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Definition and Overview 

Diabetes mellitus is a metabolic disease characterized by hy-
perglycemia that results from defects in insulin secretion, in-
sulin action, or both. Important abnormalities in fat and protein
metabolism are also present. Nonetheless, the diagnosis still
rests upon demonstrating elevated plasma glucose levels. The
chronic hyperglycemia of diabetes mellitus is specifically asso-
ciated with long-term damage, dysfunction, and failure of var-
ious organs, especially the retina and lens of the eye, the kid-
neys, and both somatic and autonomic nervous systems. The
heart, arterial system, and microcirculation are also adversely
affected. 

A variety of pathogenic processes are involved in the devel-
opment of different forms of diabetes. These processes range
from autoimmune destruction of the beta cells of the pancreatic
islets with consequent insulin deficiency to mutations in the in-
sulin receptor gene with consequent resistance to insulin action.
The basis for the metabolic abnormalities of diabetes mellitus is
deficient action of insulin on its major target tissues, including
skeletal muscle, cardiac muscle, adipose tissue, and liver. Loss of
proper insulin regulation of metabolism results from inadequate
secretion of insulin, from diminished tissue responses to insulin
at one or more points in the complex pathways of insulin action,
or from both processes. Impairment of insulin secretion and de-
fects in insulin action coexist in many patients, and in these pa-
tients, it is often unclear which abnormality is the primary cause
of the hyperglycemia. 

Acute life-threatening consequences of diabetes mellitus are
ketoacidosis and nonketotic hyperglycemic hyperosmolar coma.
Overtreatment of hyperglycemia can lead to hypoglycemia,
which may be severe enough to cause seizures and loss of con-
sciousness. Symptoms of poorly controlled hyperglycemia in-
clude polyuria, polydipsia, blurred vision, weight loss, polypha-
gia, stunting of growth, and vulnerability to infections or suscep-
tibility to a more virulent or chronic course when infected. 

Specific long-term complications of diabetes include (l)
retinopathy with potential loss of vision, (2) nephropathy lead-
ing to end stage renal disease (ESRD), and (3) neuropathy with
risk of foot ulcers, amputation, Charcot joints, sexual dysfunc-
tion, and potentially disabling dysfunction of the stomach, bow-
el, and bladder. Numerous mechanisms have been discovered
that may mediate the specific tissue damage caused by hyper-
glycemia. Diabetic patients are also at increased risk for athero-
sclerotic cardiovascular, peripheral vascular, and cerebrovascu-
lar disease. These conditions may be related to hyperglycemia as
well as to hypertension and abnormal lipoprotein profiles that
are often found in diabetic patients. 

Sufficient hyperglycemia to cause pathologic and functional
changes in target tissues may be present for some time before
clinical symptoms lead to a diagnosis of diabetes in many pa-
tients. At an even earlier stage, an incipient abnormality in glu-
cose metabolism can be identified on plasma glucose testing,
which indicates that the patient is at considerably increased risk
for the full clinical disorder. 

Classification

The classification of diabetes mellitus has recently been re-
vised by a task force of the American Diabetes Association that
included representation from Europe.1 Major etiologic classes of
the disease, along with more esoteric examples, have been cate-
gorized [see Table 1]. The vast majority of cases of diabetes melli-
tus are either type 1 (insulin-dependent) or type 2 ( non–insulin-
dependent) in an approximate ratio of 1:9. 

type 1 and type 2 diabetes mellitus

Type 1 and type 2 diabetes were formerly known as insulin-
dependent diabetes mellitus (IDDM) and non–insulin-dependent
diabetes mellitus (NIDDM), respectively. This classification was
abandoned largely because it was difficult to distinguish patients
with IDDM from those patients with NIDDM who eventually re-
quired insulin treatment to mitigate hyperglycemia. Physicians,
nurses, hospital-record-room personnel, health insurers, and
even sometimes researchers were hard put to distinguish be-
tween these two forms of diabetes using the old terminology. The
new classification, dependent on etiology rather than mode of
treatment, puts a greater emphasis on the history and characteris-
tics of the patients to determine the probable etiology and type.
Two categories of blood glucose elevation, impaired glucose tol-
erance (IGT) and impaired fasting glucose (IFG), that lie between
normal glucose levels and overt diabetes have also been estab-
lished [see Impaired Glucose Tolerance, below].2

gestational diabetes mellitus 

Gestational diabetes mellitus (GDM) constitutes a separate cat-
egory for cases of diabetes first detected during pregnancy.3 When
diabetes is detected early in pregnancy, it is likely to be type 1 or
type 2 diabetes mellitus that is presenting symptomatically and
was probably precipitated or worsened by the pregnant state. Di-
abetes is commonly detected in the second and third trimester
(i.e., in 4% of pregnant women) and is likely to be specific for the
pregnant state, to be transient, and to reverse to normal glucose
tolerance or to IGT on follow-up oral glucose tolerance testing 6
weeks after delivery. However, GDM is associated with a high
risk of future diabetes, especially in women who have IGT post
partum or who remain obese.3 Permanent diabetes will develop in
approximately 50% of patients within 10 years of GDM. The great-
est importance of any single episode of GDM lies in the risks it
poses to the fetus. These risks include intrauterine mortality,
neonatal mortality, respiratory distress syndrome, hypoglycemia,
hypocalcemia, jaundice, and macrosomia, which can cause trauma
such as shoulder dystocia during passage through the birth canal. 

secondary forms of diabetes mellitus

Of the categories of secondary diabetes [see Table 1], endo-
crinopathies and drug- or chemical-induced diabetes are notewor-
thy because they represent instances of diabetes that are poten-
tially reversible if they are recognized and the physician can cure
the endocrinopathy or discontinue the offending drug. The cate-
gory of genetic defects in beta cell function illustrates how the
classification will grow ever more detailed as knowledge increas-
es. For example, the single diabetes mellitus phenotype formerly
called maturity-onset diabetes of the young (MODY) can now be
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more precisely classified into at least four genetic varieties, each
of which arises from mutation of a different gene.

Diabetes caused by chronic pancreatitis, pancreatectomy, or
occasionally carcinoma of the pancreas is usually type 1 in char-
acter. Because patients with this disease have glucagon as well as
insulin deficiency, they are somewhat less likely to go into ke-
toacidosis4 but are quite vulnerable to hypoglycemia. Because
they are deficient in pancreatic enzymes, their digestion and sub-
sequent absorption of nutrients is somewhat erratic, even though
replacement enzymes are ingested with meals. If alcoholism, of-
ten the cause of chronic pancreatitis, is irremediable, it also con-
tributes to blood glucose instability, as does the often accompany-
ing irregular lifestyle. Small frequent doses of lispro insulin
should be helpful, but safety may require less stringent blood glu-
cose goals in such patients. 

Although many individual drugs have been incriminated as a
cause of hyperglycemia, the continued use of pharmacologic anti-
inflammatory or immunosuppressive doses of synthetic gluco-

corticoids is an especially important continuing problem. Up to
25% of renal transplant patients develop so-called steroid dia-
betes.5 In a case-control study, use of glucocorticoids for up to 45
days was a risk factor for diabetes that required pharmacologic
treatment.6 The odds ratio rose from 1.77 at a prednisone equiva-
lent of 10 mg/day to an odds ratio of 10.3 at 30 mg/day. Obesity
and family history of diabetes increased the risk of steroid dia-
betes. Although insulin resistance in the liver and muscle is a
well-recognized effect of glucocorticoids, an action on the beta
cells to limit the compensatory response to hyperglycemia7 adds
to the diabetogenic effect at higher steroid doses. Patients treated
with glucocorticoids for more than a few days need to be warned
to watch for and report clinical symptoms of hyperglycemia
promptly. Ketoacidosis is rare, but hyperglycemic hyperosmolar
nonketotic coma can occur. Insulin treatment is usually necessary
for symptomatic patients and for those with a fasting plasma glu-
cose (FPG) level greater than 200 mg/dl, but sulfonylurea drugs
are sometimes effective. There is little systematic information on
the efficacy of the other oral agents. In most instances, steroid dia-
betes is transient, but in a minority of cases, diabetes persists even
after withdrawal of the glucocorticoids. 

Screening for Diabetes

Screening for type 1 diabetes mellitus by office glucose testing
is currently indicated in high-risk patients. Current American Di-
abetes Association criteria for office screening of asymptomatic
individuals for type 2 diabetes mellitus employ FPG levels.1 Screen-
ing is recommended in all individuals 45 years of age and older at
3-year intervals. Younger individuals should be screened if they
are obese (> 120% desirable body weight or a body mass index ≥
27), have a first-degree relative with diabetes, are members of a
high-risk ethnic population (African American, Hispanic Ameri-
can, Native American, Asian American), have delivered a baby
weighing more than 9 lb, have previously had GDM, are hyper-
tensive (blood pressure ≥ 140/90 mm Hg), have atherogenic dys-
lipidemia (high-density lipoprotein [HDL] cholesterol levels ≤ 35
mg/dl or triglyceride levels ≥ 250 mg/dl) or had IFG or IGT on
previous testing.1 Mass indiscriminate public screening is not jus-
tified, because there is as yet no proof of population benefit. 

Epidemiology 

type 1 diabetes mellitus 

Available, but not up-to-date, studies suggest the prevalence
of type 1 diabetes mellitus in the United States is 1.7 per 1,000 in
individuals younger than 19 years and 2.1 per 1,000 in adults.8 A
total prevalence of approximately 500,000 is estimated. Current
estimates of annual incidence are 18 per 100,000 population in the
0- to 19-year age range and 9 per 100,000 population in those old-
er than 20 years.8 Approximately 30,000 cases of type 1 diabetes
mellitus are estimated to occur yearly in the United States, and it
is more common in whites than in African Americans. World-
wide, the highest annual incidence of type 1 diabetes mellitus is
found in Finland (35 cases per 100,000) and the lowest is found in
Korea (< 1 per 100,000). 

type 2 diabetes mellitus

Analysis of data from the third National Health and Nutrition
Examination Survey (NHANES III), conducted from 1988 to
1994,9 indicates a prevalence of 5.1% for adults at least 20 years of
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Table 1 Etiologic Classification of Diabetes

Type 1 diabetes mellitus* (β cell destruction, usually leading to 
absolute insulin deficiency)
Immune mediated
Idiopathic

Type 2 diabetes mellitus* (may range from predominantly insulin
resistance with relative insulin deficiency to a predominantly 
insulin secretory defect with insulin resistance)

Other specific types of diabetes
Genetic defects of β cell function

Chromosome 12, HNF-1α (formerly MODY3)
Chromosome 7, glucokinase (formerly MODY2)
Chromosome 20, HNF-4α (formerly MODY2)

Genetic defects in insulin action
Type A insulin resistance

Disease of the exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neoplasia

Endocrinopathies
Acromegaly
Cushing syndrome
Glucagonoma

Drug- or chemical-induced
Nicotinic acid
Glucocorticoids
Thiazides

Infections
Congenital rubella
Cytomegalovirus

Uncommon forms of immune-mediated diabetes
Stiff-man syndrome
Anti-insulin receptor antibodies

Other genetic syndromes associated with diabetes
Down syndrome
Turner syndrome
Friedreich ataxia
Myotonic dystrophy

Gestational diabetes mellitus (GDM)

Note: The list of other specific types of diabetes is not comprehensive. There
are many other such syndromes.  
*Patients with any form of diabetes may require insulin treatment at some
stage of their disease.  Such use of insulin does not, of itself, classify the 
patient.



age in the United States and a prevalence of 2.7% of undiag-
nosed diabetes (FPG ≥ 126 mg/dl). A prevalence of 12.3% (diag-
nosed plus undiagnosed) was estimated for individuals 40 to 74
years of age. There are an estimated 10.2 million diagnosed and
5.4 million undiagnosed cases of diabetes in the United States.
The estimated number of persons with IGT approximately equals
the number with diabetes. Non-Hispanic African-American and
Mexican-American women have nearly twice the prevalence of
diabetes as non-Hispanic white women. Non-Hispanic African-
American men have a slightly higher risk than non-Hispanic
white men, but Mexican-American men have about a 50%
greater risk than non-Hispanic white men.9

Annual incidence of type 2 diabetes mellitus per 100,000 pop-
ulation ranges from 180 in 25 to 44 year olds to a peak of 860 in
65 to 74 year olds. Approximately 625,000 cases of type 2 dia-
betes mellitus develop yearly in the United States.10 The preva-
lence is expected to rise from 15 million in the year 2000 to 21
million in 2025. Worldwide, the prevalence of type 2 diabetes
mellitus will likely increase from 150 million to 300 million during
that time.11 The increase,12 reflects aging of the population, strik-
ingly increased obesity,13 and a sedentary lifestyle. This rise in
the number of cases is especially troubling in regard to high-risk
ethnic minorities whose access to medical care may be limited.14,15

Obesity is a major risk factor for type 2 diabetes mellitus.16 The
current definition of obesity employs the body mass index (BMI)
(body weight in kilograms divided by height in meters squared).

A person with a BMI of at least 25 but less than 30 is defined as
overweight.17 A BMI of 30 or more is defined as obesity,16 and a
BMI of 40 and above is associated with a 15-fold increased risk of
type 2 diabetes mellitus.15 Abdominal obesity, defined as a waist
circumference greater than 100 cm in men and greater than 88 cm
in women or a waist-to-hip ratio greater than 0.9, is an especially
strong risk factor for type 2 diabetes mellitus. A large preponder-
ance of patients with type 2 diabetes mellitus are obese; even
those with normal BMI may have an increased percentage of
their body weight accounted for by fat.18 Longer duration of obe-
sity further increases the risk of diabetes, emphasizing the impor-
tance of early efforts to control weight. Many patients with type 2
diabetes mellitus have a strong family history of that disease in
first-degree relatives. An extraordinary example is found among
the Arizona Pima Indians on the Gila River reservation, where
50% of the adult population has type 2 diabetes mellitus. Other
risk factors for the disease include physical inactivity, hyperten-
sion, dyslipidemia, gestational diabetes, low birth weight, low in-
come, low level of education, and low socioeconomic status.1,19

Hormonal Regulation of Metabolism

Diabetes involves the most fundamental aspects of human
metabolism. The following are all affected by the hormonal ab-
normalities of diabetes: energy production and expenditure; the
proportioning of carbohydrate, fat, and protein as energy sourc-
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Figure 1 The opposing actions of insulin and glucagon, particularly within the liver, on substrate flow and plasma levels are seen here.
The two hormones have directly opposite effects on key enzymes, such as glycogen synthase and phosphorylase. Thus, stimulatory effects
of glucagons on glucose and ketoacid production are magnified when insulin is deficient, as in type 1 diabetes mellitus. Red arrows indicate
stimulation. Blue arrows indicate inhibition.



es; the storage of energy as carbohydrate and fat; and the balance
between protein synthesis (anabolism) and degradation (catabo-
lism). To understand the pathogenesis of diabetes, it is useful to
start with a brief review of normal metabolism.20

A proper balance between insulin and glucagon is one cru-
cial hormonal regulator of basal metabolic homeostasis.20 In-
sulin primarily facilitates storage of glucose as glycogen, free

fatty acids in triglycerides, and amino acids in protein, and it in-
hibits glycogenolysis, lipolysis, ketogenesis, proteolysis, and
gluconeogenesis [see Figure 1]. Glucagon stimulates mobiliza-
tion of glucose, free fatty acids, and glycerol and stimulates he-
patic uptake of amino acids and the conversion of their carbon
skeletons to glucose. Glucagon also stimulates ketogenesis from
free fatty acids. The normal steady-state levels of insulin and
glucagon help maintain the overnight FPG level at 60 to 110
mg/dl, free fatty acid levels at less than 0.7 mmol/L, ketoacids
at less than 0.2 mmol/L, and each amino acid at its unique level.
After a mixed meal, plasma insulin rises sharply [see Figure 2]
and, with it, the insulin-glucagon ratio. This condition reverses
all the previously described processes. Dietary carbohydrate is
stored in muscle and liver glycogen, free fatty acids are reesteri-
fied and stored as triglycerides in adipose tissue, and protein
metabolism shifts back toward anabolism. When all the nutri-
ents have been assimilated and plasma glucose returns to its
basal preprandial level, plasma insulin [see Figure 2] and the in-
sulin-glucagon ratio promptly return to basal levels, preventing
an overshoot of insulin action that would otherwise cause hy-
poglycemia. Thus, an immediate rise, an early peak, and a
prompt fall in insulin secretion are requisite to normal post-
prandial metabolism [see Figure 2]. 

Insulin is synthesized in pancreatic islet beta cells from a larg-
er molecule called proinsulin, which is then split to yield insulin
and an intramolecular connecting peptide called C-peptide [see
Figure 3]. The two molecules are stored in the same granules and
secreted in an equimolar ratio when the beta cell is stimulated.
Thus, plasma C-peptide levels are a faithful marker of beta cell
function [see Figure 3].

Insulin acts via a plasma insulin receptor that leads to the gen-
eration of multiple mediators of insulin’s numerous intracellular
cytoplasmic and nuclear effects [see Figure 4]. Insulin regulates
both the activities and syntheses of target enzymes. Sensitivity of
target tissues to insulin is the other major determinant of insulin
action. Insulin sensitivity is best measured in humans by infusing
insulin to establish steady-state plasma insulin levels [see Figure
5]. Simultaneously, the baseline plasma glucose is maintained at a
constant level by a variable glucose infusion. The amount of glu-
cose required to prevent plasma glucose from decreasing under
the effect of insulin is equal to the increased amount of glucose
being used per unit time under insulin stimulation (assuming
that insulin has completely suppressed hepatic glucose output by
the liver). The quantity of glucose used per unit time divided by
the plasma insulin level provides an index of whole body sensi-
tivity to insulin in the sphere of glucose metabolism. 

A feedback loop exists between insulin responsiveness in tar-
get tissues and insulin secretion by beta cells. This relation oper-
ates to increase insulin secretion in individuals relatively resis-
tant to insulin action and to decrease insulin release in individu-
als very sensitive to insulin action. The result is one critical
mechanism for maintaining fasting and postprandial plasma
glucose levels within narrow normal ranges.

Pathogenesis of Microvascular Complications in Diabetes 

A distinctive feature of diabetes—the microvascular compli-
cations—were only revealed or commonly appreciated after the
introduction of insulin therapy in 1922 allowed patients with
type 1 diabetes mellitus to live long enough to experience these
complications. It should be borne in mind that the descriptions
and pathogenetic sequences presented below reflect a former
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commonly practiced degree of metabolic control no longer con-
sidered acceptable. Prevention of these complications is a major
goal of current therapeutic policy and recommendations for all
but transient forms of diabetes [see Prevention and Treatment of
Microvascular Complications, below]. 

retinopathy

Given a long enough duration, retinopathy occurs in almost
all patients with type 1 diabetes mellitus and in most patients
with type 2 diabetes mellitus who are on conventional treatment
that does not come close to normalizing glycemic levels [see Table
2].21 The most common form of retinopathy is nonproliferative
retinopathy (also termed background retinopathy). It begins
with loss of capillary pericytes, the supporting cells of the retinal
vasculature, a loss leading to capillary dilatations that are seen
on direct fundoscopy as microaneurysms [see Figure 6a]. Micro-
aneurysms measure 50 to100 µm in diameter and can occur any-
where in the retina. However, they tend to cluster near the mac-
ula, the area responsible for central vision and visual acuity.
Small dot hemorrhages form when microaneurysms leak blood.
Hard lipid exudates form on leakage of serum [see Figure 6a].
These lesions are usually benign unless they occur quite close to
the macula and in sufficient number to cause clinically signifi-
cant macular edema. The latter is a feared complication that can
decrease central vision and acuity. Capillary closure, which actu-
ally begins in the phase of background retinopathy, increases;
and in the phase of preproliferative retinopathy, enough capil-
laries become obstructed to cause ischemia of the retina. Infarc-
tions of the retinal nerve layer appear as soft (cotton wool) exu-
dates. The retina responds to further ischemia with proliferation

of new blood vessels from its surface [see Figure 6b]. In this phase
of proliferative retinopathy, ischemic retina releases vascular en-
dothelial growth factor (VEGF), which stimulates new vessel for-
mation. These new vessels grow forward into the vitreous. They
are extremely fragile and can bleed into the vitreous, causing
temporary loss of vision until the blood is reabsorbed. If no reab-
sorption occurs, blindness can result unless successful vitrecto-
my is carried out. Proliferative vessels that cover more than one
fourth of the disk diameter and that occur within 1 disk diameter
of the disk [see Figure 6b] are especially likely to bleed. Even after
reabsorption of the vitreous blood, fibrous scars form that can
cause traction on the retina and can lead to retinal detachment,
another cause of profound and often permanent loss of vision.

nephropathy

Diabetic nephropathy [see Figure 7] is the complication associ-
ated with the highest mortality. Between 35% and 45% of pa-
tients with type 1 diabetes mellitus and a somewhat smaller per-
centage of patients with type 2 diabetes mellitus experience sig-
nificant nephropathy.22-24 Histologically, the earliest change is
thickening of the capillary basement membrane. Subsequently,
mesangial material accumulates diffusely throughout the glo-
merulus [see Figure 8]. Ultimately, there is loss of podocytes and
development of peritubular fibrosis. Excretion of low but ab-
normal levels of albumin in the urine is a marker of the incipient
phase of nephropathy.25 As glomeruli become increasingly filled
with mesangial matrix products, albuminuria increases and
eventually gross proteinuria appears. Microalbuminuria is de-
fined as excretion of 30 to 300 mg of albumin a day or an albu-
min-creatinine ratio between 30 and 300 in a random urine spec-
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imen. Clinical proteinuria is defined as excretion of more than
0.5 g of total protein a day. This level of excretion can be detected
by a positive dipstick urine test for protein. The nephrotic syn-
drome may also eventually occur. 

Early in type 1 diabetes mellitus, kidney size and glomerular
filtration rate (GFR) may actually be greater than normal. How-
ever, in both types of diabetes, GFR begins to decline, and after

clinical proteinuria develops, GFR almost inexorably falls to the
level of ESRD [see Figure 7]. Unlike the risk of retinopathy, the
risk of nephropathy does not continue to rise with increasing dur-
ation. The incidence of nephropathy peaks at approximately 15
to 17 years and declines somewhat thereafter.26 The prevalence
of nephropathy remains approximately constant after that time.
If the dipstick test has not revealed proteinuria by 25 to 30 years
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of diabetes duration, the risk of ESRD decreases. Coincident
with or shortly after the development of microalbuminuria, hy-
pertension often appears. Hypertension in turn further aggra-
vates diabetic nephropathy and is an important component in
the progression to renal failure. 

neuropathy

Neuropathy has protean manifestations in diabetes. The most
common presentation is peripheral symmetrical sensorimotor
neuropathy, which causes numbness or tingling in the toes and
feet.27 At this point, symptoms are only mildly disturbing and re-
quire no specific treatment. These symptoms may even abate
over time as neuropathy becomes more severe and hypoesthesia
or anesthesia takes the place of paresthesias and dysesthesias.
Ultimately, insensate feet become very vulnerable to trauma,
and neuropathic foot ulcers are frequent causes of hospitaliza-
tion and even amputation. Testing sensation with a nylon
monofilament providing a calibrated 10 g point pressure is an ef-
fective way to screen for high risk of foot ulcers. Patients who
cannot detect the pressure of the nylon filament have a 30- to 40-
fold increased risk of foot ulcer.28 In some instances, neuropathy
is manifested by severe pain that can interfere with sleep and
normal daily activities. The distribution of pain can suggest
mononeuropathy and radiculopathy. Abrupt onset of cranial
neuropathies that most commonly give rise to extraocular mus-
cle weakness and diplopia has been attributed to microinfarcts
caused by thrombosis of nutrient blood vessels. Carpal tunnel
syndrome and other entrapment syndromes are more frequent
in diabetic patients than in nondiabetic patients. 

Involvement of the autonomic nervous system is also com-
mon and can become debilitating. Manifestations include male

impotence and female anorgasmia, difficulty voiding and uri-
nary retention, impaired gastric emptying with early satiety and
emesis, diarrhea, orthostatic hypotension, and decreased sweat-
ing and vasomotor tone in the lower extremities. The combina-
tion of decreased sympathetic tone and loss of vagal control of
the heart rate can produce persistent resting sinus tachycardia;
sudden death can result. 

A form of diabetic neuropathy called amyotrophy occurs most
commonly in elderly men with diabetes. It is manifested by se-
vere, unremitting pain and weakness in the thigh muscles. Severe
depression, cachexia, and weight loss may mark the 1- to 2-year
course of this form of neuropathy. Sometimes confused with
painful neuropathy are rare muscle infarcts, usually occurring in
the thigh muscles. These infarcts are marked by abrupt onset of
severe pain lasting several months. Magnetic resonance imaging
of the affected area can demonstrate the presence of necrosis. 

Diabetic neuropathy may be another microvascular complica-
tion, but the pathogenesis is still not completely understood.29 De-
myelinization of nerves is manifested by decreases in motor and
sensory nerve conduction velocities. Axonal degeneration is re-
flected in decreased amplitudes of action potentials. Histological-
ly, swelling is seen at the axonal nodes. An inflammatory compo-
nent to diabetic neuropathy has also been suggested.30

relation of microvascular complications to
glycemia

The appearance of microvascular complications in the 1930s
generated a 50-year debate about whether diabetic retinopathy,
nephropathy, and neuropathy were the direct result of the meta-
bolic abnormalities, most notably hyperglycemia, or whether they
were a parallel independent consequence of diabetes that had
formerly been usually preempted by death from extreme meta-
bolic disequilibrium (i.e., diabetic coma). This debate ultimately
came to encompass type 2 diabetes mellitus as well. The debate
was not merely academic, because it was reflected in quite differ-
ent approaches to treatment. A belief in the metabolic hyper-
glycemic cause of retinopathy, nephropathy, and neuropathy im-
pelled the physician to work with inadequate means to help the
patient achieve as close to normal blood glucose levels as possi-
ble. Conversely, a belief in the metabolically independent nature
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Figure 5 The diagram represents the gold standard for measuring the
sensitivity of glucose metabolism to insulin, utilizing a glucose insulin
clamp. When steady state is reached, glucose metabolized/unit time =
glucose infused/unit time. Assuming endogenous glucose production is
suppressed to zero, insulin sensitivity = (glucose metabolized/unit
time) ÷ plasma insulin. For each dose of insulin, the more exogenous
glucose required to sustain plasma glucose at its basal levels, the greater
the insulin sensitivity. Conversely, individuals who require lesser
amounts of glucose than usual to maintain the basal plasma glucose
level are insulin resistant. The latter is usually the case in type 2
diabetes mellitus.

Manifestations

Microaneurysms
Dot hemorrhages
Hard exudates
Macular edema

Blot hemorrhages
Soft exudates
Intraretinal microvas-

cular abnormalities
Venous beading
Macular edema

Preretinal hemorrhage
Vitreous hemorrhage
Retinal detachment
Macular edema

Pathologic Process

Loss of capillary integrity
Leakage, exudation, 

diapedesis
Early capillary closure

Capillary closure
Microinfarcts
Ischemia

Forward growth of new
large vessels

Fibrosis
Traction on retina or 

vitreous

Stage*

Background

Preproliferative

Proliferative

Table 2 Diabetic Retinopathy

*Loss of visual acuity may occur from macular edema at any stage.  Blindness may
occur from severe macular edema, vitreous hemorrhage, or retinal detachment.



of these complications encouraged a somewhat more laissez-faire
approach, which attempted primarily to eliminate the immediate
symptoms, such as polyuria, that were produced by plasma glu-
cose levels exceeding the renal threshold (> 180 mg/dl). Further-
more, the risks associated with the more aggressive approach to
hyperglycemia reinforced the arguments of the conservative
practitioners. A large body of evidence was eventually built up
that supported but did not prove the so-called glucose hypothe-
sis.31 The Diabetes Control and Complications Trial (DCCT) and
United Kingdom Prospective Diabetes Study (UKPDS) ended
this debate for type 1 and type 2 diabetes mellitus, respectively.

The DCCT32 was a randomized clinical trial that enrolled
1,441 nonobese patients, aged 13 to 39 years, with type 1 dia-
betes mellitus. Half of the patients with diabetes of 1 to 5 years’
duration participated in a primary prevention trial that exclud-
ed all patients with retinopathy or microalbuminuria, and half
of the patients with diabetes of 1 to 15 years’ duration partici-
pated in a secondary intervention trial that included only pa-
tients who already had mild to moderate nonproliferative dia-
betic retinopathy but less than 200 mg/day of urinary albumin
excretion. In both of these DCCT trials, patients were randomly
assigned either to receive conventional treatment (no more
than two insulin injections a day) or to receive intensive treat-
ment (three to four insulin injections a day or use of a continu-
ous subcutaneous insulin infusion [CSII] pump; self-monitor-
ing of blood glucose at least four times a day; premeal target
blood glucose levels of 70 to 120 mg/dl; glycated hemoglobin
[HbA1c] goal of less than 6.05%; and very frequent contacts be-
tween patient and treatment team). An HbA1c difference of
1.8% (8.9% versus 7.1%) was maintained between the two
treatment groups for up to 9 years.33

Over a mean follow-up of 6.5 years, intensive treatment pro-
duced substantial benefits. The risks of de novo development
(primary prevention trial) or of progression (secondary interven-
tion trial) of retinopathy were reduced by 27% to 76%; the devel-
opment of microalbuminuria was reduced by 35%; macroalbu-
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Figure 6 (a) This fundus photograph reveals nonproliferative (or background) retinopathy in a diabetic patient. Microaneurysms (arrows) occur
at end capillaries. Punctate (or dot-and-blot) hemorrhages (H) and hard exudates (C) can also be seen. The hard exudates form three distinct circles
(termed circinate retinopathy), which indicate leakage of plasma proteins from abnormal vessels located in the centers of the three circles. 
Lesions in the area of the macula (M) are potentially more dangerous, as they may lead to macular edema requiring laser therapy. (b) In prolif-
erative retinopathy, new vessels grow from the retina into the vitreous. This fundus photograph reveals fine, tangled, new vessels originating from
several areas of the disk (arrows). The vessels often form arcades and characteristically have thin walls and are fragile. They tend to bleed into the
vitreous; the scars that form can cause retinal detachment and loss of vision. Proliferation within one disk diameter of the disk (termed
neovascularization of the disk) is particularly dangerous, as these vessels are especially prone to bleed and form traction scars.
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minuria (i.e., proteinuria) was reduced by 56%; and development
of clinical neuropathy, confirmed by abnormal nerve conduction
velocities or autonomic nervous system function tests, was re-
duced by 60%.32 Patients in the primary prevention cohort, with
a mean diabetes duration of 2.5 years, had a greater response to
intensive treatment than did patients in the secondary preven-
tion cohort, with a mean diabetes duration of 8.5 years. 

The main adverse effect of intensive treatment was a threefold
increase in the risk of severe hypoglycemic episodes character-
ized by coma, convulsions, or the required assistance of others to
treat and reverse the episode.32,34 At least one such event per year
was experienced by 25% of intensively treated patients, and 50%
had experienced more than one such episode by the end of the
study34;14% experienced 10 or more episodes. The overall rate of
severe hypoglycemia was 62 events per 100 patient-years for in-
tensive treatment, compared with 19 events per 100 patient-
years for conventional treatment. In addition, intensive treat-
ment caused greater weight gain; one third of the patients ex-
ceeded 120% of ideal body weight (approximate BMI, 27) by the
end of the study.32 Intensive treatment was also more expensive

than conventional treatment.35 However, the cost was partly off-
set by projected decreased costs of a lower rate of complica-
tions,36 and the estimated cost per year of quality life gained was
$28,661, a figure thought to represent a good value.

The UKPDS37,38 enrolled 5,102 patients with newly diagnosed
type 2 diabetes mellitus, a mean age of 53 years, and a mean
BMI of 28. After a 3-month dietary run-in, 1,138 patients were
randomly assigned to a continuation of diet treatment only as
long as their FPG remained below 270 mg/dl and they had no
hyperglycemic symptoms. In the study, 2,729 patients were
randomly assigned to intensive treatment, 1,573 to receive one
of three sulfonylurea (SU) drugs, and 1,156 to receive insulin.
In two thirds of the clinical sites, 342 patients were also ran-
domized to intensive treatment with metformin. The goal of in-
tensive treatment was an FPG of less than 108 mg/dl. Of the
conventional-treatment patients, 80% ultimately required drugs
to maintain their treatment goals of an FPG of less than 270
mg/dl and freedom from symptoms, although nearly 60% of
their total treatment time was spent on diet therapy alone.
Likewise, in the intensive-treatment groups, metformin thera-
py had to be added to the SU therapy, and insulin had to be
substituted for or added to oral-drug therapy to maintain the
stringent treatment goal.

Despite these drug crossovers, after 10 years of follow-up, pa-
tients who received intensive treatment showed a 25% decrease
in the risk of serious microvascular complications (vitreous hem-
orrhage, need for laser treatment, and renal failure), compared
with patients given conventional treatment.37 This important ben-
efit was associated with an HbA1c difference of 0.9% (7.9% for
conventional therapy; 7.0% for intensive therapy). Serious hypo-
glycemia occurred in 3% of insulin-treated patients each year and
in 1% to 2% of SU-treated patients. These rates were much lower
than that experienced with intensive treatment in patients with
type 1 diabetes mellitus in the DCCT.

These two trials provided experimental proof that microvascu-
lar and neuropathic complications could be prevented or at least
substantially delayed by maintaining blood glucose levels as near
to normal as treatment techniques would safely allow. Although
these two experimental trials did not prove that hyperglycemia
caused microvascular complications, both trials provided addi-
tional strong evidence supporting that hypothesis. In the DCCT,
the risk of retinopathy was directly related to the preceding mean
HbA1c difference in a similar exponential fashion in each of the
two treatment groups.39 The risk of retinopathy was decreased by
about 44% for each proportional 10% decrease in HbA1c (e.g., a
decrease in HbA1c from 10% to 9.0%). Microalbuminuria and
neuropathy showed similar risk relations with glycemia. In the
UKPDS, the risk of microvascular complications was also directly
related to the mean HbA1c in an exponential fashion.40 The risk of
these complications was decreased by about 37% for every ab-
solute decrease of 1% in HbA1c. These similarities suggest that
similar biologic processes are at work. Neither the UKPDS nor
the DCCT analyses indicated any glycemic threshold in the dia-
betic range of HbA1c, below which there was no further risk of
microvascular complications.40,41 This observation sets normo-
glycemia as the ultimate goal of treating type 1 and type 2 dia-
betes mellitus. Furthermore, the benefits of previous intensive
treatment (or the adverse effects of previous conventional treat-
ment) are still demonstrable 7 years after the DCCT was complet-
ed, during which time interval the mean HbA1c concentrations in
both groups were nearly identical (approximately 8.0%).42 Thus,
sustained periods of glycemic exposure are associated with pro-
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Figure 8 (a) The normal glomerulus with a large filtration surface
has a lacy appearance. (b) There is diffuse deposition of extramesangial
material throughout, as well as thickening of capillary basement
membranes in a diabetic glomerulus. The GFR through such a
glomerulus is reduced.
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longed consequences. An unacceptable level of hyperglycemia
continues to have adverse effects even after some improve-
ment in metabolic control, and a marked reduction in hyper-
glycemia with intensive treatment continues to have beneficial
effects even after some worsening in metabolic control. 

Multiple mechanisms by which increased glucose concentra-
tions may cause damage to the retina, kidney, and nerves have
been discovered [see Figure 9]. (1) Glucose itself can react
nonenzymatically with free amino groups in N-terminal amino
acids and lysine residues of proteins. HbA1cis one such mole-
cule. This reaction sets into motion cross-linking of proteins
that ultimately generate harmful advanced glycation end prod-
ucts (AGEs).43,44 Such products include carboxymethyllysine
and pentosidine. Concentrations of long-lived AGEs were
higher in tissues of conventionally treated patients in the
DCCT than in tissues of intensively treated patients in the
DCCT.45 AGEs correlated with HbA1c and, independent of
HbA1c, with the presence of retinopathy, nephropathy, and
neuropathy.45 (2) Three-carbon dicarbonyl products of glucose
and lipid metabolism, glyoxal and methylglyoxal, also react
readily with amino groups in proteins and produce other
AGEs, one of which is argpyrimidine. AGEs react with specific
cellular receptors and can stimulate numerous potentially dan-
gerous processes.43,44 (3) Hyperglycemia can also secondarily
produce oxidative stress in tissues, with depletion of glu-
tathione and formation of reactive oxygen species and damag-
ing free radicals.46 (4) When glucose is insufficiently metabo-
lized by insulin-stimulated routes [see Figure 1], it can overflow
into the sorbitol (polyol) pathway via the enzymes aldose re-
ductase and sorbitol dehydrogenase.47 Accumulation of sor-
bitol and fructose in vulnerable tissues such as nerves produces
osmotic damage, loss of myoinositol essential to nerve mem-
brane integrity, and reduction of Na+, K+–ATPase activity.47 (5)
Elevated glucose levels increase protein kinase C, an enzyme
whose activity influences numerous cellular processes with
damaging potential,48 such as stimulating neovascularization
and epithelial cell proliferation, increasing collagen synthesis,
increasing vascular permeability, increasing apoptosis (pro-
grammed cell death), increasing oxidative stress, and mediat-
ing the actions of VEGF and transforming growth factor–β. (6)
Elevated glucose levels also increase the production of VEGF, a
molecule that stimulates angiogenesis. VEGF is present in high
concentrations in human diabetic ocular tissues and in kidneys
of animals with experimentally produced diabetes. It is a logi-
cal candidate to mediate development of proliferative retinopa-
thy. (7) Hyperglycemia stimulates nitric oxide synthase to pro-
duce nitric oxide, a molecule that itself generates damaging
free radicals.46 (8) Excess blood glucose also overflows into the
hexosamine pathway, resulting in deleterious products.49 A sin-
gle mitochondrial defect that leads to overproduction of reac-
tive oxygen species can result in at least three of the above
pathways and has been proposed as the primary culprit.50 A
number of these pathways are also mutually reinforcing, set-
ting up vicious circles that can accelerate tissue damage.

The therapeutic importance of elucidating the mechanistic
links between hyperglycemia and microvascular/neuropathic
complications lies in our current inability to normalize blood
glucose consistently. Therefore, drug therapies that intercept
pathogenetic processes downstream from glucose hold promise
for preventing these complications, even in the presence of hy-
perglycemia. An inhibitor of AGE formation, aminoguanidine,
has been successful in animal experiments, but human trials

have revealed unacceptable toxicity. Several inhibitors of aldose
reductase, catalyzing the first step in the polyol pathway, have
been studied in clinical trials, but none have shown sufficient
clinical benefit or an acceptable adverse-effect profile to warrant
approval in the United States. Nonetheless, such drugs have
been effective in animal models. Current clinical trials are testing
the effects of antioxidants such as vitamin E and a relatively non-
toxic oral inhibitor of protein kinase C. Antagonists to VEGF and
other growth factors to be administered by systemic or local in-
jection are also in development. 

genetics of microvascular complications

There is considerable evidence from several studies that dia-
betic nephropathy clusters in families.51 Thus, either genetic sus-
ceptibility or genetic protection is likely to explain the fact that
nephropathy develops in only 35% to 40% of patients with dia-
betes. One likely influence on the development of nephropathy is
the family of genes that code for the components of the renin-an-
giotensin system. Both positive and negative findings have been
reported concerning involvement of the gene for angiotensin-
converting enzyme (ACE) and the gene for angiotensinogen in
the risks for nephropathy and retinopathy. A family study con-
ducted in the DCCT showed no evidence for familial clustering
of diabetic retinopathy per se. In view of the nearly 100% preva-
lence of retinopathy in patients with type 1 diabetes mellitus of
many years’ duration, it is not likely that a genetic factor is in-
volved in the initiation of retinopathy. The DCCT analyses did,
however, show evidence of familial clustering of severe diabetic
retinopathy and confirmed familial clustering of nephropathy.52

Type 1 Diabetes Mellitus

pathogenesis of type 1 diabetes mellitus 

Type 1 diabetes mellitus is characterized by absolute insulin
deficiency, making patients dependent on exogenous insulin re-
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placement for survival.53 Insulin deficiency results from destruc-
tion or disappearance of the insulin-producing beta cells54 that
constitute 80% of the pancreatic islets of Langerhans. When 90%
of the beta cells have been eliminated, clinical diabetes occurs [see
Figure 10]. 

Autoimmune Factors

There is strong evidence for a cell-mediated autoimmune
process being involved in the destruction of beta cells in the ma-
jority of cases of type 1 diabetes mellitus.55-57 In a number of cases
in which death occurred from an accident or from an illness oth-
er than diabetes shortly after diagnosis of type 1 diabetes melli-
tus, a mononuclear lymphocytic infiltrate was found in the islets.
In this form of insulinitis, T cell distribution shows an increase in
CD8 suppressor-inducer T cells and a decrease in CD4 helper-in-
ducer T cells.55 A similar immunocellular response has been
found in animal models of spontaneous insulin-deficient dia-
betes.57 In some instances, experimental manipulations that pre-
vent T cell lymphocytic responses also prevent the development
of diabetes. Furthermore, transfer of diabetes from affected ani-
mals to nonaffected animals by lymphocytes has also been de-
scribed. Interleukins and other cytokines have been shown to ex-
hibit toxic effects on the beta cells and to inhibit insulin secretion. 

Autoantibodies to a variety of beta cell and islet autoantigens
are present in the sera of patients with type 1 diabetes mellitus at
the time of diagnosis.58 The autoantigens include the enzymes glu-
tamic acid decarboxylase (GAD), carboxypeptidase H, a protein
tyrosine phosphatase labeled ICA512 or IA-2, and insulin itself.58-60

Some, but not all, studies have shown that islet autoantibodies are
capable of inhibiting insulin secretion in vitro or even causing lysis
of beta cells. Other evidence supports the importance of autoim-

mune phenomena in the pathogenesis of type 1 diabetes mellitus.
In cases of transplantation of pancreases from nondiabetic identi-
cal twins to patients with type 1 diabetes mellitus who were not
given immunosuppressive therapy, the pancreas was rejected by
the diabetic host’s immune system, which apparently recognized
as self, identical antigens in the normal twin’s pancreatic islets. If
treatment of type 1 diabetes mellitus with the immunosuppres-
sive agent cyclosporine is initiated within 2 to 6 weeks after clinical
onset of diabetes, dependency upon insulin can be eliminated or
insulin doses markedly reduced, but only as long as immunosup-
pression is maintained.61,62 The toxicity associated with cyclo-
sporine and other immunosuppressive agents has precluded use
of this form of therapy in clinical practice. 

It is now clear that the autoimmune phenomena begin long be-
fore clinical onset of the disease. Islet or beta cell autoantibodies
can be found in 2% to 4% of first-degree relatives of patients with
type 1 diabetes mellitus, which is 10 to 20 times the prevalence of
control subjects. Longitudinal studies have shown that type 1 di-
abetes mellitus is much more likely to develop in clinically unaf-
fected relatives with high autoantibody titers than in relatives
without such antibodies, and that the disease will develop in such
patients within a few years.63-65 Longitudinal serial testing of plas-
ma insulin responses to intravenous glucose injection demon-
strates progressively declining beta cell function in autoantibody-
positive relatives before the clinical onset of diabetes.66

Environmental Factors

Because only 30% to 50% of unaffected monozygotic identical
twins of patients with type 1 diabetes melllitus will eventually
develop the disease, it is likely that an environmental factor may
be required to trigger the autoimmune destructive process.67 A
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Figure 10 Current view of the pathogenesis of type 1 autoimmune diabetes mellitus. In some
individuals, HLA-linked genes set in motion an autoimmune attack on islet cells, predominantly
beta cells. In other individuals, HLA-linked genes protect against the autoimmune destructive
response. An initiating event, such as exposure to a virus with an antigenic epitope that resembles a
beta cell antigen or to a toxin, may start the process of self-destruction. Disappearance of the beta
cells may occur because the viral antigen accelerates the normal rate of apoptosis (programmed cell
death). As time passes, insulin production and secretion diminish, despite increasing hypergly-
cemia. When insulin release falls to trivial amounts or none, diabetic ketoacidosis results. Another
external event may trigger this final beta cell catastrophe. A few beta cells may survive, because
after this, a brief period of remission marked by reappearance of C-peptide in plasma may ensue if
plasma glucose levels are controlled very tightly with exogenous insulin. Eventually, all beta cell
function ceases, leading to metabolic instability. 



number of viral candidates have been proposed.67 The only cer-
tain association is that offspring of women who are infected with
rubella during pregnancy are at increased risk for type 1 diabetes
mellitus. A small amount of indirect evidence also associates
coxsackievirus B with type 1 diabetes mellitus.68 Toxins in the
environment or diet might also initiate the destruction of geneti-
cally vulnerable beta cells.

Temporal Sequence of Beta Cell Destruction

At the time of clinical onset of type 1 diabetes mellitus, at least
a small number of beta cells are still potentially capable of func-
tion.69,70 After several weeks of exogenous insulin treatment, par-
ticularly if exemplary metabolic control has been established,71

dependency on exogenous insulin decreases or ceases entirely
for weeks to months in some patients. This temporary so-called
honeymoon remission phase is marked by an increase in serum
C-peptide levels, which indicates an increase in endogenous in-
sulin secretion [see Figure 10].70 However, within 5 years after di-
agnosis of childhood type 1 diabetes mellitus, C-peptide virtually
disappears from the serum.72

Type 1 diabetes mellitus does not develop in all autoantibody-
positive individuals. Moreover, the latency period between initi-
ation of beta cell destruction and appearance of the clinical disor-
der may be many years,73 as the disease does not appear in some
patients until considerably later in life. The gradual, indolent na-
ture of the disease in these autoantibody-positive individuals is
also suggested by the fact that some can be treated with beta

cell–stimulating drugs before absolutely requiring insulin.74 A
trial sponsored by the National Institute of Diabetes and Diges-
tive and Kidney Diseases unfortunately found no evidence that
type 1 diabetes mellitus can be prevented by inducing immune
tolerance to exogenous human insulin given subcutaneously or
orally to relatives of patients with high islet autoantibody titers. 

Genetic Factors

Although a family history of type 1 diabetes mellitus is more
likely to be absent than present in index cases, it is nonetheless
true that offspring and siblings of patients with type 1 diabetes
mellitus are at increased risk for the disease. There is a genetic
basis for susceptibility to type 1 diabetes mellitus but not for in-
evitable development of the disease.75 The disease will develop
in 5% to 10% of first-degree relatives of patients with type 1 dia-
betes mellitus and in 20% of persons who have two first-degree
relatives (e.g., both parents) with the disease. Association and
linkage studies have incriminated a number of genes involved in
the risk of type 1 diabetes mellitus. Polymorphism of HLA genes
in the MHC locus on chromosome 6 account for 50% of the ge-
netic risk.75 DR3 and DR4 are susceptibility alleles that appear to
operate synergistically. Individuals heterozygous for DR3 and
DR4 are at greater risk than either homozygous DR3 or homozy-
gous DR4 individuals. The DR2 allele decreases the risk and
dominates the susceptibility effect of DR3 or DR4 when either is
accompanied by DR2. The HLA-DQ locus also is associated with
increased risk of diabetes.76 Substitution of alanine, valine, or ser-
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ine for the more usual aspartic acid at position 57 of DQ β chain
or the presence of arginine at position 52 of DQ α chain increases
the risk of type 1 diabetes mellitus. A number of mechanisms
have been suggested to explain how HLA class II molecules
might predispose to or protect against the disease.77 Despite the
accumulation of considerable knowledge, type 1 diabetes melli-
tus still cannot be predicted with complete certainty.78

Type 1 diabetes mellitus is associated with at least 15 addi-
tional loci on nine other chromosomes.78 Of particular interest is
that a variable number of tandem repeats in the promoter region
of the insulin gene has been associated with the disease. Howev-
er, the insulin molecule itself is apparently normal in structure in
patients with type 1 diabetes mellitus. With the human genome
soon to be fully known and advanced genetic technology be-
coming cost-effective, it is likely that the genetic components of
type 1 diabetes mellitus will be sorted out in a way that will
make it possible to identify susceptible individuals who might
benefit from preventive therapies. 

The clinical and biochemical manifestations of type 1 diabetes
mellitus can all be accounted for as consequences of insulin defi-
ciency [see Figures 1 and 11].79 Loss of the stimulating effect of in-
sulin on glucose uptake by muscle and adipose tissue coupled
with loss of the suppressive effect of insulin on hepatic glucose
output lead to severe hyperglycemia. FPG rises typically to 300
to 400 mg/dl, and postprandial glucose levels rise to 500 to 600
mg/dl in patients before treatment.79 This increase presents a
high filtered load of glucose to the renal tubules, causing a severe
osmotic diuresis, manifested by polyuria and compensatory
polydipsia. Loss of the lipogenic and antilipolytic effects of in-
sulin on adipose tissue leads to high plasma levels and increased
hepatic uptake of free fatty acids. This condition enhances keto-
genesis, and ultimately, high plasma ketoacid levels cause meta-
bolic acidosis. Protein breakdown is favored in the absence of the
anticatabolic and anabolic actions of insulin. The proteolysis of
muscle protein provides amino acids that sustain high rates of
gluconeogenesis. Body-weight loss thus includes fat and lean
body mass, and it is further aggravated by an increase in basal
energy expenditure.80 The negative nitrogen balance, accompa-
nied by losses of potassium, magnesium, and phosphate in the
urine, impairs growth and development in children.

diagnosis of type 1 diabetes mellitus 

The diagnosis of type 1 diabetes mellitus is still almost always
made on the basis of symptom history confirmed by a blood or

plasma glucose level greater than 200 mg/dl, with the presence
of glucosuria and often ketonuria. The classic symptoms are
polyuria, polydipsia, weight loss with normal or even increased
food intake, fatigue, and blurred vision, commonly present 4 to
12 weeks before the symptoms are noticed. In the future, howev-
er, before clinical onset of type 1 diabetes mellitus, diagnosis may
be possible with serologic methods, complemented by beta cell
function tests.

management of type 1 diabetes mellitus 

Of all chronic diseases, diabetes is unique because its therapy
involves daily self-management by the patient and a host of
lifestyle adaptations. For optimal metabolic control, patients
must prick their fingers to test blood glucose at least four times
daily, inject insulin at least three times daily, pay regular atten-
tion to the timing and content of their meals, and try to follow a
scheduled exercise program. The patient is truly at the center of
his or her care. Patient self-management requires intensive edu-
cation with regard to the skills of injection and blood glucose
monitoring, urine ketone testing on sick days, meal planning,
detection and treatment of hypoglycemia, and management of
intercurrent illness. Family members and close associates of the
patient need to be included as is appropriate, particularly with
regard to recognition and treatment of hypoglycemia. Ideally,
the patient should understand the pathophysiology of diabetes
and its long-term complications almost as well as health care
professionals. Some aspects of care require periodic educational
reinforcement, which is often stimulated by some therapeutic
mishap, such as a preventable episode of severe hypoglycemia. 

The clinical goals of treatment include (1) decreasing plasma
glucose levels and urine glucose excretion to eliminate polyuria,
polydipsia, polyphagia, caloric loss, and adverse effects such as
blurred vision from lens swelling and susceptibility to infection,
particularly vaginitis in women, (2) abolishing ketosis, (3) induc-
ing positive nitrogen balance to restore lean body mass and
physical capability and to maintain normal growth, develop-
ment, and life functioning, (4) preventing or greatly minimizing
the late complications of diabetes previously discussed. After
publication of the DCCT results, The American Diabetes Associ-
ation revised their standards of care accordingly [see Table 3] to
include firm biochemical goals81: (1) maintaining preprandial
capillary whole blood glucose levels at 80 to 120 mg/dl, bedtime
blood glucose levels at 100 to 140 mg/dl, and postprandial peak
blood glucose levels at less than 180 mg/dl, and (2) maintaining
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Goal

80–120

100–140

< 7

Additional Action Suggested

< 80
> 140
< 100
< 160

> 8

Normal

< 110

< 120

< 6

Biochemical Index

Capillary whole blood values† (mg/dl)
Average preprandial glucose level

Average bedtime glucose level

HbA1c (%)

Table 3 American Diabetes Association Standards* 
for Glycemic Control in Diabetes Mellitus288

*The values shown in this table are by necessity generalized to the entire population of individuals with diabetes. Patients with
comorbid diseases, the very young, older adults, and patients with unusual conditions or circumstances may warrant different
treatment goals. These values are for nonpregnant adults. Additional action suggested depends on individual patient circum-
stances. Such actions may include enhanced diabetes self-management education, comanagement with a diabetes team, referral
to an endocrinologist, change in pharmacologic therapy, initiation of or increase in self-monitored blood glucose testing, or
more frequent contact with the patient. HbA1c is referenced to a nondiabetic range of 4.0% to 6.0% (mean, 5.0%; SD, 0.5%).
†To convert to plasma glucose values, add 10 mg/dl to whole blood values, except for 160 mg/dl, which becomes 180 mg/dl.



an HbA1c of less than 7.0% (relative to a nondiabetic DCCT range
of approximately 4.0% to 6.0%). Realistically, current therapeutic
tools make it difficult to achieve these stringent goals in many
patients with type 1 diabetes mellitus, particularly those with ab-
solutely no endogenous insulin secretion. The exponential rela-
tion between the risk of microvascular complications and HbA1c
predicts that only normal HbA1c levels would completely pre-
vent the complications. However, maintaining an HbA1c below
7.0% will remove much of the absolute risk from most patients.
Efforts to achieve an HbA1c of less than 7.0% should continue as
long as hypoglycemia can be minimized.

Monitoring of Glycemic Control

In the past 5 to 10 years, blood glucose meters have under-
gone continuous development and improvement. They are now
smaller, use less blood and more sites for puncture, are less vul-
nerable to inaccuracy because of patient errors, and have memo-
ry programs that allow the patient or caregiver to assess the pat-
tern of blood glucose control over the previous 2 months, largely
eliminating the problem of incorrect or fabricated written tran-
scription of results. Devices that can accurately estimate blood
glucose without a blood sample have been in development for a
number of years but have not reached a state of reliability suit-
able for clinical practice. An indwelling subcutaneous catheter
for blood glucose monitoring that can be used for 3 days and
provide frequent readings is now available. Although the
recorded profile can provide only a brief window into a lifetime
of blood glucose fluctuation, such a profile can guide periodic
adjustments of the regimen.

Currently, even with its imperfections, blood glucose testing
before each meal or large snack is essential if the patient is to ad-
just each dose of rapid-acting insulin to the level of blood glu-
cose before the meal and to the amount of carbohydrate about to

be ingested. Blood glucose levels also need to be periodically
checked after meals to ensure that undue postprandial hyper-
glycemia is not occurring. Patients should also check blood glu-
cose levels before or after intensive exercise to prevent or abort
hypoglycemia. It is very important to check blood glucose levels
before driving to prevent motor vehicle accidents brought on by
severe hypoglycemia, which can have adverse effects on drivers’
judgment and reaction times. Occasional 3:00 A.M. blood glu-
cose readings are useful in monitoring for otherwise unrecog-
nized frequent nocturnal hypoglycemia. Most important, during
intercurrent illnesses, especially those accompanied by nausea,
vomiting, and limitation of fluid and caloric intake, patients
must test blood frequently to guide insulin treatment. In addi-
tion, under these circumstances, the risk of ketoacidosis man-
dates testing of urine or blood for ketoacids. The presence of sig-
nificant levels of ketoacids is a signal to call the caregiver imme-
diately and establish frequent contact for instructions regarding
insulin doses and carbohydrate intake. 

A critical supplement to home blood glucose testing is moni-
toring of HbA1c in the physician’s office. It is now well estab-
lished that this product of nonenzymatic glycation provides an
excellent index of average blood glucose levels [see Figure 12] for
approximately the preceding 2 months.82,83 In at least one study,
patients whose HbA1c was measured periodically had a better
health status, lower glycemic levels, and fewer hospitalizations
than a randomly selected group of patients whose HbA1c level
remained unknown to both the patient and the physician.84

Quarterly HbA1c measurements are satisfactory except during
pregnancy, when monthly levels should be obtained. Because
methods and results vary among laboratories, a national glyco-
hemoglobin standardization program is under way, and HbA1c
should be measured in laboratories certified to provide DCCT-
equivalent results.85 Use of rapid-turnaround, point-of-service
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HbA1c assays improves the efficiency with which diabetes care-
givers can modify patients’ regimens on office visits and im-
proves treatment results.86 Assays of other products of nonenzy-
matic glycation, such as fructosamine and glycated albumin, that
reflect shorter periods of chronic glycemia are less useful in rou-
tine diabetes management.85

Insulin Types and Delivery

Correction of insulin deficiency is the most critical component
in managing type 1 diabetes mellitus. Before the availability of
insulin, patients with type 1 diabetes mellitus and complete in-
sulin deficiency inevitably followed a predictable downhill
course [see Figure 11] and died either in diabetic coma or essen-
tially of starvation and inanition. Insulin extracted from beef and
pork pancreas and purified to increasingly high levels was the
mainstay of therapy until recombinant DNA technology made it
possible to produce authentic human insulin in large quantities.
Although animal insulins are therapeutically bioequivalent to
human insulin, they disappeared from the market as manufac-
turers switched over to making only human insulin. In rare in-
stances of local allergy to human insulin, lispro insulin (see be-
low) can be substituted. In emergency situations, patients with
systemic allergy to human insulin can be desensitized by admin-
istering extremely small amounts and gradually increasing the
dose over 6 to 24 hours until the patient is tolerant and respon-
sive to human insulin.

The basic principle of insulin replacement87,88 is to provide a
slow, long acting, continuous supply that mimics the nighttime
and interprandial basal secretion by normal beta cells. In addi-
tion, a rapid and relatively short-acting form of insulin delivered
before meals mimics the normal meal-stimulated burst of insulin
secretion [see Figure 2]. A number of insulin preparations for sub-
cutaneous administration are currently available [see Table 4]. It is
important to recognize that there is considerable variability in
the pharmacokinetic characteristics of these insulins both from
individual to individual and within the same individual from
day to day. Rates of insulin absorption from the skin vary with
the injection site, the depth and angle of injection, ambient tem-
perature, and exercise of an injected limb. Injection into the sub-
cutaneous tissue of the abdomen produces the least variable re-
sults. The expected therapeutic action can also be affected by
fluctuations in sensitivity to insulin from time to time in patients.
Despite the variability of results, certain average patterns can be
expected from the multiple daily injection regimens in com-
mon use [see Figure 13]. CSII by use of an external pump pro-

vides smooth basal delivery and somewhat more predictable
acute increases in plasma insulin for meals. Only crystalline 
zinc insulin (regular insulin) and lispro insulin are used in 
such pumps, which is one reason for their greater consistency of
effect. 

Synthetic Insulin Analogues

Lispro was the first of what undoubtedly will be many new in-
sulin analogues with structures designed to provide pharmacoki-
netics that more closely mimic physiologic insulin secretion and
needs.89 One of the features of natural (or synthetic) human in-
sulin is that six molecules associate with a zinc molecule to form
hexamers. Insulin hexamers must disassociate to monomers be-
fore they can be absorbed from subcutaneous injection sites. This
requirement is the main reason that crystalline zinc insulin (regu-
lar insulin) has a peak action 2 to 4 hours after injection and must
be taken 30 to 60 minutes before eating to have any chance of lim-
iting postprandial hyperglycemia. By simply exchanging lysine
and proline at positions 28 and 29 of the B chain of insulin [see Fig-
ure 3], hexamer formation is prevented and the monomer is rapid-
ly absorbed from an injection site. Lispro insulin action begins with-
in 15 minutes, the peak effect is reached at 1 to 2 hours, and the
duration of action is only 4 to 6 hours. Thus, lispro insulin injected
just before a meal provides a postprandial plasma insulin profile
similar to that of normal human insulin secretion [see Figure 2].
The chief benefits of using lispro insulin are to reduce postprandi-
al blood glucose peaks and to somewhat decrease the hypoglyce-
mia that can result from the late tail of regular insulin action.90,91

However, loss of that late action can lead to recurrent hypergly-
cemia before the next meal. Hence patients switched from reg-
ular insulin to lispro insulin may have no reduction in HbA1c
unless their doses of basal insulin (neutral protamine Hage-
dorn [NPH], Lente, or Ultralente or the basal rate in CSII) are 
increased.92 It may even prove useful to combine lispro insulin
with regular insulin in a single injection to optimize postprandial
control. 

Another synthetic rapid-acting analogue, insulin aspart, re-
places proline with aspartic acid at position B28 [see Figure 3]. This
substitution leads to a profile of action and therapeutic benefits
that are very similar to those of lispro insulin.93 A long-acting ana-
logue, glargine, has also been synthesized as a basal insulin with
no discernible peak and a longer duration of action than Ultra-
lente insulin.94,95 Glargine has two additional arginines at the car-
boxyl terminus of the B chain, B31 and 32, and has a glycine for
arginine substitution at position A21 [see Figure 3]. Glargine is giv-
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Duration (hr)

6–8

4–6
4–6

10–14

18–24
30

Peak (hr)

2–3

1–2
1–2

4–8

Minimal at 10–14
None

Onset (hr)

0.5–1.0

0.25–0.5
0.25–0.5

1

1
1.5

Insulin Type

Rapid acting (regular, crystalline zinc insulin [CZI])

Very rapid acting
Lispro
Insulin aspart

Intermediate acting
Lente, neutral protamine Hagedorn (NPH)

Long acting 
Ultralente
Glargine

Table 4 Insulin Preparations



en as a single bedtime injection to provide basal insulin for 24
hours with less nocturnal hypoglycemia.96 For reasons that
should now be clear, intensive treatment regimens are the pre-
ferred form of therapy and should be implemented early in as
many patients as is safely possible. Different combinations of in-
sulin preparations can be used to approximate (but never reliably
reproduce) normal plasma insulin profiles [see Figure 13]. Type 1
diabetes mellitus can almost never be satisfactorily controlled on
less than two injections a day of intermediate- or long-acting in-
sulin combined with rapid-acting insulin. Only in patients experi-
encing a honeymoon remission or in patients with late-onset au-
toimmune type 1 diabetes mellitus in adults can satisfactory
metabolic control be established with a single injection of insulin
daily. Such success is made possible only by the presence of some
normally regulated endogenous insulin secretion. 

Insulin Regimens 

As a rule of thumb, basal insulin and mealtime insulin pulses
each constitute approximately 50% of the average total daily
dose (0.6 to 0.7 U/kg) in intensive-therapy regimens. The dose of
regular or lispro insulin or insulin aspart before each meal is cho-
sen by the patient on the basis of the blood glucose level, the esti-
mated amount of carbohydrate to be eaten, or both. A typical
regimen would call for 1 to 2 extra units of insulin for each 50
mg/dl increment in blood glucose above the dose called for by

the preprandial target of 80 to 120 mg/dl, or 1 U/10 to 15 g of ex-
tra carbohydrate to be ingested above the usual amount of car-
bohydrate prescribed by the nutrition plan. Very sophisticated
patients can combine both guidelines. Glargine is rapidly achiev-
ing dominance as the basal insulin. 

Fixed-dose mixtures of insulin are not physiologically very
suitable for patients with type 1 diabetes mellitus. However, for
patients who can or will implement only such conventional
treatment, a typical regimen might be a total daily dose of 0.6 to
0.7 U/kg. Two thirds to three fourths of the dose would be given
before breakfast and the remainder before supper; the ratio of in-
termediate-acting insulin to rapid-acting insulin might be 2:1 to
4:1 before breakfast and 1:1 before supper. Because giving NPH
or Lente insulin before supper increases the risk of hypo-
glycemia between 2:00 and 4:00 A.M., patients on conventional
treatment should be urged to switch to a three-injection regimen,
taking the evening dose of intermediate-acting insulin at bed-
time to avoid nocturnal hypoglycemia and to better control the
prebreakfast blood glucose level. Glargine insulin may also be
helpful in minimizing nocturnal hypoglycemia.87,88

Insulin requirements are increased by greater caloric and espe-
cially carbohydrate intake, by weight gain of both lean body mass
and fat mass, by the onset of puberty, by infections and other
medical or surgical stresses, by pregnancy, by glucocorticoid ad-
ministration, and sometimes by the physiologic changes that pre-
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Figure 13 Different combinations of various insulin preparations can be employed in establishing glycemic control in type 1 diabetes mellitus
(and in those patients with type 2 diabetes mellitus who eventually reach an equivalent degree of insulin deficiency). Arrows indicate time of
injection. Red curves represent rapid-acting (R) regular or lispro insulin. Blue curves represent intermediate-acting (I) NPH or Lente insulin. Gray
curves represent long-acting insulin glargine (G). (a) A mixed injection of I and R insulin is administered before breakfast and dinner in this
average regimen. In addition to the risk of hypoglycemia before lunch and in the late afternoon, the predinner administration of I insulin
predisposes patients to hypoglycemia from 2:00 A.M. to 4:00 A.M. (b) This average regimen combines a mixed injection of I and R insulin given
before breakfast with an injection of I insulin given before bed. The I insulin administered at bedtime provides safer, more effective overnight
glucose control; without predinner insulin, however, glucose levels may rise to unacceptably high levels after dinner. (c) In this intensive regimen,
the patient receives three injections: a mixed injection before breakfast, R insulin before dinner, and I insulin before bed. (d) This intensive
regimen combines three preprandial injections of R insulin with one injection of I insulin before bed. Preprandial doses of R insulin are adjusted
according to glucose levels and meal size. (e) This intensive regimen uses long-acting insulin glargine to replace basal insulin secretion. Preprandial
doses of R insulin are adjusted according to blood glucose levels and anticipated meal carbohydrate content. (f) This intensive regimen provides
only R insulin as regular or lispro insulin. A pump-driven continuous subcutaneous infusion of R insulin replaces basal insulin secretion. Basal
rates can vary during different times of day or activities. For example, the basal rate can be lowered or even suspended during periods of intensive
aerobic exercise. The nocturnal basal rate can be increased 1.5 to 2.0 times from 3:00 A.M. to 4:00 A.M. until breakfast to accommodate the rising
early morning insulin requirement known as the dawn phenomenon. Preprandial bolus doses are individually dialed in and rapidly pumped in,
adjusted according to blood glucose levels and anticipated meal carbohydrate content. (Br = breakfast, Lu = lunch, Di = dinner) 



cede the onset of menses. During acute illnesses, patients will re-
quire extra doses of rapid-acting insulin when hyperglycemia ac-
celerates and especially if ketosis occurs. Frequent telephone con-
tact with caregivers allows timely professional guidance of the ex-
tra insulin doses, nutrient intake to prevent hypoglycemia, and
fluid intake to prevent dehydration. Lispro insulin or insulin as-
part is especially useful in these circumstances because the effect
of an overdose is short lived and hypoglycemia is less likely. 

CSII has improved considerably since its introduction in the
1970s.97 Modern insulin infusion pumps permit programming
with multiple basal rates, allowing flexibility during the day as
well as automatic adjustment of doses while sleeping at night.
Frequently, the basal rate needs to be lower in the first half of the
night and then increased to accommodate the so-called dawn
phenomenon [see Figure 13]. The latter is a slow rise in the plasma
glucose level before the patient awakens, demonstrable in normal
individuals but exaggerated in individuals with type 1 diabetes
mellitus who cannot limit it by increasing endogenous insulin se-
cretion. On the other hand, interruption of insulin delivery from a
pump for as little as 8 hours can result in extreme hyperglycemia,
diabetic ketoacidosis (DKA), and hyperkalemia. In the DCCT, pa-
tients who used an insulin pump had a slightly but significantly
higher DKA event rate (1.8 per 100 patient-years) than patients on
multiple daily injection regimens (0.8 per 100 patient-years).98

There was no difference in risk of severe hypoglycemia between
patients treated with insulin pumps and patients treated with
multiple daily injections, although episodes resulting in coma or
seizure were more common in CSII-treated patients.98 The rate of
infection at catheter sites was kept very low by frequent change of
catheters and preemptive use of antibiotics at the first visible
signs of infection. Pump use has grown exponentially in the past
10 years; 200,000 patients now use pumps.  

Avant-garde Therapy

Implantable pumps delivering insulin into the peritoneal cav-
ity and resulting in a more physiologic first pass of insulin
through the liver have provided acceptable HbA1c levels with a
lower frequency of severe hypoglycemia.99 Difficulties with ob-
struction of insulin delivery and infection have occurred, and
they are not yet approved for commercial use. Closed-loop in-
sulin-delivery devices that would measure the patient’s blood
glucose level very frequently and would automatically adjust in-
sulin delivery still await the development of a practical and long-
lived indwelling continuous glucose sensor. 

Insulin can be absorbed through the mucosa of the nose and
also through the lungs. A nasal preparation of insulin has been ef-
fective in short-term clinical trials, but the disadvantages of high
cost (10 times the subcutaneous insulin dose is needed to achieve
the same blood glucose lowering) and failure to develop a vehicle
that does not cause allergic nasal symptoms have prevented this
preparation from being used in practice.100 Inhaled insulin, with
various delivery devices, is still undergoing clinical trials.101,102 The
pharmacokinetic properties of inhaled insulin resemble those of
lispro insulin and insulin aspart, so inhaled insulin is suitable for
preprandial use. Various attempts to package insulin for oral ad-
ministration so as to prevent its degradation in the gastrointesti-
nal tract have also been investigated, as has transdermal insulin.

Pancreas transplantation remains controversial as a routine
form of insulin replacement therapy.103 Over the period of 1994 to
1997, 1-year graft survival rates were 82% when a pancreas was
transplanted with a needed kidney transplant and 62% when a
pancreas was transplanted alone.104 Successful pancreas trans-

plants provide nondiabetic HbA1c levels and free the patient from
the rigors of diet, blood glucose testing, and insulin injection, and
they virtually eliminate episodes of hypoglycemia.104 Quality of
life is usually improved. On the negative side, the patient incurs
the risk of operative mortality and morbidity and must remain on
immunosuppressive therapy with its attendant risks of infection
and malignant disease.103 Length of stay, readmission rates, mor-
bidity, and the number of acute rejection episodes are higher for
pancreas transplants than for kidney transplants. From 1994 to
1996, the 1-year pancreas transplant survival was 81%, compared
with a kidney transplant survival of 88%.103 The large majority of
pancreas transplantations are still performed as an option in con-
junction with a necessary kidney transplant. 

Transplantation of isolated islets can be accomplished without
major surgery. Furthermore, the ability to immunomodulate iso-
lated islets in the laboratory (by masking or removing cell sur-
face antigens) may someday allow transplantation with little or
no immunosuppression. Alternatively, islets can be placed in
semipermeable hollow tubes that allow glucose to enter and in-
sulin to leave but shield the islets from inflammatory reactions to
a foreign body. Islet transplantation with function lasting at least
1 year has been achieved in less than 10% of attempts world-
wide. A Canadian group has reported on seven successive cases
of islet injection into the liver, with persistent function and inde-
pendence from insulin injections for up to 15 months, using a
new immunosuppressive regimen.105 This technique is undergo-
ing a multicenter trial. 

Nutritional Therapy and Exercise 

Intensive and conventional insulin treatment will produce un-
satisfactory results unless it is appropriate for the nutrient intake.
To facilitate the matching of insulin doses to meals and to prevent
hypoglycemia, patients with type 1 diabetes mellitus should eat
consistent regular meals comprising about 50% carbohydrate calo-
ries, less than 30% total fat calories, and less than 300 mg choles-
terol a day.106 Various methods of teaching patients how to assess
amounts of foods and their nutrient and caloric content have been
utilized. These methods include exchange lists that place foods
into six categories; each category has approximately the same
quantity of carbohydrate, protein, and calories per serving. These
exchange categories are bread, meat, milk, fruit, fat, and vegetable.
Another approach is to focus only on the carbohydrate content of
foods because carbohydrates cause most of the postprandial hy-
perglycemia. Because different carbohydrates are digested and ab-
sorbed at different rates and therefore have different effects on
plasma glucose levels, glycemic indices have been developed for
common foods that help adjust for their different effects.107 It is
noteworthy that numerous studies have disproved the myth that
sucrose raises blood glucose more than equivalent amounts of oth-
er carbohydrates.108 For optimal instruction and reinforcement of
diet therapy, a dietitian should be part of the diabetes care team. 

Exercise is another important component of diabetes care be-
cause it helps maintain cardiovascular conditioning, insulin sen-
sitivity, and general well-being.109 However, patients must be in-
structed how to adjust their meals, their insulin doses and tim-
ing, or both to prevent hypoglycemia during, immediately after,
or even 6 to 12 hours after exercise as muscle glycogen stores are
replenished from plasma glucose. High-impact sports are con-
traindicated for patients with advanced retinopathy who are at
risk for vitreous hemorrhage or for patients with peripheral neur-
opathy or vascular disease who are at risk for foot trauma, be-
cause such sports can be hazardous.
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diabetic emergencies in type 1 diabetes mellitus 

Diabetic Ketoacidosis 

DKA is the ultimate result of insulin deficiency110,111 [see Figure
11], which is aggravated by stress-induced elevations of
glucagon, cortisol, growth hormone, epinephrine, and norepi-
nephrine110 that add a component of insulin resistance.112 DKA oc-
curs in 2% to 5% of patients with type 1 diabetes mellitus a year.
In the closely followed DCCT patients, overall event rates were
2.0 per 100 patient-years in the intensively treated group and 1.8
per 100 patients-years in the conventionally treated group.34 Re-
ported mortality varies worldwide from as low as 0% to as high
as 10%. Most cases occur in patients already diagnosed with type
1 diabetes mellitus, but DKA still can be the first manifestation of
diabetes, especially in children. Self-monitoring of blood glucose
and urine ketones and close contact with the diabetes care team
should facilitate recognition and abortion of evolving DKA by
early and aggressive treatment with extra insulin and fluids at
home. Approximately half the cases of DKA are precipitated by
infection. Sepsis, myocardial infarction, and other major intercur-
rent illnesses are more often the cause of death than the metabol-
ic disequilibrium itself. In children, cerebral edema rarely occurs.
It usually appears 6 to 12 hours after treatment is initiated when
biochemical improvement is manifest; yet it is often fatal. 

Presenting features DKA presents with signs and symp-
toms of dehydration secondary to osmotic diuresis and vomiting
and, sometimes, to diarrhea caused by concurrent gastroenteri-
tis; of compensatory hyperventilation to eliminate CO2; and of
various degrees of depressed mentation or decreased conscious-
ness. Seizures are notably not a result of DKA. Complete coma
almost certainly indicates a long period of DKA before medical
attention. DKA yields a number of characteristic laboratory find-
ings [see Table 5]. The anion gap metabolic acidosis is secondary
to elevated levels of acetoacetate and betahydroxybutyrate with
small contributions from lactate and free fatty acids. Although
serum potassium and phosphate levels are usually normal or
even high initially, this finding masks a profound total body de-
pletion of these electrolytes, along with magnesium. Deviations
from the customary pattern create pitfalls in diagnosis. Ketones,
which current tests detect only as acetoacetate or acetone, may
be missing from the serum if the redox potential of the patient is
very high and the equilibrium of the ketoacids is shifted toward
the reduced partner betahydroxybutyrate (as may occur in alco-
hol intoxication). Serum bicarbonate levels may be normal if
there is coexisting respiratory acidosis. Arterial blood pH may be
normal if there is coexistent metabolic alkalosis caused by diuret-
ic ingestion or pernicious vomiting. Occasionally, plasma glu-
cose levels are less than 250 mg/dl because of fasting,113 high al-
cohol intake, profound inanition, or pregnancy. 

Treatment Treatment of DKA110,114,115 requires careful moni-
toring of the patient [see Table 5]. Volume repletion is as impor-
tant as insulin therapy.116 Intravenous 0.9% saline should be start-
ed even before the diagnosis is established. After an initial liter in
30 to 60 minutes, fluid therapy should continue aggressively un-
til the circulating volume is replenished, as indicated by an in-
crease in blood pressure to normal and a reduction in compen-
satory tachycardia. Subsequent total volume repletion is carried
out more slowly at 150 to 500 ml/hr with 0.45% saline, switching
to 5% glucose-containing solutions once plasma glucose has de-
creased to 250 mg/dl. Typical fluid deficits range from 50 to 100
mEq/kg. Average sodium deficits are 7 mEq/kg, and most im-
portant, potassium deficits may be as high as 7 mEq/kg. The ef-
fective depletion of total body bicarbonate through loss of the
strong organic acids acetoacetate and betahydroxybutyrate in
the urine is revealed later, when a hyperchloremic metabolic aci-
dosis often ensues. Potassium repletion (10 to 40 mEq/hr)
should begin promptly after insulin administration and as soon
as hyperkalemia and oliguria or anuria have been ruled out [see
Table 5]. Otherwise, serious hypokalemia will result as insulin
stimulates potassium uptake by cells [see Figure 4]. If the serum
potassium level is less than 40 mEq/L on admission, a very large
deficit exists and repletion should be at a faster rate to maintain a
level no lower than 3.5 to 4.0 mEq/L. Insulin should be withheld
in such circumstances until serum potassium reaches 4.0
mEq/L. Hypokalemia is the most tragic cause of death resulting
from therapeutic misjudgment.

Although DKA can be managed satisfactorily with insulin giv-
en intramuscularly or subcutaneously, intravenous administration
is far more reliable and results in fewer instances of hypokalemia
and hypoglycemia. A bolus of 10 U or 0.1 U/kg is followed by
the same dose given hourly by intravenous infusion, preferably
with a pump and through its own intravenous line. Routine addi-
tion of sodium bicarbonate or potassium phosphate has not been
found to hasten recovery in ordinary cases of DKA.115 Possible in-
dications for administration of sodium bicarbonate (50 to 200 mEq)
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Range

200–2,000 mg/dl 
(11– 110 mmol/L)

1:2–1:64

3–25

4–15

6.80–7.30

14–30

16–30

Average

600 mg/dl 
(33 mmol/L)

1:16

—

10

7.15

20

23

Test

Plasma glucose

Plasma ketones (positive)

Blood 
betahydroxybutyrate
(mmol/L)

Plasma HCO3 (mEq/L)

Blood pH

Pco2 (mm Hg)

Plasma anion gap (Na+ –
[CI + HCO3]) (mEq/L)

Table 5 Typical Laboratory Findings 
and Monitoring in Diabetic Ketoacidosis

Perform complete blood count, serum urea nitrogen measurement,
serum creatinine measurement, urinalysis, appropriate cultures, and
chest radiography. 
1. Weigh on admission and every 12 hr.
2. Record cumulatively intake and output every 1 to 2 hr (Foley 

catheter if incontinent).
3. Check blood pressure, pulse, respiration, mental status every 1 to 

2 hr and temperature every 8 hr.
4. Check blood (fingerstick) or plasma (laboratory) glucose every 

1 to 2 hr.
5. Check serum potassium every 2 to 4 hr; check other electrolytes 

and serum ketones or betahydroxybutyrate every 4 hr.
6. Check arterial blood pH and gases on admission (in children, 

venous pH may be substituted; add 0.1 to result). If pH < 7.0 on 
admission, recheck as required until pH exceeds 7.1.

7. Check serum phosphate, magnesium, and calcium levels on 
admission. If low, repeat every 4 hr; otherwise, every 8 to 12 hr.

8. Spot-check voidings for ketones and glucose.
9. Perform ECG on admission; repeat if follow-up serum potassium 

level is abnormal or unavailable.

Note: 1–9 should be carried out until the patient is stable, glucose levels have
reached and are maintained at 250 mg/dl, and acidosis is largely reversed (plasma
HCO3 > 15–18, plasma anion gap < 16). An intensive care setting is preferred.



include arterial pH less than 7.0, ECG changes of hyperkalemia,
hypotension that does not respond to rapid infusion of 0.9%
saline, and left ventricular failure. If bicarbonate therapy is given,
serum potassium and arterial pH should be monitored hourly
and extra potassium given to prevent hypokalemia. Rhabdomy-
olysis, hemolysis, and central nervous system deterioration can
be caused by severe hypophosphatemia (< l.5 mg/dl) and call for
intravenous administration of 60 mmol (approximately 2 g) of
phosphate as the potassium salt over 6 hours. Once the anion gap
has decreased to near normal and bicarbonate has risen to 15 to 18
mEq/L, the insulin infusion rate can be decreased to 2 U/hr. In
general, it is best to maintain the insulin infusion at 1 to 2 U/hr
with accompanying 5% glucose infusion, aimed at keeping the
plasma glucose level at around 150 mg/dl until the following
morning, when a subcutaneously mixed insulin regimen can be
started or resumed along with a diet. 

It is preferable to treat patients with DKA in an intensive care
unit to ensure close monitoring. Persistent vomiting calls for gas-
tric intubation, and the airway of an obtunded patient should be
protected to prevent aspiration. Any suspicion of sepsis man-
dates treatment with broad-spectrum antibiotics. 

Hypoglycemia 

Hypoglycemia is a more common emergency than DKA and
potentially as dangerous. Clinical hypoglycemia can range from
annoying symptoms accompanying a biochemically low blood
glucose level (< 50 to 60 mg/dl) to confusion, seizures, or coma.
Any episode that requires intervention by another person to re-
verse is categorized as severe hypoglycemia. Severe hypo-
glycemia can have disastrous consequences, particularly if the
patient is driving any sort of vehicle, working at heights, or oper-
ating potentially dangerous machinery. 

The most common causes of hypoglycemia are missed meals
and snacks,117 insulin dosage errors, exercise, alcohol, and drugs
such as beta-adrenergic blockers. During the DCCT, 55% of hy-
poglycemic episodes occurred during sleep.117 Such episodes of-
ten go undetected.118

Glucagon and epinephrine are the major counterregulatory
hormones that are secreted in response to hypoglycemia.119 Both
restore glucose levels by increasing hepatic glucose output, while
epinephrine also decreases the sensitivity of muscles to insulin.
Furthermore, catecholamine secretion alerts the patient to treat
the episode because it produces the sympathoadrenal symptoms
noted below. Cortisol and growth hormone are also secreted in
response to hypoglycemia119 and play a role in maintaining glu-
cose levels but not in rapid recovery from hypoglycemia. 

Presenting features The most common symptoms of early
mild hypoglycemia are adrenergic and include tachycardia,
tremulousness, anxiety, and sweating.120 The last symptom re-
quires sympathetic activation of cholinergic nerves innervating
the sweat glands. 

Factors affecting severity of hypoglycemic episodes The
development of primary or secondary adrenal insufficiency, hy-
popituitarism, and hypothyroidism may increase the risk of
hypoglycemia by increasing sensitivity to insulin, decreasing ap-
petite, or both. Stress, exercise, or use of alcohol or illicit drugs
may blunt or prevent recognition of hypoglycemia. Patients who
do recognize incipient hypoglycemia but who consciously do not
respond expeditiously (for example, they may wait for a meal in a
restaurant or continue to drive after symptoms first appear) are

also at increased risk for severe hypoglycemia. Moreover, some
risk factors for hypoglycemia have multiple effects that can pre-
cipitate, prolong, or worsen the severity of hypoglycemia. Alco-
hol, for instance, impairs judgment and inhibits gluconeogenesis
and hepatic glucose output, thereby delaying recovery. When
hypoglycemia is inadequately treated, more severe hypo-
glycemia often ensues.

Finally, because glucagon and epinephrine are the major de-
fense hormones against prolonged hypoglycemia, their absence
promotes longer and more severe episodes by two mechanisms:
(1) compensatory hepatic glucose output is decreased when not
stimulated by glucagon or epinephrine and (2) the familiar adren-
ergic symptoms may cease in the absence of epinephrine, result-
ing in failure to recognize the episode.119 The glucagon response to
hypoglycemia often wanes in patients after they have had type 1
diabetes mellitus for a few years. In the absence of glucagon, epi-
nephrine secretion still provides adequate counterregulatory de-
fense; however, epinephrine response can also be lost eventually,
sometimes in association with other autonomic neuropathies
and sometimes selectively. Many patients lose the ability to
counterregulate against hypoglycemia during the first 10 years
that they have type 1 diabetes mellitus.

Given the importance of intensive regimens to prevent mi-
crovascular complications from hyperglycemia, it is most unfor-
tunate that a lowered glucose threshold for release of glucagon
and epinephrine in response to hypoglycemia has been observed,
particularly in patients undergoing intensive insulin therapy.121

The lowered glucose level needed to stimulate counterregulation
narrows the safety margin of therapy. For instance, the first
symptom of hypoglycemia may occur only at glucose levels as
low as 35 mg/dl (as opposed to 55 to 60 mg/dl) and may consist
of confusion or loss of judgment, which interferes with self-treat-
ment. Some evidence suggests that unawareness of hypogly-
cemia is self-generating, because each episode may lower the
threshold at which autonomic counterregulation begins in sub-
sequent episodes.119 The converse of this is that a period free of
hypoglycemia, produced by daily therapeutic contact with care-
givers, may restore hypoglycemia awareness,122,123 though it may
not restore normal counterregulatory responses.122 Increased up-
take of glucose by the brain in the presence of hypoglycemia124,125

is a likely explanation for the relative infrequency of clinical hy-
poglycemic catastrophes. 

Treatment Patients recognize most episodes of hypo-
glycemia quickly and can effectively treat themselves with a
promptly absorbed oral carbohydrate. Approximately 15 g of car-
bohydrate is sufficient to restore blood glucose levels to normal.
This amount is provided by approximately 6 oz of orange juice, 4
oz of a cola drink, 3 to 4 tsp of table sugar, five Life Savers, or
three glucose tablets (each containing 5 g of glucose). The use of
complex carbohydrates and foods with a high fat content, such as
chocolate, may delay digestion and absorption of the glucose and
are not first choices for treatment of hypoglycemia. If the patient
cannot swallow or cooperate, a gel form of glucose and simple
carbohydrates can be administered by mouth, applying it be-
tween the gums and cheeks, from where it slowly and generally
safely trickles down into the stomach. Glucagon (1 mg adminis-
tered subcutaneously or intramuscularly) will also usually raise
blood glucose levels sufficiently within 15 to 30 minutes, when
the patient can then take oral carbohydrates. Glucagon comes in
emergency kits, and it should always be on hand for patients
with a history of severe hypoglycemic episodes. Glucagon may
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cause nausea, vomiting, and headache, especially in children.
When all else fails, intravenous glucose must be given by emer-
gency medical service personnel or in an emergency room,
whichever is quicker. When the timing of an episode suggests it
was caused by intermediate- or long-acting insulin or by prior ex-
ercise, blood glucose may fall to hypoglycemic levels again and
re-treatment may be necessary. Thus, a patient who has required
assistance from others in reversing hypoglycemia should be kept
under surveillance for some time thereafter.

Patients with severe hypoglycemia usually respond rapidly to
treatment, although patients who are postictal or in a prolonged
coma may require days to regain normal mental status and cog-
nitive function. Quite often, there is amnesia for such extended

episodes, including a period preceding the onset of hypo-
glycemia. In rare instances, neurologic deficits can be permanent.
In general, however, long-term consequences of hypoglycemia
have not been detected in adults.126,127 In view of the potential con-
sequences of prolonged episodes, hypoglycemia should always
be treated immediately. 

Prevention Patients should be instructed to treat themselves
as though they have hypoglycemia whenever they suspect it,
even if they are unable to do a confirmatory blood glucose test at
the time. The threshold for symptoms of hypoglycemia varies
from person to person and even varies in the same person on dif-
ferent occasions. Therefore, whenever possible, a confirmatory
blood glucose test should be done to help the patient discrimi-
nate nonspecific symptoms from true hypoglycemia. Patients at
increased risk for severe hypoglycemia should monitor their
blood glucose levels more frequently. 

Type 2 Diabetes Mellitus

pathogenesis of type 2 diabetes mellitus

Insulin Resistance and Insulin Deficiency 

The pathogenesis of type 2 diabetes mellitus128 is even more
complex than that of type 1 diabetes mellitus. Insulin resistance,
reported in 92% of one large group of people with type 2 diabetes
mellitus,129 plays a major role in generating hyperglycemia.128 In
addition, some degree of functional insulin deficiency exists [see
Figure 14].128 Certain studies suggest that insulin resistance is pri-
mary128,130 and that impaired insulin secretion is only really evi-
dent when fasting hyperglycemia supervenes.128, 131-133 Other inves-
tigators find evidence of early abnormal beta cell function in type
2 diabetes mellitus,134-136 in IGT,134,137 and in first-degree glucose-tol-
erant relatives of patients with type 2 diabetes mellitus.138 Regard-
less of which comes first, the loss of compensatory beta cell hy-
perfunction to overcome insulin resistance is a key factor in the
progression from genetic susceptibility to established type 2 dia-
betes mellitus.139 Furthermore, insulin resistance may cause sec-
ondary insulin deficiency, and insulin deficiency tends to lead to
insulin resistance; thus, they are mutually reinforcing defects,
partly through an effect commonly referred to as glucose toxici-
ty.140 Some period of hyperglycemia has a secondary noxious ef-
fect that aggravates both insulin resistance and insulin deficien-
cy; thus, hyperglycemia begets hyperglycemia. Therefore, any
form of treatment of type 2 diabetes mellitus that lowers plasma
glucose levels is self-reinforcing and may gain momentum with
time by virtue of the added early benefit of eliminating the ef-
fects of glucose toxicity. For this reason, aggressive early treat-
ment (e.g., with insulin) can sometimes be replaced with oral
drugs or even diet.141

The exact locus of insulin resistance in type 2 diabetes mellitus
remains unidentified. Indeed, there may be various sites because
the disease is considered likely to be a heterogeneous disor-
der.142,143 Numerous candidate genes for defective insulin action,
including the insulin receptor, glucose transporter, insulin recep-
tor substrate, and insulin target enzymes, such as glycogen syn-
thase, have been largely excluded as common primary causes of
insulin resistance144,145 in type 2 diabetes mellitus. 

As in type 1 diabetes mellitus, the loss of effective insulin ac-
tion directly leads to unrestrained hepatic glucose production
and inefficient peripheral glucose utilization [see Figure 14]. Exces-
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Figure 14 (a) The interrelations of insulin resistance, insulin
deficiency, and glucose toxicity that create overall hyperglycemia in
type 2 diabetes mellitus are depicted. Insulin resistance and insulin
deficiency are mutually reinforcing factors. Glucose toxicity refers to the
secondary aggravating effects of hyperglycemia that both increase
insulin resistance and reduce beta cell function. The glucose toxicity is
diminished or eliminated by any therapy that lowers blood glucose. (b)
Once fasting glucose levels are abnormal, they are correlated with and
largely driven by the excess hepatic glucose production. Abnormal
postprandial glucose levels are largely a consequence of peripheral
insulin resistance that makes glucose utilization in muscle and adipose
tissue inefficient. Insulin deficiency plays an increasingly important
role in elevating both fasting and postprandial glucose levels as time
goes on.



sive hepatic glucose output largely accounts for elevation of FPG
levels.128 Resistance to the antilipolytic action of insulin in adipose
tissue leads to elevated plasma free fatty acid (FFA) levels and in-
creased FFA delivery to the liver. There, the oxidation of FFA
generates energy (adenosine triphosphate [ATP]) needed to sus-
tain gluconeogenesis; in addition, the latter process is stimulated
by FFA metabolites such as acyl coenzyme A (acyl-CoA). In this
indirect manner, insulin resistance also contributes to elevated
glucose production in the liver.146 Moreover, the elevation of FFA
levels also contributes to insulin resistance in muscle.147 The pres-
ence of some residual insulin secretion in type 2 diabetes mellitus,
however, is ordinarily enough to restrain ketogenesis and prevent
DKA. Elevated hepatic glucose output largely sustains an elevat-
ed FPG, whereas reduced peripheral glucose utilization especial-
ly causes elevation of postprandial glucose levels [see Figure 14]. 

The ratio of proinsulin to insulin in plasma is high and re-
mains so even after glucose-lowering therapy,148,149 suggesting an
early abnormality in processing of proinsulin to insulin in the
beta cell [see Figure 3]. Insulin is normally secreted in cyclic puls-
es that can be entrained by rapid changes in plasma glucose lev-
els. Disruption of this close concordance between plasma glu-
cose and plasma insulin fluctuations is a subtle lesion that is
demonstrable early in patients with type 2 diabetes mellitus and,
to a lesser extent, in some patients with only impaired glucose
tolerance.134,136 Finally, the plasma insulin response to abrupt ele-
vation of plasma glucose levels normally shows a first sharp,
spikelike phase.150 Before the plasma insulin level returns to base-
line, it slowly rises again to produce a second plateau phase of
more prolonged insulin release. The immediate first-phase re-
sponse to glucose decreases in type 2 diabetes mellitus, as it does
in the preclinical phase of type 1 diabetes mellitus, and is com-
pletely lost when the FPG level exceeds the normal range.151

Other Beta Cell Abnormalities

Another, previously neglected abnormality in type 2 diabetes
mellitus is the presence of amyloid in close proximity to the islet
beta cells. The amyloid fibrils have been found to contain amylin, a
peptide that is cosecreted with insulin.152 Amylin deficiency paral-
lels insulin deficiency in type 2 diabetes mellitus.152 Whether the ac-

cumulation of amyloid impairs beta cell function or is an epiphe-
nomenon resulting from beta cell hyperfunction with increased
amylin secretion in the early phases of the disease remains unclear.

More than 10% of some patient populations presenting with
the clinical phenotype of type 2 diabetes mellitus have serum
islet cell autoantibodies typical of type 1 diabetes mellitus, such
as antibodies to GAD.153 This combination has been referred to as
latent autoimmune diabetes in adults (LADA). These individu-
als exhibit a rapid decline in beta cell function, as shown by
serum C-peptide levels, and they are likely to need insulin re-
placement therapy, even if their hyperglycemia is initially allevi-
ated by oral beta cell stimulants.154,155

Metabolic Syndrome (Insulin-Resistance Syndrome)

The metabolic (insulin-resistance) syndrome is closely associated
with, and often a forerunner of, type 2 diabetes mellitus. The meta-
bolic syndrome has been defined both by the National Cholesterol
Education Program and the World Health Organization (WHO)
[see Table 6].156,157 Only the WHO definition includes insulin resis-
tance per se, assessed by determining the ratio of the fasting plas-
ma insulin level to the glucose level. By either definition, the syn-
drome represents a collection of risk factors not only for diabetes
regulation but also for cardiovascular disease, and it presages both
diseases. One obvious link between the components of the meta-
bolic syndrome is obesity, which is a cause of insulin resistance158

and a contributor to the insulin resistance of type 2 diabetes melli-
tus.159 Weight gain presages diabetes,160 and weight loss in obese in-
dividuals prevents progression of IGT to full-blown diabetes.161

Most patients with type 2 diabetes mellitus have abdominal obesi-
ty and many have dyslipidemia, hypertension, and other features
of the metabolic syndrome.129 Abdominal obesity is itself a risk fac-
tor for type 2 diabetes mellitus and cardiovascular disease.162 The
interrelationship of the metabolic syndrome, diabetes, and cardio-
vascular disease is exemplified in the NHANES III study. The
overall prevalence of the metabolic syndrome in the United States
is 23% in men and women older than 20 years and 44% in those
older than 50 years.163 This huge prevalence of the metabolic syn-
drome reflects the burgeoning of obesity in the population. In the
over-50 age group, 87% of those with diabetes, 71% of those with
IFG, and 33% of those with IGT also had the metabolic syndrome.164

The prevalence of coronary heart disease (CHD) was 8.7% in those
with neither diabetes nor the metabolic syndrome and 7.5% in
those with only diabetes, but it increased to 13.9% in those with
only the metabolic syndrome and to 19.2% in those with both the
metabolic syndrome and diabetes. These cross-sectional data sug-
gest that the metabolic syndrome is more potent than diabetes per
se as a risk factor for CHD, but hyperglycemia (diabetes) aggra-
vates the risk inherent in the metabolic syndrome. This relation ex-
plains much but not all of the vulnerability of patients with type 2
diabetes mellitus to cardiovascular complications resulting from
accelerated atherosclerosis. On the other hand, not all patients
with the metabolic syndrome and IGT go on to experience full-
blown type 2 diabetes mellitus. A large randomized controlled tri-
al is currently testing the ability of lifestyle changes (weight reduc-
tion and regular exercise) and the drug metformin to reduce the
risk of progressing from IGT to type 2 diabetes mellitus.165

Genetic Factors 

Type 2 diabetes mellitus has a strong hereditary component. In
virtually all monozygotic twinships, the disease develops in both
individuals, often within a few years of each other.166 Offspring
and siblings of diabetic patients are at great risk for the disease.
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World Health Organization

Diabetes, IGT, or IFG and/or 
insulin resistance* 

plus at least two of the following:
Abdominal obesity: waist-to-hip 

ratio > 0.85 in women or > 0.9 
in men and/or body mass index
> 30 kg/m2

Triglycerides > 150 mg/dl and/or
HDL < 40 mg/dl in women or 
< 35 mg/dl in men

Blood pressure ≥ 140/90 mm Hg
Microalbuminuria: urinary 

albumin excretion ≥ 20 µg/min
or albumin-to-creatinine ratio 
≥ 30 mg/g

National Cholesterol Education 
Program Adult Treatment Panel III

At least three of the following:
Fasting plasma glucose 

≥ 110 mg/dl
Abdominal obesity: waist 

circumference 35 in. in 
women or  > 40 in. in men

Triglycerides > 150 mg/dl; HDL
< 50 mg/dl in women 
or < 40 mg/dl in men

Blood pressure ≥ 130/85 mm Hg

Table 6 Definitions of the Metabolic 
Syndrome155,156

*Insulin resistance assessed as fasting insulin ÷ (fasting glucose × 22.5).
HDL—high density lipoprotein IFG—impaired fasting glucose IGT—impaired
glucose tolerance  



No HLA markers have been identified for type 2 diabetes melli-
tus, in contrast to type 1 diabetes mellitus. Most current thinking
is that the common forms of type 2 diabetes mellitus represent a
complex multigenic disorder. Examination of the mechanism of
action of insulin [see Figure 4] suggests many logical candidate
genes, mutations of which could lead to type 2 diabetes mellitus
by causing primary insulin resistance. Thus far, genes for insulin,
the insulin receptor, insulin receptor substrate, glucose trans-
porter, protein tyrosine phosphatase (which inactivates the in-
sulin receptor), muscle hexokinase, glycogen synthase, and other
insulin target enzymes have all been excluded as the cause of so-
called garden-variety type 2 diabetes mellitus.167 Because of the
association with obesity, genes that could cause obesity are also
being investigated (e.g., leptin, uncoupling protein, and beta3-
adrenergic receptor). The positional cloning approach being used
in populations with high diabetes prevalence, such as Pima Indi-
ans and Mexican Americans, has yielded hints of loci on certain
chromosomes that require confirmation. 

There is one form of diabetes, MODY [see Table 1], that does
have genetic specificity. In this disorder, mutations of several dif-
ferent genes on different chromosomes lead to a common phe-
notype resembling type 2 diabetes mellitus, but the disorder be-
gins at an early age.168 One of the genes codes for glucokinase, an
enzyme that plays a key role in stimulation of insulin secretion
by glucose.169 Another mutation occurs in a molecule known as
insulin production factor–1, a transcription factor responsible for
differentiation of precursor cells into beta cells capable of insulin

secretion.168 Two other genes responsible for MODY code for he-
patic transcription factor–1 and hepatic transcription factor–4,
which, despite their names, operate in beta cells to regulate the
glucose responsive pathway of insulin secretion.168 All of these
genetic abnormalities more likely explain type 2 diabetes melli-
tus caused by beta cell dysfunction than that caused by peripher-
al insulin resistance. Their functional relation to the diabetic
diathesis is still obscure. Even in a phenotypically well defined
monogenic form of diabetes such as MODY, the existence of
many alleles for hepatic transcription factor–1 indicates the ge-
netic complexity of diabetes. Although the mutations responsi-
ble for MODY account for only a minute fraction of all cases of
type 2 diabetes mellitus, they encourage the view that genes con-
tributing to most or all cases of type 2 diabetes mellitus will
eventually be found.

impaired glucose tolerance

The state known as IGT [see Table 7] is associated with a fu-
ture risk of development of diabetes of 1% to 10% a year, with
different levels of risk for different ethnic groups. Equally im-
portant is the association of IGT with the metabolic syndrome
[see Table 6], which includes hyperinsulinemia, glucose intoler-
ance, dyslipidemia, hypertension, and impaired fibrinolysis.
Presence of this syndrome constitutes a high risk for atheroscle-
rosis, cardiovascular disease, thrombotic events, and mortality.
The category of impaired fasting glucose was established by
the American Diabetes Association as an intermediate zone be-
tween the upper limit of normal and the lower limit for dia-
betes.1 IFG is also associated with increased risk of diabetes and
cardiovascular disease. IFG and IGT are not identical states.
About one third of people with IGT have IFG, one third of
those with IFG have IGT, and one third of affected individuals
have both.2 The pathophysiologic bases and clinical significance
of the differences between IFG and IGT remain to be deter-
mined. Both conditions can be thought of as early stages of type
2 diabetes mellitus and can be referred to as prediabetes.

prevention of type 2 diabetes

Five randomized clinical trials have recently demonstrated
that the risk of progression from IGT to diabetes can be signifi-
cantly reduced by lifestyle modifications or pharmacologic inter-
ventions. The Diabetes Prevention Program (DPP),170 the Finnish
Diabetes Prevention Study,171 and the Da Qing IGT and Diabetes
Study172 showed that intensive diet and exercise therapy brought
reductions ranging from 42% to 58% in the progression from
IGT to diabetes over 3 to 6 years. The weight loss achieved and
the amount of exercise performed were modest—5.6 kg and 150
minutes of brisk walking a week in the DPP. The DPP also had a
placebo-controlled metformin (850 mg twice daily) treatment
arm, which showed a 31% reduction in diabetes. Most of this ef-
fect persisted after a 1-week washout from metformin. In the
STOP-NIDDM trial, 100 mg of acarbose three times daily, com-
pared with placebo, reduced diabetes development by 25%.173 Fi-
nally, in a group of Hispanic women with previous gestational
diabetes, 400 mg of troglitazone daily, compared with placebo,
reduced development of diabetes.174 This benefit was still pres-
ent after an 8-month drug washout.

The efficacy, safety, and consistency of lifestyle interventions
are impressive, but long-term follow-up is needed to deter-
mine how long such patients will continue to implement this
therapy and how durable the benefits will be from either
lifestyle changes or drugs. Equally important is whether car-
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Diagnosis

Normal

Impaired glucose tolerance
(IGT)

Impaired fasting glucose 
(IFG)

Diabetes mellitus

Diabetes mellitus

Diabetes mellitus
(Classic symptoms + 

casual plasma glucose,
≥ 200 mg/dl)

Gestational diabetes 
mellitus (GDM)

Table 7 American Diabetes Association Plasma
Glucose Diagnostic Criteria for Diabetes Mellitus

Note: The Fourth International Workshop-Conference on Gestational Diabetes Melli-
tus has proposed lower criteria, which would increase the percentage of cases from
4% to 7% in white women. These criteria are fasting, 95; 1 hour, 180; 2 hours, 155; and
3 hours, 140, after 100 g oral glucose.
*Two of these four criteria must be met for diagnosis of GDM.

Fasting ≥ 8 hr

< 110

< 126

≥ 110–< 126

≥ 126

< 126

—

2 hr after 75 g 
Oral Glucose

< 140

≥ 140–< 200

< 200

—

≥ 200

—

Plasma Glucose (mg/dl)

Fasting

> 105*

After 100 g 
Oral Glucose

1 hr ≥ 190*

2 hr ≥ 165*

3 hr ≥ 145*

Test Condition 

Plasma Glucose (mg/dl)



diovascular disease events will be reduced eventually. A pre-
liminary report from the first 3 years of the STOP-NIDDM trial
suggests an encouraging significant reduction in myocardial
infarction and total cardiovascular disease events.175

diagnosis of type 2 diabetes mellitus 

Although patients with type 2 diabetes mellitus may present
with symptoms as florid as those of type 1 diabetes mellitus (but
usually not exhibiting spontaneous ketonuria), most patients
with type 2 disease have relatively mild polyuria and polydipsia,
and many cases are diagnosed only by office screening or other
health checks.

The preferred test for type 2 diabetes mellitus on the grounds
of reproducibility, convenience, and cost is an FPG . Oral glucose
tolerance testing (OGTT) is more sensitive than FPG but is not
recommended for routine use, because it is less reproducible,
more inconvenient, and more costly.1 Moreover, the recom-
mended treatment for almost all overweight or obese patients
who would be candidates for OGTT would be the same regard-
less of OGTT results: a combined regimen of nutrition therapy,
weight loss, and exercise. OGTT may be considered in unusual-
ly high risk patients and in those with IFG. 

management of type 2 diabetes mellitus 

The same glycemic goals discussed earlier [see Table 5] are ap-
propriate for type 2 diabetes mellitus. However, these goals may
sometimes have to be modified if severe cardiovascular disease,
concurrent life-shortening malignancy, hypoglycemia unaware-
ness, or inadequate family or social support make intensive treat-
ment of diabetes dangerous or unlikely to benefit the patient in
the long run. Self-monitoring of blood glucose when patients
with type 2 diabetes mellitus are treated with diet plus exercise or
with oral drugs is of less well established utility in patients with
type 2 diabetes mellitus than in patients with type 1 diabetes mel-
litus. However, fasting and postprandial blood glucose levels
both correlate with HbA1c levels, and postprandial values can
help reveal inadequate attention to diet and insufficient effective-
ness of certain oral agents. 

Nutritional Therapy and Exercise

An excellent short-term glycemic response to caloric reduc-
tion in patients with type 2 diabetes mellitus who are even mod-
estly overweight can be expected.175, 176 On the basis of the degree
of obesity and with the help of a dietitian, the patient should be
provided with individualized culturally appropriate instruc-
tions to reduce intake by at least 250 to 500 calories a day. Such a
decrease generally leads to an overall weight loss of 0.5 to 1.0 lb a
week. There should be periodic reinforcement by the dietitian
and physician. In the absence of a dietitian, the patient’s basal
metabolic rate can be estimated at 10 cal/lb (20 cal/kg) of ideal
body weight. A caloric prescription less than this amount will
perforce decrease energy intake below the total daily energy ex-
penditure. Consensus guidelines recommend that the calories
should consist of less than 30% total fat, less than 10% saturated
fat, less than 10% polyunsaturated fat, 10% to 15% monounsatu-
rated fat, 10% to 20% protein, and 50% to 55% carbohydrate.177

Table sugar and other concentrated forms of carbohydrates are
allowable in small portions at any one time (e.g., 5 g or 1 tsp of
table sugar). Adding high-fiber foods can also lower plasma glu-
cose modestly.178 Teaching patients to count the contemplated
grams of carbohydrate before each meal helps them limit eleva-
tion of postprandial plasma glucose (PPG).  

In massively obese individuals with BMI greater than 40 who
are very symptomatic from hyperglycemia, a very low calorie
diet (400 to 800 total calories a day using special high-protein
supplements) can be very effective for the initial 2 to 3 months,
but this strategy requires close medical monitoring.179

Weight losses of 5% to 10% (10 to 20 lb) produce significant de-
creases in FPG and HbA1c over 1 to 3 months.176 In the UKPDS,
mean HbA1c fell from 9% to 7% during the 3-month dietary run-
in period before randomization of the study patients.180,181 Howev-
er, many patients are unable to maintain a calorie-restricted diet
and even their initial weight loss. Pharmacologic aids for weight
loss can be considered in such cases, but their efficacy is limited.
These drugs include orlistat,182 a gastrointestinal lipase inhibitor
that causes malabsorption of fat calories, and sibutramine, an in-
hibitor of dopamine, norepinephrine, and serotonin reuptake.
Even after the addition of a weight-loss drug to therapy, appro-
priate diet therapy is essential. The patient should not be blamed
for recidivism, because inability to lower body weight to ideal
and keep it there may well be a central nervous system manifes-
tation of or contributor to type 2 diabetes mellitus and out of the
patient’s consistent control.183 Surgical therapy for obesity by re-
duction of gastric volume184,185 can effectively control type 2 dia-
betes mellitus and is gaining acceptance in very obese individuals
who are unresponsive to other therapy. Of great interest, such
treatment may work by altering the concentrations of humoral
signals from the gastrointestinal tract that regulate appetite. 

Additional benefits accrue from gradually increased aerobic
exercise186 aimed at achieving at least 60% of maximal heart rate
(220 minus age), such as walking 45 minutes at a brisk pace (ap-
proximately 3 to 5 miles an hour) three to five times a week. Ex-
ercise decreases insulin resistance and glycemia, contributes
modestly to weight loss, reduces the risk of future cardiovascu-
lar disease, improves prognosis should a myocardial infarction
occur, and enhances the patient’s sense of well-being and physi-
cal fitness. Conversely, physical inactivity predicts mortality in
men with type 2 diabetes mellitus.187 In the presence of known
coronary artery disease (CAD), the exercise should be prescribed
with input from the patient’s cardiologist. If type 2 diabetes mel-
litus has existed for more than 5 to 10 years or if the patient al-
ready has peripheral vascular or cerebral vascular disease, auto-
nomic neuropathy, microalbuminuria, dyslipidemia, or a history
of smoking, an electrocardiogram is essential and an electrocar-
diographic exercise tolerance test is prudent before initiating a
formal exercise program.

Pharmacologic Monotherapy

The array of pharmacologic agents available for treatment of
type 2 diabetes mellitus is increasing steadily. Drugs can be
specifically directed at the known pathophysiologic defects in
type 2 diabetes mellitus [see Figure 15]. Although patient com-
pliance favors initial use of monotherapy, none of the available
agents can alone be expected to adequately control hyper-
glycemia indefinitely.188 Therefore, diabetologists are beginning
to consider using combinations of drugs from the outset of the
need for any pharmacotherapy.189 Clinical trial data have estab-
lished the efficacy and safety of various drugs [see Table 8] . The
degrees to which these drugs lower HbA1c are fairly similar;
the higher the initial dose of these agents, the greater the de-
crease in HbA1c.

Sulfonylurea agents SU agents, the oldest oral hypo-
glycemic drugs, continue to have an important place in treat-
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ment. Their primary mechanism of action is to close ATP-sensi-
tive potassium channels in the beta cell (and other cell) mem-
branes, which leads to an influx of calcium and stimulation of ex-
ocytosis of insulin storage granules. They are most effective in
normal-weight or modestly obese individuals who have had dia-
betes for less than 5 years and who can still secrete considerable
amounts of insulin. The SU drugs in common use stimulate the
beta cells more or less continuously and secondarily decrease in-
sulin resistance. These effects [see Figure 14] result in decreases in
FPG of 50 to 70 mg/dl and HbA1c of 1.0% to 2.0%.190 Peak PPG
levels fall approximately as much as FPG. For most patients,
treatment is initiated with the lowest recommended dose, and
the dose is increased every 1 to 2 weeks until target blood glucose
levels are attained or a practical maximal dose is reached [see
Table 9]. Modern SU drugs can be taken as a single daily dose but
occasionally are more effective when split into twice-daily doses.
In symptomatic patients with FPG greater than 250, the patient
may begin with half the maximal recommended dose. Hypo-
glycemia, in particular, and weight gain are adverse effects of SU
drugs. The highest prevalence of hypoglycemia occurs with gly-
buride and chlorpropamide,191 drugs with long biologic half-lives.
Elderly patients who live alone and lack concerned family,
friends, or neighbors are at a special risk for severe, even fatal, hy-
poglycemia.192 The shortest-acting SU drug, tolbutamide, may be
the safest to use in such cases. 

Patients who present to an emergency room in hypoglycemic
coma from any SU drug should be given restorative treatment
with intravenous boluses of glucose and then admitted to the
hospital because SU drugs can have durations of biologic action
for up to 7 days. A blood glucose should be maintained at 150 to
200 mg/dl on intravenous glucose, oral carbohydrate, or both un-
til this level can be sustained by administration of only 5 g/hr of
one of the therapeutic agents. In the UKPDS, SU drugs did not in-
crease cardiovascular disease events or mortality.37 This observa-
tion relieves much of the concern previously raised by the Uni-
versity Group Diabetes Program trial in 1970, which found that
tolbutamide was associated with an excess of cardiovascular and
total deaths.193 However, interactions of even modern SU drugs
with cardiac muscle are reported, particularly inhibition of ischemic
preconditioning, a cardioprotective mechanism.194 SU drugs are
contraindicated in hepatic insufficiency and are dangerous when
combined with alcohol ingestion. Glimepiride, the newest SU
drug,195 has been given safely to patients with renal insufficiency,
although these patients are susceptible to hypoglycemia for other
reasons. SU drugs are subject to interactions with other drugs that
can either exaggerate or interfere with their effects.

Beta cell stimulants Repaglinide and the phenylalanine
derivative nateglinide represent a new class of beta cell stimu-
lants [see Figure 15] that differ in structure and timing of action
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Figure 15 Multiple drug classes with different predominant therapeutic effects are available for use singly or in numerous
combinations. (1) Glitazones (thiazolidinediones) increase the sensitivity to insulin of glucose uptake by muscle and adipose
tissue. (2) Metformin, the only approved biguanide drug, inhibits glucose production by the liver. (3) Sulfonylureas, repaglinide,
and nateglinide stimulate insulin secretion, and insulin itself can be provided by injection. (4) α-Glucosidase inhibitors slow the
digestion and absorption of carbohydrates from the diet. Plus signs indicate stimulation. Minus signs indicate inhibition.



from those of SU drugs.196 Although they may act in part
through SU drug mechanisms in the beta cells,197 they do so
rapidly, with a peak effect at about l hour, and transiently, with
a duration of about 4 hours. Their major action is the decrease
of PPG by 50 to 60 mg/dl, although FPG also declines some-
what as glucose toxicity is relieved. As monotherapy, these
new beta cell stimulants are most logically used early in type 2
diabetes mellitus, when FPG is not greatly elevated. They low-
er HbA1c by about 1.0%. Repaglinide and nateglinide must be
taken 15 to 30 minutes before a meal and should never be taken
without eating. Their short half-lives and the fact that, unlike
SU drugs, they are active only in the presence of glucose are ex-
pected to reduce the likelihood of severe prolonged hypo-
glycemic episodes.196 Weight gain may occur secondary to im-
proved glycemic control. 

α-Glucosidase inhibitors α-Glucosidase inhibitors197,198 are a
class of drugs represented by acarbose and miglitol, which are
poorly absorbed but act within the gut to inhibit the digestion of
polysaccharides [see Figure 15]. This action results in a slow re-
lease of glucose from food and therefore slow absorption from
the GI tract. PPG levels decrease by 60 to 70 mg/dl, but FPG de-
creases by only 15 to 20 mg/dl.199 HbA1c generally falls 0.5% to
0.8%.198,199 These drugs are useful only as monotherapy when
postprandial hyperglycemia is the main problem. They must be
taken at the start of a meal. Flatulence, abdominal cramping, and
diarrhea are frequent side effects that result from undigested car-
bohydrate reaching bacteria in the lower bowel. These side ef-
fects often limit patient acceptance of treatment with α-glucosi-
dase inhibitors. Treatment should start with the smallest dose,
and doses should be raised very gradually to enhance tolerance.
With the exception of rare elevations of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels, these agents
are nontoxic. Although hypoglycemia does not occur with
monotherapy, it can do so when α-glucosidase inhibitors are
added to SU drugs or insulin. In those instances, patients must
be warned to treat hypoglycemia only with pure glucose (e.g.,
glucose tablets) because the therapeutic benefits of complex car-
bohydrates and even sucrose will be delayed by slow digestion. 

Biguanide agents Metformin,200 the only drug approved in
the biguanide class, acts primarily by decreasing excessive hepat-
ic glucose production [see Figure 15],201,202 most likely through in-
hibiting gluconeogenesis. Because insulin also inhibits gluconeo-
genesis [see Figure 1]20 and metformin requires the presence of in-
sulin to be effective, metformin may be considered a hepatic
insulin sensitizer. During metformin treatment, plasma insulin
levels tend to decrease relative to glucose levels as a result of the
decrease in insulin resistance. The chief action of this drug is to
lower FPG by 50 to 70 mg/dl, with peak PPG levels following
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Practical Maximum
Daily Dose (mg)

10
6
20
20

8

4‡

2,000

8
45

100‡

100‡

Hypoglycemia with
Monotherapy

Yes
Yes
Yes
Yes

Yes

Yes

No

No
No

No
No

Lowest Effective 
Single Dose (mg)

1.25
1.5
5
5

0.5

0.5

500

2
15

25
25

Drugs

Sulfonylureas*
Glyburide
Micronized glyburide
Glipizide
Glipizide (gastrointestinal

therapeutic system)
Glimepiride

Meglitinides†

Repaglinide

Biguanides
Metformin

Thiazolidinediones§

Rosiglitazone
Pioglitazone

α-Glucosidase inhibitors
Acarbose
Miglitol

Table 8 Oral Drugs for Type 2 Diabetes Mellitus

*Tolbutamide, chlorpropamide, and acetohexamide are also still available.
†Nateglinide has a similar action to meglitinides but is technically phenylalanine derivative.
‡This maximal dose must be taken each time with meals.
§Troglitazone was the initial drug approved in this class but was later withdrawn because of serious liver toxicity.

Table 9 Combination Oral Drug Therapy 
for Type 2 Diabetes Mellitus

Combinations reported in the literature
Sulfonylurea + metformin
Sulfonylurea + thiazolidinedione 
Metformin + thiazolidinedione
Metformin + repaglinide
Repaglinide + thiazolidinedione 
Sulfonylurea + metformin + thiazolidinedione
Acarbose + any other drug except repaglinide
Miglitol + sulfonylurea
Insulin + any other drug

Potentially useful combination
Repaglinide + metformin + thiazolidinedione
Nateglinide + metformin + thiazolidinedione



suit.203 Hypoglycemia almost never occurs with metformin
monotherapy. Weight is not gained and may even be lost.200 Met-
formin also decreases plasma triglyceride and low-density
lipoprotein (LDL) cholesterol levels, and it increases HDL choles-
terol levels to some degree. In addition, plasma plasminogen acti-
vator inhibitor–1 (PAI-1) activity declines.204 The weight loss, the
improvement in the dyslipidemia typical of type 2 diabetes melli-
tus, and the reduction in antifibrinolytic activity could explain
one of the most interesting UKPDS observations. Compared with
conventional diet treatment, metformin monotherapy substan-
tially decreased the incidence of myocardial infarction, diabetes-
related death, and all-cause mortality in an obese type 2 subco-
hort of the trial.38

The most common side effects of metformin therapy are diar-
rhea, which may be severe; abdominal cramps; and gastric up-
set. To reduce the likelihood of these symptoms, the starting dose
should not exceed 500 mg twice a day, and the drug should be
used with special caution, if at all, in patients who have inflamma-
tory GI disease. The maximum effective dose is 2,000 mg/day.205

The most feared, although rare, adverse effect is lactic acidosis.206

This often fatal complication occurs in 30 per million patients a
year, and it usually occurs when the drug is used inappropriate-
ly, such as when the serum creatinine level is elevated or the pa-
tient is dehydrated. Hemodialysis along with bicarbonate ad-
ministration can be effective therapy for metformin-induced lac-
tic acidosis.207 The following are contraindications to use of
metformin: serum creatinine level greater than 1.4 mg/dl in
women and greater than 1.5 mg/dl in men; intravenous admin-
istration of radiographic iodinated contrast media; acute my-
ocardial infarction; congestive heart failure; and any ischemic
condition. Nausea, vomiting, tachypnea, and change in mental
status call for measurements of serum electrolytes and lactate to
rule out lactic acid metabolic acidosis. Although metformin
monotherapy can be effective in both normal-weight and obese
patients with type 2 diabetes mellitus, obese patients especially
benefit from metformin therapy because of the absence of
weight gain as glucose levels gradually fall.

Thiazolidinediones The newest class of oral drugs are thia-
zolidinediones (TZDs) [see Table 8],208 which were exemplified by
the no longer available but best studied drug, troglitazone . These
agents work predominantly in muscle and adipose tissue to de-
crease insulin resistance [see Figure 15].202,209 Because insulin resis-
tance is seen in almost all patients with type 2 diabetes mellitus,
the advent of the TZDs raised expectations that they might be sin-
gularly effective. Like metformin, TZD drugs need the presence
of insulin and are especially effective in obese patients. They also
decrease hepatic glucose production to some extent.202 As
monotherapy, they decrease FPG by 50 to 70 mg/dl and PPG by
slightly more than that.209 HbA1c decreases by about 1.0% to 1.5%.
Plasma insulin levels also decrease as glucose levels fall.209 TZD
drugs act by binding to a metabolically important receptor, the
peroxisome proliferator-activated receptor (PPAR), and they
thereby regulate the expression of multiple genes.210 Their clinical
effects take 4 to 12 weeks to become evident. In patients with
marked elevation of FPG, a midrange dose is appropriate to start
with (e.g., 4 mg rosiglitazone or 30 mg pioglitazone). Otherwise,
the lowest dose is appropriate, and dose changes should be made
at 4- to 12-week intervals.

TZD drugs can cause weight gain, which is partly fat tissue and
partly extracellular fluid.208 The accumulation of extracellular fluid
presents as edema, which can be troublesome when concurrent

congestive heart failure exists, and a small dilutional fall in hemo-
globin and hematocrit. Some findings suggest that the adipose tis-
sue gain is largely subcutaneous rather than visceral.211 In clinical
research trials, troglitazone therapy was accompanied by eleva-
tions of ALT and AST to more than three times the upper limit of
normal in 2% of treated patients, compared with 0.6% of patients
given placebo. However, after troglitazone was approved by the
FDA, more than 60 cases of hepatic failure that necessitated liver
transplantation or resulted in death, or both, were reported out of
a user base of about one million persons. The FDA eventually with-
drew approval, first for the prescription of troglitazone as mono-
therapy and later for all indications. In clinical research trials, nei-
ther rosiglitazone nor pioglitazone caused AST and ALT elevations
in excess of those caused by placebo, but these drugs have not been
used enough to provide a guarantee that they will never cause
idiosyncratic liver toxicity similar to that caused by troglitazone.
Therefore, the FDA has mandated that these drugs be monitored
by ALT measurements every 2 months for the first year of use.
Neither rosiglitazone nor pioglitazone should be prescribed if the
ALT level is greater than 2.5 times the upper limit of normal, and
the drugs should be stopped if such levels are reached.

TZD drugs have exhibited effects in addition to glucose low-
ering that may be beneficial for treating cardiovascular compli-
cations.212-219 Troglitazone and pioglitazone suppress formation of
PAI-1, an action that enhances fibrinolysis.213,214 TZD drugs tend
to decrease serum triglyceride levels and increase serum HDL
cholesterol levels, but they also increase serum LDL cholesterol
levels.208 In addition, troglitazone has been reported to shift the
LDL spectrum from small, dense atherogenic particles to larger,
more buoyant, less atherogenic particles.219 Endothelial function
also likely improves.216,217 A decrease in carotid artery intimal-me-
dial thickness217—a marker of atherosclerosis—as well as de-
creases in vasospastic angina215 and in recurrence of intimal hy-
perplasia after coronary angioplasty218 have been reported in
small series of patients treated with troglitazone for only 6
months.216,217 Whether TZD drugs will decrease rates of cardio-
vascular events through such actions remains to be seen.

Insulin About 40% of patients with type 2 diabetes mellitus
in the United States are estimated to be taking insulin. A small
proportion of these patients may have delayed-onset type 1 dia-
betes mellitus and may offer serologic evidence of beta cell au-
toimmunity. However, most of these patients represent the end
stage of type 2 diabetes mellitus. A small number of such pa-
tients, some of whom are even obese, present initially with clear-
cut biologic evidence of insulin deficiency. This evidence in-
cludes marked recent loss of weight and muscle mass, debilitat-
ing fatigue and weakness, severe polyuria and polydypsia,
considerable hypertriglyceridemia, ketonuria, and FPG often ex-
ceeding 300 mg/dl. These patients should be started on insulin
immediately—as in patients with type 1 diabetes mellitus. After
usually rapid clinical and biochemical improvement, insulin-
dose requirements may decrease progressively. Patients can
sometimes be tapered off insulin and be given a trial of an SU
drug. This sequence has been reported in certain groups of
African Americans.220,221

Much more commonly, the need for insulin treatment has
arisen because of eventual failure of oral drug therapy, particular-
ly SU drugs. For normal-weight individuals in this situation, it is
best to simply switch them to insulin. Some patients may still be
managed on a single dose of intermediate- or long-acting insulin
(starting dose of NPH, Lente, or glargine of 0.15 to 0.20 U/kg) in
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the morning222 or at bedtime if the FPG is being specifically target-
ed.223 The latter is a particularly attractive way to lessen glycemia
without stimulating weight gain.224 Other patients may need in-
termediate- or long-acting insulin twice a day, usually in a ratio
of breakfast dose to bedtime dose of from 1:1 to 2:1. As endoge-
nous postprandial insulin secretion declines further, regular or
lispro insulin or insulin aspart [see Type 1 Diabetes Mellitus, above]
must be added before meals. To approach normal glycemia, the
doses of rapid, short-acting insulin are best adjusted according to
the premeal blood glucose level, the carbohydrate content of the
meal, or both. For all practical purposes, some patients with type
2 diabetes mellitus closely resemble patients with type 1 diabetes
mellitus in the insulin regimens they require.

For stable patients incapable of accurately mixing different in-
sulins in one syringe because of visual or cognitive impairment,
premixed combinations of NPH with regular or lispro insulin
are available in varying proportions; these combinations include
70% NPH/30% regular, 50% NPH/50% regular, and 75%
NPH/25% lispro. These mixtures all suffer from the inflexibility
of neither the dose of NPH nor the dose of the regular or lispro
insulin being able to be altered individually. For example, a pa-
tient with satisfactory postbreakfast or prelunch blood glucose
levels but elevated predinner blood glucose levels would benefit
from an increase in the morning NPH insulin dose but not nec-
essarily from an increase in the morning regular or lispro insulin
dose. Premixed insulins are not suitable for bedtime use unless
an uncommonly large snack is eaten. Despite the above objec-
tions, premixed insulins are convenient for patients and for fam-
ily members who have therapeutic responsibilities. 

Whatever insulin regimens are chosen, obese patients with
type 2 diabetes mellitus often need large daily doses, which many
practitioners are unaccustomed to prescribing. Doses of 1 U/kg
body weight are not unusual, and doses of up to 400 U daily have
been required to achieve glycemic targets in morbidly obese indi-
viduals.225,226 Concern has been raised in the past that insulin
might have atherogenic effects because epidemiologic studies
(mostly in nondiabetic individuals) have shown an association
between insulin resistance, fasting or postprandial plasma insulin
levels, and future risk of cardiovascular disease.227 In the UKPDS37

and in the University Group Diabetes Program,228 exogenous in-
sulin did not increase the rate of myocardial infarction or of car-
diovascular death. It can be argued that the insulin doses used in
those trials were not very large or that an adverse effect from an
atherogenic property of insulin was offset by a beneficial effect re-
sulting from a decrease in glycemia. In any event, there is not
enough evidence of cardiovascular danger from exogenous in-
sulin to justify withholding doses necessary to achieve near-nor-
mal glycemia. In two randomized clinical trials37,229 and in a large
retrospective study,192 the incidence of serious hypoglycemic epi-
sodes was about two to three events per 100 patient-years. In el-
derly patients, however, one out of 20 severe hypoglycemic
events can be accompanied by such complications as stroke, tran-
sient ischemic attack, myocardial infarction, injury, and death.190

Weight gain—in rare cases, even to degrees that have resulted in
sleep apnea—is a major adverse effect of insulin therapy and is
one justification for combining insulin with a drug such as met-
formin, which can restrict weight gain to some extent.230

Combination Therapy

Improved understanding of the pathogenesis of hyperglycemia
in type 2 diabetes mellitus and longer experience with oral drug
monotherapy have greatly increased interest in and popularity of

using combinations of oral drugs. In patients with considerable
hyperglycemia, none of the current drugs reliably normalize
HbA1c when used alone, probably because they act primarily by
correcting single abnormalities [see Figure 15]. Thus, to reach ag-
gressive therapeutic targets [see Table 3], combinations are needed
[see Table 9]. Moreover, all forms of monotherapy—including in-
sulin used conventionally—fail after a number of years, with the
possible exception of TZD drugs, for which long enough experi-
ence is still lacking. This need for combination therapy was best
shown by the UKPDS experience.37,188 Combination therapies at-
tack two or more different causes of hyperglycemia simultaneous-
ly—for example, reducing insulin resistance in the liver with met-
formin while increasing insulin secretion with an SU drug203 or
meglitinide.231 Moreover, as a practical matter, when monotherapy
fails after initial success, substituting another drug from a different
drug class has not been effective (except for insulin), as has been
shown in trials that unsuccessfully attempted to substitute met-
formin203 or a TZD drug232 for an SU drug. By contrast, addition of
either metformin203 or a TZD232 to an SU drug did lower HbA1c sig-
nificantly. The combinations of metformin with repaglinide,231

metformin with a TZD drug,202 and repaglinide with a TZD drug233

have also been more effective than any of these agents given alone.
Pharmaceutical companies have responded to these considera-
tions by marketing combination pills containing metformin and
either glyburide or rosiglitazone for use as initial drug therapy. The
single tablet may improve compliance with a two-drug regimen. 

α-Glucosidase inhibitors complement the different actions of
each of the other drugs, including insulin,198 and their combina-
tions. All other oral drugs are effective when added to SU drugs,
except possibly repaglinide or nateglinide, for which data are still
lacking. Metformin and a TZD drug also work in triple combina-
tion with an SU drug or meglitinide. Combinations of oral drugs
may at least postpone having to switch the patient to progressive-
ly more intensive insulin therapy as last recourse. Furthermore,
the progressive rise in plasma glucose levels seen in patients on
monotherapy in the UKPDS was attributable to declining beta cell
function.234 Thus, pathophysiologically rational combinations of
oral drugs, if used much earlier in patients with type 2 diabetes
mellitus, might even preserve beta cell function longer than was
previously achieved with the initial monotherapy approach. 

When adding drugs, particularly to insulin, it is usually wise
to start with the lowest dose of the drug being added to the regi-
men and to increase the dose as though it were being used as
monotherapy. Self–blood glucose testing at times of the day ap-
propriate for the added drug should be used as a safety check
and a guide to efficacy. For metformin, TZD drugs, SU drugs,
and bedtime insulin, the FBG is especially helpful. For repagli-
nide, nateglinide, α-glucosidase inhibitors, premeal regular in-
sulin, lispro insulin, or insulin aspart, postprandial blood glu-
cose levels are important guides to therapy. Patients should be
given blood glucose guidelines for when to call the physician
(e.g., when FBG is consistently less than 100 mg/dl).

Combination therapy can be quite expensive, even when it re-
sults in a lower insulin requirement.235 The primary aim should
always be to decrease the HbA1c. Reduction in insulin dose,
number of injections, or both should be thought of only as a sec-
ondary benefit.

management of hyperosmolar hyperglycemic 
nonketotic coma

Type 2 diabetes mellitus seldom gives rise to DKA unless the
patient experiences a severe medical stress. On the other hand,
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hyperosmolar hyperglycemic nonketotic coma (HHNC) is a
common and feared acute complication characterized by extreme
hyperglycemia (> 600 mg/dl) and serum hyperosmolarity (> 320
mOsm/L) but with little or no ketosis.110,236,237 The CNS effects of
extreme hyperosmolarity range from somnolence or confusion to
coma but notably can also include focal or generalized seizures as
well as focal neurologic deficits that disappear with treatment.
The absence of severe ketonemia is usually attributed to enough
residual insulin secretion that lipolysis is not as unrestrained as in
type 1 diabetes mellitus with DKA. HHNC is marked by extreme
dehydration, in which the deficit of free water is prominent and
the circulatory volume is often seriously compromised. Thus, hy-
potension; extemely dry skin and mucous membranes; and gross
elevation of hematocrit, urea nitrogen, creatinine, and albumin
are frequent. Secondary lactic acidosis110 is not uncommon, so that
the serum bicarbonate level may be low and the anion gap in-
creased. The increased viscosity of the blood predisposes to throm-
botic events in the cerebral and coronary artery circulations. How-
ever, stroke and myocardial infarction, along with pancreatitis
and sepsis, may also precipitate the syndrome. It has also been
caused by drugs such as hydrochlorothiazide, phenytoin, and
glucocorticoids. Elderly patients living in nursing homes are par-
ticularly vulnerable to HHNC because their thirst mechanisms
are less sensitive to a rising serum osmolality and because demen-
tia, increasing obtundity, or institutional conditions may combine
to reduce water intake to less than urinary and insensible water
losses. At presentation, serum sodium level is usually elevated or
surprisingly normal in the face of extreme hyperglycemia (i.e., the
expected pseudohyponatremia is absent). Whatever the present-
ing level of serum sodium is, it will rise, sometimes markedly,
when glucose levels decline with insulin treatment. 

Fluid replacement is the most important component of therapy.
Restoration of circulating volume is an urgent first priority. One to
two liters of isotonic 0.9% saline is therefore given rapidly initially,
followed by 0.45% saline. Later, when plasma glucose levels have
declined to 250 to 300 mg/dl, 5% glucose in water or in 0.2% saline
is given. Total fluid deficits of as much as 12 L may have to be re-
placed. Insulin treatment, as for DKA, is started after at least 1 or 2
L of 0.9% saline has been administered. Potassium must be added
to intravenous fluids to prevent hypokalemia caused by insulin
action. It may take days of fluid replacement, the tonicity of which
must be carefully adjusted to achieve a gradual steady decrease in
serum osmolality and sodium levels, before central nervous sys-
tem function returns to normal or at least to baseline. The mortali-
ty in HHNC is still high. Infection, especially of the urinary tract,
even if only suspected, should be treated with broad-spectrum an-
tibiotics. Papillary necrosis may be seen. Patients with histories of
arterial and venous thrombosis can benefit from low-dose pro-
phylactic heparin administration. 

Cardiovascular Complications of Diabetes Mellitus

Diabetes as an independent risk factor for cardiovascular dis-
ease238 in women is now well established and is so great that it
equalizes the risk of cardiovascular disease in men.239 The risk of a
first myocardial infarction in patients with diabetes is equal to that
in nondiabetic individuals who have already suffered such an
event.240 Furthermore, acute and subsequent mortality is greater
with diabetic-related myocardial infarctions than with nondiabet-
ic myocardial infarctions.241 In type 1 diabetes, cardiovascular dis-
ease is often a fatal accompaniment of end-stage renal disease
(ESRD),242 although even in patients without ESRD, cardiovascu-

lar complications may occur earlier in life than usual. Cardiovas-
cular complications are the most prominent cause of morbidity
and the most frequent cause of mortality in type 2 diabetes melli-
tus.243,244 Mortality in individuals with diabetes is higher than that
in nondiabetic persons of all age and racial groups and both sex-
es.244 The decline in heart disease mortality noted in recent years
in the United States was less in diabetic persons than in nondia-
betic persons, and mortality even increased in women with dia-
betes.245 The same common cardiovascular disease risk factors im-
portant in nondiabetic individuals are clustered in individuals with
type 2 diabetes mellitus129 as part of the metabolic syndrome. The
pathologic picture of atherosclerosis in diabetic persons is similar
to that in nondiabetic individuals, and the same processes lead to
ischemic events. Thus, in regard to cardiovascular disease, the
difference between diabetes and nondiabetes appears largely
quantitative, although diabetes remains an independent risk fac-
tor even after adjusting for other known risk factors.238

Intensive treatment of type 1 or type 2 diabetes mellitus to
achieve near-normal glycemia has not been proved to reduce the
incidence of cardiovascular complications. The UKPDS reported
that intensive treatment with insulin or SU drugs decreased my-
ocardial infarction by 16%, with a P value of less than 0.052.37 Data
from several populations,246-249 and the UKPDS250 have shown that
HbA1c is a risk factor for cardiovascular events and death. Rando-
mized clinical trials are under way to test the question of whether
improved glycemic control or particular blood glucose lowering
strategies will decrease cardiovascular outcomes in various
stages of type 2 diabetes mellitus. Because we still cannot always
eliminate whatever risk is incurred from hyperglycemia or in-
sulin resistance per se, we must work assiduously to minimize or
negate the adverse effects of hypertension, dyslipidemia, smok-
ing, obesity, and physical inactivity on the cardiovascular system. 

hypertension

Aggressive treatment of hypertension in diabetes mellitus is
mandatory for three important reasons: (1) it decreases the risk
of cardiovascular disease and mortality,251 (2) it reduces or at
least delays progression of diabetic nephropathy to ESRD,252-254

and (3) it may decrease the risk of hemorrhage from proliferative
retinopathy. The most recent American Diabetes Association
guidelines81 recommend a target blood pressure of 130/80 mm
Hg, equivalent to a mean blood pressure of 97 mm Hg ( mean
blood pressure is easily calculated as one third systolic plus two
thirds diastolic). However, even lower blood pressure targets
may eventually prove to be advisable. 

ACE inhibitors have enjoyed first-choice status in treatment
because even in nonhypertensive diabetic patients, these agents
decrease albumin excretion and the rate of decline in glomerular
filtration rate.254,255 Similar benefits are offered by angiotensin re-
ceptor blockers (ARBs)256-258; the ARB losartan also decreased car-
diovascular disease events more than did the beta blocker
atenolol.259 Low-dose diuretics (chlorthalidone or hydrochloro-
thiazide) and beta blockers are also very effective antihyperten-
sive agents in diabetes; they decrease risks of cardiovascular dis-
ease events and mortality as well as renal failure. However, the
possible adverse effects of these agents on glycemic control and
serum lipids must be monitored. Atenolol and captopril were
equally effective in lowering blood pressure and reducing cardio-
vascular events and death in the UKPDS.260 In the Antihyperten-
sive and Lipid Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT),261 which included approximately 12,000 diabetic pa-
tients, 12.5 to 25 mg of chlorthalidone was at least as effective 
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as lisinopril and amlodipine in blood pressure reduction and was
associated with equal rates of nonfatal myocardial infarction and
CHD. However, the cheaper chlorthalidone was superior to the
other two agents in preventing heart failure and was superior to
the ACE inhibitor lisinopril in preventing strokes and a combined
cardiovascular disease end point. The role of calcium channel
blockers is somewhat uncertain, as a study with nisoldipine has
shown an adverse effect in diabetic patients.262 At present, calcium
channel blockers are probably best used after ACE inhibitors, di-
uretics, and possibly beta blockers fail to achieve the target blood
pressure.254,255 Central alpha2 agonists (e.g., clonidine), alpha1 antag-
onists (e.g., prazosin, terazosin, and doxazosin), and combined al-
pha and beta antagonists (e.g., labetalol) also can be used, al-
though orthostatic hypotension may limit their utility, parti-
cularly in patients with autonomic neuropathy. 

dyslipidemia

Severe hypertriglyceridemia may complicate DKA in type 1 di-
abetes mellitus, but it clears rapidly with insulin treatment. Serum
triglyceride levels are usually elevated—sometimes strikingly
so—in uncontrolled type 2 diabetes mellitus, and they are almost
invariably accompanied by decreased HDL levels, an atherogenic
combination. LDL levels are normal or slightly elevated; however,
the LDL component may include a higher proportion of small,
dense, more atherogenic particles. Restriction of saturated fat and
calories, elimination of excess weight, exercise, and improved
glycemic control reduce triglycerides and increase HDL.262 When
these measures are insufficient, gemfibrozil, fenofibrate, or ben-
zafibrate should be prescribed with the purpose of decreasing
triglycerides to less than 150 mg/dl and increasing HDL to greater
than 35 mg/dl in men and greater than 45 mg/dl in women. For
LDL levels greater than 100 mg/dl in patients with or without es-
tablished coronary artery disease, 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase inhibitors (statins) are the
drugs of choice. Simvastatin, pravastatin, and lovastatin have all
been shown to decrease cardiovascular events in diabetic patients.
Atorvastatin may have the greatest efficacy in lowering LDL and
triglyceride levels. If necessary, tolerated doses of bile acid resins
may be added. Niacin would be ideal monotherapy because it
powerfully lowers triglyceride and LDL levels and increases HDL
levels; however, its side effects often discourage compliance, and
niacin can also increase blood glucose levels. An extended-release
form of niacin, Niaspan, may be more acceptable and effective. If
niacin is used as monotherapy or in combination with statins, the
daily dosage should not exceed 3 g. Both niacin and statins require
the monitoring of serum ALT levels.

measures to reduce risk of cardiovascular disease 

Smoking

Referral to successful smoking-cessation programs and use of
oral or dermal nicotine preparations during withdrawal from to-
bacco should be employed as needed to rid patients of this seri-
ous risk factor for cardiovascular disease. Success appears to be
directly related to the amount of counseling and support provid-
ed by physicians or other professionals.263

Aspirin

In the Early Treatment of Diabetic Retinopathy Study, admin-
istration of 650 mg of aspirin a day resulted in a statistically sig-
nificant 17% reduction in the risk of fatal plus nonfatal myocar-
dial infarctions.264 All-cause mortality and cardiovascular disease

mortality tended to decrease, whereas strokes tended to increase,
but none of these differences were statistically significant. Preven-
tive use of aspirin is now recommended by the American Diabetes
Association for patients who already have cardiovascular disease
or who have other risk factors for cardiovascular disease.265,266

ACE Inhibitors

In the large, multicentered, randomized 5-year Heart Out-
comes Prevention Evaluation (HOPE) trial,267 ramipril in a single
daily dose of 10 mg decreased major cardiovascular events, in-
cluding myocardial infarction, stroke, heart failure, revasculariza-
tion procedures, and death by 20% to 32% when compared with
placebo. The 9,300 patients were at high risk at entry, and 38% had
diabetes. All the diabetic patients benefited from ramipril therapy.
Notably, many of the patients were normotensive at baseline, and
the beneficial effect of the ACE inhibitor was not thought to be ac-
counted for by the small decrease in average blood pressure. Pa-
tients with previous cardiovascular disease also benefited. The
data indicated that treatment of 100 patients with ramipril for 4
years would prevent 15 events in seven patients. 

Antioxidants 

The HOPE study also compared the effect of 400 IU of vitamin
E daily with that of placebo. Subjects received no benefit from vi-
tamin E.268 Although some observational and experimental stud-
ies have shown an association between antioxidants and protec-
tion from atherosclerosis, there are no firm data on which to base
a recommendation for their routine use in diabetes.

management of symptomatic coronary artery disease

Beta blockers, nitrates, and calcium channel blockers can all be
used as in nondiabetic individuals, with the proviso that patients
treated with insulin or beta cell stimulants should be cautioned
about hypoglycemia. When a revascularization procedure has
been deemed necessary, coronary artery bypass surgery has been
reported to be superior to angioplasty in 5-year survival and re-
current myocardial infarction rates in patients receiving pharma-
cologic treatment for type 2 diabetes mellitus.269 In patients with-
out mandatory indications for immediate surgical intervention,
such as significant left main coronary artery stenosis, a clinical re-
search trial is currently attempting to determine whether a prompt
revascularization procedure is superior to aggressive medical
therapy. One study has shown that normalization of blood glu-
cose levels with intravenous insulin during the first 3 days of an
acute myocardial infarction, followed by intensive blood glucose
control on an outpatient basis for at least 3 months, significantly
decreased mortality for up to 3.5 years.270 If intensive control of
glycemia is used in patients with cardiovascular disease, preven-
tion of hypoglycemia should especially be emphasized because,
in rare instances, it may precipitate myocardial infarction or stroke. 

Prevention and Treatment of Microvascular
Complications 

As noted above, intensive treatment of both type 1 and type 2
diabetes mellitus, aiming at normoglycemia, reduces the risks of
development or progression of diabetic retinopathy, nephrop-
athy, and neuropathy. The earlier such treatment is begun, the
greater the benefit.39 However, once these complications have
reached stages of major clinical impact, their response to inten-
sive glycemic control is unknown or at least unproved, with the
possible exception of pancreas transplantation.104 Fortunately,
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there are forms of therapy for advanced complications that may
ameliorate or prevent their worst manifestations.271,272

retinopathy

Laser treatment of high-risk proliferative retinopathy and of
macular edema has been demonstrated to preserve vision.273 For
proliferative retinopathy, panretinal scatter photocoagulation is
performed to ablate ischemic retina in the periphery capable of
producing VEGF. For macular edema, finely focused laser treat-
ment is performed to close visibly leaking perimacular vessels
that are demonstrated by fluorescein angiography. The role of the
internist and ophthalmologist is to detect retinopathy requiring
laser therapy before irreversible damage and loss of vision occur.
Although fundus photography is the most sensitive means of de-
tecting early retinopathy, ophthalmologists and even well-
trained endocrinologists and internists can detect retinopathy by
direct ophthalmoscopy.274 An examination with the pupil dilated
is preferable, but examination in a completely blackened room
can be reasonably effective. In type 1 diabetes mellitus, significant
retinopathy (beyond microaneurysms) seldom occurs before 5
years’ duration, so that regular yearly ophthalmologic examina-
tions do not need to commence until then. By contrast, 20% to
40% of patients with type 2 diabetes mellitus already have de-
tectable retinopathy at the time of clinical onset and diagnosis.275

Therefore, yearly ophthalmologic examinations should begin at
the time of diagnosis. Pregnancy is a recognized risk factor for
progression of retinopathy in type 1 diabetes mellitus,276 and oph-
thalmologic examinations should be performed at the beginning
of pregnancy and thereafter with a frequency dependent on the
findings of the first examination. For patients with vitreous hem-
orrhage that does not clear or significant vitreous scarring and de-
bris, vitrectomy can be performed. Fibroproliferative scars can be
excised, and a detached retina can be reattached. The vitreous is
replaced with a salt solution. In selected cases, these procedures
can restore vision. 

nephropathy

The best preventive approach for diabetic nephropathy in both
type 1 and type 2 diabetes mellitus is to maintain a normal blood
pressure.257,277 In normotensive patients with type 1278 and type 2279

diabetes mellitus who develop microalbuminuria (30 to 300
mg/day), clinical trials have shown that ACE inhibitor or ARB
treatment decreases the rate of progression from microalbumin-
uria to proteinuria to early renal insufficiency. Maintaining blood
glucose near normal with intensive treatment also significantly
reduces the risk of diabetic nephropathy.32,37 If ESRD does devel-
op, a renal transplant is the preferred replacement therapy; home
peritoneal dialysis is superior to chronic hemodialysis because
the latter is often complicated by vitreous hemorrhage, amputa-
tions, and septic episodes. With all forms of therapy for ESRD,
mortality is higher in diabetic patients than nondiabetic patients
largely because of cardiovascular complications.280

neuropathy

Management of diabetic neuropathy is still largely sympto-
matic271,272 and often inadequate. Gabapentin281 in doses of up to 3
g/day has been added to the list of agents that include bedtime
tricyclic antidepressants (e.g., nortriptyline), carbamazepine, and
topical capsaicin for relief of pain and dysesthesias. Intensive
blood glucose control may benefit patients with diabetic amy-
otrophy and radiculopathy. Prevention of foot ulcers remains
very important; patient self-examination of the feet daily and

physician-nurse examination at each office visit unequivocally
reduce the risk of foot ulcer and amputation.282 When a foot ulcer
does occur, it should be treated aggressively with broad-spec-
trum antibiotics effective against staphylococci and anaerobes,
vigorous debridement as necessary, radiographic examination
for osteomyelitis, and sometimes special weight-bearing casts.283

The use of locally applied growth factors appears promising to
reduce healing time.283 Aggravating effects of ischemia may be
alleviated by revascularization of the leg when it is still possible
to abort gangrene. Appropriate specialists should be consulted
early for achievement of the best outcomes. 

Management of autonomic neuropathy is especially challeng-
ing. Gastroparesis can benefit from frequent small feedings and ei-
ther parenteral or liquid oral preparations of metoclopramide284 or
erythromycin.285 Intermittent intubation to decompress a dilated
full stomach may be required to relieve persistent vomiting or pain-
ful bloating. A feeding jejunostomy can be considered for intract-
able cases. Diarrhea sometimes responds to tetracycline antibiotics;
clonidine and occasionally somatostatin are effective. Bladder dys-
function may be improved by oral bethanechol and regular timed
voiding, but self-catheterization is necessary in severe cases of
atony. Use of indwelling catheters should be minimized because
of the danger of bacterial or fungal infection. Orthostatic hypoten-
sion is benefited by compression stockings, ample sodium intake,
and fluorohydrocortisone. The use of midodrine is limited by the
risks of excessive hypotension or urinary retention. Male impo-
tence can be satisfactorily treated by penile injection or urethral in-
sertion of alprostadil; by use of a simple vacuum pump; or, in-
creasingly rarely, by implantation of a penile prosthesis. Sildenafil
is effective for diabetic impotence,286 but it may be dangerous in di-
abetic men with established or unsuspected coronary disease. 

Diabetes Mellitus during Pregnancy

Women in their reproductive years with known diabetes of
any type should be instructed to inform their physicians when
they have decided to have a child. Conception when diabetes
control is inadequate markedly increases the risk of major con-
genital abnormalities. This risk can be reduced to the nondiabet-
ic background rate when control is excellent.287,288 Therefore, the
patient’s HbA1c should be brought as close to normal as possible
before conception. One recent recommendation is that the aver-
age of preprandial and postprandial home blood glucose test re-
sults should be less than 126 mg/dl and HbA1c should be
brought to at least less than 7.0%.288 The patients taking oral hy-
poglycemic agents should be switched to insulin and excellent
control established before conception. Nondiabetic women
should be screened for gestational diabetes mellitus (GDM) dur-
ing weeks 24 to 28 of pregnancy by glucose loading.

Throughout pregnancy, normoglycemia (relative to the nor-
mal pregnant state) is required to prevent intrauterine death and
perinatal morbidity and mortality. Preprandial blood glucose
targets during pregnancy are 60 to 90 mg/dl and postprandial
targets are less than 120 to 140 mg/dl.289,290 Most patients with
GDM detected by routine screening can be tried on diet treat-
ment for 1 to 2 weeks. In obese women, either 1,500 kcal or 35
kcal/kg prepregnancy weight has been recommended.287 In 15%
to 20% of cases, persistence of FBG of at least 105 mg/dl or 2-
hour postprandial values of at least 120 to 140 mg/dl mandates
institution of insulin treatment. The blood glucose control targets
can then often be achieved with injections of NPH plus regular
insulin before breakfast, regular insulin before supper, and NPH
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insulin at bedtime. Lispro insulin has not yet been approved for
use during pregnancy. Pregnant women with type 1 diabetes
mellitus need to continue intensive treatment as described previ-
ously. Pregnant women with type 2 diabetes mellitus often re-
spond to insulin regimens as described for GDM. After delivery,
insulin requirements disappear almost instantaneously in pa-
tients with GDM and may decrease strikingly from those of the
third trimester in women with type 1 diabetes mellitus. 

The author has no commercial relationships with manufacturers of products or
providers of services discussed in this subsection.
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