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Figure 420-1 Physiology of glucose counterregulation: mechanisms that normally prevent or rapidly correct hypoglycemia. In insulindeficient diabetes, the key counterregulatory responses—suppression of insulin and increases in glucagon—are lost, and stimulation of sympathoadrenal outflow is attenuated. ACTH, adrenocorticotropic hormone.
Etiology and Pathophysiology Hypoglycemia is most commonly a
result of the treatment of diabetes. This topic is therefore addressed
before other causes of hypoglycemia are considered.
HYPOGLYCEMIA IN DIABETES
Impact and Frequency Hypoglycemia is the limiting factor in the glycemic management of diabetes mellitus. First, it causes recurrent morbidity in most people with type 1 diabetes (T1DM) and in many with
advanced type 2 diabetes (T2DM), and it is sometimes fatal. Second,
it precludes maintenance of euglycemia over a lifetime of diabetes and
thus full realization of the well-established microvascular benefits of
glycemic control. Third, it causes a vicious cycle of recurrent hypoglycemia by producing hypoglycemia-associated autonomic failure—i.e.,
the clinical syndromes of defective glucose counterregulation and of
hypoglycemia unawareness (see later).
Hypoglycemia is a fact of life for people with T1DM. They suffer an
average of two episodes of symptomatic hypoglycemia per week and at
least one episode of severe, at least temporarily disabling hypoglycemia
each year. An estimated 6–10% of people with T1DM die as a result
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death. Neurogenic (or autonomic) manifestations of hypoglycemia
result from the perception of physiologic changes caused by the central
nervous system–mediated sympathoadrenal discharge that is triggered by hypoglycemia. They include adrenergic symptoms (mediated
largely by norepinephrine released from sympathetic postganglionic
neurons but perhaps also by epinephrine released from the adrenal
medullae), such as palpitations, tremor, and anxiety, as well as cholinergic symptoms (mediated by acetylcholine released from sympathetic
postganglionic neurons), such as sweating, hunger, and paresthesias.
Clearly, these are nonspecific symptoms. Their attribution to hypoglycemia requires that the corresponding plasma glucose concentration
be low and that the symptoms resolve after the glucose level is raised
(as delineated by Whipple’s triad).
Common signs of hypoglycemia include diaphoresis and pallor.
Heart rate and systolic blood pressure are typically increased but may
not be raised in an individual who has experienced repeated, recent
episodes of hypoglycemia. Neuroglycopenic manifestations are often
observable. Transient focal neurologic deficits occur occasionally.
Permanent neurologic deficits are rare.

TABLE 420-2 Physiologic Responses to Decreasing Plasma Glucose Concentrations
Physiologic
Effects

Role in Prevention or Correction of Hypoglycemia
(Glucose Counterregulation)

↓ Insulin

Glycemic Threshold,
mmol/L (mg/dL)
4.4–4.7 (80–85)

↑ Ra (↓ Rd)

↑ Glucagon

3.6–3.9 (65–70)

↑ Ra

↑ Epinephrine

3.6–3.9 (65–70)

↑ Ra, ↓ Rc

↑ Cortisol and growth hormone

3.6–3.9 (65–70)

↑ Ra, ↓ Rc

Symptoms

2.8–3.1 (50–55)

↓ Cognition

<2.8 (<50)

Recognition of
hypoglycemia
—

Primary glucose regulatory factor/first defense against hypoglycemia
Primary glucose counterregulatory factor/second defense
against hypoglycemia
Third defense against hypoglycemia, critical when glucagon
is deficient
Involved in defense against prolonged hypoglycemia; not
critical
Prompt behavioral defense against hypoglycemia (food
ingestion)
Compromises behavioral defense against hypoglycemia

Response

Note: Ra, rate of glucose appearance, glucose production by the liver and kidneys; Rc, rate of glucose clearance, glucose utilization relative to the ambient plasma glucose by insulinsensitive tissues; Rd, rate of glucose disappearance, glucose utilization by insulin-sensitive tissues such as skeletal muscle. Rd by the brain is not altered by insulin, glucagon, epinephrine,
cortisol, or growth hormone.
Source: From PE Cryer, in S Melmed et al (eds): Williams Textbook of Endocrinology, 12th ed. New York, Elsevier, 2012.

HPIM19_Part16_p2251-p2534.indd 2431

2/9/15 6:54 PM

