaemia in T1D is associated with high glu-

cose variability and episodic hyperglycaemia.119 Despite optimal HbA1c

levels during gestation, the hyperglycaemic excursions may explain why

macrosomia incidence, the most significant obstetric complication, is

still increased.

Possible dangers of maternal hypoglycaemia for the foetus have

been far less investigated. In animal (rodents) studies, there is strong

evidence that hypoglycaemia arising early in pregnancy was strongly

associated with teratogenesis.120 However, no such correlation was

determined in clinical studies involving women with T1D. Yet, this

concern has not been completely dispelled.

In early pregnancy, women with T1DM reported a 3-fold increase

in severe hypoglycaemia frequency compared with the pre-gestational

period.118 Actually, severe hypoglycaemia occurs in 19%-44% of preg-

nant women administered intensive insulin treatment. 121 Reported

rates of severe hypoglycaemia during pregnancy were up to 15 times

higher than those in the Diabetes and Complications Trial.122

Peak incidence of hypoglycaemia occurs during the first trimester,

specifically gestational week 8 to 16, and is lower in the second half of

gestation.123 Contributing factors for severe hypoglycaemia in early

pregnancy may be related to gestation-induced nausea and vomiting.

Conceivably, the latter exacerbate hypoglycaemia tendency due to vari-

ations in carbohydrate consumption. It is not clear whether the inci-

dence of minor hypoglycaemic episodes or the level of hypoglycaemia

awareness is altered during gestation.124

11.1 | Risk factors for hypoglycaemia during
pregnancy

Prevention of severe hypoglycaemia during pregnancy will be most

useful overcoming this obstacle. Risk indicators predictive for severe

hypoglycaemia during the first trimester include a history of previous

hypoglycaemic events before gestation, hypoglycaemia unawareness,

longer duration of diabetes, low HbA1c level ≤6.5%, and change in

insulin administration, dosing or regimen, and a high total daily insulin

dose.118

Previous hypoglycaemia is well known as a major risk factor for

subsequent severe hypoglycaemia in T1DM.125 The underlying mech-

anism of “hypoglycaemia begetting hypoglycaemia” means recurrent

exposure to lower blood glucose levels.126 There is a threshold shift

for glucose counter-regulation activation towards reduced blood glu-

cose levels. Hence, it is important to prevent a vicious cycle of

hypoglycaemia and impaired glucose counter-regulation. Thus, low

glycaemic targets such as <3.3 mmol/L (60 mg/dL) before and during

pregnancy should be avoided.

11.2 | Treatment considerations for reducing
hypoglycaemia rates during pregnancy

As discussed, tight glycaemic control with intensive insulin therapy is

associated with elevated hypoglycaemia rates. Several therapeutic

considerations are important to lower hypoglycaemia risk during

pregnancy.

First, it is crucial to recommend the clinical targets for glucose

control. Considering hypoglycaemia prevention during pregnancy, the

practical and recommended treatment target, by SMBG, is to avoid

blood glucose level <3.9 mmol/L (<70 mg/dL).42

In recent years, CGM has been used more extensively as sensors

became more accurate, convenient and easy to use without the need
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of calibration. In the recent, “Recommendations from the International

Consensus on Time in Range (TIR),” the lower glucose target threshold

suggested during pregnancy is 3.5 mmol/L (63 mg/dL).91 Based on

data from Sweden and the Continuous Glucose Monitoring in Women

with Type 1 Diabetes in Pregnancy Trial (CONCEPTT), the TBR

<3.5 mmol/L (<63 mg/dL) recommended is <4% of readings.127, 128

However, the evidence on CGM metrics and targets, including TBR,

for women with T2DM and gestational diabetes mellitus, is lacking.

Second, the preferred insulin type during pregnancy can modify

the hypoglycaemia hazard. Clinical trials support the administration of

rapid-acting insulin analogues during pregnancy, as in non-pregnant

subjects, rather than human insulin.129

Third, the timing of insulin analogue initiation in women with

T1DM is also important. Indeed, administration pre-conception may

result in a reduced risk of severe hypoglycaemia compared with

women assigned post-conception.130 This observation may have sev-

eral explanations. Women with T1D who initiate insulin analogues

pre-conception are more motivated and experienced in diabetes self-

management than subjects with post-conception administration.

Instead, optimized insulin treatment and a reduced hypoglycaemia risk

are related to the extra multidisciplinary diabetes teamwork in the

pre-conception period.

In the immediate postpartum period, the risk of severe

hypoglycaemia is considerably higher than that in the second half of

gestation and in non-pregnant subjects with diabetes. Consistently,

women with T1D should be advised to reduce their insulin dose after

delivery and to set pre-conception glycaemic control targets.92

Practical implications. Several therapeutic considerations are

important to lower hypoglycaemia risk during pregnancy, including

determination of clinical targets for glucose control, administration of

rapid-acting insulin analogues, rather than human insulin, pre-

conception initiation of insulin analogues, and immediate postpartum

insulin dose reduction.

12 | HYPOGLYCAEMIA IN CHILDREN VS
ADULTS

While hypoglycaemia can be a significant issue for people of all ages

who live with diabetes, there are distinct differences in cause, patho-

physiology, symptoms, and treatment between adults and children.

The development and growing availability of improved insulin

analogues, insulin pump therapy, and glucose sensors have helped to

reduce rates of severe hypoglycaemia at all ages, but has not elimi-

nated it.131 Hypoglycaemia continues to be a formidable barrier

against optimal diabetes control in children and young adults. The

DCCT reported a higher rate of severe hypoglycaemia in adolescents

as compared to the adults; 86 vs 57 events requiring assistance per

100 patient years. The Juvenile Diabetes Research Foundation (JDRF)

CGM study group described bouts of nocturnal hypoglycaemia which

were frequent (8.5% of nights) and protracted (mean time in

hypoglycaemia of 81 minutes) both in children and adults, but more

prolonged in children.131 This is significant as prolonged nocturnal

hypoglycaemia for 2 to 4 hours has been associated with seizures.

Studies suggest that younger age, lower HbA1c levels, antecedent

exercise and hypoglycaemia are associated with a greater frequency

of hypoglycaemia.131

Caregivers of young children with T1D continue to have signifi-

cant fear of hypoglycaemia, in particular of nocturnal hypoglycaemia.

Such fear may lead caregivers and even healthcare providers to accept

higher glucose levels, which can lead to suboptimal glycaemic control.

Behavioural interventions (cognitive behavioural therapy) and psycho-

education have shown to reduce this fear in adults, although limited

data exist on children and adolescents. Similarly, RT-CGM systems

and insulin pumps designed with automated insulin suspension in the

setting of hypoglycaemia have the potential to lessen this fear

although related studies are limited.131 The use of CGM reduces time

spent in hypoglycaemia with a concomitant decrease in HbA1c in both

children and adults. Although the use of CGM is associated with

reduced severe hypoglycaemia in adults this is not yet demonstrated

in children and young adults. In part, this may be attributed to adoles-

cents who have a high acoustic arousal threshold from sleep, and who

sleep through 71% of alarms and therefore can have a severe hyp-

oglycaemic event despite wearing a glucose sensor.131

There are important differences in the pathophysiology of

hypoglycaemia between newborns, children, and adults. This is in part

because the adult brain accounts for greater than one-half of total

body glucose consumption. Due of their disproportionately larger

brain size relative to their body mass, there is a 2- to 3-fold higher glu-

cose utilization rate (4-6 mg/kg/min) per kilogram of body weight in

infants and young children compared with adults which contribute to

a higher risk for hypoglycaemia.132

In newborns, persistent hypoglycaemia results from a congenital

or genetic defect in regulating the secretion of insulin, deficiency of

cortisol and/or growth hormone, or defects in the metabolism of glu-

cose, glycogen, and fatty acids.133 During the first 48 hours of life, it

may be difficult to assess persistent hypoglycaemia disorder from

those with transitional hypoglycaemia. The mean plasma glucose

threshold for suppression of insulin secretion is between 55 and

65 mg/dL (3.0-3.6 mmol/L) shortly after birth, compared with

80-85 mg/dL (4.4-4.7 mmol/L) in older infants, children, and adults.132

As the glucose stimulated-insulin secretion mechanism matures mean

PG concentration in normal newborns increases and by 72 hours of

age is similar to those in older infants and children.

Severe and recurrent hypoglycaemia in the first few months of

life can lead to significant disability; thus, early recognition and treat-

ment are essential of concern, plasma ketone levels are suppressed

during hypoglycaemia in neonates, which results in a greater risk for

hypoglycaemia-induced brain damage. Additionally, there is limited

evidence that the plasma lactate level will be high enough to compen-

sate for low glucose.133 When hypoglycaemia is recurrent, it is impor-

tant to exclude IAH and rule out coexisting autoimmune disorders

such as hypothyroidism, celiac disease, and Addison disease.131

Whipple's triad is useful in confirming hypoglycaemia: symptoms

and/or signs consistent with hypoglycaemia, a documented low glu-

cose concentration, and relief of signs/symptoms when plasma
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glucose concentration is restored to normal. However, young infants

and children often cannot dependably recognize or communicate their

symptoms, thus recognition of hypoglycaemia in this group may

require confirmation by repeated glucose measurements and formal

testing.134

It is essential that education on hypoglycaemia symptoms and

treatment be given to children, parents, schoolteachers and other

care-givers so they may recognize the early warning signs of

hypoglycaemia and treat low blood glucose immediately and

appropriately.131

Symptoms of hypoglycaemia result from adrenergic activation

(eg, shakiness, pounding heart), cholinergic (sweating) and neuro-

glycopaenia (eg, headache, drowsiness, difficulty in concentrating).

Behavioural changes in preschool children often result from a combi-

nation of both autonomic and neuroglycopaenic responses, including

tantrums, irritability, stubbornness, agitation, and even quietness.

Notably, the dominant symptoms of hypoglycaemia tend to differ

depending on age, with neuroglycopaenia more common than auto-

nomic symptoms in the young. See Table 3 for symptoms based on

age group.131

Hypoglycaemia has both acute and long-term consequences.

Infants and children with asymptomatic hypoglycaemia have been

shown to have acute neurocognitive defects during episodes of

hypoglycaemia, including impaired sensory and auditory-evoked

responses and impaired test performance. Long-term consequences

of hypoglycaemia include decreased head size, lower intelligence quo-

tient, and brain abnormalities on Magnetic Resonance Imaging(MRI).

Furthermore, as many as 50% of patients who survive hyper-

insulinemic hypoglycaemia of infancy have long-term neurologic com-

plications, which emphasizes the need for early recognition and

treatment of these children.131

Severe hypoglycaemia demands urgent treatment. In a hospital or

other healthcare setting, this may include intravenous glucose. Gluca-

gon (IM, SC, or nasal) can also be live-saving, and may be administered

anywhere including at home. The recommended glucagon SC dosing

is weight based: 1 mg for adults and children >25 kg and 0.5 mg for

children <25 kg (according to Novo Nordisk manufacturer guidelines,

Eli Lilly uses a weight cut-off of 20 kg). The evidence for these recom-

mendations is unclear.131

13 | HYPOGLYCAEMIA IN THE HOSPITAL
SETTING

Hypoglycaemia among hospitalized patients is common, occurring in

up to one-third of patients treated with insulin in medical and surgical

wards. Hypoglycaemia in the hospital setting has been associated with

increased morbidity and mortality.135

A prospective observational study reported that almost 45% of

insulin-treated patients whose blood glucose was <70 mg/dL suffered

from asymptomatic hypoglycaemia.57 It was also found that older

males had a higher risk of asymptomatic hypoglycaemia.

The study results supported the recommendations on the need

for frequent blood glucose measurements in those treated with insulin

in general wards. Health care providers should be aware of the prob-

lem of hypoglycaemia in the hospital setting.135

In the inpatient setting, data from a feasibility study utilizing a

computerized system for workflow and decision support for diabetes

management have reported lower hypoglycaemia rates (1.3% of blood

glucose measurements were <70 mg/dL and 2.6% were >300 mg/dL)

as compared to paper charting.136

Practical implications. The ADA Standards of Medical Care recom-

mends that a management protocol for hypoglycaemia should be

designed and implemented by every hospital, along with a clear pre-

vention and treatment plan. Hypoglycaemic episodes should also be

documented in the medical record. The ADA also urged for reviewing

the treatment regimen to make changes when necessary, aiming for

prevention of further hypoglycaemic episodes especially if the blood

glucose value is <70 mg/dL (3.9 mmol/L). Ideally, an inpatient diabetes

management team can facilitate the management of patients with dia-

betes being treated with insulin or insulin secretagogues.

Iatrogenic hypoglycaemia may be related to specific triggers

including decrease in oral intake, vomiting, improper timing of insulin

injections (either short- or rapid-acting) in relation to meal times,

decreasing the infusion rate of IV dextrose, interrupting the oral,

enteral, or parenteral feedings, and sudden reduction of the doses of

corticosteroid.1

14 | HYPOGLYCAEMIA IN PARTICULAR
SITUATIONS

14.1 | Hypoglycaemia and religious duties

14.1.1 | Muslim fasting

According to a recent study done in the Pew Research Institute in

2015, Muslims are the second largest religious community world-

wide, a total 1.8 billion Muslims, constituting 24.1% of the global

population.137 Coupling this number with the overall prevalence

of diabetes (8.8%), we estimate there are more than 100 million

Muslims with diabetes; some of the Islamic traditions not prac-

ticed in the proper way could put Muslims with diabetes at risk of

hypoglycaemia.

TABLE 3 Symptoms of hypoglycaemia by age group

Neonates Older children

Tremulousness

Brisk Moro reflex

Lethargy

Poor feeding

Irritability

Hypothermia

Respiratory distress

Apnoea

Bradycardia

Seizure

Coma

Sudden death

Dizziness

Sweating

Hunger

Anxiousness

Confusion

Lethargy

Poor feeding

Irritability

Seizure

Coma

Sudden death
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Ramadan is a holy lunar-based month, the duration of Ramadan

could be 29 or 30 days. Every Muslim who chooses to fast should

abstain from food, drinks, and any oral medication, from dawn until

sunset; Muslims in Ramadan can consume food or fluid between sun-

set and dawn. Most Muslims typically eat two meals every day during

Ramadan, first at sunset and the second before dawn.138

The landmark Ramadan study EPIDIAR, showed that fasting dur-

ing Ramadan increased the risk of severe hypoglycaemia 4.7-fold in

Muslims with T1D and 7.5-fold in Muslims with T2DM. In this study,

severe hypoglycaemia was thought to be underestimated since

events requiring assistance from a third party without the need for

hospitalization were not included. Citing the high risk of severe

hypoglycaemia, severe hyperglycaemia and diabetic ketoacidosis

reported in Muslim patients during fasting.139

The latest Ramadan statement published in 2015 paid good atten-

tion to the frequency of hypoglycaemia during Ramadan and drew

attention to some issues related to hypoglycaemia. Maximum caution

should be practiced with the use of Insulin and/or sulphonylureas dur-

ing Ramadan. The statement also highlighted the importance of some

religious practices during Ramadan (Tarawih prayers) with more physi-

cal exertion increasing the risk of hypoglycaemia. Lastly the statement

recommended a strategy for preventing hypoglycaemia (Table 4) and

how to manage hypoglycaemia during Ramadan (Table 5).140

14.1.2 | Jewish fasting (Yom Kippur and other
fast days)

Yom Kippur (day of atonement) fast is a 24 hour fast where absti-

nence from food and drink is practiced once annually on the 10th day

of the Jewish month of Tishre. Five additional similar fasts are also

practiced, including Ninth of Av, a day lasting 25 hours and four other

days from sunrise to sunset. Although fasting those days are a part of

the Jewish faith for many, the Torah states that fasting is not required

if it poses a health risk for the individual.

A study conducted to assess the frequency of ER visits 48 hours

before and 48 hours after Yom Kippur showed no difference in visits

frequency in 3441 orthodox fasting patients with diabetes. There was

also no demonstrated increase in frequency between orthodox fasting

Jewish and secular patients with diabetes.141 According to Grajower

and Zangen, patients with T1DM with inadequate control (ie, blood

glucose > 250 mg/dL), physical trauma, sign of infection or fever

should not be permitted to fast.142

Practical implications. Various papers serve as expert opinion pieces

on the management of diabetes and avoidance of hypoglycaemia during

religious fasting.

Hajj. Hajj is an obligatory duty for every Muslim. Hajj, a Muslim

pilgrimage should be done in Mecca including a visit to the sacred

house of Allah (Kaaba). The risk of hypoglycaemia is much higher

when performing Hajj. This is a consequence of excessive physical

activity and a change in the frequency and amount of food ingested.

Moreover, Hajj may be performed during very hot weather, and in

addition to very long walking distances there is often prolonged

periods awaiting food.143

Tables 4 and 5 include some precautions to prevent and treat

hypoglycaemia during Ramadan and Hajj.

14.2 | Physical activity

Physical activity plays an important role in glycaemic management in

T1D, T2D, and patients with prediabetes. Increased physical activity

and fitness have a positive impact on overall health.144 Physical activ-

ity can improve glycaemia in patients with T2D, minimize their cardio-

vascular risk factors, may contribute to weight control, and improving

the sense of well-being.145 Furthermore, regular exercise may have a

role in preventing or delaying the onset of T2D.146, 147 Daily physical

activity may also offer glycaemic benefits in people with T1D by

improving cardiovascular fitness, and insulin sensitivity.145 However,

physical activity may increase the risk of hypoglycaemia more com-

monly in people with T1D and T2D who on insulin and/or insulin

secretagogues.

Practical implications. Optimizing insulin doses and carbohydrate

intake, in addition to a short warm-up before or after the physical

activity sessions may help avoid hypoglycaemia.148 The practice of

TABLE 4 Guide for preventing hypoglycaemia during Ramadan

and Hajj

▸ Frequent monitoring of blood glucose levels, especially for those on

insulin and/or sulphonylureas, monitor 4–6 times daily

▸ Seek the help of your healthcare provider if there is a need for

adjusting your medication aiming to avoid hypoglycaemia

• At least 1 month prior to Ramadan and Hajj. Avoid or reduce

sulphonylureas and/or insulin daily dosage after consulting your

healthcare provider

▸ Avoid skipping pre-drawn meals in Ramadan and early morning

breakfast during the Hajj

▸ Avoid strenuous physical activity during fasting period

▸ Adjust medication dose and eat a snack in the presence of

hypoglycaemia (see Table 5). Consider breaking the fast if there is

severe or recurrent hypoglycaemia and get immediate rest during

the Hajj

▸ Record blood glucose measures to determine patterns contributing

to hypoglycaemia

TABLE 5 Recommendations for treatment of hypoglycaemia
during Ramadan and Hajj

Examples of 15 g of carbohydrate to be used when getting

hypoglycaemia

▸ Four ounces (1/2 cup) of apple or orange juice

▸ Four ounces (1/2 cup) of regular sweetened soda

▸ Three or four glucose tablets

▸ One serving of glucose gel—the amount equal to 15 g of

carbohydrate

▸ Eight ounces (1 cup) of milk

▸ Five or six pieces of hard candy

▸ One tablespoon of sugar or honey
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high-intensity exercise sessions intermittently while having moderate

physical activity may also help in slowing the declines in blood

glucose.149

Hypoglycaemic episodes typically occur within 6 to 15 hours fol-

lowing increased physical activity sessions, in some cases the risk may

extend out to 48 hours.150 Physical activity may also cause nocturnal

hypoglycaemia, which poses major clinical concerns. This nocturnal

hypoglycaemia risk could be reduced by �20% decrease of the total

basal insulin doses with a reduction of prandial bolus insulin and also

consuming low glycaemic index carbohydrate after the evening physi-

cal activity.151 For CSII users, reduction of basal rate by almost 20% at

bedtime for 6 hours after the evening physical activity can minimize

the possibility of nocturnal hypoglycaemia. In addition, a bedtime

snack, measuring the blood glucose values overnight, and/or the use

of CGM equipped with alarm and automated pump suspension may

be useful.

15 | HYPOGLYCAEMIA AND ENDOCRINE
DISORDERS

Although much more uncommon than hypoglycaemia in diabetes,

endocrine disorders can cause hypoglycaemia.

Hypopituitarism from almost any cause can lead to hypoglycaemia

due to secondary adrenal insufficiency, growth hormone deficiency or

both. This includes tumours (pituitary, parasellar, and metastatic),

mechanical or compressive lesions (cysts, spinal fluid as in empty

sella syndrome, trauma, aneurysms), infiltrative processes (histiocytosis

X, sarcoidosis, haemochromatosis), infections (tuberculosis, syphilis,

meningitis), autoimmunity, pituitary infarction (postpartum infarction

and apoplexy of any aetiology), radiation, neurotoxins, and medications

like tyrosine kinase inhibitors.

Hypoglycaemia from primary adrenal insufficiency is most com-

monly autoimmune (Addison disease) and frequently associated with

polyendocrine deficiency syndromes.152 Though rare now, tuberculo-

sis was formerly a common cause of primary adrenal insufficiency.

Fungal infections, infiltrative processes (sarcoidosis, amyloidosis, and

metastatic neoplasia), adrenal haemorrhage, demyelinating disorders

and congenital adrenal hypoplasia are rare causes.

There has been a disagreement about the correlation of hypothy-

roidism and hypoglycaemia.153, 154 Hypothyroidism is thought to

cause hypoglycaemia through the reduction of gluconeogenesis in

skeletal muscle and in adipose tissue and impairment of glycogenoly-

sis.155, 156

Pancreatic islet cell tumours or insulinomas are rare but still the

most common tumours to cause hypoglycaemia. Multiple Endocrine

Neoplasia 1 (MEN1) is associated with hypoglycaemia through pan-

creatic insulinomas. Non-insulinoma pancreatogenous hypoglycaemia

syndrome with islet hypertrophy or neisidioblastosis is a rising cause

of hypoglycaemia, particularly with its association with gastric bypass

surgery.

Non-islet cell tumours can induce hypoglycaemia through

overproduction of insulin-like growth factors, usually IGF-II. This has

been seen in several tumours including poorly differentiated thyroid

cancer, adrenocortical, mesenchymal (sarcomas, mesotheliomas, neu-

rofibromas), gastrointestinal, lymphoma, hepatoma, teratomas, and

genitourinary tumours. These tumours tend to be large (>500 g and

>5 cm), localized to the abdomen and thorax, and in adults.157

Lastly, autoimmune hypoglycaemia has been seen with antibodies

causing activation of the insulin receptor and anti-insulin antibodies

with erratic insulin levels.150, 158

16 | SUMMARY OF HYPOGLYCAEMIA
CAUSES AND TREATMENTS

In the primary care setting a diabetes team comprising physicians,

nurses and diabetes educators is needed for all aspects of care, includ-

ing hypoglycaemia recognition and prevention. Several efforts to rec-

ognize and prevent hypoglycaemia start with the empowerment of

patients to prevent hypoglycaemia and to know what to do if it hap-

pens. The key issue is good communication and easy access to pri-

mary health facilities in cases of hypoglycaemia. The right choice of

glucose-lowering drug is essential. Modern developments in glucose

TABLE 6 Hypoglycaemia causes and treatments

Causes Treatments

Physical activity Medication adjustment or addition of carbohydrate

Skipped or irregular meals Maintain consistent carbohydrate at meals or medication adjustment

Erratic schedule Medication adjustment, use of CGM or increased SMBG to identify patterns

Stress Medication adjustment

Diminished cognitive status Use of CGM with alerts or increased SMBG

History of hypoglycaemia unawareness Use of CGM with alerts or increased SMBG, medication adjustment

Duration of diabetes Use of CGM

Comorbidities Medication adjustment

Note: References for Table 6: 1. Kedia N. Diabetes Metab Syndrome Obes: Targets Ther. 2011;4:337-346. 2. Geller AI et al. JAMA Intern Med. 2014;174

(5):678-686. 3. ADA. Diabetes Care. 2020;43(suppl 1). https://care.diabetesjournals.org/content/43/Supplement_1. 4. Frier BM. Nat Rev Endocrinol.

2014;10:711-722.
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monitoring and drug development have provided new approaches

that can be used to reduce the risk of hypoglycaemia, but their appli-

cation in primary care is delayed mainly due to cost issues, Table 6

summarizes the common causes and treatments of hypoglycaemia.

17 | DISCUSSION/PLANS FOR ACTION

• Hypoglycaemia, being a significant limiting factor in the manage-

ment of T1DM and T2DM should always be a concern and consid-

ered when choosing medications to treat people with diabetes.

• While hypoglycaemia is defined as a blood glucose level under

70 mg/dL (3.9 mmol/L), symptoms may occur at higher blood glu-

cose levels in individuals with much higher overall blood glucose

control. The diagnosis of hypoglycaemia should be based on actual

glucose levels with or without the related symptoms and signs.

• Severe hypoglycaemia is defined as an episode requiring the assis-

tance of another person to actively administer carbohydrate, gluca-

gon, or take other corrective actions to assure neurologic recovery.

• Many vulnerable patients at dual risk of severe hypoglycaemia and

CV outcomes show many features of “frailty.” Those patients may

benefit if treated by using GLP-1 receptor agonists or SGLT2 inhib-

itors with or without metformin rather than using insulin or

sulphonylureas.

• The role of the diabetes educator in the detection, prevention and

treatment of hypoglycaemia is of utmost importance. Ongoing

programmes for continued healthcare education addressing the

issue of hypoglycaemia are needed. These programmes should also

target healthcare providers in hospital settings as recommended by

the ADA Standards of Medical Care urging every hospital to have a

prevention and treatment plan.

• Based on the data from recent large clinical trials clearly showing

the very low risk of hypoglycaemic events associated with the use

of the newer anti-diabetic drugs, the use of these agents, with or

without metformin, may be considered whenever possible in high

CV risk populations.

• Physical activity is the cornerstone in the management of diabetes.

There may be a need to adjust insulin doses and carbohydrate intake

before and after exercise to reduce the risk of hypoglycaemia.

• Special programmes and actions are needed aiming to avoid

hypoglycaemia in special situations like religious fasting and pilgrimage.

• The role of family involvement and conversations about

hypoglycaemia, facilitated by a healthcare professional, may reduce

the burden stemming from the worry about hypoglycaemia and

hypoglycaemia risk in family members of patients with diabetes.

• The use of RT-CGM should be encouraged whenever possible, it is

of significant benefit in patients with IAH.

• CGM should be considered for all individuals with increased risk

for hypoglycaemia, impaired hypoglycaemia awareness, frequent

nocturnal hypoglycaemia and frequent severe hypoglycaemia.

• There are many barriers for the use of CGM, including but not lim-

ited to cost, lack of education of proper use and barriers to insur-

ance coverage.
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APPENDIX A.

HYPOGLYCAEMIA GRADING QUESTIONNAIRE

1 To what extent can you tell by your symptoms that your blood sugar is low?

Never/Rarely/Sometimes/Often/Always

2 At what glucose level do you begin to experience symptoms? _________

3 Describe your symptoms:

4 Headache, lightheadedness, sweating, weakness, intense hunger, other _________. In the last 6 months have you experienced symptomatic

episodes of low glucose? YES/NO

If yes—how often? ___________ /month

5 Was hypoglycaemia confirmed by SMBG? YES / NO

If yes—what was the lowest glucose value measured?

6 Are there identifiable causes for hypoglycaemia?

If yes—specify

7 How do treat hypoglycaemia?

a Food

b Table sugar or sweet beverage

c Glucose tablets, gel or syrup

8 Do you check blood sugar before driving? YES/NO

9 At what glucose level will you not start driving?

10 In the last year, have you had a severe hypoglycaemic episode when you were unable to treat yourself and needed someone's help? YES/NO

11 What is hypoglycaemia for you?

____________________________________________________
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