HYPOGLYCEMIA WITHOUT DIABETES
There are many causes of hypoglycemia (Table 420-1). Because
hypoglycemia is common in insulin- or insulin secretagogue–treated
diabetes, it is often reasonable to assume that a clinically suspicious
episode is the result of hypoglycemia. On the other hand, because
hypoglycemia is rare in the absence of relevant drug-treated diabetes, it
is reasonable to conclude that a hypoglycemic disorder is present only
in patients in whom Whipple’s triad can be demonstrated.
Particularly when patients are ill or medicated, the initial diagnostic focus should be on the possibility of drug involvement and
then on critical illnesses, hormone deficiency, or non–islet cell tumor
hypoglycemia. In the absence of any of these etiologic factors and in
a seemingly well individual, the focus should shift to possible endogenous hyperinsulinism or accidental, surreptitious, or even malicious
hypoglycemia.
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Drugs Insulin and insulin secretagogues suppress glucose produc- 2433
tion and stimulate glucose utilization. Ethanol blocks gluconeogenesis
but not glycogenolysis. Thus, alcohol-induced hypoglycemia typically
occurs after a several-day ethanol binge during which the person eats
little food, with consequent glycogen depletion. Ethanol is usually
measurable in blood at the time of presentation, but its levels correlate
poorly with plasma glucose concentrations. Because gluconeogenesis
becomes the predominant route of glucose production during prolonged hypoglycemia, alcohol can contribute to the progression of
hypoglycemia in patients with insulin-treated diabetes.
Many other drugs have been associated with hypoglycemia. These
include commonly used drugs such as angiotensin-converting enzyme
inhibitors and angiotensin receptor antagonists, β-adrenergic receptor antagonists, quinolone antibiotics, indomethacin, quinine, and
sulfonamides.
Critical Illness Among hospitalized patients, serious illnesses such as
renal, hepatic, or cardiac failure; sepsis; and inanition are second only
to drugs as causes of hypoglycemia.
Rapid and extensive hepatic destruction (e.g., toxic hepatitis) causes
fasting hypoglycemia because the liver is the major site of endogenous
glucose production. The mechanism of hypoglycemia in patients with
cardiac failure is unknown. Hepatic congestion and hypoxia may
be involved. Although the kidneys are a source of glucose production, hypoglycemia in patients with renal failure is also caused by the
reduced clearance of insulin and the reduced mobilization of gluconeogenic precursors in renal failure.
Sepsis is a relatively common cause of hypoglycemia. Increased
glucose utilization is induced by cytokine production in macrophagerich tissues such as the liver, spleen, and lung. Hypoglycemia develops
if glucose production fails to keep pace. Cytokine-induced inhibition
of gluconeogenesis in the setting of nutritional glycogen depletion, in
combination with hepatic and renal hypoperfusion, may also contribute to hypoglycemia.
Hypoglycemia can be seen with starvation, perhaps because of loss of
whole-body fat stores and subsequent depletion of gluconeogenic precursors (e.g., amino acids), necessitating increased glucose utilization.
Hormone Deficiencies Neither cortisol nor growth hormone is critical to the prevention of hypoglycemia, at least in adults. Nonetheless,
hypoglycemia can occur with prolonged fasting in patients with primary adrenocortical failure (Addison’s disease) or hypopituitarism.
Anorexia and weight loss are typical features of chronic cortisol
deficiency and likely result in glycogen depletion. Cortisol deficiency
is associated with impaired gluconeogenesis and low levels of gluconeogenic precursors; these associations suggest that substrate-limited
gluconeogenesis, in the setting of glycogen depletion, is the cause of
hypoglycemia. Growth hormone deficiency can cause hypoglycemia
in young children. In addition to extended fasting, high rates of glucose utilization (e.g., during exercise or in pregnancy) or low rates
of glucose production (e.g., after alcohol ingestion) can precipitate
hypoglycemia in adults with previously unrecognized hypopituitarism.
Hypoglycemia is not a feature of the epinephrine-deficient state that
results from bilateral adrenalectomy when glucocorticoid replacement
is adequate, nor does it occur during pharmacologic adrenergic blockade when other glucoregulatory systems are intact. Combined deficiencies of glucagon and epinephrine play a key role in the pathogenesis of
iatrogenic hypoglycemia in people with insulin-deficient diabetes, as
discussed earlier. Otherwise, deficiencies of these hormones are not usually considered in the differential diagnosis of a hypoglycemic disorder.

CHAPTER 420 Hypoglycemia

glucose control in either inpatient or outpatient settings have reported
a high prevalence of severe hypoglycemia. In the NICE-SUGAR study,
attempts to control in-hospital plasma glucose values towards physiologic levels resulted in increased mortality risk. The ADVANCE and
ACCORD studies and the Veterans Affairs Diabetes Trial (VADT) also
found a significant incidence of severe hypoglycemia among T2DM
patients. Severe hypoglycemia with accompanying serious cardiovascular morbidity and mortality also occurred in the standard (e.g., not
receiving intensified treatment) control group in both the ACCORD
study and the VADT. Thus, severe hypoglycemia can and does occur
at HbA1c values of 8–9% in both T1DM and T2DM. Somewhat
surprisingly, all three studies found little or no benefit of intensive
glucose control to reduce macrovascular events in T2DM. In fact, the
ACCORD study was ended early because of the increased mortality
rate in the intensive glucose control arm. Whether iatrogenic hypoglycemia was the cause of the increased mortality risk is not known.
In light of these findings, some new recommendations and paradigms
have been formulated. Whereas there is little debate regarding the
need to reduce hyperglycemia in the hospital, the glycemic maintenance goals have been modified to lie between 140 and 180 mg/dL.
Accordingly, the benefits of insulin therapy and reduced hyperglycemia can be obtained while the prevalence of hypoglycemia is reduced.
Similarly, evidence exists that intensive glucose control can reduce
the prevalence of microvascular disease in both T1DM and T2DM.
These benefits need to be weighed against the increased prevalence of
hypoglycemia. Certainly, the level of glucose control (i.e., the HbA1c
level) should be evaluated for each patient. Multicenter trials have
demonstrated that individuals with recently diagnosed T1DM or
T2DM can have better glycemic control with less hypoglycemia. In
addition, there is still long-term benefit in reducing HbA1c values from
higher to lower, albeit still above recommended levels. Perhaps a reasonable therapeutic goal is the lowest HbA1c level that does not cause
severe hypoglycemia and that preserves awareness of hypoglycemia.
Pancreatic transplantation (both whole-organ and islet-cell) has
been used in part as a treatment for severe hypoglycemia. Generally,
rates of hypoglycemia are reduced after transplantation. This decrease
appears to be due to increased physiologic insulin and glucagon
responses during hypoglycemia.
The use of continuous glucose monitors offers some promise as
a method of reducing hypoglycemia while improving HbA1c. Other
interventions to stimulate counterregulatory responses, such as selective serotonin-reuptake inhibitors, β-adrenergic receptor antagonists,
opiate receptor antagonists, and fructose, remain experimental and
have not been assessed in large-scale clinical trials.
Thus, intensive glycemic therapy (Chap. 418) needs to be applied
along with the patient’s education and empowerment, frequent selfmonitoring of blood glucose, flexible insulin (and other drug) regimens
(including the use of insulin analogues, both short- and longer-acting),
individualized glycemic goals, and ongoing professional guidance,
support, and consideration of both the conventional risk factors and
those indicative of compromised glucose counterregulation. Given a
history of hypoglycemia unawareness, a 2- to 3-week period of scrupulous avoidance of hypoglycemia is indicated.

Non-β-Cell Tumors Fasting hypoglycemia, often termed non–islet cell
tumor hypoglycemia, occurs occasionally in patients with large mesenchymal or epithelial tumors (e.g., hepatomas, adrenocortical carcinomas, carcinoids). The glucose kinetic patterns resemble those of
hyperinsulinism (see next), but insulin secretion is suppressed appropriately during hypoglycemia. In most instances, hypoglycemia is due
to overproduction of an incompletely processed form of insulin-like
growth factor II (“big IGF-II”) that does not complex normally with
circulating binding proteins and thus more readily gains access to
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