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LIRSS ETIOLOGIC CLASSIFICATION OF DIABETES MELLITUS

I. Type 1 diabetes (f3-cell destruction, usually leading to absolute insulin
deficiency)
A.Immune-mediated
B. Idiopathic
Il. Type 2 diabetes (may range from predominantly insulin resistance with
relative insulin deficiency to a predominantly insulin secretory defect with
insulin resistance)
III. Other specific types of diabetes
A. Genetic defects of § cell function characterized by mutations in:
1. Hepatocyte nuclear transcription factor (HNF) 4 (MODY 1)
2. Glucokinase (MODY 2) -
3. HNF-1c (MODY 3)
4. Insulin promoter factor-1 (IPF-1; MODY 4)
5. HNF-13 (MODY S)
6. NeuroD1 (MODY 6)
7. Mitochondrial DNA
8. Subunits of ATP-sensitive potassium channel
9. Proinsulin orinsulin conversion
B.Genetic defects in insulin action
1. Type A insulin resistance
2.Leprechaunism
3. Rabson-Mendenhall syndrome
4.Lipodystrophy syndromes
C. Diseases of the exocrine pancreas—pancreatitis, pancreatectomy,
neoplasia, cystic fibrosis, hemochromatosis, fibrocalculous pancreat-
opathy, mutationsin carboxyl ester lipase
D. Endocrinopathies—acromegaly, Cushing’s syndrome, glucagonoma,
pheochromocytoma, hyperthyroidism, somatostatinoma,
aldosteronoma
E. Drug- or chemical-induced—Vacor, pentamidine, nicotinic acid, glu-
cocorticoids, thyroid hormone, diazoxide, B-adrenergic agonists, thia-
2ides, phenytoin, a-interferon, protease inhibitors, clozapine
F. Infections—congenital rubella, cytomegalovirus, coxsackie
G. Uncommon forms of immune-mediated diabetes—*stiff-person” syn-
drome, anti-insulin receptor antibodies
H. Other genetic syndromes sometimes associated with diabetes—
Down'’s syndrome, Klinefelter’s syndrome, Turner's syndrome, Wol-
fram’s syndrome, Friedreich'’s ataxia, Huntington's chorea, Laurence-
Moon-Bied! syndrome, myotonlc dystrophy, porphyria, Prader-Willi
syndrome
IV. Gestational diabetes meilitus (GDM)

Note: MODY, maturity onset of diabetes of the young.
Source: Adapted tfrom American Diabetes Association, 2007
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FIGURE 3382 Worldwide prevalence of diabetes mellitus. The prevalence of diabetes in 2000
and the projected prevalence in 2030 are shown by geographical region. (Used with permission from
Diabetes Action Now: An Initiative of the World Health Organization and the International Diabetes Fed-
eration, 2004, as adapted from S Wild et al: Diabetes Care 27:1047, 2004.)
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therapeutic implications now that pharmacologic agents are:
target specific metabolic derangements. Type 2 DM is precedey
riod of abnormal glucose homeostasis classified as impaireq fa
cose (IFG) or impaired glucose tolerance (IGT).

Two features of the current classification of DM diverge g
ous classifications. First, the terms instulin-dependent diapey,.
(IDDM) and noninsulin-dependent diabetes mellitus (NIDD
solete. Since many individuals with type 2 DM eventually ,,
sulin treatment for control of glycemia, the use of the tegy,
generated considerable confusion. A second difference g g
not a criterion in the classification system. Although type | ;l\ 11
commonly develops before the age of 30, an autoimmune g,
structive process can develop at any age. It is estimated thag j,,
and 10% of individuals who develop DM after age 30 have ty,.
Likewise, type 2 DM more typically develops with increasipg .
now being diagnosed more frequently in children and YOu"
particularly in obese adolescents.

OTHER TYPES OF OM
Other etiologies for DM include specific genetic defects in gy
tion or action, metabolic abnormalities that impair insulin secret
tochondrial abnormalities, and a host of conditions that impajrof
tolerance (Table 338-1). Maturity onset diabetes of the young (MQp

onset of hyperglycemia (usually <25 years), and impairment j
secretion (discussed below). Mutations in the insulin receptor g
group of rare disorders characterized by severe insulin resistance,

DM can result from pancreatic exocrine disease when the
of pancreatic islets are destroyed. Hormones that antagonize j

nopathies such as acromegaly and Cushing’s disease. Viral infe
have been implicated in pancreatic islet destruction but area

to viral infection of islets.

GESTATIONAL DIABETES MELLITUS (GDM)
Glucose intolerance may develop during pregnancy. Insulin re
is related to the metabolic changes of late pregnancy, and the incre
insulin requirements may lead to IGT. GDM occurs in ~4% of
nancies in the United States; mosl
en revert to normal glucose toler
post-partum but have a substantial
(30-60%) of developing DM later in

EPIDEMIOLOGY

The worldwide prevalence
DM has risen dramatica ly S
the past two decades, o
estimated 30 million cases in 198?' '
million in 2000. Based on currenttr
>360 million individuals will ha¥e
= tes by the year 2030 (Fig. 3337
though the prevalence of both type
type 2 DM is increasing worl
4 prevalence of type 2 DM is 1isl
more rapidly because of increastt v
ty and reduced activity levels & '{ A
become more industrialized: Thl.
in most countries, and 6 of the- .
countries with the highest T ©
Asia. In the United States, the
Disease Control and Prevent! .
estimated that 20.8 million P?abe
7% of the population, had &
2005 (~30% of individuals ‘*{,“13‘ ;
were undiagnosed). ApproXit

=
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. gividuals (>20 years) were newly diagnosed with diabetes in
in "' increases with aging. In 2005, the prevalence of DM in the
h.’(es was estimated to be 0.22% in those <20 years and 9.6% in
45 ars. In individuals >60 years, the prevalence of DM was
$ 7')‘I1€ Prevalence is similar in men and women throughout most
g s (10.5% and 8.8% in individuals >20 years) but is slightly
st men >60 years. Worldwide estimates project that in 2030 the
e ‘numbfl‘ of individuals with diabetes will be 45-64 years of age.
4 lnis considerable geographic variation in the incidence of both
ud type 2DM. Scandinavia has the highest incidence of type 1
17 in Finland, the incidence is 35/100,000 per year). The Pacific
J f;s"a much lower rate (in Japan and China, the incidence is 1-3/
00 per year) of type 1 DM; Northern Europe and the United
!y pave an intermediate rate (8-17/100,000 per year). Much of the
] ged 1isk of type 1 DM is believed to reflect the frequency of high-
alleles among ethnic groups in different geographic loca-
The prevalence of type 2 DM and its harbinger, IGT, is highest
ain Pacific islands, intermediate in countries such as India and
ited States, and relatively low in Russia. This variability is likely
h genetic» behavioral, and environmental factors. DM prevalence
| aries among different ethnic populations within a given country.
005, the CDC estimated that the prevalence of DM in the United
o (age > 20 years) was 13.3% in African Americans, 9.5% in Lati-
. 15.1% in Native Americans (American Indians and Alaska na-
9, and 8.7% in non-Hispanic whites. Individuals belonging to
n-American or Pacific-Islander ethnic groups in Hawaii are twice
llkely to have diabetes compared to non-Hispanic whites. The onset
nvpe 2 DM occurs, on average, at an earlier age in ethnic groups
3 than non-Hispanic whites.
Diabetes is a major cause of mortality, but several studies indicate
diabetes is likely underreported as a cause of death. In the United
,diabetes was listed as the sixth-leading cause of death in 2002; a
t estimate suggested that diabetes was the fifth leading cause of
ith worldwide and was responsible for almost 3 million deaths an-
lly (1.7-5.2% of deaths worldwide).

¢ National Diabetes Data Group and World Health Organization
issued diagnostic criteria for DM (Table 338-2) based on the fol-
irg premises: (1) the spectrum of fasting plasma glucose (FPG)
e response to an oral glucose load (OGTT—oral glucose toler-
etest) varies among normal individuals, and (2) DM is defined as
%level of glycemia at which diabetes-specific complications occur
than on deviations from a population-based mean. For exam-
€ prevalence of retinopathy in Native Americans (Pima Indian
13;;011)) begins to increase at a FPG > 6.4 mmol/L (116 mg/dL)
§956-3).

ose tolerance is classified into three categories based on the
:(F‘g- 338-1): (1) FPG < 5.6 mmol/L (100 mg/dL) is considered
mal; (2) FPG = 5.6-6.9 mmol/L (100-125 mg/dL) is defined as
viand (3) FPG 7.0 mmol/L (126 mg/dL) warrants the diagnosis of
_‘Bmed on the OGTT, IGT is defined as plasma glucose levels be-
78and 11.1 mmol/L (140 and 199 mg/dL) and diabetes is de-

“E33g.) CRITERIA FOR THE DIAGNOSIS OF DIABETES MELLITUS

2Ptoms of diabetes plus random blood glucose concentration =11.1
O 200 mg/dL)? or
L Mdplasma glucose 27.0 mmol/L (126 mg/dLb or
=20Ur plasma glucose =111 mmot/L (200 ma/dL) during an oral
L5 tolerance test

e —

i, 18 defined as without rdgard to time since the fast meal
B l'i:eﬁned as no caloric intake for at least 8 h. .
% ould be performed using a glucose load containing the equivalent of 75 g
5 Qlucose dissolved in water; not recommended for foutine clinical use.
" the absence of uneguivocal hyperglycemia and adute metabolic decompen-
"% riteria should be confirmed by repeat testing on a different day.
9apted from American Diabetes Association, 2007,
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FPG (mg/dL) 70- 89- 93- 97- 100- 105- 109- 116- 136- 226-
2-h PG (mg/dL) 38- 94- 106- 116- 126- 138- 156- 185- 244- 364-

HbA1c (%) 3.4- 48- 50- 52- 563- 55- 57- 6.0- 6.7- 9.5-

FIGURE 338-3 Relationship of diabetes-specific complication and
glucose tolerance. This figure shows the incidence of retinopathy in
Pima Indians as a function of the fasting plasma glucose (FPG), the 2-h
plasma glucose after a 75-g oral glucose challenge (2-h PG), or gly-
cated hemoglobin (A10). Note that the incidence of retinopathy
greatly increases at a fasting plasma glucose >116 mg/dL, or a 2-h
plasma glucose of 185 mg/dL, or a A1C >6.0%. (Blood glucose values
are shown in mg/dL; to convert to mmol/L, divide value by 18.) (Copy-
right 2002, American Diabetes Association. From Diabetes Care 25(Suppl
1): 55-520, 2002)

fined as a glucose > 11.1 mmol/L (200 mg/dL) 2 h after a 75-g oral
glucose load (Table 338-2). Some individuals have both 1FG and IGT.
Individuals with 1FG and/or 1GT, recently designated pre-diabetes by
the American Diabetes Association (ADA), are at substantial risk for
developing type 2 DM (25-40% risk over the next 5 years) and have an
increased risk of cardiovascular disease.

The current criteria for the diagnosis of DM emphasize that the FPG
is the most reliable and convenient test for identifying DM in asympto-
matic individuals. A random plasma glucose concentration z11.1
mmol/L (200 mg/dL) accompanied by classic symptoms of DM (poly-
uria, polydipsia, weight loss) is sufficient for the diagnosis of DM (Ta-
ble 338-2). Oral glucose tolerance testing, although still a valid means
for diagnosing DM, is not recommended as part of routine care.

Some investigators have advocated the hemoglobin A1C (A1C) as a
diagnostic test for DM. Though there is a strong correlation between
elevations in the plasma glucose and the A1C (discussed below), the
relationship between the FPG and the A1C in individuals with normal
glucose tolerance or mild glucose intolerance is less clear, and thus the
use of the A1C is not currently recommended to diagnose diabetes.

The diagnosis of DM has profound implications for an individual
from both a medical and financial standpoint. Thus, these diagnostic
criteria must be satisfied before assigning the diagnosis of DM. Abnor-
malities on screening tests for diabetes should be repeated before mak-
ing a definitive diagnosis of DM, unless acute metabolic derangements
or a markedly elevated plasma glucose are present (Table 338-2). The
revised criteria also allow for the diagnosis of DM to be withdrawn in
situations where the FPG reverts to normal.

SCREENING

Widespread use of the FPG as a screening test for type 2 DM is recom-
mended because: (1) a large number of individuals who meet the cur-
rent criteria for DM are asymptomatic and unaware that they have the
disorder, (2) epidemiologic studies suggest that type 2 DM may be
present for up to a decade before diagnosis, (3) as many as 50% of in-
dividuals with type 2 DM have one or more diabetes-specific compli-
cations at the time of their diagnosis, and (4) treatment of type 2 DM
may favorably alter the natural history of DM. The ADA recommends
screening all individuals >45 years every 3 years and screening indi-
viduals at an earlier age if they are overweight {body mass index
(BMI) > 25 km/m2] and have one additional risk factor for diabetes
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