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■ Sporadic 
■ NF1 

SDHD 
SDHC 

from biochemical screening for tumors in indi- 2275 
viduals who carry a germ-line mutation. 

■ SDHB 
■ RET 
■ VHL 

FURTHER READINGS 
BAUSCH Bet al: Clinical and genetic character­

istics of patients with neurofibromatosis 
type I and pheochromocytoma. N Engl J 
Med 354:2729, 2006 

--- et al: Germline NFl mutational spec­
tra and loss-of-heterozygq~ty analyses in 
patients with pheochromocytoma and neu­
rofibromatosis type I. J Clin Endocrinol 
Metab 92:2784, 2007 

LENDERS JW et al: Phaeochromocytoma. Lan­
cet 366:665, 2005 

0-10 11-20 21~0 31-40 41-50 51- 60 61- 70 71- 81 

NEUMANN HP et al: Distinct clinical features 
of paraganglioma syndromes associated 
wilh SDHB and SDHD gene mutations. 
JAMA 292:943, 2004 Age/years 

nGURl337·6 Mutation distribution in the RET, VHL, NF1, Sf;HB, SDHC, and SDHD 
nes, The bars depict the frequency of sporadic or various inherited forms of pheochromo­

ge oma in different age groups. The inherited disorders are much more common among 
~mger individuals presenting with pheochromocytoma. (Data from the Freiburg International 
kochromocytoma and Paraganglioma Registry.) 

---et al: Evidence ofMEN-2 in the origi­
nal description of classic pheochromocy­
toma. N Engl J Med 357:1 311, 2007 

once the underlying syndrome is diagnosed, the benefit of genetic; test­
ilgcan be extended to relatives. For this purpose, it is necessary to identify 
me germ-line mutation in the proband and, after genetic counseling, per­
lJrm DNA sequence analyses of the respo'nsible gene in relatives to deter­
mine if they are affected (Chap. 64). Other family members may benefit 

338 Diabetes Mellitus 
Alvin C. Powers 

Diabetes mellitus (pM) r~fers to a group of common metabolic disor­
ders that share the phenotype ofhyperglycemia. Several distinct types 
of DM exist and are caused •ty a complex interaction of genetics and 
rnvironmental factors. Depending on the etiology of the DM, factors 
<ontributing to hyperglycemia include reduced insulin secretion, de­
creased glucose utilization, and increased glucose production. The 
lllttabolic dysregulation associated with DM causes secondary patho­
~iysiologic changes in multiple organ systems that impose a tremen­
dous burden on the individual with diabetes and on the health care 
l)~tei~. In the United States, DM is the leading cause of end-stage re­
: disease (ESRD), nontraumatic lower extremity amputations, and 
. ult blindness. It also predisposes to cardiovascular diseases. With an 
:~'.easing incidence worldwide, DM will be a leading cause of mor-

ny and mortality for th
7
_ foreseeable future. 

I 
(~ATION 
OM is I ·fi ~r 

I 
c as_s1 ed on the basis of the pathogenic process that leads to hy-

tlie g Ycem,a, as opposed to earlier criteria such as age of onset or type of 
~apy (Fig. 338-1). The two broad categories of DM are designated 
Ph~ and type 2 (Table 338-l ). Both types of diabetes are preceded by a 
Pru of abnormal glucose homeostasis as the pathoeenic processt>s 
llili!';sse~. Type 1 diabetes_is tb.1< result of.cQJ:nplete or ~ea1";-total in­
lcter- efic1ency. Type 2 DM 1s a hetet-ogeneous ~oup of disorders char­
lttre:~d by variable degrees of insulin 1~gt~lice, impaired insulin 
~lie ~on, an~ increased glucose proauctio'fi. 'Disl-inct genetic and meta­
Phen efects m insulin action and/or secretion give rise to the ~ommon 

otype of hyperglycemia in type 2 DM and have importa'nt potential 
' ~ 

---et al: Gernt.line mutations in nonsyn­
dromic pheochromocytoma. N Engl J Med 
346: 1459, 2002 

SCHOLZ T et al: Clinical review: Current treatment of malignant pheo­
chromocytoma. J Clin Endocrinol Metab 92: 1217, 2007 

WALZ MK et al: Laparoscopic and retroperitoneoscopic treatment of 
pheochromocytornas and retropei:itoneal paragangEomas: Results 
of 161 tumors in 126 patients. World J Surg 30:899, 2006 

Type of 
Diabetes 

Type 1 
Type2 
Other 

specific types 
Gestational 
Diabetes 

Time (years) 

FPG 

2-h PG 

Hyperglycemia 

Pre-diabetes , Diabetes Mellitus 

Impaired fasting : Insulin Insulin 
required required Normal 

glucose 
tolerance 

glucose or : Not 
impaired glucose , insulin 

tolerance I requiring 
for for 

I 

<5.6 mmol/L 5.6-6.9 mmoVL 
(100 mgldl) (100- 125 mgldl) 

<7.8 mmol/L 7.8- 11 .1 mmoVL 
(140 mgldL) (140-199 mg/dl) 

control survival 

~7.0mmol/L 
(126 mgldl) 

~11.1 mmolll 
(200 mgldl) 

---, 

FIGURE 338·1 Spectrum of glucose homeostasis and diabetes mel­
litus (OM). The spectrum from normal glucose tolerance to diabetes in 
type 1 DM, type 2 DM, other specific types of diabetes, and gestational 
DM is shown from left to right. In most types of DM, the individual 
traverses from normal glucose tolerance to impaired glucose tolerance 
to overt diabetes. Arrows indicate that changes in glucose tolerance may 
be bi-directional in some types of diabetes. For example, i--idividuals with 
type 2 DM may return to the impaired glucose tolerance category with 
weight loss; in gestational DM diabetes may revert to impaired glucose 
tolerance or even normal alucose toler;m,P ;iftpr delivrry. The fasting 
plasma glucose (FPG) and 2-h plasma glucose (PG), after a glucose chal­
lenge for the different categories of glucose tolerance, are shown at the 
lower part of the figu·e. These values do not apply to the diagnosis of 
gestational DM. Some types ofDM may or may not require insulin for sur­
vival, hence the dotte::l line. (Conventional units are used in the figure.) 
(Adapted from the American Diabetes Association, 2007.) 
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trM!IUII ETIOLOGIC CLASSIFICATION OF DIABETES MELLITUS 

I. Type I diabetes (13-cell destruction, usually leading to absolute insulin
deficiency)
A. Immune-mediated
8. Idiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with 
1elative insulin deficiency to a predominantly insulin secretory defect with
insulin resistance)

Ill. Other specific types of diabetes 
A. Genetic defects of 13 cell function characterized by mutations In: 

I. Hepatocyte nuclear transcription factor (HNF) 4a (MODY I) 
2. Glucokinase (MODY 2)
3. HNF-1 a (MODY 3) 
4. Insulin promoter factor-1 (IPF-1; MODY 4) 
5.HNF·113 (MODY 5) 
6. NeuroDl (MODY 6)
7. Mitochondrial DNA
8. Subunits of ATP-sensitive potassium channel
9. Proinsulln or insulin 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, mutations in carboxyl ester lipase

D. Endocrinopathies-acromegaly, Cushlng's syndrome, glucagonoma,
pheochromocytoma, hyperthyroidism, wmatostatinoma,
aldosteronoma

E. Drug- or chemical-induced-Vacor, pentamidine, n1cotinic acid, glu·
cocorticoids, thyroid hormone, diazoxide, 13-adrenergic agonists, thia­
zides, 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-Biedl syndrome, myotonlc dystrophy, porphyria, Prader-Willi
syndrome

IV. Gestational diabetes meilltus (GDM)

Note: MODY, m.itumy onset or diabet� of the young. 
Source: Adaptl!ii lrom Amerw:an Diabetes Association, 2007 
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therapeutic implications now that pharmacologic agents arc av target specific metabolic derangements. Type 2 DM is preceded
riod of abnormal glucose homeostasis classified as impaired f: 
cose (JFG) or impaired glucose tolerance ()GT). 

Two features of the current classification of DM diverge fro
ous classifications. F irst, the terms insulin-dependent diabetes II\.
(IDDM) and nonins11/i11-depende11t diabetes mellitus (NIDD�lsolete. Since many individuals with type 2 DM eventually re 
sulin treatment for control of glycemia, the use of the terrn quj
generated considerable confusion. A second difference is th�
not a criterion in the classification system. Although type I D� 
commonly develops before the age of 30, an autoimmune beta
structive process can develop at any age. It is estimated that be
a�d 1�% of individuals who d�velop DM after �ge_30 have tyPc 1L1kew1se, type 2 DM more typically develops with mcreasing ag 
now being diagnosed more frequently in children and young f 

particularly in obese adolescents. 8 

OTHER TYPES OF OM 
Other etiologies for DM include specific genetic defects in insulin 
tion or action, metabolic abnormalities that impair insulin secretion,
tochondrial abnormalities, and a host of conditions that impair gl1111e, 
tolerance (Table 338-1). Maturity onset diabetes of the young (MODY)
subtype of DM characterized by autosomal dominant inheritance,flltt onset of hyperglycemia (usually <25 years), and impairment in insufa 
secretion (discussed below). Mutations in the insul in receptor cause
group of rare disorders characterized by severe insulin resistance. 

DM can res_ult from pancreatic exocrine disease when the majom, 
of pancreatic islets are destroyed. Hormones that antagonize insullll 
action can also lead to DM. Thus, DM is often a feature of endocn­
nopathies such as acromegaly and Cushing's disease. Viral infoctiOIII 

have been implicated in pancreatic islet destruction but are an e,, 

tremely rare cause of DM. A form �f acute onset of type I diabete, 
termed f11/mi11ant diabetes, has been noted in Japan and may be relabd 
to viral infection of islets. 

GESTATIONAL DIABms MELLITUS (GDM) 
Glucose intolerance may develop during pregnancy. Insulin resistanct 
is related to the metabolic changes of late pregnancy, and the increased 
insulin requirements may lead to IGT. GOM occurs in -4% of preg•

Cl 

nancies in the United States; most wom 
en revert to normal glucose toleranct 

post-partum but have a substanti�l � 
(30-60%) of developing OM later m hfe.

EPIDEMIOlOGY 

The worldwide prevalence of

OM has risen dramatically over

the past two decades, from ;
estimated 30 million cases in 1985 10

Ids, 
million in 2000. Based on current tr�n

be
­

>360 million individuals will have dia 
N­

tes by the year 2030 (Fig. 3)S-Z)j and 
though the prevalence of both t

y�� the 
type 2 DM is increasing wor!d_wi e, ch

M · rising 11111 
prevalence of type 2 D is . obdl
more rapidly because of increasing 

ntrid 
ty and reduced act ivity levels as

h��s tflll
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2000=number of people with diabetes in 2000 
2030=number of people with diabetes in 2030 

FIGURE 338·2 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 5 Wild et al: Diabetes Care 27: 1047, 2004.) 

. d p venuon 
Disease Control an :e. 

1 ersons, ?'
estimated that 20.8 miJho� �iabeto il1
7% of the population, ha . 'th diabetd
2005 (-30% of individuals"'.' telY I,)

A Proioll13 
were undiagnosed). P 

. dividuals (>20 years) were newly diagnosed with diabetes in
• 11 '.� • icreases with aging. In 2005, the prevalence of DM in theDIYI II 

d . ;, 5 was estimated to be 0.22% in those <20 years an 9.6% 111 
1.:J�i

e 
ears. In individuals >60 years, the prevalence of DM was

e 72
1 

yprevalence is similar in men and women throughout most 
f!1&.

1
' 1

\ [0.5% and 8.8% in individuals >20 years) but is slightly
rJn�es 

ien >60 years. Worldwide estimates project that in 2030 the
,.,er 10 

�nber of individuals with diabetes will be 45-64 years of age.
�1csl 11•0 

considerable geographic variation in the incidence of both'fllere ; type 2 DM. Scandinavia has the highest incidence of type I
� I 311 in Finland, the incidence is 35/100,000 per year). The Pacific

�(,.g., much lower rate (in Japan and China, the incidence is 1-3/
Jii11 has 

;,er year) of type I DM; Northern Europe and the United

t<O,� ve an intermediate rate (8-17/100,000 per year). Much of the
,ii" ; 1 isk of type I OM is believed to reflect the frequency of high­

��LA alleles among ethnic groups iJ1 different geographic loca­

,). The prevalence of type 2 DM and its harbinger, !GT, is highest

1!1'5· in Pacific islands, intermediate in countries such as IncUa and
�

l
�ted States, and relatively low in Russia. This variability is likely

� n enetic, behavioral, and environmental factors. DM prevalencellJe lO S d'f"' h . I . . h' . 
ies among 1 ,erent et me popu at10ns wit 111 a given country. • 

�;;, the CDC estimated that the prevalence of DM in the United
• (age> 20 years) was 13.3% in African Americans, 9.5% in Lati-

5111�5.1% in Native Americans (American Indians and Alaska na­
:), and 8.7% in n�n-Hispanic whit�s. Indivi?uals be!?nging _to
,\tiln-American or Pacific-Islander ethmc groups 111 Hawau are twice 

�kely to have diabetes compared to non-Hispanic whites. The onset 
If type 2 DM occurs, on average, at an earlier age in ethnic groups
iaer than non-Hispanic whites.

Diabetes is a major cause of mortality, but several studies indicate 
.cdiabetes is likely underreported as a cause of death. In the United 
SUte.,diabe tes was listed as the sixth-leading cause of death in 2002; a 
�nt estimate suggested that diabetes was the fifth leading cause of 
lltth worldwide and was responsible for almost 3 million deaths an­
awi)' (1.7-5.2% of deaths worldwide).

IIA6NOSIS 
----------------

111c National Diabetes Data Group and World Health Organization 
Ille issued diagnostic criteria for DM (Table 338·+) based on the fol­
'awir,g premises: (1) the spectrum of fasting plasma glucose (FPG) 
Dlthe response to an oral glucose load (OGTI-oral glucose toler­
llkttest) varies among normal \ndividuals, and (2) DM is defined as 
1111 level of glycemia at which diabetes-specific complications occur 
llhtr than on deviations from a population-based mean. For exam­
ik, the prevalence of retinopathy in Native Americans (Pima Indian 
fel>ulation) begins to increase at a FPG > 6.4 mmol/L ( 116 mg/dL)
ig,338-3). 

�lucose tolerance is classified into three categories based on the
'l\l(Fig. 338-1): (I) FPG < 5.6 mmol/L (100 mg/dL) is considered
llilnnal; (2) FPG = 5 .6-6.9 mmol/L (100-125 mg/dL) is defined as 
:;and (3) FPG 2:7.0 mmol/L ( 126 mg/dL) warrants the diagnosis of
�

Based on the OGTT, !GT is defined as plasma glucose levels be-
7
.
s and I 1.1 mmol/L (140 and 199 mg/dL) and diabetes is de-

tallll CRITERIA FOR TKE DIAGNOSIS OF DIABETES MELLITUS
�Ptoms or diabetes plus random blood glucose concentration � 11. 1 

a� (200 mg/dLJ0 or 
l ing plasma glucose � 7.0 mmol/L ( 126 mg/dl)0 o, 'lio-hour plasma glucose � 11 I mmol/L ( 200 mg/dl) during an oral0se tolerance test<
'i Is defined as without r�ard 10 time since the las1 meat 
1"9 ,s de0ned as no caloric Intake for at least 8 h. � · , . �!sh 
. 0\Jld be performed using a gluwse 103d contam_;')9 t� �u1valent of 75 g 
:,s Qlucose dissolved 1n wat�; not recommended fQr iii.tine clinical use. lhe ab5ence of unequivocal hyperglycem1a and at\Jte me1abolk decompen­
�'�se criteria should be confirmed by repeat testing on a differenI day • Adapted from American Diabetes Association. 2007 

15 

>- 10 
Q. 
0 
C: 

� a: 5

FPG (mg/dl)

2-h PG (mg/dl)

A 

70· 89- 93. 97. 100- 105- 109- 116· 136· 226-

38- 94· 106· 116· 126· 138· 156- 185- 244- 364-

HbA1c (%) 3.4· 4.8- 5.0· 5.2- 5.3· 5.5· 5.7· 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 (A 1 C). Note that the incidence of retinopathy 
greatly increases at a fasting plasma glucos�1,> 116 mg/dl, or a 2-h 
plasma glucose of 185 mg/dl, or a A 1C >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(5uppl 
I): 55-520, 2002.) 

fined as a glucose > I I.I mmol/L (200 mg/dL) 2 h after a 75-g oral 
glucose load (Table 338-2). Some individuals have both IFG and !GT. 
Individuals with IFG and/or IGT, 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 criter ia 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 :i. I 1.1 
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 A 1 C (A IC) as a 
diagnostic test for DM. Though there is a strong correlation between 
elevations in the plasma glucose and the AlC (discussed below), the 
relationship between the FPG and the AIC in individuals with normal 
glucose tolerance or mild glucose intolerance is less clear, and thus the 
use of the AIC is not currently recommended to diagnose diabetes. 

The diagnos is of OM has profound implications for an individual 
from both a medical and financial standpoint. Thus, these diagnostic 
cr iteria must be satisfied before assigning 1he 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 PPG reverts to normal. 

SCREENING 
Widespread use of the PPG as a screening test for type 2 OM is recom­
mended because: ( l) 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 OM 
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 
(BM!) > 25 km/m2 ] and have one additional risk factor for diabetes "' 
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trM!IUII ETIOLOGIC CLASSIFICATION OF DIABETES MELLITUS 

I. Type I diabetes (13-cell destruction, usually leading to absolute insulin
deficiency)
A. Immune-mediated
8. Idiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with 
1elative insulin deficiency to a predominantly insulin secretory defect with
insulin resistance)

Ill. Other specific types of diabetes 
A. Genetic defects of 13 cell function characterized by mutations In: 

I. Hepatocyte nuclear transcription factor (HNF) 4a (MODY I) 
2. Glucokinase (MODY 2)
3. HNF-1 a (MODY 3) 
4. Insulin promoter factor-1 (IPF-1; MODY 4) 
5.HNF·113 (MODY 5) 
6. NeuroDl (MODY 6)
7. Mitochondrial DNA
8. Subunits of ATP-sensitive potassium channel
9. Proinsulln or insulin 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, mutations in carboxyl ester lipase

D. Endocrinopathies-acromegaly, Cushlng's syndrome, glucagonoma,
pheochromocytoma, hyperthyroidism, wmatostatinoma,
aldosteronoma

E. Drug- or chemical-induced-Vacor, pentamidine, n1cotinic acid, glu·
cocorticoids, thyroid hormone, diazoxide, 13-adrenergic agonists, thia­
zides, 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-Biedl syndrome, myotonlc dystrophy, porphyria, Prader-Willi
syndrome

IV. Gestational diabetes meilltus (GDM)

Note: MODY, m.itumy onset or diabet� of the young. 
Source: Adaptl!ii lrom Amerw:an Diabetes Association, 2007 
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therapeutic implications now that pharmacologic agents arc av target specific metabolic derangements. Type 2 DM is preceded
riod of abnormal glucose homeostasis classified as impaired f: 
cose (JFG) or impaired glucose tolerance ()GT). 

Two features of the current classification of DM diverge fro
ous classifications. F irst, the terms insulin-dependent diabetes II\.
(IDDM) and nonins11/i11-depende11t diabetes mellitus (NIDD�lsolete. Since many individuals with type 2 DM eventually re 
sulin treatment for control of glycemia, the use of the terrn quj
generated considerable confusion. A second difference is th�
not a criterion in the classification system. Although type I D� 
commonly develops before the age of 30, an autoimmune beta
structive process can develop at any age. It is estimated that be
a�d 1�% of individuals who d�velop DM after �ge_30 have tyPc 1L1kew1se, type 2 DM more typically develops with mcreasing ag 
now being diagnosed more frequently in children and young f 

particularly in obese adolescents. 8 

OTHER TYPES OF OM 
Other etiologies for DM include specific genetic defects in insulin 
tion or action, metabolic abnormalities that impair insulin secretion,
tochondrial abnormalities, and a host of conditions that impair gl1111e, 
tolerance (Table 338-1). Maturity onset diabetes of the young (MODY)
subtype of DM characterized by autosomal dominant inheritance,flltt onset of hyperglycemia (usually <25 years), and impairment in insufa 
secretion (discussed below). Mutations in the insul in receptor cause
group of rare disorders characterized by severe insulin resistance. 

DM can res_ult from pancreatic exocrine disease when the majom, 
of pancreatic islets are destroyed. Hormones that antagonize insullll 
action can also lead to DM. Thus, DM is often a feature of endocn­
nopathies such as acromegaly and Cushing's disease. Viral infoctiOIII 

have been implicated in pancreatic islet destruction but are an e,, 

tremely rare cause of DM. A form �f acute onset of type I diabete, 
termed f11/mi11ant diabetes, has been noted in Japan and may be relabd 
to viral infection of islets. 

GESTATIONAL DIABms MELLITUS (GDM) 
Glucose intolerance may develop during pregnancy. Insulin resistanct 
is related to the metabolic changes of late pregnancy, and the increased 
insulin requirements may lead to IGT. GOM occurs in -4% of preg•

Cl 

nancies in the United States; most wom 
en revert to normal glucose toleranct 

post-partum but have a substanti�l � 
(30-60%) of developing OM later m hfe.

EPIDEMIOlOGY 

The worldwide prevalence of

OM has risen dramatically over

the past two decades, from ;
estimated 30 million cases in 1985 10

Ids, 
million in 2000. Based on current tr�n

be
­

>360 million individuals will have dia 
N­

tes by the year 2030 (Fig. 3)S-Z)j and 
though the prevalence of both t

y�� the 
type 2 DM is increasing wor!d_wi e, ch

M · rising 11111 
prevalence of type 2 D is . obdl
more rapidly because of increasing 

ntrid 
ty and reduced act ivity levels as

h��s tflll
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FIGURE 338·2 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 5 Wild et al: Diabetes Care 27: 1047, 2004.) 
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considerable geographic variation in the incidence of both'fllere ; type 2 DM. Scandinavia has the highest incidence of type I
� I 311 in Finland, the incidence is 35/100,000 per year). The Pacific

�(,.g., much lower rate (in Japan and China, the incidence is 1-3/
Jii11 has 

;,er year) of type I DM; Northern Europe and the United

t<O,� ve an intermediate rate (8-17/100,000 per year). Much of the
,ii" ; 1 isk of type I OM is believed to reflect the frequency of high­

��LA alleles among ethnic groups iJ1 different geographic loca­

,). The prevalence of type 2 DM and its harbinger, !GT, is highest

1!1'5· in Pacific islands, intermediate in countries such as IncUa and
�

l
�ted States, and relatively low in Russia. This variability is likely

� n enetic, behavioral, and environmental factors. DM prevalencellJe lO S d'f"' h . I . . h' . 
ies among 1 ,erent et me popu at10ns wit 111 a given country. • 

�;;, the CDC estimated that the prevalence of DM in the United
• (age> 20 years) was 13.3% in African Americans, 9.5% in Lati-

5111�5.1% in Native Americans (American Indians and Alaska na­
:), and 8.7% in n�n-Hispanic whit�s. Indivi?uals be!?nging _to
,\tiln-American or Pacific-Islander ethmc groups 111 Hawau are twice 

�kely to have diabetes compared to non-Hispanic whites. The onset 
If type 2 DM occurs, on average, at an earlier age in ethnic groups
iaer than non-Hispanic whites.

Diabetes is a major cause of mortality, but several studies indicate 
.cdiabetes is likely underreported as a cause of death. In the United 
SUte.,diabe tes was listed as the sixth-leading cause of death in 2002; a 
�nt estimate suggested that diabetes was the fifth leading cause of 
lltth worldwide and was responsible for almost 3 million deaths an­
awi)' (1.7-5.2% of deaths worldwide).

IIA6NOSIS 
----------------

111c National Diabetes Data Group and World Health Organization 
Ille issued diagnostic criteria for DM (Table 338·+) based on the fol­
'awir,g premises: (1) the spectrum of fasting plasma glucose (FPG) 
Dlthe response to an oral glucose load (OGTI-oral glucose toler­
llkttest) varies among normal \ndividuals, and (2) DM is defined as 
1111 level of glycemia at which diabetes-specific complications occur 
llhtr than on deviations from a population-based mean. For exam­
ik, the prevalence of retinopathy in Native Americans (Pima Indian 
fel>ulation) begins to increase at a FPG > 6.4 mmol/L ( 116 mg/dL)
ig,338-3). 

�lucose tolerance is classified into three categories based on the
'l\l(Fig. 338-1): (I) FPG < 5.6 mmol/L (100 mg/dL) is considered
llilnnal; (2) FPG = 5 .6-6.9 mmol/L (100-125 mg/dL) is defined as 
:;and (3) FPG 2:7.0 mmol/L ( 126 mg/dL) warrants the diagnosis of
�

Based on the OGTT, !GT is defined as plasma glucose levels be-
7
.
s and I 1.1 mmol/L (140 and 199 mg/dL) and diabetes is de-

tallll CRITERIA FOR TKE DIAGNOSIS OF DIABETES MELLITUS
�Ptoms or diabetes plus random blood glucose concentration � 11. 1 

a� (200 mg/dLJ0 or 
l ing plasma glucose � 7.0 mmol/L ( 126 mg/dl)0 o, 'lio-hour plasma glucose � 11 I mmol/L ( 200 mg/dl) during an oral0se tolerance test<
'i Is defined as without r�ard 10 time since the las1 meat 
1"9 ,s de0ned as no caloric Intake for at least 8 h. � · , . �!sh 
. 0\Jld be performed using a gluwse 103d contam_;')9 t� �u1valent of 75 g 
:,s Qlucose dissolved 1n wat�; not recommended fQr iii.tine clinical use. lhe ab5ence of unequivocal hyperglycem1a and at\Jte me1abolk decompen­
�'�se criteria should be confirmed by repeat testing on a differenI day • Adapted from American Diabetes Association. 2007 
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FPG (mg/dl)

2-h PG (mg/dl)

A 

70· 89- 93. 97. 100- 105- 109- 116· 136· 226-

38- 94· 106· 116· 126· 138· 156- 185- 244- 364-

HbA1c (%) 3.4· 4.8- 5.0· 5.2- 5.3· 5.5· 5.7· 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 (A 1 C). Note that the incidence of retinopathy 
greatly increases at a fasting plasma glucos�1,> 116 mg/dl, or a 2-h 
plasma glucose of 185 mg/dl, or a A 1C >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(5uppl 
I): 55-520, 2002.) 

fined as a glucose > I I.I mmol/L (200 mg/dL) 2 h after a 75-g oral 
glucose load (Table 338-2). Some individuals have both IFG and !GT. 
Individuals with IFG and/or IGT, 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 criter ia 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 :i. I 1.1 
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 A 1 C (A IC) as a 
diagnostic test for DM. Though there is a strong correlation between 
elevations in the plasma glucose and the AlC (discussed below), the 
relationship between the FPG and the AIC in individuals with normal 
glucose tolerance or mild glucose intolerance is less clear, and thus the 
use of the AIC is not currently recommended to diagnose diabetes. 

The diagnos is of OM has profound implications for an individual 
from both a medical and financial standpoint. Thus, these diagnostic 
cr iteria must be satisfied before assigning 1he 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 PPG reverts to normal. 

SCREENING 
Widespread use of the PPG as a screening test for type 2 OM is recom­
mended because: ( l) 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 OM 
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 
(BM!) > 25 km/m2 ] and have one additional risk factor for diabetes "' 
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2278 i(J:j9lfj:f■ RISK FACTORS FOR TYPE 2 DIABETES MELLITUS 
Family history of diabetes (i.e., parent or sibling with type 2 diabetes) Obesity (BMI ;;,25 kg!m2) 
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Habitual r,hysical inactivity 
Race/ethnicity (e.g., African American, Latino, Native American, Asian American, Pacific Islander) 
Previously identified IFG or IGT 
History of GDM or delivery of baby >4 kg (>9 lb) Hyperrension (blood pressure ;;, 140/90 mmHg) HDL cholesterol level <35 mg/dl (0.90 mmoVL) and/or a triglyceride level >250 mg/dl (2.82 mmol/L) 
PolyC}1tiC ovary syndrome or acanthosis nigricans History of vascular disease 

Note: BMI, body mass Index; IFG, impaired fasting glucose: IGT, impaired glucose toler­ance; GDM, gestational diabetes meliltus: HOL, high-density ilpop,otein. Source: Adapted from American Diabetes Association, 2007. 

.. 

(Table 338-3). ln contrast to type 2 OM, a long asymptomatic period of hyperglyu:mia is rare prior to the diagnosis of type I DM. A num­ber of immunologic markers for type I OM are becoming available (discussed below), but their routine use is discouraged pending the identification of clinically beneficial interventions for individuals at high risk for developing type I OM. 

INSULIN BIOSYNTHESIS, SECRETION, AND ACTION ----------810 SYNTHESIS 
Insulin is produced in the beta cells of the pancreatic islets. It is initial­ly synthesized as a single-chain 86-amino-acid precursor polypeptide, preproinsulin. Subsequent proteolytic processing removes the amino­terminal signal peptide, giving rise to proinsulin. Proinsulin is struc­turally related to insulin-like growth factors I and JI, which bind weakly to the insulin rl'ceptor. Cleavage of an internal J I-residue frag­ment from proinsulin generates the C peptide and the A (21 amino ac­ids) and B (30 amino acids) chains of insulin, which arc connected by disulfide bonds. The mature insulin molecule and C peptide are stored together and cosecreted from secretory granules in the beta cells. Be­cause the C peptide is cleared more slowly than insulin, it is a useful marker of insulin secretion and allows discrimination of endogenous and exogenous sources of insulin in the evaluation of hypoglycemia (Chaps. 339 and 344). Pancreatic beta cells cosecrete islet amyloid polypeptide (IAPP) or amylin, a 37-amino-acid peptide, along with insulin. The role of lAPP in normal physiology is unclear, but it is the major component of the amyloid fibrils found in the islets of patients with type 2 diabetes, and an analogue is sometimes used in treating both type 1 and type 2 OM. Human insulin is now produced by recom­binant DNA technology; structural alterations at one or more residues ore useful for modifying its physical and pharmacologic characteristics (see below). 

SECRETION 
Glucose is the key regulator of insulin secretion by the pancreatic beta cell, although amino acids, ketones, various nutrients, gastrointestinal peptides, and neurotransmitters also influence insulin secretion. Glu­cose levels > 3.9 mmol/L (70 mg/dL) stimulate insulin synthesis, pri­marily by enhancing protein translation and processing. Glucose stimulation of insulin secretion begins with its transport into the beta cell by the GLUT2 glucose transporter (Fig. 338-4). Glucose phosphory­lation by glucokinase is the rate-limiting step that controls glucose-regu­lated insulin secretion. Further metabolism of glucose-6-phosphate via glycolysis generates ATP, which inhibits the activity of an ATP-sensitive K+ channel. This channel consists of two separate proteins: one is the binding site for certain oral hypoglycemics (e.g., sulfonylureas, megli­tinides); the other is an inwardly rectifying K+ channel protein (Kir6.2). Inhibition of this K+ channel induces beta cell membrane depolariza­tion, which opens voltage-dependent calcium channels (leading to an influx of calcium), and stimulates insulin secretion. Insulin secretory profiles reveal a pulsatile pattern of hormone release, with small secreto-

Voltage dependent 
Ca2

• channel Ca2+ K+ 
ATP-sensitive ~\k, ,A'I 
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FIGURE 338-4 Diabetes and abnormalities in glucose-stimulittcl insulin secretion. Glucose a nd other nutrients regulate insulin seer tion by the pancreatic beta cell. Glucose is transported by the GllJ; g lucose transporter; subsequent glucose metabolism by the beta cell alters ion channel activity, leading to insulin secretion. The SUR recep. tor is the binding site for drugs that act as insulin secretagogues. Mtt­tations in the events or proteins underlined are a cause of rnatunty onset diabetes of the young (MODY) or other forms of diabetes SUR, sulfonylurea receptor; ATP, adenosine triphosphate; ADP, adenoslne diphJsphate, cAMP, cyclic adenosine mono~hosphate. (Adapted Imm WL Lowe, in JL Jameson (ed): Principle~ of Molecular Medicine. Toruwa, NJ, Humana, 1998.) 

ry bursts occurring about every 10 min, superimposed upon greater amphtude oscillations of about 80-150 min. lncretins are released from neuroendocrine ceUs of the gastrointest.nal tract following food inges­tion and amplify glucose-stimulated insulin secretion and suppress glu­cagon secretion. Glucagon-Iike peptide l (GLP-1 ), the most poteni incretin, is released from L cells in the small intestine and stimulates insu· lin secretion only when the blood glucose is above the fasting level. lnc•c• tin analogues, such as exena-tide, are being used to enhance endogenous insulin secretion (see below). 

ACTION 
Once insulin is secreted into the portal venous system, - 50% is ~e­grndcd by the liv~r. Unextracted insulin enters the systemic circulauon where it binds to receptors in target sites. Insulin binding to its recep· tor stimulates intrinsic tyrosine kinase activity, leading to recep!or autophosphorylation and the recruitment of intracellular signalt~~ molecules, such as i~sulin receptor substrates (IRS) (Fig. 338-S). \ and other adaptor proteins initiate a complex cascade of pho~phory ad tion and dephosphorylation reactions, resulting in the wide_spr~!n metabolic and mitogenic effects of insulin. As an example, activ~ll U· of the phosphatidylinositol-3'-kinase (Pl-3-kinase) pathway ~un~eU lates translocation of glucose transporters (e.g., GLUT4) to t c sde surface, an event that is crucial for glucose uptake by skeletal 111~uc­and fat. Activation of other insulin receptor signaling pathwa~s •~ 

11 of es glycogen synthesis, protein synthesis, lipogenesis, and regu atto various genes in insulin-responsive cells. prtl • lucose • Glucose homeostasis reflects a balance between hcpntJc 8 I' is the duction and peripheral glucose uptake and utilization. JnSU 111 
ll'al in· most important regulator of this metabolic equilibrium, but ne;t in in· put, metabolic signals, and other hormones (e.g., glucagon) re;'.'sec fig, tegrated control of glucose supply and utilization (Chap. 33 ' roduC· 339-1). In the fasting state, low insulin levels increase glucos~ p nd re· tion by promoting hepatic gluconeogenesis and glycogen°1Y:'5;d fat), duce glucose uptake in insulin-sensitive tissues (skeletal muse e 
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lin requirements, as might occur during 
infections or puberty. After the initial clinical 
presentation of type l DM, a "honeymoon" 
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phase may ensue during which time glycemic 
control is achieved with modest doses of insu-
lin or, rarely, insulin is not needed. However, 
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ing beta cells, and the individual becomes 
completely insulin deficient. 

I GENETIC (0NSIDERAJI0NS Susceptibili­
i,: ty to type 1 DM involves multiple genes. 
,....:.< The concordance of type 1 DM ir identi­

f16URf 338·5 Insulin signal transduction pathway in skeletal muscle. The insul in recep­
-OI has intrinsic tyrosine kinase activity and interacts with insulin receptor substrates (IRS and 
~) proteins. A number of "docking" proteins bind to these cell ular proteihs and init iate the 
metabolic actions of insulin [GrB-2, SOS, SHP-2, p65, p l 10, and phosphatidylinositol-3'-kinase 
(1'1·3-kinase)l. Insulin increases glucose transport through Pl-3-kina,e and the Cbl pathway, 
which promotes the translocation of intracellular vesicles containing GLUT4 glucose trans­
porter to the plasma membrane. (Adapted from WL Lowe, in Principles of Molecular Medicine, JL 
»meson (ed). Totowa, NJ, Humane, 1998; A Virkamaki et al: J Clin Invest 103.931, 1999. For addi­
tional details see AR Sa/tie/, CR Kahn: Nature 414:799, 2001.) 

cal twins ranges between 30 and 70%, inlliLdting 
that additional modifying factors are likely in­
volved in determining whether diabetes devel· 
ops. The major susceptibility gene for type 1 DM 
is located in the HLA region on chromosome 6. 
Polymorphisms in the HLA.,;omplex account for 
40- 50% of the genetic risk of developing type 1 
DM. This region contains genes that encode the 
class II MHC molecules, which present amigen to 
helper T cells and thus are involved in initiating 
the immune response (Chap. 309). The ability of 
class II MHC molecules to present antigen is de­

thereby promoting mobilization of stored precursors such as amino ac­
ids and free fatty acids (]ipolysis). Glucagon, secreted by pancreatic al­
pha ceUs when blood glucose or insulin levels ~re low, stimulates 
~ycogcnolysis nnd gluconepgenesis by the liver and renal medulla. Post­
prandially, the glucose load elicits a rise in insulin and fall in glucagon, 
leading to a reversal of these processes. Insulin, an anabolic hormone, 
promotes the storage of carbohydrate and fat and protein synthesis. The 
major portion of postprandial glucose is utilized by skeletal muscle, an 
efiect of insulin-stimulated glucose uptake. Other tissues, most notably 
the brain, utilize glucose in an insulin-independent fashion. 

PATHOGENESIS ' ' TYPE 1 DM 
Type I DM is the result of interactions of genetic, environmental, and 
immunologic factors that ultimately lead to the destruction of the 
pancreatic beta cells and insulin deficiency. Type I DM results from 
autoimmune beta cell destruction and most, but not all, individuals 
have evidence of islet-directed autoimmunity. Some individuals who 
~ave the clinical phenotype of type l DM Jack immunologic markers 
1~d_icative of an autoimmune process involving the beta cells. These in­
dividuals are thought to develop insulin deficiency by unknown, non­
un111une mechanisms and are ketosis prone; many are African 
American or Asian in heritage. The temporal development of type l 
DM is shown schematically as a function of beta cell mass in Fig. 338-6. 

~dividuals with a genetic susceptibility have normal beta cell mass at 
_
1rth but begin to lose beta cells secondary to autoimmune destruc­

tion that occurs over months to years. This autoimmune process is 
thought to be triggered by an infectious or environmental stimulus 
~nd to be sustained by a beta cell-specific molecule. In the majority, 
~lllniunologic markers appear after the triggering event but before dia­
etes becomes clinically overt. Beta cell mass then begins to decline, 

alld insulin se~n:liun becomes progressivdy impaired, although nor-
lllal glucose tolerance is maintained. 1'.he rate of decline in beta cell 
lllass varies widely among indiyjduals, with.'sdme~en,ts progressing 
::P1dly to clinical diabetes and others evolving woJe slowly. Features 
"' diabetes do not become evident until a majority of b~ta cells are de­
~ltoyed ( ~80%). At this point, re~idual functional beta cells still exist 

Ut are insufficient in numb.er to maintain glucose tolerance) :rhe 
events that trigger the transition from glucose intolerance to frank dia-

pendent on the amino acid composition of their antigen-binding sites. 
Amino acid substitutions may influence the specificity of the immune re­
sponse by altering the binding affinity of different antigens for class II 
molecules. 

Most individuals with type 1 DM have the HLA DR3 and/or DRL haplo­
type. Refinements in genotyping of HLA loci have shown that the hap­
lotypes DOA 1*0301, DQBl *0302, and DQBl •0201 are most strongly 
associated with type 1 DM. These haplotypes are present in 40% of chi!-
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FIGURE 338-6 Temporal model for development of type 1 diabe­
tes. Individuals with a genetic predisposition are exposed to an im­
munologic trigger that ini tiates an autoimmune process, result ing in a 
gradual decline in beta cell mass. The downward slope of the beta cell 
mass varies among individuals and may not be continuous. This pro­
gressive impairment in insulin release results in diabetes when ~80% 
of the beta cell mass is destroyed. A "honeymoon' phase may be seen 
in the first 1 or 2 years after the onset of diabetes and is associated 
with reduced insulin requirements. [Adapted from Medical Manage­
ment of "Q:Pe I Diabetes, 3d ed, JS Skyler (ed). American Diabetes Associa­
tion, Alexandria, VA, 1998.] 
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dren with type 1 OM as compared to 2% of the normal U.S. population. 
However, most individuals with predisposing haplotypes do not develop 
diabetes. 

In addition to MHC class II associations. at least 10 cifferent genetic loci 
contribute susceptibility to type 1 DM (loci recently identified include poly­
morphisms In the promoter region of the insulin gene, the CTLA-4 gene, 
lnterleukin-2 receptor, IF/HI, and PTPN22). Genes tha1 confer protection 
against the development of the disease also exist. The haplotype 
DQA 1*0102. DQ81"0602 is extremely rare in individuals with type 1 OM 
(<1%) and appears to provide protection from type 1 OM. 

Although the risk of developing type 1 DM is increased tenfold in rela­
tives of individuals with the disease. the risk is relativEly low: 3-4% if the 
parent has type 1 diabetes and 5- 15% in a sibling (depending on which 
HLA haplotypes are shared). Hence, most individuals with type 1 OM do 
not have a first-degree relative with this disorder. 

Pathophyslology Although other islet cell types [alpha cells (gluca­
gon-producing), delta ce.11s (somatostatin-producing), or PP cells (pan­
creatic polypeptide-producing)) are functionally and embryologically 
similar to beta cells and express most of the same proteins as beta cells, 
they are inexplicably spared from the autoimmune process. Pathologi­
cally, the pancreatic islets are infiltrated with lymphocytes (in a process 
termed insulitis). After all beta cells are destroyed, the inflammatory 
process abates, the is lets become atrophic, and most immunologic 
markers disappear. Studies of the autoimmune process in humans and 
in animal models of type I DM (NOD mouse and BB rat) have identi­
fied the following abnormalities in the humoral and cellular arms of 
the immune system: ( I) islet cell autoantibodies; (2) activated lym­
phocytes in the islets, peripancreatic lymph nodes, and systemic circu­
lation; (3) T lymphocytes that proliferate when stimulated with islet 
proteins; and (4) release of cytokines within the insulitis. Bela l:ells 
seem to be particularly susceptible to the toxic effect of some cytokines 
[tumor necrosis factor a (TNF-a), interferon y, and interleukin I (IL-1)]. 
The precise mechanisms of beta cell death are not known but may in­
volve formation of nitric oxide metabolites, apoptosis, and direct' 
CDS+ T cell cytotoxicity. The islet destruction is mediated by T lym­
phocytes rather than islet autoantibodies, as these antibodies do not 
generally react with the cell surface of islet cells and are not capable of 
transferring DM to animals. Suppression of the autoimmune process 
(cyclosporine, T lymphocyte antibodies) at the time of diagnosis of di­
abetes slows the decline in beta cell destruction, but the safety of such 
interventions is unknown. 

Pancreatic islet molecules targeted by the autoimmune process in­
clude insulin, glutamic acid decarboxylase (GAD, the biosynthetic 
enzyme for the neurotransmitter GABA), ICA-512/[A-2 (homology 
with tyrosine phosphatases), and phogrin (insulin secretory granule 
protein). With the exception of insulin, none of the autoantigens are 
beta cell specific, which raises the question of how the beta cells are 
selectively destroyed. Current theories favor initiation of an autoim­
mune process directed at one beta cell molecule, which then spreads 
to other islet molecules as the immune process destroys beta cells 
and creates a series of secondary autoantigens. The beta cells of indi­
viduals who develop type J DM do not differ from beta cells of nor­
mal individuals, since islets transplanted from a genetically identical 
twin are destroyed by a recurrence of the autoimmune process of 
type 1 OM. 

Immunologic Markers Islet cell autoantibodies (ICAs) are a compos­
ite of several different antibodies directed at pancreatic islet molecules 
sud1 as GAD, insulin, and IA-2/ICA-512 and serve as a marker of the 
autoimmune process of type I DM. Assays for autoantibodies to 
GAD-65 are commercially available. 1esting for ICAs can be useful in 
classifying the type of DM as type I and in identifying nondiabetic in­
dividuals at risk for developing type l DM. ICAs are present in the 
majority of individuals (>75%) diagnosed with new-onset type 1 DM, 
in a significant minority of individuals with newly diagnosed type 2 
DM (5-10%), and occasionally in individuals with GOM ( <5%). ICAs 

are present in 3-4% of first-degree relatives of individ 
1 OM. ln combination with impaired insulin s~uction u; S "'it!\ 

tolerance testing, they predict a >50% risk of develop~ er IV 
within 5 years. Without this impairment in insulin secrln~ 1Y 
ence of ICAs predicts a 5-year risk of <25%. Based on et~on, I 
risk of a first -degree relative developing type 1 OM is rel ~se d 
present, the measurement of ICAs in nondiabetic indiv~IVely 
search tool because no treatments have been approved t Uals 
occurr~nce or progression to type I OM. 0 

pr, 

Environmental Factors Numerous environmental event 
proposed to trigger the autoimmune process in genetic RII ha~ 
ble individuals; however, none have been conclusively 1~l 5 

betes. Identification of an environmental trigger has b ed ccri because the event may precede the onset of DM by several 
338-6). Putative enviro~mental tri~ers i~clude viruses (~ar, 
and rubella most prommently), bovme milk proteins, and nl 
urea compounds. 

Prevention of Type 1 OM A number of interventions havt• 51,. delayed or prevented diabetes in animal models. Some int~~ 
have targeted the immune system directly (i1urrunosuppression 
tive T cell subset deletion, induction of immunologic tolerance' 
proteins), whereas others have prevented islet cell death by bl 
cytotoxic cytokines or increasing islet resistance to the destructive 
cess. Though results in animal models are promising, these int 
tions have not been successful in preventing type I OM in h 
The Diabetes Prevention Trial- type I concluded that admiru·~•i• 
insulin (IV or PO) to individuals at high risk for developing 
OM did not prevent type l DM. In patients with new-onset type 
abetes, treatment with anli-CD3 monoclonal antilmdics has 
been shown to slow the decline in C-peptide levels. 

TYPE 2 DM 
[nsulin resistance and abnormal insulin secretio11 are central to the~ 
velopment of type 2 DM. Although the primary defect is contro~ 
most studies support the view that insulin resistance precedes an· 
lin secretory defect but that diabetes develops only when insulin do 
tion becomes inadequate. 

I~ GENETIC CONSIDERATIONS Type 2 OM has a strong genetic 
~ ponent. The concordance of type 2 OM in identical twms i\ 
~ tween iO and 90%. Individuals with a parert with type 2 DM 

an increased risk of diabetes; if both parents have type 2 DM, the dsk 
proaches 40%. Insulin resbtdnLe, as demonstrated by reduLed glucose 
lization in skeletal muscle, is present in many nondiabe1ic, first·d 
relatives of individuals with type 2 OM. The disease is po_lygenlc an~ m 
factorial since in addition to genetic susceptibility, env1ronmenta 
(such as obesity, nutrition, anM physical activity) modulate the ph~ed 
The genes that predispose to type 2 DM are incompletely identi, ; 
recent genome-wide association studies have identified several ?t~: 
convey a relatively small risk for type 2 OM (relative nsk of 1. l • hat 
prominent is a variant of the transcription factor 7-like_ 2 gen~ ~it 
been associated with type 2 diabetes in several populauons an 
paired glucose tolerance in one population at high risk for diabete~ou 
ic polymorphisms associated with type 2 diabetes have also beenptor-\1, 
the genes encoding the peroxisome proliferators-acuvated. rec!ans 
ward rectifying oorassium channel expressed in beta cells, zincs by w 
expressed in beta cells, IRS, and calpain I 0. :h~ rnechanlstdlobete 
these genetic a! terations increase the su~cepub,hty to ty~ 1 vesugcl 
not clear, but several are predicted to alter insulin secre~iond :Ith t 
using genome-wide scanning for polymorphisms associate 
DM is ongoing. 

. , ed insulilJ Pathophysiology Type 2 DM is characterized by unpaJr ductioO, 
cretion, insulin resistance, excessive hepatic gluc~se Ptor central 
abnormal fat metabolism. Obesity, particularly viscera 
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3)8·1 Metabolic changes during the development of 
zdiabetes mellitus (DM). Insulin secretion and insulin sensitiv­
:elated, and as an individual becomes more insulin resistant (by 

\l't9 from point A to point B), insulin secretion increases. A failure 
ompensate by increasing the insulin secretion results initially in 
rec glucose tolerance (IGT; point C) and ultimately in type 2 DM 

1 D), (Mopted from SE Kahn.· J Clin Endocrinol Metab 86:4047, 2001; 
gman. M Ader-Trends Endocrino/ Met ab 11 :351, 2000.) 

ced by the hip-waist ratio), is very common in type 2 DM. In 
t,1rly stages of the disorder, glucose tolerance remains near-nor­
,despite insulin resistance, because the pancreatic beta cells com­

le by increasing insulin output (Rig. 338-7). As insulin resistance 
compensatory hyperinsulinemia progress, the pancreatic islets in 

individuals are unable to sustain the hyperinsulinemic state. 
, characterized by elevations in postprandial glucose, then devel­
A further decline in insulin secretion and an increase in hepatic 

production lead to overt diabetes with fasting hyperglycemia. 
mately, beta cell failure may ensue. 

lie Abnormalities ABNORMAL MUSCLE AND FAT META Bo: 
Insulin resistance, the decreased ability<!! insulin to act effec~• 

yon target tissues (especially muscle, liver, and fat), is a prominent 
e of type 2 DM and results from a combination of genetic sus­
ility and obesity. Insulin resistance is relative, however, since su­

ormal levels of circulating insulin will normalize the plasma 
Se, Insulin dose-response curves exhibit a rightward shift, indi­
g reduced sensitivity, and a reduced maximal response, indicating 

o~erall decrease in maximum glucose utilization (30-60% lower 
bn ~orn~al individuals). Insulin resistance impairs glucose utiliza­
y insul111-sensitive tissues and increases hepatic glucose output; 
effects contribute to the hyperglycemia. increased hepatic glu­
output predominantly accounts for increased FPG levels, whereas 
~ed peripheral glucose usage results in postprandial hyperglyce­
n skeletal muscle, there is a greater impairment 111 nonoxidative 

th usage (glycogen formation) than in oxidative glucose metabo­
/ 0ugh glycolysis. Glucose metabolism in insulin-independent 

15 not altered in type 2 DM. 

2e 6recise 1nolecular mechanism leading to insulin resistance in 
~ has not been elucidated. Insulin receptor levels and tyrosine 

li:c~vity in skeletal muscle are reduced, but these alterations are 

1 e Y,'.econuary to hyperinsulinemia' and are not a primary defect. 
:
1
~• postreceptor" defects in insulin-regulated ,phosphorylation/ 

la_0tylation may play the predominaot role in insulin'. r~~an1=e 
sl0c _S). For example, a PI-3-kinase signaling defect may reduce 

attonf • .- . 1. 
e th • 0 GLUT4 to the plasma membrane. Other abnormal1t1es 

ir ro.·e accumulation of lipid within skeletal myocytes, which may 
atedttochondrial oxidative phospliorylation and reduce insulin­

lipid 111110chondrial ATP production.~Impaired fatty acid oxidation 
acctunuJation within skeletal myocytes may generate reactive 

oxygen species such as lipid peroxides. Of note, not all iJ1sulin signal 2281 
transduction pathways are resistant to the effects of insulin (e.g., those 
controlling cell growth and differentiation using the mitogenic-activated 
protein kinase pathway). Consequently, hyperinsuli.nemia may increase 
the insulin action through these pathway$, potentially accelerating d.ia­
betes-reiated conditions such as atherosclerosis. 

The obesity accompanying type 2 DM, particularly in a central or 
visceral location, is thought to be part of the pathogenic process. The 
increase<l adipocyte mass leads to increased levels of circulating free 
fatty acids and other fat cell products (Chap. 74). For example, adipo­
cytes secrete a number of biologic products (nonesterified free fatty 
acids, rctinol-binding protein 4, leptin, TNF-a, resistin, and adiponec­
tiJ1). In addition to regulating body weight, appetite, and energy ex­
penditure, adipokines also modulate insulin sensitivity. The increased 
production of free fatty acids and some adipokines may cause insulin 
resistance in skeletal muscle and liver. For example, free fatty acids im­
pair glucose utilization in skeletal muscle, promote glucose produc­
tion by the liver, and impair beta cell function. In contrast, the 
production bt adipocytes of adiponectin, an insulin-sensitizing pep­
tide, is reduced in obesity and this may contribute to hepatic insulin 
resistance. Adipocyte products and adipokines also produc\ an in­
flammatory state and may explain why markers of inflammation such 
as IL-6 and C- reactive protein are often elevated in type 2 DM. Inhibi­
tion ofjnflammatory signaling pathways such as the nuclear factor KB 
(NFKB) pathway appears to reduce insulin resistance and improve hy­
perglycemia in animal models. 

IMPAIRED INSULIN SECRETION Insulin secretion and sensitivity are in­
terrelated (Fig. 338-7). In type 2 DM, insulin secretion initially in­
creases in response to insulin resistance to maintain normal glucose 
tolerance. Initially, the insulin secretory defect is mild and selectively 
involves glucose-stimulated insulin secretion. The response to other 
nonglucose secretagogues, such as arginine, is preserved. Eventually, 
the insulin secretory defect progresses to a state of grossly inadequate 
insulin secretion. 

The reason(s) for the decline in insulin secretory capacity in type 2 
DM is unclear. The assumption is that a second genetic defect- super­
imposed upon insulin resistance-leads to beta cell failure. Islet amyloid 
polypeptide or arnylin is cosecreted by the beta cell and forms the amy­
loid fibrillar deposit found in the islets of individuals with long-stand­
ing type 2 DM. Whether such islet amyloid deposits are a primary or 
secondary event is not known. The metabolic environment of diabetes 
may also negatively impact islet function. For example, chronic hyper­
glycemia paradoxically impairs islet function ("glucose toxicity") and 
leads to a worsening of hyperglycemia. Improvement in glycemic con­
trol is often associated with improved islet function. In addition, ele­
vation of free fatty acid levels ("lipotoxicity") and dietary fat may also 
worsen islet function. l3eta cell mass is decreased in individuals with 
long-standing type 2 diabetes. 

INCREASED HEPATIC GLUCOSE AND LIPID PRODUCTION In type 2 DM, in­
sulin resistance in the liver reflects the failure of hyperinsulinemia to 
suppress gluconeogenesis, which results in fasting hyperglycemia and 
decreased glycogen storage by the liver in the postprandial state. In­
creased hepatic glucose production occurs early in the course of diabe­
tes, though likely after the onset of insulin secretory abnormalities and 
insulin resistance in skeletal muscle. As a result of insulin resistance in 
adipose tissue and obesity, free fatty acid (FFA) flux from adipocytes is 
increased, leading to increased lipid [very low density lipoprotein 
(VLDL) and triglyceride] synthesis in hepatocytes. This lipid storage 
or ,steatosis in the liver may lead to nonalcoholic fatty liver disease 
(Chap. 303) and abnormal liver function tests. This is also responsible 
for the dyslipidemia found in type 2 DM ( elevated triglycerides, re­
duced high-density lipoprotein (HDL), and increased small dense 
low-density lipoprotein (LDL) particles]. 

.I. • ' 
Insulin Resistance Synilromes T!,e insulin resistance cond ition com­
prises 3 spectrum of disorders, with hyperglycemia representing one of 

0 
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the most readily diagnosed features. The metabolic syndrome, the i11s11-

lin resista11ce syndrome, or sy11drome X are terms used to describe a con­

stellation of metabolic derangements that includes insulin resistance, 

hypertension, dyslipidemia (low HDL ~nd elevated triglycerides), cen­

tral or visceral obesity, type 2 diabetes or IGT/IFG, and accelerated car­

diovascular disease. This syndrome is discussed in Chap. 236. 

A number of relatively rare forms of severe insulin resistance include 

features of type 2 OM or !GT (Table 338-1 ). Acanthosis nigricans and 

signs of hyperandrogenism (hirsutism, acne, and oligomenorrhea in 

women) are also common physical features. Two distinct syndromes 

of severe insulin resistance have been described in adults: ( I) type A, 

which affects young women and is characterized by severe hyperin­

sulinemia, obesity, and features of hyperandrogenism; and (2) type B, 

whid1 affects middle-aged women and is characterized by severe hy­

perinsulinemia, features of hyperandrogenism, and autoimmune dis­

orders. Individuals with the type A insulin resistance syndrome have 

an m1defined defect in the insulin-signaling pathway; individuals with 

the type B insulin resistance syndrome have autoantibodies directed at 

the insulin receptor. These receptor autoantibodies may block insulin 

binding or may stimulate the insulin receptor, lead ing to intermittent 

hypoglycemia. 
Polycystic ovary syndrome (PCOS) is a common disorder that af­

fects premenopausal women and is characterized by chronic .inovula­

tion and hyperandrogenism ( Chap. 341 ). Insulin resistance is seen in a 

significant subset of women with PCOS, and the disorder substantially 

increases the risk for type 2 DM, independent of the effects of obesity. 

Prevention Type 2 DM is preceded by a period of !GT, and a number 

oflifestyle modifications and pharmacologic agents prevent or delay the 

onset of DM. The Diabetes Prevention Program (OPP) demonstrated 

that intensive changes in lifestyle (diet and exercise for 30 min/day five 

times/week) in individuals with IGT prevented or delayed the develop­

ment of type 2 DM by 58% compared to placebo. This effect was seen in 

individuals regardless of age, sex, or ethnic group. ln the same study, 

metformin prevented or delayed diabetes by 3 1 % compared to placebo. 

The Lifestyle intervention group lost 5-7% of their body weight during 

the 3 years of the study. Studies in Finnish and Chinese populations 

noted simi.lar efficacy of diet and exercise in preventing or delaying type 

2 DM; acarbose, metformin, thiazolidinediones, and o rlistat prevent o r 

delay type 2 DM but are not approved for this purpose. When adminis­

tered to nondiabetic individuals for other reasons {cardiac, cholesterol 

lowering, etc.), pravastatin reduced the number of new cases of diabe­

tes. Individuals with a strong family history of type 2 DM and individu­

als with IFG or IGT should be strongly encouraged to maintain a 

normal BM! and engage in regular physical activity. Pharmacologic 

therapy for individuals with prediabctes is currently controversial be­

cause its cost-effectivem:ss and safety profile arc not known. A recent 

ADA Consensus panel concluded that metformin, but not other medi­

cations, could be considered in individuals with both IFG and IGT who 

are at very high risk for progression to diabetes (age < 60 years, BMI ;i, 

35 kg/m2, family history of diabetes in first-degree relative, elevated tri­

glycerides, reduced HDL, hypertension, or AlC > 6.0%). 

GENETICALLY DEFINED, MONOGENIC 
FORMS OF DIABETES MELLITUS 
Several monogenic forms of DM have been identified. Six different 

variants of MODY, caused by mutations in genes en.coding islet­

enriched transcription factors or glucokinase (Fig. 338-4), are trans­

mitted as autosomal dominant disorders. MODY 1, MODY 3, and 

MODY 5 are caused by mutations in the hepatocyte nuclear transcrip­

tion factor (HNF) 4a, HNF- la, and HNF-lB, respectively. As their 

names imply, these transcription factors are expressed in the liver but 

also in other tissues, including the pancreatic islets and kidney. These 

factors most likely affect islet development or the expression of genes 

important in glucose-stimulated insulin secretion or the maintenance 

of beta cell mass. For example, individuals with an HNF- 1 a mutation 

have a progressive decline in glycem1c control but respond to sulfonyl-

ureas. In fact, some of these patients were initially thought 

type I DM but were later shown to respond 10 a sulfonylurea to 

sulin was disco ntinued. Individuals with a HNF- If1 niutathcn 

progressive impairment of insuli11 ~ecretion, hepatic insulin r 10.n 

and require insulin treatment (minimal response to su(fo es:st 

These individual often have other abnormalities such as reny Ur 

mild p~c~eatic ex~crinc insufficiency, and abno~mal liver ~~I 
tests. lnd1V1duals with MODY 2, the result of mutations in the t 
nase gene, have mild-to-moderate, stable hyperglycemia that Ju 
respond to oral hypoglycemic agents. Glucokinase catalyzes t~es 

mation of glucose-6-phosphate from glucose, a reaction that i . ~ 

tant for glucose sensing by the beta cells and for glucose Utilizs 
1
'.11" 

the liver. As a result of glucokinase mutations, higher glucose 1:t\n 

required to elicit insulin secretory responses, thus altering the s vc aw 
for insulin secretion. MODY 4 is a rare variant caused by muta~~ Poi-, 

the insulin promoter factor (IPF) I, which is a transcription fac/07r: 
regulates p~ncrc_atic_ devclop~ent and insulin gen~ transcriptio~'. lica'. 
moz:ygous 111acttvat111g mutations cause pancreatic agenesis, IYh 

heterozygous mutations result in DM. Studies of populations "I. 
type 2 DM suggest that mutations in MODY-associated genes a/''!( 
( <5%) causes of type 2 DM. 

111t 
Transient o r permanent neonatal. diabetes_ (onset < 6 months ci 

age) m~y ~e ca~1sed by s~vera_l genetic_ mutations and requires tree1,, 

ment with 111suhn. Mutations 111 subumts of the ATP-sensitive potalll, 

um channel subunits ( Kir6.2 ai~d ABCC8) ( Fig. 338-4) are the lllaJll 

cat!scs ~f per~1anent neo~atal d1ab~tcs. Althoug~ these activating rnu­
tat1ons 1mpa1r glucose-st11nulatcd msuhn secretion, these individua:, 

may respond 10 sulfonylureas and improve their glycemic control aail 
can be treated with these agents. Ho mozygous glucokinase mutatioaa 

cause a severe form of neonatal diabetes. 

ACUTE COMPLICATIONS OF OM 
Diabetic ketoacidosis (OKA)_ and hyperglycemic hypcrosmolar state 

(HHS) are acute complications of diabetes. OKA was formerly consid• 

ered a hallmark of type I DM, but it also occurs in individuals who lack 
immunologic features of type l DM and who can subsequently be trea 

ed with oral glucose-lowering agents (these obese individuals with ty~ 

2 DM are often of Hispanic or African-American descent). HHS is pi 
marily seen in individuals with type 2 DM. Both disorders are associit 

ed with absolute or relative insulin deficiency, volume depletion, and 
acid-base abnormalities. OKA and HHS exist along a continuum of hy­

perglycemia, with or without ketosis. The metabolic similarities and 

differences in OKA and HHS arc highlighted in Table 338-4. Both disor 

LABORATORY VALUES IN DIABETIC KETOACIDOSIS (DKA) 

AND HYPERGLYCEMIC HYPEROSMOLAR STIITE (HHS) 

(REPRESENTATIVE RANGES AT PRESENTATION) 

Glucose,0 rfimoVL (mg/dl.} 

Sodium, meq/L 
Potassium0 

Magnesium• 
Chloride" 
Phosphace0 

Creat1nine 
Osmolalny (mOsm/mL) 
Plasma ketones• 
Serum bicarbonate,0 meq/L 

Arterial pH 
Arterial Pco2.0 mmHg 
Anion gap0 [Na - (Cl+ HCO3)J 

OKA HHS 

13.9-33.3 
(250-600) 

125- 135 
Normal tot 
NormaJb 
Normal 
L 
Slightly t 
300-320 
++++ 
<lS meq/L 

6_8-n 
20-30 
t 

33.3-66.6 
(600-l }00) 

135-145 
Normal 
Normal 
Normal 
Normal 
Moderately I 
330-JSO 
+/­
NormaltO 

slightly I 
,-7.3 
Noff!1<11 
Normal to 

~ -------- ---------
"l,a r g e changes occur during ueatment or OKA st01e1 

bAlthough plasma levels may be normal or high at presentation. 101al-boOY 

usually depleted 

th 
ph 
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MANIFESTATIONS OF DIABETIC KETOACIDOSIS 

mP~:'~omiting 
N~. srfpolyuria 
T}llf I • 
t,c1omina pain 

~liortne~s of breath 
. taring events 

eO~uate insulin administranon 
lr~eet1on (pneumonia/UT!/ 
In astroenteritlslsepsis) 

furctlon (cerebral, coronary, 
In mesenteric, peripheral) 

[)fUgs (cocaine) 
pregnancy 

~ nnary 1rac1 infectoon 

Physical findings 
Tachycardia 
Dehydration/hypotension 
Tachypnea/Kussmaul respirations/ 

resplratoiy distress 
Abdominal tenderness (1rny 

resemble acute pancreatitis or 
surgical abdomen) 

Lethargy/obtundation/cerebral 
edema/possibly coma 

e associated with potentially serious complications if not prompt­
~aJ d 
lydiagnosed and treate • 

flA&ETIC KlTOACIDOSIS . . . 

e111·,al Features The symptoms and physical signs of DKA are listed 

~ hie 338-5 and usually develop over 24 h. DKA may be the initial' 

in 
13 d. • f DM b 

ll·mptom complex: that _lea?s. to a ia_gnosis o . type l. , ut more 

~uently it occurs m md1v'.duals with e~tabhshed d_iabet~s. ~~usea 

d vomiting are often prominent, and their presence man 111d1v1dual 

~th diabetes warrants laboratory evaluation for DKA. Abdominal 
M • . d 
pain may be severe and can resemble acute pancreat1tdis o

1
r ~uptured 

,iscus. Hyperglycemia leads to glucosuria, volume ep et101~, a~ 

ta<hycardia. Hypotension can occur _beca~se of volume depl~tio? m 

rombination with peripheral vasod1latat1on. Kussmaul respirations 

ind a fruity odor on the patient's breath (secondary to metabolic aci­

dosis and increased acetone) are classic signs of the disorder. Lethargy 

IJld central nervous system depression may evolve into coma with se­

vere DKA but should also prompt evaluation for other reasons for al­

tered mental status (infection, hypoxia, etc.). Cerebral edema, an 

extremely serious complication of OKAJ is seen most frequently io 

children. Signs of infection, which may precipitate DKA, should be 

iought on physical examination, even in the absence of fever. Tissue is­

chemia (heart, brain) can also be a precipitating factor. 

t,lhophysiology Dl<A res:tlts from relative or a~solute insulin defi­

ckncy combined with counterregulatory hormonj: excess (glucagon, 

atecholamines, cortisol, and growth hormone). Bolh insulin deficien­

tyand glucagon ex:cess, in particular, are necessary for DKA to develop. 

The decreased ratio of insulin to glucagon promotes gluconeogenesis, 

glycogenolysis, and ketone body formation in the liver, as well as in­

treases in substrate delivery from fat and muscle (free fatty acids, ami­

no acids) to the liver. 
The combination of insulin deficiency and hyperglycemia reduces 

ththepatic level of fructose-2,6-phosphate, which alters the activity of 

phosphofructokinase and fructose-1,6-bisphosphatase. Glucagon ex­

~ decreases the activity of pyruvate kinase, whereas insulin deficien­

t)'tncreases the activity of phosphoenolpyruvate carboxykinase. These 
thanges shift the handling of pyruvate toward glucose synthesis and 

~y from glycolysis. The increased levels of glucagon and catechol­

:es in the face of low insulin levels promote glycogenolysis. Insulin 

iency also reduces levels of the GLUT4 glucose transporter, which 

illlpairs glucose uptake into skeletal muscle and fat and reduces intra­

ttllular glucose metabolism (Fig. 338-5). 

d'ketosis results from a marked increase in free fatty acid release from 

~-:Pocytes, with a resulting sl~ift towa_rd ~etone_ body syr~thesi~ in the 

ch r. Reduced insuliri levels, m combmatton with elevations Ill cate­

~latnines and growth hormone, increase lipolysis and the release of 

~ f~tty acids. Normally, thes"I? fret fat!)_' _acids are converted to tr!­

al( cendes or VLDL in the liver. However, 1n.PKA, hyperglucagoncmia 

tj,,.:r~ hepatic metabolism :o favor ketone body formation, through ac­

Crii~ion of the enzy'.11e carnitine_ palmitoyltrans7erase 1. Th_is enzyme_ is 

ial for regulatmg fatty acid transport mto the mitochondria, 
..... 

where beta oxidation and conversion to ketone bodies occur. At physi­

ologic pH, ketone bodk; exist as ketoacicls, which are neutralized by 

bicarbonate. As bicarbonate stores are depleted, metabolic acidosis en­

sues. Increased lactic acid production also contributes to the acidosis. 

The increased free fatty acids increase triglyceride and VLDL production. 

VLDL clearance is also reduced because the activity of insulin-sensi­

tive lipoprotcin lipose in muscle and fat is decreased. Hypcrtriglyceri­

demia may be severe enough to cause pancreatitis. 

DKA is initiated by inadequate levels of plasma insulin (Table 338-5). 

Most commonly, OKA is precipitated by increased insulin require­

ments, as might occur during a concurrent illness. Failure to augment 

insulin therapy often compounds the problem. OccasioqlllY, complete 

omission of insulin by the patient or health care team (in a hospital­

ized patient with type I OM) precipitates OKA. Patients using insulin 

infusion devices with short-acting insulin are at increased risk of OKA, 

since even a brief interruption in insulin delivery (e.g., mechanical 

malfunction) quickly leads to insulin deficiency. 

Laboratory Abnormalities and Diagnosis The timely diagnosis of DKA 

is crucial and allows for prompt initiation of therapy. DKA is charac­

terized by hyperglycemia, ketosis, and metabolic acidosis (increased 

anion gap) aluu11 with a number of secondary metabolic derange­

ments (Table 338-4). Occasionally, the serum glucose is only minimal­

ly elevated. Serum bicarbonate is frequently ~ JO mmol/L, and arterial 

pH ranges between 6.8 and 7.3, depending on the severity of the aci­

dosis. Despite a total-body potassium deficit, the serum potassium at 

presentation may be mildly elevated, secondary to the acidosis. Total­

body stores of sodium, chloride, phosphorous, and magnesium are 

also reduced in DKA b:.it are not accurately reflected by their levels in 

the serum because of dehydration and hyperglycemia. Elevated blood 

urea nitrogen (BUN) and serum creatinine levels reflect i.ntravascular 

volume depletion. Interference from acetoacetate may falsely elevate 

the scrum creatinine measurement. Leukocytosis, hypertriglyceride­

mia, and hyperlipoproteinemia are commonly found as well. Hyper­

amylasemia may suggest a diagnosis of pancreatitis, especially when 

accompanied by abdominal pain. However, in DKA the amylase is 

usually of salivary origin and thus is not <liagnostic of pancrcatitis. Se­

rum lipase should be obtained if pancreatitis is suspected. 

The measured serum sodium is reduced as a consequence of the hy­

perglycemia [ 1.6-mmol/L ( 1.6 meq) reduction in serum sodium for 

each 5.6-mmol/L ( LOC mg/dL) rise in the serum glucose]. A normal 

sernm sodium in the setting of DKA indicates a more profound water 

deficit. fn "conventional" units, the calculated serum osmolality [2 x 

(serum sodium+ serum potassium) + plasma glucose (mg/dL)/18 + 

BUN/2.8] is mildly to moderate!~ elevated, though to a lesser degree 

than that found in HHS (see below). 
In OKA, the ketone body, ~-hydroxybutyrate, is synthesized at a tlme­

fold greater rate than acetoacetate; however, acetoacetate is preferentially 

detected by a commonly used ketosis detection reagent (nitroprusside). 

Serum ketones are present at significant levels (usually positive at serum 

dilution of~ I :8). The nitroprusside tablet, or stick, is often used to detect 

urine ketones; certain medications such as captopril ur p~nicillamine 

may cause false-positive reactions. Serum or plasma assays for ~-hydrox­

ybutyrate more accurately reflect the true ketone body level. 

The metabolic derangements of DKA exist along a spectrum, begin­

ning with mild acidosis with moderate hyperglycemia evolving into 

more severe findings. The degree of acidosis and hyperglycemia do not 

necessarily correlate closely since a variety of factors determine the lev­

el of hyperglycemia (oral intake, uriuary glucose loss). Ketonemia is a 

consistent finding in OKA and distinguishes it from simple hypergly­

cemia. The differential diagnosis of DKA includes starvation ketosis, 

alcoholic ketoacidosis (bicarbonate usually > 15 meq/L) and other in­

creased anion gap acidosis (Chap. 48). 

II DIABETIC KETOACIDOSIS 
The management of UKA 1s outlined In Table 338-6. After initiating IV fluid 

replacement and insulin therapy, the agent or event that precipitated the 
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1. Confirm diagnosis (t plasma glucose, positive serum ketones, metabolic acidosis). 
2. Admit to hospital; intensive·ca1e )eIt1ng may be necessary for frequent monitoring or If pH < 7 .00 or unconscious. 
3.Assess, 

Serum electrolytes (K+, Na+, Mg2+, Cl-, bicarbonate, phosphate) 
Acid-base status-pH, HC03- Pc02, ~-hydroxybutyrate Renal function (creatinine, urine output) 

4. Replace fluids: 2-3 L of 0.9% saline over tirst 1-3 h (10-1S mllkg per h:>ur); subsequently, 0.45% saline at 1 S0-300 mUh; change to 5% glu- .. cose and 0.45% saline at 100-200 mUh Nhen plasma glucose reaches 2S0 mg/dl (14 mmol/L). 
5. A:Jminister short-acting insulin; IV (0.1 units/kg} or IM (0.3 units/kg), tl->en 0.1 units/kg per hour by continuou; IV infusion; increase 2· to 3· fold if no response by 2-4 h. If initial serum potassium Is < 3.3 mmol/L (3.3 meq/L), do not administer insulin until the potassium is corrected to > 3.3 mmol/L (3.3.meq/L). 
6. Assess patient: What precipitated the episode (noncompliance, infection, trauma, infarction, cocaine)? Initiate appropriate workup for precipitating event (cultures, CXR, ECG). 
7 Measure capillary glucose every 1-2 h; measure electrolytes (especially K+. bicarbonate, phosphate) and anion gap every 4 h for first 24 h. 8. Monitor blood pressure, pulse, respirations, mental status, fluid intake and output every 1-4 h. 
9. Replace K•: 10 meq/h when plasma K• < 5.5 meq/l, ECG normal, urine now and normal creatlnine documented; administer 40-80 meq/h when plasma K• < 3.5 meq/L or if bicarbonate is given. 

10. Continue above until patient is stable, glucose goal is 150-250 mg/dl, and acidosis Is resolved. Insulin infusion may be decreased to 0.05- 0.1 un ts/kg per hour. 
11 . Administer intermediate or long-acting Insulin as soon as patient is eating. Allow for overlap in insulin infusion and subcutaneous insulin injection. 

Note: CXR. chest x-ray; ECG, electrocardiogram. 
Source: Adapted from M Sperltng, In Therooy for Diabetes Me/lieus and ReJored Diso,ders, America, Ooabetes Assooatlon, Alexandrid, VA, 1998; and At Kitabchi et al: Diabetes Care 29:1739, 2006. 

episode of OKA should be sought and aggressively treated. If the patient is vomiting or has altered mental status, a nasogastric tube should be inserted to prevent aspiration of gastric contents. Central to successful treatment of OKA is ca·eful monitoring and frequent reassessment to ensure that the pa­tient and the metabolic derangements are improving. A comprehensive flow sheet should record chronologic changes in vital signs, fluid intake and output, and laboratory values as a function of insulin administered. 
After t,1e initial bolus of normal saline, replacement of the sodium and free wate· deficit is carried out over the next 24 h (fluid deficit is often 3- 5 l). When hemodynamic stability and adequate urine output are achieved, IV fluids should be switched to 0.45% saline at a rate of 200-300 ml/h, de· pending on thP calculated volume deficit. The change to 0.45% saline helps to ,educe the trend toward hyperchloremia later in the course of OKA Alternatively, initial use of lactated Ringer's IV solution may reduce the hyperchloremia that commonly occurs with normal saline. 
A bolus of IV (0.1 units/kg) or IM (0.3 units/kg) short-acting insulin should be administered immediately (Table 338-6), and subsequent treatment should provide continuous and adequate levels of circulating insulin. Intra­venous administration is preferred (0.1 units/kg per hour), because it assures rapid distribution and allows adjustment of the infusion rate as the patient responds t::> therapy. In mild episodes of OKA. sl-ort-acting insulin analogues can be used subcutaneously. Intravenous regular insulin should be contin­ued until the acidosis resolves and the patient is metabolically stable. As the acidosis and insulin resistance associated with OKA resolve, the insulin infu­sion rate can be decreased (to 0.05-0.1 units/kg per hour). Intermediate or long-acting insulin, in combination with SC short-acting insulin, should be administered as soon as the patient resumP~ ea:ing, as this facilitates transi· tion to an outpatient insulin regimen and reduces length of hospital stay. It is crucial to continue the insulin infusion until adequate insulin levels are achieved by the SC route. Even relatively brief periods of inadequate insulin administration in this transition phase may result in OKA relapse. 

Hyperglycemia usually improves at a rate of 4.2-5.6 mmol/L (75- 100 mg/dl) per hour as a result of insulin-mediated glucose disposal, reduced 

hepatic glucose release, and rehydration. The latter reduces amines, increases urinary glucose loss, and expands the intrava catech ume. The decline in the plasma glucose within the first 1- 2 h ITlilscular rapid and is mostly related to volume ~xµanslon. When the plas.1a be OJI)(, reaches 13.9 mmol/L (250 mgldl), glucose should be added to h 9lucase, saline infusion to maintain the plasma glucose in the 11. 1 _ 13 ~ e 0,4596 (200-250 mg/dl) range, and the lnsu in infusion should be con;i O'\rnotll_ toacidosis begins to resolve as insulin reduces lipolysis, increas@s nu~. ~e al ketone body use, suppresses hepatic ketone body forrnai'er,Pher promotes bicarbonate regeneration. However, the acidosis and k ion, dr)d solve more slowly than hyperglycemia. As ketoacidosis improv!to5l5 re droxybutyrate is converted to acetoacetate. Ketone body lev ~• B·hy 
appear to increase if measured by laboratory assays that use then: 5 

lllay side reaction, which only ~etects acet:>acetate and acetone. ThP. i~ 0
Prus. ment in acidosis and anion gap, a resJlt of bicarbonate regenerati:ro""­decline in ketone bodies, is reflected by a rise in the serum bicar~ a_rtd level and the arterial pH. Depending on the rise of serum chloride th n•~ ion gap (but not bicarbonate) will normalize. A hyperchloremic 'ac'de a11-. f 

I 0~ [serum b,carbonatP n 15-18 mmol/L (15 18 meq/L}J orten rollows cessful treatment and gradually resolves as the kidneys regenerate b~uc­bonate and excretes chloride. car-
Potassium stores are depleted in OKA (estimated deficit 3-5 mmol/k (3-5 meq/kg)]. During treatment with insulin and fluids, various ractr g contribute to the development of hypokalemia. These include lnsulin-m: diated potassium transport into cells, resolution of the acidosis (which also promotes potassium entry into cells), a1d urinary loss of potassium salts of organic acids. Thus, potassium repletion should commence as soon as ad­

equate urine output and a normal se,um potassium are documented. If the initial serum potassium level is elevated, then potassium repletion should be delayed until the potassium falls into the normal range. Inclu­sion or 20-40 meq of potassium in each liter of IV fluid is reasonable, but additional potassium supplements may also be required. To reduce the amount of chloride administered, potassium phosphate or acetate can be substituted for the chloride salt. The gml is to maintain the scrum pota,11· um >3.5 mmol/L (3.5 meq/L). lfthe initial serum potassium is <3.3 mmol/L (3.3 meq/L), do not administer insulin until the potassium is supplemented to >3.3 mmol/l (3.3 meq/l). 
Despite a bicarbonate deficit, bicarbonate replacement is not usually necessary. In fact, theoretical arguments suggest that bicarbonate admi11· istration and rapid reversal of acidosis rray impair cardiac function, reduce tissue oxygenation, and promote hypokalemia. The results of most clinical trials do not support the routine use of bicarbonate replacement, and one study ,n children found that bicarbona:e use was associated with an in· creased risk of cerebral edema. However in the presence of severe ac,dosis (arterial pH < 7.0 after initial hydration), the ADA advises bicarbonate [50 mmol/l (meq/l) of sodium bicarbonate in 200 ml of sterile water with 10 meq/l KCI over 1 h if pH= 6.9-7.0; or 1 QC mmol/L (meq/L) of sodium bicar· bonate in 400 ml of sterile water with 20 meq/L KCI over 2 h if pH < 6.91 Repeat the dose of bicarbonate every 2 h until the arterial pH is >7.0. Hy· pophosphatemia may result from increased glucose usage. but random· ized clinical trials have not demonstrated that phosphate replacement 15 

beneficial in OKA. If the serum phosphate< 0.32 mmol/L (1.0 mgldl), then phosphate suppletpent should be considered and the serum calcium monitored. Hypom~gnesemia may develop during OKA therapy and may also require supplementation. 
1 With appropriate therapy, the mortality of OKA is low (<5%) and is rela • ed more to the underlying or precipitating event, such as infection or m~ cardial infarction. The major nonmetabolic complication of OKA therapy~ cerebral edema, which most often develops in children as OKA is resolvinb: The etiology of and optimal therapy for cerebral edema are not well e5la us lished, but overreplacement of free water should be avoided. ven~ss thrombosis, upper gastrointestinal bleedi1g, and acute respiratory diStr 

syndrome occasionally complicate OKA. . h se· Following treatment, the physician and patient should review t ~st quence of events that led to UKA to prevent future recurrence~- fore tors, is patient education about the symptomi of OKA, its precipitating r?~ ill· and the management of diabetes during a concurrent illness. our, endY ness or when oral intake is compromised, patients should: (1) freQ:hen measure the capillary blood glucose; (2) measure urinary ketones lntain the serum glucose > 16.5 mmol/L (300 mg/dl); (3) drink fluids to mation if hydration; (4) continue or increase insulin; and (5) seek mP.dical atten 
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ration, persistent vomiting, or uncontrolled hyperglycemia develop. 
,jeilYo hese strategies, early DK/I, can be prevented or detected and treat­
t!~11g t opriately on an outpatient basis. 
e(l a9pr 

RGLYCEMIC HYPEROSMOLAR STATE 
H(P~ al features The prototypical patient with HHS is an elderly in­
dt~~ al with type 2 DM, with a several week history of polyuria, 
Ji~• i loss, and diminished oral intake that culminates in mental con­
.~•_g 

1 
lethargy, or coma. The physical examination ,eflects profound 

~t~;ation and hyperosmolality and reveals hypotension, tachycar-
0: y nd ,iltered mental status. Notably absent are symptoms of nausea, 
dl3•~ting, and abdominal pain and the Kussmaul respir.ations charac­
i•(ll·Jlrt'c of DKA. HHS is often precipitated by a serious, concurrent ill-
tcris d' 1 • ' • k • t11>S such as m~otr . 1a 111,arctf10n or stro e .. S~ps1s, pnedumonia, and 
ther serious 1.11 ect10ns are requent prec1p1tants an should be 

0 ght. Jn addition, a debilitating condition (prior stroke or demen­
~~ or social situation that compromises water intake usually cootrib­
~~e; to the development of the disorder. 

pathopbysiology Relative insulin deficiency and inadequate fluid in­
take are the underlying causes of HHS. Insulin deficiency increases he­
patic glucose production (th~ough glycogenolysis and gluconeogenesis) 
ind impairs glucose utilization in skeletal muscle (see above discussion 
of DKA). Hyperglycemia induces an osmotic diuresis that leads to in­
travascular volume depletion, which is exacerbated by inadequate fl~d 
replacement. The absence of ketosis in HHS is not completely under­
stood. Preswnably, the insulin deficiency is only relative and less severe 
than in DKA. Lower levels of counterregulatory hormones and free fat­
l)'acids have been found in HHS than in DKA in some studies. It is also 
possible that the liver is less capable of ketone body synthesis or that the 
insulin/glucagon ratio d_oes not favor ketogenesis. 

laboratory Abnormalities and Diagnosis The laboratory features in 
HHS are summarized in Table 338-4. Most notable are the marked hy­
perglycemia [plasma glucose may be >55.5 mmol/L (1000 mgldL)I, 
hyperosmolality (>350 mosmol/L), and prerenal azotemia. The meas­
ured serum sodium may b~ normal or slightly low despite the marked 
hyperglycemia. The corr!lcted serum sodium is usually increased [add 
l.6meq to measured sodium for each 5.6-mmol/1 (l~O mg/dL) rise in 
lhe serum glucose]. In contrast to DI0\, acidosis anp ketonemia are 
absent or mild. A small anion gap metabolic acidosis'may be present 
secondary to increased lactic acid. Moderate ketonuria, if present, is 
secondary to starvation. 

I HYPERGLYCEMIC HYPEROSMOLAR STATE 
Volume depletion and hyperglycemia are prominent features of both HHS 
•nd DKA. Consequently, therapy of these disorders shares several elements 
ffable 338-6). In both disorders, careful monitoring of the patient's fluid 
llatus, laboratory values, and insulin infusion rate is crucial. Underlying or 
r~ipitating problems should be aggressively sought and treated. In HHS, 
/ id losses and dehydration are usually more pronounced than in DKA 

0~~ to the longer duration of t1e illness. The patient with HHS is usually 

1
tr, more likely to have mental status changes, and more likely to have a 
Ee-threatening precipitating event with accompanying comorbdities. 

0
",e,n With proper treatment, HHS has a substantially higher mortalit'f than 
"" (up to 15% in some clinical series). ' 

lh Fluid replacement should initially stabilize the hemodynamic status of 
fl e Patrent (1-3 L of 0.9% normal saline over the first 2-3 h). Because the 

0
~d deficit in HHS is accuriulated over a period of days to weeks, the ra­

w ,ty of reversal of the hyperosrnolar state must balance the need rur free 
~ter repletion with the risk that too.-rap)d a reve(sal·tnay wor~.en.oeuro­
li re function. If the serum sgdium > 1 sq·mrnolfJ,. (_i-sg_meq/L), 0.45% sa­
a~e sh_ould be used. After hemodynami~ stabiliJY 15 achieved, the I'/ fluid 
k ~ 1_nrstration is directed at reversing the free water dMicit using hypoton­
~t Utds (0.45% saline initially then 5% dextrose in water, D5W). The calcu­
theed free water deficit (wbth averages 9- 1 O L) should be rever~ed over 

next 1- 2 days (infusion rates of 200-300 ·muh of hypotonic solution). 

Potassium repletion is usually necessary and should be dictated by repeat­
ed measurements of the serum potassium. In patients taking diuretics, the 
potassium deficit can be quite large and may be accompanied by magne­
sium deficiency. Hypophosphatemia may occur during therapy and can be 
improved by using KPO4 and beginning nutrition. 

As in DKA, rehydration and volume expansion lower the plasma glucose 
initially, but insulin is also fequired. A reasonable regimen for HHS begins 
with an IV insulin bolus of 0.1 units/kg followed by IV insulin at a constant 
infusion rate of 0.1 units/kg per hour. If the serum glucose does not fall, in­
crease the insulin infusion rate by twofold. As in DKA, glucose should be 
added to IV fluid when the plasma glucose falls to 13.9 mmolll\J~so mg/dl), 
and the insulin infusion rate should be decreased to 0.05-0.1 units/kg per 
hour. The insulin infusion should be continued until the patient has re­
sumed eating and can be transferred to a SC insulin regimen. The patient 
should be discharged from the hospital on insulin, though some patients 
can later switch to oral glucose-lowering agents. 

CHRONIC COMPLICATIONS Of OM 

The chronic complications of DM affect many organ systems and are 
• responsible for the majority of morbidity and mortality associated with 

the disease. Chronic complications can be divided into vascular and 
nonvascular complications (Table 338-7). Th,vascular complications 
of DM are further subdivided into microvascular (retinopathy, neurop­
athy, nephropathy) and macrovascular complications [coronary artery 
disease (CAD), peripheral arterial disease (PAD), cerebrovascular dis­
ease]. Nonvascular complications include problems such as gastroparesis, 
infections, and skin changes. Long-standing diabetes may be associated 
with hearing loss. Whether type 2 DM in elderly individuals is associat­
ed with impaired mental function is not clear. 

The risk of chronic complications increases as a function of the du­
ration of hyperglycemia; they usually become apparent in the second 
decade of hyperglycemia. Since type 2 DM often has a long asympto­
matic period of hyperglycemia, many individuals with type 2 DM have 
complications at the time of diagnosis. 

The microvascular complications of both type I and type 2 DM re­
sult from chronic hyperglycemia. Large, randomized clinical trials of 
individuals with type I or type 2 DM have conclusively demonstrated 
that a reduction in chronic hyperglycemia prevents or delays retinopa­
thy, neuropathy, and nephropathy. Other incompletely defined factors 
may modulate the development of complications. For example, de­
spite long-standing DM, some individuals never develop nephropathy 
or retinopathy. Many of these patients have glycemic control that is in­
distinguishable from those who develop microvascular complications, 
suggesting that there is a genetic susceptibility for developing particu­
lar complications. 

Evidence implicating a causative role for chronic hyperglycemia in 
the development of macrovascular complications is less conclusive. 

UM!IUP CHRONIC COMPLICATIONS OF DIABETES MELLITUS 

Microvascular 
Eye disease 

Retinopathy (nonproliferative/proliferative) 
Macular edema 

Neuropathy 
Sensory and motor (mono- and polyneuropathy) 
Autonomic 

Nephropathy 
Macrovascular 

Coronary artery disease 
Peripheral arterial disease 
Cerebrovascular disease 

Other 
Gastrointestinal (gastroparesis, diarrhea) 
Genitourinary (uropathy/sexual dysfunction) 
Derrnatologic 
Infectious 
Cataracts 
Glaucoma 
P~riodontal disease 
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However, coronary heart disease events and mortality are two to four 
times greater in patients with type 2 DM. These events correlate with 
fasting and postprandial plasma glucose levels as well as with the AlC. 
Other factors (dyslipidemia and hypertension) also play important 
roles in macrovascular complications. 

MECHANISMS OF COMPllCATIONS 
Although chronic hyperglycemia is an important etiologic factor 
leading to complications of DM, the mechanism(s) by which it leads 
to such diverse cellular and organ dysfunction is unknown. Four 
prominent theories, which are not mutually exclusive, have been pro-'" 
posed to explain how hyperglycemia might lead to the chronic com­
plications of DM. 

One theory is that increased intracellular glucose leads to the 
formation of advanced glycosylation end products (AGEs) via the 
nonenzymatic glycosylation of intra- and extracellular proteins. Non­
enzymatic glycosylation results from the interaction of glucose with 
ami110 groups on protei11s. AGEs have been shown to cross-lmk proteins 
(e.g., collagen, extracellular matrix proteins), accelerate athew~ue!rusis, 
promote glomerular dysfunction, reduce nitric oxide synthesis, induce 
endothelial dysfunction, and alter extracellular matrix composition 
and structure. The serum level of AGEs correlates with the level of 
glycemia, and these products accumulate as glomerular filtration rate 
declines. 

A second theory is based on the observation that hyperglycemia 
increases glucose metabolism via the sorbitol pathway. Intracellular 
glucose is predominantly metabolized by phosphorylation and subse­
quent glycolysis, but when mcreased, some glucose is converted to sor­
bitol by the enzyme aldose reductase. Increased sorbitol concentration 
alters redox potential, increases cellular osmolality, generates reactive 
oxygen species, and likely leads to other types of cellular dysfunction. 
However, testing of this theory in humans, using aldose reductase in­
hibitors, has not demonstrated significant beneficial effects on clinical 
endpoints of retinopathy, neuropathy, or nephropathy. 

A third hypothesis proposes that hyperglycemia increases the for­
mation of diacylglycerol leading to activation of protein kinase C 
(PKC). Among other actions, PKC alters the transcription of genes for 
fibronectin, type IV collagen, contractile proteins, and extracellular 
matrix proteins in endothelial cells and neurons. Inhibitors of PKC are 
being studied in clinical trials. 

A fourth theory proposes that hyperglycemia increases the flux 
through the hexosamille pathway, which generates fructose-6-phos­
phate, a substrate for O-linked glycosylatton and proteoglycan pro­
duction. The hexosamine pathway may alter function by glycosylation 
of proteins such as endothelial nitric oxide synthase or by changes in 
gene expression of transforming growth factor f3 (TGF-13) or plasmin­
ogen activator inhibitor-I (PAI-I). 

Growth factors appear to play an itnpurtant role in OM- related 
complications, and their production is increased by most of these pro­
posed pathways. Vascular endothelial growth factor A (VEGF-A) is in­
creased locally in diabetic proliferative retinopathy and decreases after 
laser photocoagulation. TGF-13 is increased in diabetic nephropathy 
and stimulates basement membrane production of collagen and fi­
bronectin by mesangial cells. Other growth factors, such as platelet­
derived growth factor, epidermal growth factor, msulin-like growth 
factor I, growth hormone, basic fibroblast growth factor, and even in­
sulin, have been suggested to play a role in OM-related complications. 
A possible UJ1ifying mechanism is that hyperglycemia leads to in­
creased production of reactive oxygen species or superoxide in the mi­
tochondria; these compounds may activate all four of the pathways 
described above. Although hyperglycemia serves as the initial trigger 
for complications of diabetes, it is still unknown whether the ~ame 
pathophysiologic processes are o perative in all complications or 
whether some pathways predominate in certain organs. 

GLYC£MIC CONTROL AND COMPllCATIONS 
The Diabetes Control and Complications Trial (DCCT) provided de­
finitive proof that reduction in chronic hyperglycemia can prevent 

many of the early complications of type l DM. This large 
clinical trial randomized over 1400 individuals with type ~It 
ther intensive or conventional diabe,es management, and p ~ ~ 
ly evaluated the development of retinopathy, ncphro;ost 
neuropathy. Individuals ill the intensive diabetes manage

111 
at Y, 

received multiple adm i11istrations of insulin each day alon:Ot., 
tensive educational, psychological, and medical support. ln~~1~h 
in the conventional diabetes management group received h/\>1 

insulin injections and quarterly nutritional, educational, ant;: 
evaluation. The goal in the former group was normoglycemiu• hhnlj 
in the latter group was prevention of symptoms of diabetes. I td~e. 
als in the intensive diabetes management group achieved a subn 
ly lower hemoglobin AIC (7.3%) than individuals in the con/ta~ . entio•.a. diabetes management gro_up (9. I%). -

The DCCT demonstrated that improvement of glycemic COntr 
duced nonproliferative and proliferative retinopathy (47% redu ~I 
microalbuminuria (39% reduction), clinical nephropathy (s4~1 
duction), and neuropathy (60% reduction). Improved glycemic 
rrol also slowed the progression of early diabetic complications.;:"' 
was a nonsignificant trend in reduction of macrovascular events du ~ 
the trial (most individuals were young and had a low risk of cardi~ 
cular disease). The results of the DCCT predicted that individuals ib 
the intensive diabetes management group would gai11 7.7 additional 
years of vision, 5.8 additional years free from ESRD, and 5.6 years~ 
from lower extremity amputations. If all complications of DM wtre 
combined, individuals in the intensive diabetes management groll)I 
would experience 15.3 more years of life without significant ml 
crovascular or neurologic complications of DM, compared to indi­
viduals who received standard therapy. This translates into an 
additional 5.1 years of life expectancy for individuals in the intensivt 
diabetes management group. The benefit of the improved glycemic 
cor.trol during the DCCT persisted even •after the study conclt-dcd 
and glycemic control worsened. For example, individuals in the in­
tensive diabetes management group for a mean of 6.5 years had 1 
42-57% reduction in cardiovascular events [nonfatal myocardial in­
farction (MI), stroke, or death from a cardiovascular event] at a mean 
follow-up of 17 years, even though their subsequent glycemic control 
was the same as those in the conventional diabetes managemenl 
group. 

The benefits of an improvement in glycemic control occurred over 
the entire range of A IC values (Fig. 338·8), suggesting that at any AIC 
level, an improvement ill glycemic control is beneficial. The goal of 
therapy is to achieve an A IC level as close to normal as possible, with· 
o ut subjecting the patient to excessive risk of hypoglycemia. 

The United Kingdom Prospective Diabetes Study (UKPDS) studi~ 
the course of >5000 individuals with type 2 OM for> 10 years. Thti 
study utilized mult iple treatment reglmens and monitored the effect 
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LenQlh of follow-up. years • dll· FIGURE 338·8 Relationship of glycemic control and di~bete~ iJl 
ration to diabetic retinopathy. The progression of ret1~opat ~ed 
individuals in the Diabetes Control and Complications Tnal is graJffer· 
as a function of the length of follow-up with different curves fo~ :ions 
ent A 1 C values. (Adapted from The Diabetes Control and comp/Jco 
Trial ,qesearch Group: Diabetes 44:968, 1995.) 
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•ve glycemic control and risk factor treatment on the develop­

of i1tleri;i diabetic complications. Newly diagnosed individuals with 

11'e11t ~M were rand.omi~ed to ( I) intensive rnanagem~nt using vari­

,.-rt 2 nbinations of msuhn, a sulfonylurea, or rnetfonmn; or (2) con­

ous~01 al therapy using dietary modification and pharmacotherapy 

,,nu~~~ goal of sympt?m preven.tion. In a~dition; individu~ls. were 

\\'11h ly assigned to different ant1hypcrtens1ve regimens. lnd1v1duals 

r,nd~~~tensive treatment arm achieved an AIC of 7.0%, compared to 

irt1h ?o AIC in the standard treatment group. The UKPDS demon­

' 7•9e<l that each percentage point reduction in AlC was associated 

it'.Jl 35% reduction in microvascular complications. As in t'le 

"'1~~; there was a continuous relationship between glycemic control 

fX;j d;velopmcnt of complications. Improved glycemic control did 

,n ondusively reduce (nor worsen) cardiovascular mortality but was 

p0l ~-aied with improvement with lipoprotein risk profiles, such as re­
s;oc1c 

J d triglycerides and increased HDL. 

Ju~rie of the major findings of the UKPDS was that strict blood pres-

control significantly reduced both macro- and microvascular 
1ure . 
. n,plications. In fact, the beneficial effee1s of blood pressure control 

:re greater than the beneficial effects of glycemic control. Lowering 

blood pressure to moderate goals (144/82 mmHg) reduced the risk of 

DM•related death, stroke, microvascular end points, retinopathy, and 

Ji<arl failure (risk reductions between 32 and 56%). 

Similar reductions in the risks of retinopathy and nephropathy were 

also seen in a small trial of lean Japanese individuals with type 2 DM 

rJndomized to either intensive glycemic control or standard therapy 

with insulin (Kumamoto study). These results demonstrate the effec­

iiveness of improved glycemic control in individuals of different eth­

nicity and, presumably, a different etiology of OM (i.e., phenotypicalJy 

different from those in the DCCT and UKPDS). 

The findings of the DCCT, UKPDS, and Kumamoto study support 

the idea that chronic hyperglycemia plays a causative role in the patho­

genesis of diabetic microv~scular complications. These landmark 

studies prove the value of metabolic control and emphasize the impor­

unce of ( l) intensive glycemic control in all forms of DM, and (2) ear­

ly diagnosis and strict blood pressure control in type 2 DM. 

OPHTHALMOLOGIC COMPLICATIONS OF DIABETE.S MEllllUS 

OM is the leading cause of blindness between the ages of 20 and 74 in 

the United States. The gravity of this problem is highlighted by the 

finding that individuals with DM are 25 times m6'f-e likely to become 

legally blind than individuals withoutTIM. Blindness is primarily the 
' result of progressive diabetic retinopathy and clinically signifi:ant 

macular edema. Diabetic retinopathy is classified into two stages: non­

proliferative and proliferative. Nonproliferative diabetic retinopathy 

usually appears late in the first decade or early in the second decade of 

the disease and is marked by retinal vascular microaneurysms, blot 

hemorrhages, and cotton wool spots (Fig. 338-9). Mild nonprolifcra­

lJi·e retinopathy progresses to more extensive disease, characterized by 

changes in venous vessel caliber, intraretinal microvascular abnormal­

ities, and more numerous microaneurysms and hemorrhages. The 

~athophysiologic mechanisms invoked in nonprolifcrative retinopathy 

•nclude loss of retinal pericytes, increased retinal vascular permeabili­

(' alterations in retinal blood flow, and abnormal retinal microvascu­

ature, all of which lead to retinal ischemia. 

The appearance of neovascularization in response to retinal hy­

~xia is the hallmark of proliferative diabetic retinopathy (Fig. 338-9). 

ese newly formed vessels appear near the optic nerve and/or macula 

aod rupture easily, leading to vitreous hemorrhage, fibrosis, and ulti­

lllately retinal detachment. Not all individuals with nonproliferative 

relinopathy develop proliferative retinopathy, but the more severe the 

nonproliferative disease, the greater the chance of evolution to prolif­

etyrative retinopathy within 5 years. T!!_i,s creates an .imJ)ortant opportuni­

. f~r early detection and treatment of diabetic retinopathy. Clinically 
11

&n1ficant macular edema can occur when on'ly;;nonproliferative reti­

~
0Pathy is present. Pluorescein angiography i~ -useful to detect macu­

t edema, which is associated with a 25% chance of moderate visual 

oss Over the next 3 years. 

FIGURE 338·9 Diabetic retinopathy results in scattered hemor­

rhages, yellow exudates, and neovascularization. This patient 

has neovascular vessels proliferating from the optic disc, requiring ur­

gent pan retinal laser photocoagulation. 

• Duration of DM and degree of glycemic control arc the best predic­

tors of tl1e development of retinopathy; hypertension is also a risk fac­

tor. Nonproliferative retinopathy is found in ~nost all individuals 

who have had DM for >20 years (25% incidence with S years, and 80% 

incidence with IS years of type I DM). Although there is genetic sus­

ceptibility for retinopathy, it confers less influence than either the du­

ration of DM or the degree of glycemic control. 

m DIABETIC RETINOPATHY 

The most effective therapy for diabetic retinopathy is prevention. Intensive 

glycemic and blood pressure control will delay the development or slow 

the progression uf retinopathy in individuals with either type 1 m type 2 

OM. Paradoxically, during the first 6-12 months of improved glycemic con­

trol, established diabetic retinopathy may transiently worsen. Fortunately, 

this progression is temporary, and in the long term, improved glycemic 

control is associated with less diabetic retinopathy. Individuals with known 

retinopathy are candidates for prophylactic photocoagulation when initi· 

ating intensive therapy. Once advanced retinopathy is present, improved 

glycemic control imparts less benefit, though adequate ophthalmologic 

care can prevent most blindness. 
Regular, comprehensive eye examinations are essential for all individu­

als with OM. Most diabetic '!.ye disease can be successfully treated if de­

tected early. Routine, nondilated eye examinations by the primary care 

provider or diabetes speciaist are inadequate to detect diabetic eye dis­

ease, which requires an ophthalmologist for optimal care of these disor­

ders. Laser photocoagulation is very successful in preserving vision. 

Proliferative retinopathy is u;ually trPiltf'd with panretinal laser photocoag­

ulation, whereas macular edema is treated with focal laser photocoagula­

tion. Although exercise has not been conclusively shown to worsen 

proliferative diabetic retinopathy, most ophthalmologists advise individu­

als with advanced diabetic '!!ye disease to limit physical activities associat­

ed with repeated Valsalva maneuvers. Aspirin therapy (650 mg/d) does not 

appear to influence the natural history of diabetic retinopathy. 

RENAL COMPLICATIONS OF DIABETES MEUITUS 

Diabetic nephropathy is the leading cause of ESRD in the United States 

and a leading cause of OM-related morbidity and mortality. Both mi­

croalbwninuria and macroalbuminuria in individuals with DM are as­

sociated with increased risk of cardiovascular disease. Individuals with 

diabetic nephropathy commonly have diabetic retinopathy. 

Like other microvascular complications, the pathogenesis of dia­

betic nephropathy is related to chronic hyperglycemia. The mecha­

nisms by which chronic hyperglycemia leads to ESRD, though 

incompletely defined, involve the effects of soluble factors (growtl1 

factors, angiotensin II, endothelin, AGEs), hemodynamic alterations 

in the renal microcirculation (glomerular hyperfiltration or hyperper-
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Time from onset 
of diabetes, years 0 3 5 10 15 

II DIABETIC NEPHROPATHY 20 25 
Microalbuminuria Gross proteinuria 

' GFR, mUmin 120 150 150 120 60 <10 

The optimal therapy for diabetic nephr 
prPvention by control of glycernia. A 0Pato~ 
comprehensive diabetes care, microal;u Part 
should be detected at an early stage wh rn,1111, 
tive therapies can be instituted. The reco en e"!'!< 
ed strategy for detecting microalburn~melld 
outlined in Fig. 338-11 and includes nuria 
measurement of the serum creatinine to /nn 
GFR. Interventions effective in slowing ; 111lla 
sion from microalbuminuria to macroalbu ~res, 

Serum creatinine, mg/dl 1.0 0.8 0.8 1.0 >2.0 >5 
FIGURE 338·10 Time course of development of diabetic nephropathy. The relationship 
of time from onset of diabetes, the glomeru1ar filtration rate (GFR), and the serum creatinine are shown. (Adapted from RA DeFranzo, in Therapy for Diabetes Mellitus ar)lf Related Disorders, 3d ed. American Diabetes Association, Alexandria, VA, 1998.) 

fusion, increased glomerular capillary pressure), and structural changes 
in the glomerulus (increased extracellular matrix, basement mem­
brane thickening, mesangial expansion, fibrosis). Some of these ef­
fects may be mediated through angiotensin II receptors. Smoking 
accelerates the decline in renal function. Because only 20-40% of pa­
tients with diabetes develop diabetic nephropathy, additional suscep­
tibility factors remain unidentified. One known risk factor is a fam ily 
history of diabetic nephropathy. 

The natural history of diabetic nephropathy is characterized by a 
fairly predictable sequence of events that was initially defined for indi­
viduals with typ·e 1 OM but appears to be similar in type 2 OM (Fig. 
338-10). Glomerular hyperperfusion and renal hypertrophy occur in 
the first years after the onset of OM and are associated with an increase 
of the glomerular filtration rate (GFR). During the first 5 years of OM, 
thickening of the glomerular basement membrane, glomerular hyper­
trophy, and mesangial volume expansion occur as the GFR returns to 
normal. After 5-10 years of type l OM, -40% of individuals begin to 
excrete small amounts of albumin in the urine. Microalbuminuria is 
defined as 30-300 mg/d in a 24-h collection or 30-300 µg/mg creati­
nine in a spot collection (prf'frrred 111ethod). Although the appearance 
of microalbuminuria in type I OM is an important risk factor for pro­
gression to overt proteinuria (>300 mg/d), only -50% of individuals 
progress to macroalbuminuria over the next JO years. In some individ­
uals with type I diabetes and microalbuminuria of short duration, the 
microalbuminuria regresses. Once macroa.lbuminuria is present, there 
is a steady decline in GFR, and -50% of individuals reach ESRD in 7-
10 years. Once macroalbuminuria develops, blood pressure rises 
slightly and the pathologic changes are likely irreversible. Some indi­
viduals with type I or type 2 OM have a decline in GFR in the absence 
of micro- or macroalbuminuria and this is the basis for assessing the 
GFR on an annual basis u01g serum creatinine. 

The nephropathy thatdevelops in type 2 OM differs from that of 
type I OM in the following respects: (I) microalbuminuria or mac­
roalbuminuria may be present when type 2 OM is diagnosed, reflect­
ing its long asymptomatic period; (2) hypertension more commonly 
accompanies microalbuminuria or macroalbuminuria in type 2 OM; 
and (3) microalbuminuria may be less predictive of diabetic nephrop­
athy and progression to macroalbuminuria in type 2 OM. Finally, it 
should be noted that albuminuria in type 2 DM may be secondary to 
factors unrelated to OM, such as hypertension, congestive heart failure 
(CHF), prostate disease, or infection. Diabetic nephropathy and ESRD 
secondary to OM develop more commonly in African Americans, Na­
tive Americans, and Hispanic individuals than in Caucasians with type 
2DM. 

Type IV renal tubular acidosis (hyporeninemic hypoaldosteronism) 
may occur in type I or 2 DM. These individuals develop a propensity 
to hyperkalemia, which may be exacerbated by medications [espe­
cially angiotensin-converting enzyme (ACE) inhibitors and angio­
tensin receptor blocker.~ (ARBs) ]. Patients with OM arc predisposed to 
radiocontrast-induced nephrotoxicity. Risk factors for radiocontrast­
induced nephrotoxicity are preexisting nephropathy and volume 
depletion. Individuals with DM undergoing radiographic procedures 
with contrast dye should be well hydrated before and after dye expo­
sure, and the serum creatinine should be monitored for 24 h following 
the procedure. 

include: (1) normalization of glycernia (2m)inu, 
• strrc blood pressure control, and (3) administrar t 

ACE inhibitors or ARBs. Oysltpidemia should also be treated '011 Ol 
Improved glycemic control reduces the rate at which microalbumi 

appears and progresses in type 1 and type 2 OM. However, once rna nlllia 
buminuria exists, it is unclear whether improved glycemic control wit~1 
progression of renal disease. Durinq the phase of declining renal fuuc:,avr 
insulin requirements may fall as the kidney is a site of insulin degradation. 
Furt,ermore, many glucose-lowering medications (sulfonylureas and m

0
'
1 

formin) are contraindicated in advanced renal insufficiency. el 
Many individuals with type 1 or type 2 DM develop hypertension. Nu­

merous studies in both type 1 and type 2 OM demonstrate the effective­
ness of strict blood pressure control in reducing albumin excretion and 
slowing the decline in renal function. Blood pressure should be main­
tained at <130/80 mmHg in diabetic individuals without proteinuria A 
slightly lower blood pressure (12sns) should be considered for individuals 
with microalbuminuria or macroalbuminurla (see "Hypertension,'below). 

Either ACE inhibitors or ARBs should be used to reduce the piogress,oo 
from microalbuminuria to macroalbuminuria and the associated decline In 
GFR that accompanies macroalbuminuria in individuals with type 1 or type 2 
OM (see "Hypertension; below). Although direct. comparisons of ACE inhibi­
tors and ARBs are lacking, most experts believe that the two classes of drug1 are equivalent in the patient with diabetes. ARBs can be used as an alternative 
in patients who develop ACE inhibitor-associated cough or angioedema. Al 
ter 2-3 months of therapy in patients with microalbuminuria, the drug dose is 
increased until either the microalbuminuria disappears or the maximum dose 
is reached. If use of either ACE inhibitors or ARBs is not possible, then calcium 
channel blockers (non-dihydropyridine class), beta blockers, or diuretics 
shouk:i be used. However. their efficacy in slowing the fall in the GFR is not 

Urinalysis for Protein 

Test for microalbuminuria • 
(spot collection) 

Exclude conditions that 
transiently increase 
album·n excretion 

Repeat microalbuminuria 
test within 3-6 month 
period 

Exclude conditions that 
transiently increase 
albumin excretion 

Macroalbuminurla 

Two of three 
microalbuminuria tests 
positive 

@ 
- ----1 Begin treatment 

FIGURE 338·11 Screening for microalbuminuria s~ould_ be ~~~ 
fur me:J in patients with type l diabetes for ~ 5 years, in patients di· 
type 2 diabetes, and during pregnancy. Non-diabetes-related co~ n 
tions that might increase microalbuminuria are urinary tract _;nfecti~r~ 
hematuria. heart failure, febrile illness, severe hyperglycemia. self ;n 
hypertension, and vigorous exercise. (Adapted from RA oeF~onzi10, Therapy for Diabetes Mellitus and Related Disorders, 3d ed. Ameocon 
betesPssacia1ion, Alexandria, VA, 1998.) 
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Blood pressu_re w ntrol with any agem is extremely importanr,·put a 
~~~ific benefit in d1abet1c nephropathy, independent pf blood pressure 
lff~as been shown only for ACE inhibitors and ARBs in patients with CM 

,i111,ol ADA suggests modest restrictiur1 ur protein intake i11 diabetic in::li­
rhe with microalbuminuria (0.8 g/kg per day) or macroalbuminuria 

.~oa~kg per day, which is the adult Recommended Qaily Allowance, or 
1,0.B f the daily caloric intake). 
.1096 °i,rology consultation should be considered when the estimated GFR 

NeP l)min per 1.743 m2. Once rnacroalbuminuria ensues, the likelihood 
<~~~ is very high. As compared to nondiabetic individuals, hemodialysis 
of E ents with DM is associated with more frequent complications, such 
nJl3tl tension (due to autonomic neuropathy or loss of reflex tachycar­
;, h: re difficult vascular access, and accelerated progression of retinop­
Ji3), survival after the onset of ESm is shorter in the diabetie; population 
3l~Ypared to nondiabetics with similar clinical features. Atherosclerosis is the 
(Omng cause of death in diabetic individuals on dialysis, and hyperlipidemia 
Wo~id be treated aggressively. Renal transplantation from a living-related 
~ is the preferred therapy but requires chronic immunosuppression. 
. rnbined pancrc<Js-kidney tran$plant offers the promise of normoglyce­
~a and freedom from dialysis. 

MIUR0PATHY AND DIABETES MElLITUS 
Diabetic neuropathy occurs in - 50% of individuals with long-standing 
,ype I and type 2 DM. It may manifest as polyneuropathy, mononcu­
ropathy, and/or autonomic neuropathy. As with other complications 
ofDM, the development of neuropathy correlates with the duration of 
diabetes and glycemic control. Additional risk factors are BM! (the 
greater the BMI, the greater the risk of neuropathy) and smoking. The 
presence of cardiovascular disease, elevated triglycerides, and hyper­
tension is also associated with diabetic peripheral neuropathy. Both 
myelinated and unmyelinated nerve fibers are lost. Because the clinical 
(eatures of diabetic neuropathy are similar to those-of other neuropa-
1hie$, the diagnosis of diabetic neuropathy should be made only after 
other possible etiologies are excluded (Chap. 379). The ADA recom­
mends screening for distal symmetric neuropathy beginning with the 
initial diagnosis of diabetes and screening for autonomic neuropathy 5 
years after diagnosis of type 1 OM and at the time of diagnosis of type 
l DM. All individuals with diabetes should then be screened annually 
for both forms of neuropat/:ly. 

Polyneuropathy/Mononeuropathy The most common, form of dia­
betic neuropathy is distal symmgtric polyneuropathy.' It most fre­
quently presents with distal sensory loss, but up to 50% of patients do 
not have symptoms of neuropathy. Hyperesthesia, paresthesia, and 
dysesthesia also may occur. Any combination of these symptoms may 
develop as neuropathy progresses. Symptoms may include a sensation 
of numbness, tingling, sharpness, or burning that begins in the fr~et 
~nd spreads proximally. Neuropathic pain develops in some of these 
individuals, occasionally preceded by impwvement in their glycemic 
control. Pain typically involves the lower extremities, is usually present 
at rest, and worsens at night. Both an acute (lasting <12 months) and a 
chronic form of painful diabetic neuropathy have been described. As 
diabetic neuropathy progresses, the pain subsides and eventually dis­
a~pears, but a sensory deficit in the lower extremities persists. Physical 
examination reveals sensory los~, loss of ankle reflexes, and abnormal 
Position sense. 
d' Di~betic polyradiculopathy is a syndrome characterized by severe 
isabhng pain in the distribution of one or more nerve roots."I( may be 

accompanied by motor weakness. Intercostal or truncal radiculopathy 
c~uses pain over the thorax or abdomen. Involvement of the lumbar 
P cxus or femoral nerve mil..y cause severe pain in the thigh or hip and 
W~y be associated with muscle weakness in the hip tlexors or extensors 

iabetic amyotrophy). Fortunately, i:lfahetic nolyra'diculopathies-are 
u, II -.., "· ..c. ua Y self-limited and resolve over 6- 12.montl)S'y-' .;-s 

!vtononeuropathy (dysfunction of isolated.jcµn\'.11 or peripheral 
;e~es) is less common than polyneuropathy in OM and presents with 
a;n and motor weakness in the distribution of a, single nerve. f •,as­

cu ar etiology has been st~ gested, but the pathogenesis is unknown. 

Involvement of the third cranial nerve is most common and is herald­
ed by diplopia. Physical examination reveals ptosis and ophthalmople­
gia with normal pupillary constriction to light Sometimes other 
cranial nerves TV, VI, or Vil (Bell's palsy) an:, aff1::c ted. Peripheral 
mononeuropathies or simultaneous involvement of more than one 
nerve (mononeuropathy multiplex) may also occur. . 
Autonomic Neuropathy Individuals with long-standing type J or 2 
DM may develop signs of autonomic dysfunction involving the cho­
linergic, noradrenergic, and peptidergic (peptides such as pancreatic 
polypeptide, substance P, etc.) systems. OM-related auton<ijllic neu­
ropathy can involve multiple systems, including the cardiovascular, 
gastrointestinal, genitourinary, sudomotor, and metabolic systems. 
Autonomic neuropathies affecting the cardiovascular system cause a 
resting tachycardia and orthostatic hypotension. Reports of sudden 
death have also been attributed to autonomic neuropathy. Gastropare­
sis and bladder-emptying abnormalities are often caused by the auto­
nomic neuropathy seen in DM (discussed below). Hyperhidrosis of 
the upper extremities and anhidrosis of the lower extremities result 
from sympathetic nervous system dysfunction. Anhidrosis of the feet 
dm promote dry skin with cracking, which increases the risk of foot 
ulcers. Autonomic neuropathy may reduce counterregulatory hor­
mone release, leading to an inability to sense hy~oglycemia appropri­
ately (hypoglycemia unawareness; Chap. 339), thereby subjecting the 
patient to the risk of severe hypoglycemia and complicating efforts to 
improve glycemic control. 

II DIABETIC NEUROPATHY 
Treatment of•diabetic neuropathy is less than satisfactory. Improved glyce­
mic control should be aggressively pursued and will improve nerve conduc­
tion velocity, but symptoms of diabetic neuropathy may not necessarily 
improve. Efforts to improve glycemic control may be confo, inrlPrl hy auto­
nomic neuropathy and hypoglycemia unawareness. Risk factors for neu­
ropathy such as hypertension and hypertriglyceridemia should be treated. 
Avoidance of neurotoxins (alcohol) and smoking, supplementation with 
vitamins for possible deficiencies (812, folate; Chap. 71), and symptomatic 
treatment are the mainstays of therapy. Loss of sensation in the foot places 
the patient at risk for ulceration and its sequelae; consequently, preven­
tion of such problems is of paramount importance. Patients with symp­
toms or signs of neuropathy (see "Physical Examination." below) should 
check their feet daily and take precautions (footwear) aimed at preventing 
calluses or ulcerations. If foot deformities are present. a podiatrist should 
be involved. 

Chronic, painful diabetic neuropathy1 is difficult to treat but may re­
spond to antidepressants (trcyclic antidepressants such as amitriptyline, 
desipramine, nortriptyline, imipramine or selective serotonin norepineph­
rine reuptake inhibitors such as duloxetine) or anticonvulsants (gabapen­
tin, pregabalin, carbamazepine, lamotrigine). Two agents, duloxetine and 
pregabalin, have been approved by the U.S. Food and Drug Administration 
(FDA) for pain associated with diabetic neuropathy. However, pending fur­
ther study, most recommend beginning with other agents such as a tricyc­
lic antidepressant and switching if there is no response or if side effects 
develop. Aldose reductase inhibitors do not offer significa nt symptomatic 
relief. Referral to a pain management center may be necessary. Since the 
pain of acute diabetic neuropathy may resolve over time, medications may 
be discontinued as progressive neuronal damage from DM occurs. 

Therapy of orthostatic hypotension secondary to autonomic neuropa­
thy is also challenging. A variety of agents have limited success (fludrocor­
tisone, midodrine, clonidine, octreotide, and yohimbine) b1Jt each has 
significant side effects. Nonpharmacologic maneuvers (adequate salt in­
take, avoidance of dehydration and diuretics, and lower extremity support 
hose) may offer some benefit 

6ASTROINUSTINAL/6ENITOURINARY DYSFUNCTION 
Long-standing type l and 2 OM may affect the motility and function of 
gastrointestinal (GI) and genitourinary systems. The most prominent 
GI symptoms are delayed gastric emptying (gastroparesis) and altered 
small- tnd large-bowel motility (constipation or diarrhea). Gastropare-
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sis may present with symptoms of anorexia, nausea, vomiting, early sati­
ety, and abdominal bloating. Microvascular complications (retinopathy 
and neuropathy) are usually present. Nuclear medicine scintigraphy af­
ter ingestion of a radiolabeled meal is the best study to document de­
layed gastric emptying, but may not correlate well with symptoms. 
Noninvasive "breath tests'' following ingestion of a radiolabeled meal are 
under development. Though parasympathetic dysfunction secondary to 
chronic hyperglycemia is importallt in the development of gastroparesis, 
hyperglycemia itself also impairs gastric emptying. Nocturnal diarrhea, 
alternating with constipation, is a feature. of OM-related GI autonomic 
Deuropathy. In type I DM, these symptoms should also prompt evalua­
tion for celiac sprue because. of its increased frequency. Esophageal dys­
function in long-standing DM may occur but is usually asymptomatic. 

Diabetic autonomic neuropathy may lead to genitourinary dys­
function including cystopathy, erectile dysfunction, and female sexnal 
dysfunction (reduced sexual desire, dyspareunia, reduced vaginal lu­
brication). Symptoms of diabetic cystopathy begin with an inability to 
sense n full bladder and a failure to void completely. As blaJ.der con­
tractility worsens, bladder capacity and the post-void residual in­
crease, leading to symptoms of urinary hesitancy, decreased voiding 
frequency, incontinence, and recurrent urinary tract infections. Diag­
nostic evaluation includes cystometry and urodynamic studies. 

Erectile dysfunction and retrograde ejaculation are. very common in 
DM and may be one of the earliest signs of diabetic neuropathy ( Chap. 
49). Erectile dysfunction, which increases iD frequency with the age of 
the patient and the duration of diabetes, may occur in the absence. of 
other signs of diabetic autonomic neuropathy. 

II GASTROINTESTINAL/ GENITOURINARY DYSFUNCTION 
Current treatments for these complications of DM are inadequate. Im­
proved glycemic control should be a primary goal, as some aspects (neu­
ropathy, gastric function) may improve. Smaller, more frequent meals that 
are easier to digest (liquid) and low in fat and fiber may minimize symp­
toms of gastroparesis. Agents with some efficacy include dopamine ago­
nists metoclopramide, 5-1 O mg, and domperidone, 10-20 mg, before 
each meal. Erythromycin interacts with the motilin receptor and may pro• 
mote gastric emptying. Diabetic diarrhea in the absence of bacterial over­
growth is treated symptomatically with loperamide and may respond to 
octreotide (50-75 ~tg three times daily, SC). Treatment of bacterial over­
growth with antibiotics is sometimes useful (Chap. 288). 

Diabetic cystopathy should be treated with timed voicing or self-cathe­
terization, possibly with the addition of bethanechol. Drugs that inhibit 
type 5 phosphodiesterase are effective for erectile dysfunction, but their 
efficacy in individuals with OM is slightly lower than in the nondiabetic 
population (Chap. 49) Sexual dysfunction in women may be improved 
with use of vaginal lubricants, treatment of vaginal infections, and systemic 
or local estrogen replacement. 

CARDIOVASCULAR MORBIDITY AND MORTALITY 
Cardiovascular disease is increased in individuals with type I or type 2 
DM. The Framingham Heart Study revealed a marked increase in 
PAD, CHF, CAD, MI, and sudden death (risk increase from one- to 
fivefold) in DM. The American Heart Association has designated DM 
as a major risk factor for cardiovascular disease (same category as 
smoking, hypertension, and hyperlipidemia). Type 2 diabetes patients 
witbout a prior Ml have a similar risk for coronary artery- related 
events as nondiabetic individuals who have had a prior Ml. Because of 
the extremely high prevalence of underlying cardiovascular disease in 
individuals with diabetes (especially in type 2 DM), evidence of ath­
erosclerotic vascular disease (e.g., cardiac stre.~s rest) should be sought 
in an individual with diabetes who has symptoms suggestive of cardiac 
ischemia, peripheral or carotid arterial disease, a resting electrocardio­
gram indicative of prior infarction, plans to initiate an exercise program, 
proteinuria, or two other cardiac risk factors (ADA recommendations). 
Whether and how to screen asymptomatic individuals with diabetes 
for CAD is controversial. The absence of chest pain ("silent ischemia") 
is common in individuals with diabetes, and a thorough cardiac evalu-

ation is indicated in individuals undergoing major , 
<lures. The prognosis for individuals with diabetes wit\rgica] p 
MI is worse than fOJ nondiabetics. CAD is more likely~ !ave CAl) '111 
tiple vessels in individuals with OM. 0 111Volvc-~ 

The increase in cardiovascular morbidity and mortal' 
relate to the synergism of hyperglycemia with other ca•d·tty 3PPeaf'11 lo 

• . '' iovas 1 factors. For example, after controUmg for all known c ct· cu arri&lt 
risk factors, type 2 DM increases the cardiovascular deathar tovascufar 
in men and fourfold in women. Risk factors for 111acrovas rat 1-Wofold 
in diabetic individuals include dyslipidemia, hypertensi~t

1 ~~ ~ise113e 
duced physical activity, and cigarette smoking. Additionai' \tty, re<. 
more prevalent in the diabetic population include microa]~1

" ~ac1or5 
lb • • l • f · uniinur· macroa ummuna, an e evat1on o J,erwn creatmine, and b ll, 

platelet function. Insulin resistance, as reflected by elevated a 'llorm11 
sulin levels, is associated with an increased risk of cardiovasc:~run, in. 
plications in individuals with and without DM. Individua~: cu~, 
insulin resistance and type 2 DM have elevated levels of plasmi watb 
activator inhibitors (especially PAI-1) and fibrinogen, which enhnosen 
the coagulation process and impairs fibrinolysis, thus favoii.ng ti a~es 
velopment of thrombosis. Diabetes is also associated with endot~e It~ 
vascular smooth-muscle, and platelet dysfunction. e 8 > 

Evidence that improved glycemic control reduces cardiovasc 
1 complications in DM is inconclusive. In the DCCT, the number of~ at 

diovascular events in patients with type I diabetes did not differ b r_ 
tween the standard and intensively treated groups during the trial b:t 
were reduced at follow-up 17 years later (see above). An improve111e111 
in the lipid profile of individuals in the intensive group (lower total 
and LDL cholesterol, lower triglycerides) during intensive diabct~ 
management was noted. Trials to examine whether improved glycemi( 
control reduces cardiovascular events in type 2 diabetes are underway, 
Concerns about the atherogenic potential of insulin temain, since in 
nondiabetic individu~ls, higher serum insulin levels (indicative of in, 
sulin resistance) are associated with a greater risk of cardiovascular 
morbidity and mortality. In the UKPDS, improved glycemic control 
did not conclusively reduce cardiovascular mortality. Importantly, 
treatment with insulin and the sulfonylureas did not appeal' to in­
crease the risk of cardiovascular disease. in individuals with type 2 OM, 
refuting prior claims about the atherogenic potential of these agents. 

ln addition to CAD, cerebrovascular disease is increased in individ­
uals with DM (threefold increase in stroke). Individuals with DM have 
an increased incidence of CHF. The etiology of this abnormality is 
probably multifactorial and includes factors such as myocardial is­
chemia from atherosclerosis, hypertension, and myocardial cell dys· 
function secondary to chronic hyperglycemia. 

II CARDIOVASCULAR DISEASE 
In general, the treatment of coronary disease is not different in the diabetic 
individual (Chap. 237). Revascularization procedures for CAD, including 
percutaneous coronary inter~enrions (PCI) and coronary artery by~a_si 
grafting (CABG}, may be less efficacious in the diabetic ind1v1dual. lnina 
success rates of PCI in diabetic individuals are similar to those in the nond~ 
abetic population, but diabetic patients have higher rates of restenosls a~ 
lower long-term patency and survival rates in older studies. More recent Y, 
the use of drug-eluting stents and a GPllb/llla platelet inhibitor has_ lni· 
proved the outcomes in diabetic patients, and whether there is a diff:~ 
ence in efficacy of PCI in diabetic individuals is not clear. Although C~ r 
may be preferred over PCI in diabetic individuals with multivessel CA or 
recent Q-wave Ml, PCI is preferred in patients with single-vessel CAlJ 0 

two-vessel disease (no involvement of left anterior descending). r ,. 
The ADA has emphasized the importance of glycemic control and agg \ 

sive cardiovascular risk modification in all individuals with OM (see below). pa id 
trepidation about using beta blockers in individuals who have diabetes shoU 

1 not prevent use of these agents since they clearly benefit diabetic patients a~ 
ter Ml. ACE inhibitors (or ARBs) may also be particularly beneficial and sht g 
be considered in individuals with type 2 OM and other risk factors (srn°. int; 
dyslipidemia, history of cardiovascular disease, microalbuminuria). Pa;~ol 
with atypical chest pain or an abnormal resting EKG should be screen 
CHO. Screening of asymptomatic individuals with diabetes is controversial. 
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;p1a1elet therapy reduces cardiovascular events in individuals with 
11 haVe CAD. Current recommendations by the ADA include the use 

~n (01 secondary prevention of coronary events. Although data 

r~strating efficacy in primary prevention of coronary event~ 111 DM are 

antiplatelet therapy should be strongly considered, especially in 

~K indiViduals >30 years of age with other coronary risk factors such 

perrension, smoking, family history, or dyslipidemia. The aspirin dose 

162 mg) is the same as that in nondiabetic individuals. Aspirin therapy 

(l()I have detrimental effects on renal function or hypertension, nor 

it influence the course of diabetic retinopathy. 

/ovascular Risk factors • DYSLIPIDEMIA Individuals witl1 DM 

,have several forms of dyslipidemia (Chap. 350). Because of the 

l")Jtive cardiovascular risk of hyperglycemia and hyperlipidcmia, lip­

bnormal ities should be assessed aggressively and treated as part of 
1 
prehensive diabetes care (Fig. 338-12). The most common pattern 

~)'slipidrmia is hypertriglyceridemia and reduced HDL cholesterol 

~Is. DM itself does not increase levels of LDL, but the smalJ dense 

~Lparticles found in type 2 OM are more atherogenic because they 

11010re easily glycated and susceptible to oxidation. 

Almost all treatment studies of diabetic dyslipidemia have been per­

~rned in individuals with type 2 OM because of the greater frequen­

«of dyslipidemia in this form of diabetes. lnterventional studies have 

~wn that the beneficial effects of LDL reduction are similar in the di­

i,ltic and nondiabetic populations. Large prospective trials of primary 

111dsecondary intervention for CHO have included some individuals 

,nib type 2 DM, and subset analyses have consistently found that re­

ductions in LDL reduce cardiovascular events and morbidity in indi­

riduals with OM. Most clinical trials used HMG CoA reductase 

:ahibitors, although gemfibrozil is also beneficial. No prospective stud­

,11 have addressed similar questions in individuals with type I DM. 

ltlKe the frequency of cardiovasculjlr disease is low in children and 

1~ung adults with diabetes, assessment of CV risk should be incorpo­

r1ted into the guidelines discussed below. 

Based on the guidelines provided by the ADA and the American 

Heart Association, priorities in the treatment of hyperlipidemia 

ue: (I) lower the LDL cholesterol, (2) raise the HDL cholesterol, 

ind (3) decrease the triglycerides. A treatment strategy depends pn the 

j\lltern oflipoprotein abnormalities (Fig. 338-l 2). Initial thera__py for all 

!inns of dyslipidemia should include dietary changes, as welf as• the 

llflle life-style modifications recommended in the nondiabetic popl\la­

tion (smoking cessation, blood pressure control, weight loss, increased 

ph)lical activity). The dietary recommendations for individuals with 

DM are similar to those advocated by the National Cholesterol Educa­

tion Program (Chap. 350) and include increased monounsaturated fat 

•~d carbohydrates and reduced saturated fats and cholesterol. Though 

11ewed a, important, the response to dietary alterations is often modest 

1<10% reduction in the LDL). Improvement in glycemic control will 

loll'er triglycerides and have a modest beneficial effect by raising HDL. 

HMG CoA reductase inhibitors are the agents of choice for lowering 

lhe LDL According to guidelines of the ADA and the American Hearl 

Association, tl1e target lipid values in diabetic individuals (age >40 

Years) without cardiovascular disease should be: LDL < 2.6 mmol/L 

Ooo mg/dL); HDL > I. I mmol/L ( 40 mg/dL) in men and > 1.38 mmol/L 

(SOmg/dL) in women; and triglycerides < 1.7 rnmol/L (ISO mg/dL). 

Th'. rationale for these goals is that the risk of CHD is similar to that in 

l>ahents without diabetes who have had a prior ML In patients >40 

i·~ars, the ADA recommends addition of statin, regardless of the LDL, 

r reduce LDL by 30-40%. If the patient is known to have cardiovascu­

d~disease, the ADA recommends an LDLgoal of <1.8 mmol/L (70 mg/ 

. ) ~s an "option" (in keeping willi evidence 1hnt such a goal is benefi­

~al 1n non-diabetic individuals with CAD (Chap. 350)1. Fibi:ates have 

tnc efficacy and should be considered. when the Hb1 isfow in the set­

~~ of a mild elevation of the LDL. Combinati?n thel;i;1 ~vi th an 

a G CoA reductase inhibitor and a fibrate or another J!p1d•l~wering 

b&cnt (ezctimibe, niacin) may be needed to reacb LDL or HDL goals, 

1 
\statin/fibrate combinations incrc11se the possibility of side effects 

ijc a~ myositis. Nicotinic acid effectively raises HDL and can be used 

Dyslipldemia In Diabetes 

f Triglycerides 
J. HDL 
f LDL 

Medical nutritional therapy, increased physical activity 

lm;irove glycemlc HMG CoA • Improve glycemic 
controlt reductase inhibitor' control 

• HMG CoA 
reductase Inhibitor• 

FIGUR( 338-12 Dyslipidemia management in diabetes. *Second­

llne treatment: fib1iL acid derivative, czetimibe, niacin. or hile acid-bind­

ing resin. 1See text for pharmacologic treatment based on age and risk 

profile. LDL, l9w-density lipoprotein; HDL, high-density lipoprotein. 

in patients with diabetes, but high doses (>2 g/d) may worsen glycemic 

control and increase insulin resistance. Bile acid-binding resill,.S should 

not be used if hypertriglyccridemia is present. Pharmacologic therapy 

of dy~lipidemia to achieve a LDL < 2.6 □mol/L ( 100 mg/dL) should be 

considered in diabetic individuals <40 years of age without cardiovas­

cular disease if the individual also has other risk factors. 

HYPERTENSION Hypertension can accelerate other complications of 

OM, particularly cardiovascular disease and nephropathy. In target­

ing the goal of BP < I 30/80, therapy should first emphasize life-style 

mu<lilications such as weight Joss, exercise, stress management, and 

sodium restriction. Realizing that more than one agent is usually re­

quired to reach a blood pressure goal, the ADA recommends that all 

patients with diabetes and hypertension be treated with an ACE in­

hibitor or an ARB. Subsequently, agents that reduce cardiovascular 

risk (beta blockers, thiazide diuretics, and calcium channel blockers) 

should be incorporated into the regimen. While ACE inhibitors and 

ARBs are likely equivalent in most patients with diabetes and renal 

disease, the ADA recommends: (I) in patients with type I diabetes, 

hypertension, and micro- or macroalbuminuria, an ACE inhibitor 

slowed progression of nephropathy; (2) in patients with type 2 diabe­

tes, hypertension, and microalbuminuria, an 1)-CE inhibitor or an 

ARB slowed the progression to macroalbuminuria; and (3) in pa­

tients with type 2 diabetes, hypertension, macroalbuminuria, and re­

nal insufficiency, an ARB slowed the decline in GFR. Additional 

points of emphasis include: 

I. ACE inhibitors are either glucose- and lipid-neutral or glucose­

and lipid-beneficial and thus positively impact the cardiovascular 

risk profile, Calcium channel blockers, central adrenergic antago­

nists, and vasodilators are lipid- and glucose-neutral. 

2. Beta blockers and thiazide diuretics can increase insulin resistance 

and negatively impact the lipid profile; beta blockers may slightly 

increase the risk of developing type 2 OM. Although often ques­

tioned because of the potential masking of hypoglycemic symp­

toms, beta blockers are safe in most patients with diabetes and 

reduce cardiovascular events. 

3. Sympathetic inhibitors and a-adrenergic blockers may worsen or­

thostatic hypotension in the diabetic individual with autonomic 

neuropathy. 
4. Equivalent reduction in blood pressure by different classes of agents 

may not translate into equivalent protection from cardiovascular 

and renal endpoints. Thiazidcs, beta blockers, ACE inhibitors, and 

ARBs positively impact cardiovascular endpoints (Ml or stroke). 

5. Non-dihydropyridine calcium channel blockers (verapamil and 

diltiazem), rather than dihydropyridine agents (amlodipine and ni­

fedipine);ara,.preferred in diabetics. 
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2292 6. A blood pressure goal of <125/75 is suggested for individuals with macroalbuminuria, hypertension, and diabetes. 
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7. Serum potassium and renal function should be monitored. 
Because of the high prevalence of atherosclerotic disease in individ­

uals with DM, the possibility of renovascular hypertension should be 
considered when the blood pressure is not readily controlled. 

LOWER EXTREMITY COMPLICATIONS 
DM is the leading cause of nontraumatic lower extremity amputation 
in the United States. Foot ulcers and infections are also a major source 
of morbidity in individuals with DM. The reasons for the increased in­
cidence of these disorders in DM involve the interaction of several 
pathogenic factors: neuropathy, abnormal foot biomechanics, PAD, and poor wound heating. The peripheral sensory neuropathy inter­
feres with normal protective mechanisms and allows the patient to sustain major or repeated minor trauma to the foot, often without 
knowledge of the injury. Disordered proprioception causes abnormal weight bearing while walking and subsequent formation of callus or 
ulceration. Motor and sensory neuropathy lead to abnormal foot mus­
cle mechanics and to structural changes in the foot (hammer toe, claw 
toe deformity, prominent metatarsal heads, Charcot joint). Autonom­
ic neuropathy results in anhidrosis and altered superficial blood flow 
in the foot, which promote drying of the skin and fissure formation. PAD and poor wound healing impede resolution of minor breaks in 
the skin, allowing them to enlarge and to become infected. 

Approximately 15% of individuals with DM develop a foot ulcer 
(great toe or MTP areas are most common), and a significant subset will ultimately undergo amputation (14-24% risk with that ulcer or 
subsequent ulceration). Risk factors for foot ulcers or amputation in­clude: male sex, <liabetes > IO years' duration, peripheral neurupathy, 
abnormal structure of foot (bony abnormalities, callus, thickened 
nails), peripheral arterial disease, smoking, history of previous ulcer or 
amputation, and poor glycemic control. Large callouses are often pre­
cursors to or overlie ulcerations. 

II LOWER EXTREMITY COMPLICATIONS 
The optimal therapy for foot ulcers and amputations is prevention through identification of high-risk patients, education of the patient, and institution of measures to prevent ulceration. High-risk patients should be identified during the routine foot examination performed on all patients with OM (see "Ongo­ing Aspects of Comprehensive Diabetes Care: belOW). Patient education should emphasize: (1) careful selection of footwear, (2) daily inspection of the feet to detect early signs of poor-fitting footwear Of minor trauma, (3) daily foot hygiene to keep the skir. clean and moist, (4) dVoldance of self-treatment of foot abnormalities and high-risk behavior (e.g., walking barefoot), and (5) prompt consultation with a health care provider if an abnormality arises. Patients ar high risk for ulceration or amputation may benefit from evaluation by a foot care specialist. Interventions directed at risk factor modification in­clude orthotic shoes and devices, callus management, nail care, and prophy· 

lactic measures to reduce increased skin pressure from abnormal bony architecture. Attention to other risk factors for vascular disease (smoking, dys· lipidemia, hypertension) and improved glycemic control are also important. 
Despite preventive measures, foot ulceration and infection are common and represent a serious problem. Due to the multifacto1ial pathogenesis of lower extremity ulcers, management of these lesions is multidisciplinary and often demands expertise in orthopedics, vascular surgery, endocrinology, podiatry, and infectious diseases. The plantar surface of the foot is the most common site of ulceration. Ulcers may be primarily neuropathic (no accom­panying infection) or may have surrounding cellulitis or osteomyelitis. Cellull· tis without ulceration is also frequent and should be treated with antibiotics that provide broad-spectrum coverage, including anaerobes (see below). 

An infected ulcer is a clinical diagnosis, since superficial culture of any ulceration will likely find multiple possible bacterial pathogens. The infec• rion surrounding the foot ulcer is often the result or multiple organisms (gram-positive and -negative organisms and anaerobes), and gas gan­grene may develop in the absence of clostridial infection. Cultures taken from the surface of the ulcer are not helpful; a culture from the debrided ulcer base Of from purulent drainage or aspiration of :he wound is the 

most helpful. Wound dt>r>rh should be determined by Ins . probing with a blunt-tipped sterile instrument. Plain radiog PectI00 foot should be performed to assess the possibility of 051 raphs Of 
chronic ulcers that have not responded to therapy. Nuclear m:~_Y!!lill\ 
scans may be helpful, but overlying subcutaneous infection. cine~ cult to distinguish from osteomyelitis. Indium-labeled white c~~ Often 
more useful in determining if the infection involves bony struct st

udies 
soft ~ssue, but they are technically demanding. MRI of the foot urei Of 
most specific modality, although distinguishing bony destructrnay be 
osteomyelitis from destruction secondary to Charcot arthrop.i

Ir• dlJ& cult. If surgical debridement is necessary, bone biopsy and ct I Y 11 d provide the answer. u ture 
Osteomyelitis is best treated by a combination of prolonged . 

(IV then oral) and possibly debridement of infected bone. The PO a~ti~ 
tribution of vascular insufficiency should be considered in all pat

Ible invasive blcod-Oow studies are often unreliable in OM, ;md angl~E'llts /IIQ-\. 
be required, recognizing the risk of contrast-induced nephrotoxic;ap~Yri», 
~ral arterial bypass_ procedures are often effective in promoting wo~~tI~ 
Ing and In cecreas,ng the need_ for amputation of the ischemic limb. 1-. 

A growrng number of possible treatments for diabetic f00t ulc b . ffl~ ut they ha·,e yet to demonstrate clear efficacy in_ pros~tive. control~ als. A consensus statement from the ADA 1dent1fied six interventI•0 Iii­. . . m• demonstrated efficacy In d1abet1c foot wounds: ( 1) off-loading, (2) debr 
'.11ent, (3) wound dressings, (4) _appropriate use of antibiotics, (S) reva!>C! 
IzatIon, and (6) l1m1ted amputation. Off-loading is the complete avoidance of 
weight beanng on the ulcer, whrch removes the mechanical trauma that, 
tard~ wound h~aling. Bed rest and a variety of orthotic devices or cont; casting hm,t weight bearing on wounds or pressure points. Surgical debrlde­
ment is important and effective, bur clear efficacy of other modalities for 
wound cleaning (enzymes, soaking, whirlpools) is lacking. Dressings such as 
hydrocolloid dressings promote wound healing by creating a moist Pnviron­ment and protecting the wound. Antiseptic agents should be avoided. Topi­
cal antibiotics are of limited value. Referral -for physical therapy, ortho11c 
evaluation, and rehabilitation should occur once the infection is controlled 

Mild or non-limb-threatening infections can be treated with oral antibi­otics (cephalosporin, clindamycin, amoxicillin/clavulanate, and fluoroquioo­
lones), surgical debridement of necrotic tissue, local wound care (avoidance 
of weight bearing over the ulcer), and close surveillance for progression of 
infection. More severe ulcers may require IV antibiotics as well as be<! re;i and local wound care. Urgent surgical debridement may be required. Strict 
control of gl1cemia should be a goal (see below). Intravenous antibtolics 
should provide broad-spectrum coverage directed toward Stophy/ococwi aureus, streptococci, gram-negative aerobes, and anaerobic bacteria. lnitlcll 
antimicrobial regimens include errapenem, piperacillin/tazobactam, cefot~ 
tan, ampicillin/sulbactam, linezolid, or the combination of clindamycln and a 
fluoroquinolcne. Severe infections, or infections that do not improve aftei 48 
h of antibioti,: therdµy, require expansion of antimicrobial therapy to 1reat 
methicillin-resistant 5. aureus (e.g. vancomycin) and Pseudom0fl05 oetU<1" nosa. If the infection surrounding the ulcer is not improving with Wan: otics, reassessment of antibi2tic coverage and reconsideration of ~he n . . for surgical debridement or fevascularization are indicated. With chnlcal 1111 

provement oral antibiotics and local wound care can be continued on an 
outpatient basis with close follow-up. w New information about wound biology has led to a number of n~ technologies (e.g., living skin equivalents and growth factors such as ba • ropa1n11. fibroblast growth factor) that may prove useful, especially 1n neu fi nd ulcers. Recombinant platelet-derived growth factor has some ben~ 

1
.
1 
:tes complements the therapies of off-loading, debridemenr, and a~r:~~~ln\J­Hyperbaric oxygen has been used, but rigorous proof of efficacy is II g ~ Negative wound pressure has been shown ro accelerate wound hea n 

plantar wounds. 

INFEOIONS . f ·nfec· Individuals with DM have a greater frequency and seventy 
O 

~litie5 tion. The reasons for this include incompletely defined abn_or~ with 
in cell-mediated immunity and phagocyte function associat~ ,ernia 
h:>'Perglycemia: as_ well as diminished vascularization. Hyper~1111;da aids the colo111zat1on and growth of a variety of organisms (f equenl 
and other fungal species). Many common infections are mor~ ~ectioOS and severe in the diabetic population, whereas several rare 

111 
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almost exclusively in the diabetic population. Examples of this 

1stt:tegory include rhinocerebral mucormycosis, emphysematous 

fr,' ns of the gall bladder and urinary tract, and "malignant" or in-

-M<110 I • • • • II d 
~ otitis externa. nvas1ve 011ns externa 1s usua y secon ary to P. 

J'~. 10511 infection in the soft tissue surrounding the external audito­

~
11

3
1 usually begins with pain and discharge, and may rapidly 

•'
1
:ss•to osteomyelitis and meningitis. These infections should be 

~~~ in particular, in patients presenting with HHS. 

~g e~J110llia, urinary tract infections, and skin and soft tissue infec-

pr. Me all more common in the diabetic population. fn general, the 

;,iis isJ11S that cause pulmonary infections are similar to those found in 

,ganoudiabetic population; however, gram-negative organisms, S. au­

jtl "Jod Mycobacterium tuberculosis are more frequent pathogens. Uri­

c,6, tract infections (either lower tract or pyelonephritis) are the result 

~innion bacterial agents such as Escherichia coli, though several yeast 

':ieS (Ca11dida and 'Jorulopsis glabruta) are commonly observed. 

tplications of urinary tract infections include emphysematous pyelo­

,tphritis and emphysematous cystitis. Bacteriuria occurs frequently in 

.,Jividuals with diabetic cystopathy. Susceptibility to furunculosis, su­

rticial candidal infections, and vulvovaginitis are increased. Poor gly­

.iinic control is a common denominator in individuals with these 

; (ections. Diabetic individuals have an increased rate of colonization of 

}~ure11s in the skin folds and nares. Diabetic patients also-have a greater 

nil: of postoperative wound infections. Strict glycemic control reduces 

j(lltopera1ive infections in diabetic individuals undergoing CABG and 

,-iuld be the goal in all diabetic patients with an infection. 

IIRMATOIOGIC MANIFESTATIONS 

The most common skin manifestations of OM are protracted wound 

br,ling and skin ulcerations. Diabetic dermopathy, sometimes termed 

p,gmented pretibial papules, or "dial:ietic skin spots," begins as an ery-

1hematous area and evolves into an area of circular hyperpigmenta­

oon. These lesions result from minor mechanical trauma in the 

prelibial region and are more common in elderly men with DM. Bul­

klus diseases, bullosa diabeticorum (shallow ulcerations or erosions in 

the pretibial region), are also seen. Necrobiosis lipoidica diabeticorum is 

1 rare disorder of OM that predominantly affects young women with 

qpe 1 DM, ncuropathy, and retinopathy. It usually begins- in. the 

rretibial region as an erythematous plaque or papules that grad4ally 

mlarge, darken, and develop irregular margins, with atrophic cenlers 

111d central ulceration. They may be painful. Vitiligo occurs at in­

creased frequency in individuals with type I diabetes. Acanthosi$ nigri­

<a11s (hyperpigmented velvety plaques seen on the neck, axilla, or 

ntensor surfaces) is sometimes a feature of severe insulin resistance 

•nd accompanying diabetes. Generalized or lucalized granulomn nn,111-

lire (erythematous plaques on the extremities or trunk) and sc/erede-

11111 (areas of skin thickening on the back or neck at the s ite of previous 

~perficial infections) are more common iJ1 the diabetic population. 

Lipoar,op/iy and lipohypertropl,y can occur at insulin injection sites but 

Ire unusual with the use of human insulin. Xerosis and pruritus are 

COounon and are relieved by skin moisturizers. 

A
0
~PROACH TO THE PATIENT: 
1abetes Mellitus 

~M and its complications produce a wide range of symptom$ and 

signs; those secondary to acute hyperglycemia may occur at any 

:geof the disease, whereas those related to chronic complications 

. gin to appear during the second decade of hyperglycemia. lndi-

V~duals with previously undetected type 2 DM may l?resent with 

c ronic complications of DM at the time otdiag11Q~,is, Thehistory 

aotl physical examination should as~ess for symptt>m~~i>Signs of 

;.cut, hyperglycemia and should screen for the· chronlc,.cq1~plica-

10ns and conditions associated with OM. 

HISTORY A complete medical history should be obtained with 

t,cial emphasis on OM-relevant aspects such as weight, family 

'story of DM and its complications, risk factors for cardiovascular 

disease, cxc1cisc, smoking, and ethanol use. Symptoms of hyper­

glycemia include polyuria, polydipsia, weight loss, fatigue, weak­

ness, blurry vision, frequent superficial infections (vaginitis, fungal 

skin infections), and slow healing of skin lesions after m inor trau­

ma. Metabolic derangements relate mostly to hyperglycemia (os­

motic diuresis, reduced glucose entry into muscle) and 10 the 

catabolic state of the patient ( urinary loss of glucose and calories, 

muscle breakdown due to protein degradation and decreased pro­

tein synthesis). Blurred vision results from changes in the water 

content of the lens and resolves as the hyperglycemia is controlled. 

In a patient with established OM, the initial assessment should also 

inch.de special emphasis on prior diabetes care, includiJ1g the type of 

tl1erapy, prior hemoglobin A IC levels, self-monitoring blood glucose 

results, frequency of hypoglycemia, presence of OM-specific compli­

cations, assessment of the patient's knowledge about diabetes, exer­

cise, and nutrition. The chronic co1119lications may afnict several 

organ systems, and an individual patient mny exhibit some, all, or 

none of tlte symptoms related to the complications of DM (see 

above). In addition, tl1e presence of OM-related comorbidities should 

be sought (cardiovascular disease, hypertension, dyslipidemia). 

" 
PHYSICAL EXAMINATION In addition to a complete physical exami-

nation, special attention should be given to OM-relevant aspects 

such as weight or BMI, retinal examination, orthostatic blood pres­

sure, foot examination, peripheral pulses, and insulin injection 

sites. Blood pressure> 130/80 rnmHg is considered hypertension 

in individuals with diabetes. Careful examination of the lower ex­

tremities should seek evidence of peripheral neuropathy, calluses, 

superficial fungal infections, nail disease, ankle reflexes, and foot 

deformities (such as hammer or claw toes and Charcot foot) in or­

der to identify sites of potential skin ulceration. Vibratory sensa­

tion (128-MHz tuning fork at the base of the great toe), the ability 

to sense touch with a monofilament (5.07, 10-g monofilament), 

and pinprick sensation are useful to detect moderately advanced 

diabetic neuropathy. Since periodontal disease is more frequent in 

DM, the teeth and gums should also be examined. 

ClASSlflCATION OF DM IN AN INDIVIDUAL PATIENT The etiology of di­

abetes in an individual with new-onset disease can usually be as­

signed on the basis of clinical criteria. Individuals with type I DM 

tend to have the following characteristics: (1) onset of disease prior 

to age 30; (2) lean body habitus; (3) requirement of insulin as the 

initial therapy; (4) propensity to develop ketoacidosis; and (5) an 

increased risk of other autoimmune disorders such as autoimmune 

thyroid disease, adrenal insufficiency, pernicious anemia. celiac 

disease, and vitiligo. In contrast, individuals with type 2 OM often 

exhibit the following features: (I) develop diabetes after the age of 

30; (2) are usually obese (80% are obese, but elderly individuals 

may be lean); (3) may not require insulin therapy initially; and 

(4) may have associated conditions such as insulin resistance, hy­

pertension, cardiovascular disease, <lyslipidemia, or PCOS. In type 

2 OM, insulin resistance is often associated with abdominal obesity 

(as opposed to hip and thigh obesity) and hypertriglyceridemia. 

Although most individuals diagnosed with type 2 DM are older, 

the age of diagnosis is declining, and there is a marked increase 

among overweight children and adolescents. Some individuals 

with phenotypic type 2 DM present with DKA but lack autoim­

mune markers and may be later treated with o ral glucose-lowering 

agents rather than insulin (have been termed ketosis-prone type 2 

f)M). On the other hand, some individuals (5-10%) wirh th,: 

phenotypic appearance of type 2 DM do not have absolute insu­

lin deficiency but have autoimmune markers (!CA, GAD autoanti­

bodies) suggestive of type 1 OM (termed latent autoin11111ure 

~iabetes of the adult) . Such individuals are more likely to be <50 

/ years of age, have a normal BMJ, and have a personal or family his­

tory of other"autoimmune disease. They are much more likely to 

require insulin treatment within 5 years. However, it is remains dif-
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ficult to categorize some patients unequivocally. lndividuals who deviate from the dinical profile of type I and type 2 DM, or who have other associated defects such as deafness, pancreatic exocrine disease, and other endocrine disorders, should be classified accord­ingly (Table 338- 1 ). 

LABORATORY ASSESSMENT The laboratory assessment should first determine whether the patient meets the diagnostic criteria for DM (Table 338-2) and then assess the degree of glycemic control (A IC, discussed below). In addition to the standard laboratory evaluation, the patient should be screened for OM-associated conditio ns (e.g., microalbuminuria, dyslipidemia, thyroid dysfunction). Individuals at high risk for cardiovascular disease should be screened for asymp­tomatic CAD by appropriate cardiac stress testing, when indicated . The classification of the type of DM may be facilitated by labora­tory assessments. Serum insulin or C-peptide measurements do not alwuys distinguish Lype I from type 2 DM, but a low C-peptide level confirms a patient's need for insulin. Many individuals with new-on­set type 1 DM retain some C-peptide production. Measurement of islet cell antibodies at the time of diabetes onset may be useful if the type of OM is not clear based on the characteristics described above. 

LONG-TERM TREATMENT 
OVERALL PRINCIPLES 
The goals of therapy for type I or type 2 OM are to: ( I) eliminate symp­toms related to hyperglycemia, (2) reduce or eliminate the long-term microvascuJar and macrovascular complications o f OM, and (3) al­low the patient to achieve as normal a lifestyle as possible. To reach these goals, the phy!ician should identify a target level of glycemic control for each patient, provide the patient with thl' educational and pharmaco­logic resources necessary to reach this level, and monitor/treat OM-re­lated complications. Symptoms of diabetes usually resolve when the plasma glucose is < I I.I rnmol/L (200 mg/dL), and thus most OM treat­ment focuses on achieving the second and third goals. The treatment goals for patients with diabetes are summarized in Table 338-8. The care of an individual with either type l or type 2 DM requires a multidisciplinary team. Central to the success of this team are the pa­tient's participation, input, and enthusiasm, all of which are essential for optimal diabetes management. Members of the health care team include the primary care provider and/or the endocrinologist or dia­betologist, a certified diabetes educator, and a nutritionist. In addition, when the complications of OM arise, subspecialists (including neurol-

llMilft:I:■ TREATMENT GOALS FOR ADULTS WITH DIABETES• 
Index Goal 
Glycem1c controlb 

AlC 
Preprandial c3pillary plasma 

glucose 
Peak postprandial capillary plasma 

glucose 
Blood pressure 
Upldsf 

Low-density hpoprotein 
High-density lipoprotein 
Triglycerides 

<7.0C 
5.0-7 2 mmo\/L (90-130 mg/dL) 

<10.0 mmol/L (<180 mg/dL)" 

<1 30/80" 

<2.6 mmol/L '. < 100 mg/dl ) 
> 1. t mmoVL •.>40 mg/dl)9 
<1.7 mmol/L k l SO mg/dl ) 

0As recommended by !he ADA; Goals should be developed for each patient (see text). Goals may be different for certarn patient populations. 0A1 ( is primary goal. 
'While the ADA recommends an A1C < 7.<1'tl, ,n general, in the mdMdual patient rt rec ommends an · . AlC as close to normal (<6.0%) as possible wrthout significant hy· poqlycemla • Nounal range for A ,C-4,0-6.0 (DCCT-based assay). <10ne-two hours after beginning of a meal. 
'In patients With reduced GFR and macroalbuminurla, the goal 11 < 125/75. 11n decreasing otderof prio,lly. 
9for women, some !uggesl a goal that Is 0.25 mmol/1. (1 O mg/dl) higher. Source: Adapted frcm American Diabetes Association, 2007. 

ogists, ncphrologists, vascular surgeons, cardiologists, ophth gists, anci podiatrists) with experience in OM-related com t1
"1o!o. a re essential. P tcatio111 A number of names arc sometimes applied to different ap to diabetes care, such as intensive insulin therapy, intensive P~oachtt control, and "tight control." The current chapter, however ,v·,ug Ycerni, 

' ll· term co111prehe11sive diabetes ca,-e to emphasize the fact that opr ~c 1h, abetes therapy involves more than plasma glucose mana 
111131 

di 1"11ough glycemic control is central to optimal diabetes thera grrnent. prehensive diabetes care of both type l and type 2 OM shoully1 COft1. tect and man~ge D~-specific co~~licat:ons and i:nodify risk\:~d,. for OM-associated diseases. In add1t1on to the physical aspects f tors social, family, financial, cultural, and employment-related issuo D>,t, impact diabetes care. The International Diabetes Federation e(; lllay recogn izing that resources available for diabetes care varies _DF), throughout the world, has issued guidelines for stanci~rd care (w
rd

ely d I d . b d . h a weU eve ope service ase an with ealth care funding systems co . . "fi f I . . nsum. mg a s1gm cant part o t 1err national wealth), minimal care (h 1 • ·1 1· • d eath care settings wit 1 very 1m1te resources), and comprehensiv (1 I h . . h .d e care 1ea t care settmgs wit corm erable resources). This chapte ·d ·d c h • . r pro. vi cs gm ance ,or t rs comprehensive level of diabetes care. 

PATIENT EDUCATION ABOUT DM, NUTRITION, AND EXERCISE 
The patient with type I or type 2 OM should receive education ab . . . f . out nutntron, exercise, care o diabetes during illness, and medications to lower the plasma glucose. Along with improved compliance, patient educat~on allows !ndividuals_with OM to as~ume greater responsibility for th~ir care. Patl~~t educa~1on should be •11ewed as a continuing pro­cess with regular v1s1ts for reinforcement; it should not be a process that is completed after one or two visits to a nurse edtrcator or nutritionist. The ADA refers to education about the individualized management plan for the patient as diabetes self-management education (DSM£). More frequent contact between the patient and the diabetes manage• ment team (electronic, telephone, etc.) improves glycemic control. 

Diabetes Education The dfabetes educator is a health care profession­al (nurse, dietician, or pharmacist) with specialized patient education skills who is certified in diabetes education (e.g., Amer ican Association of Diabetes Educators). Education topics important for optimal diabe­tes care include self-monitoring of blood glucose; urine ketone n10ni• toring (type I DM); insulin administration; guidelines for diabetes management during illnesses; management of hypoglycemia; foot and skin care; diabetes management before, during, and after exercise; and risk factor-modifying activities. 

Nutrition Medical nutrition therapy (MNT) is a term used by the ADA to describe the optimal coordination of caloric intake with other aspects of diabetes therapy (insulin, exercise, weight ioss). The ADA has issued recommendations for t1'tee types of MNT. Primary prevention mea· sures of MNT are directed at preventing or delaying the onset of IYP: 2 
OM in high-risk individuals (obese or with pre-diabetes) by promoting weight reduction. Medical treatment of obesity is a rapidly evolving area and is discussed in Chap. 75. Secondary prevention measures of MNT are directed at preventing or delaying diabetes-related complication~ Jll diabetic individuals by improving glycemic control. Tertiary preven~on measures of MNT are directed at managing diabetes-related cornphca· tions (cardiovascular disease, nephropathy) in diabetic indi~iclu,rls. Fo~ e~an_iple, in individua!s ~vith diabetes and chronic kidney disease, ~ 1 tem 111take should be hmrted to 0.8 g/kg of body weight per day. MN di• patients with diabetes and <:ardiovascular disease should incorporutedis· etary principles used in non-diabetic patients with cardiovascular I p· . . f ,.,._,r 0vera , ea~e. Whtie the recommendations for all three types o 1vu , p!Jar· this chapter emphasizes secondary p revention measures ofM!'11'· erY macologic approaches that facilitate weight Joss and bariatnc surg should be considered in selected patients (Chap. 75). b(es, As for the general population, a diet that includes fruits, veget~icts fiber-containing foods, and low-fat milk is advised. Like other as·ndi· f I . I of the , o DM t 1erapy, MNT must be adiusted to meet the goa 5 
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NUTRITIONAL RECOMMENDATIONS FOR ADULTS 
WITH DIABETES0 

Fat 
20-35% of total caloric intake 
Saturated fat < 7% of total calories 
<200 mg/day of dietary cholesterol 
Two or more seNings of fish/week provide w-3 polyunsaturated fatty 
acids 

Minimal trans fat consumption 
Carbohydrate 

4S-65%oftotal caloric Intake (low-carbohydrate diets are not 
recommended) 

Amount and type of carbohydrate importantb 
Sucrose-containing foods may be consumed with adjustments in insulin 

dose 
Protein 

10-35% of total caloric intake (high-protein diets are not recommended) 
Other components 

Fiber-containing foods may reduce postprandial glucose excursions 
Nonnutrient sweeteners 

'See text for differences for patients with type 1 or type 2 diabetes. As for the general 
population, a healthy diet includes fruits, vegetables, and fiber-containing foods. 

•Amount of carbohydrate determined by estimating grams of carbohydrate In diet; gly­
,em'clodex reflects how consumption of a panicular food affects the blood glucose. 
source: Adapted from American Diabetes Association, 2007. 

1idual patient. Furthermore, MNT education is an important com­
ponent of comprehensive diabetes care and should be reinforced by 
regular parient education. In general, the components of optimal MNT 
are similar for individuals with type 1 or type 2 DM (Table 338-9). His­
rorically, nutrition education imposed restrictive, complicated regi­
mens on the patient. Current practices have greatly changed, though 
many patients and health care providers still view the diabetic diet as 
monolithic and static. For example, MNT now includes foods with su­
crose and seeks to modify other risk factors such as hyperlipidemia 
and hypertension rather than focusing exclusively on weight loss in in­
dil'iduals with type 2 DM. The glycemic index is an estimate of the 
postprandial rise in the blood glucose when a certain amount of that 
food is consumed. Consumption of foods with a low glycemic index 
appears to reduce postprandial glucose excursions and improve glyce­
mic control. Reduced calorie and non nutritive sweeteners are useful. 
Currently, e\•idence does not support supplementation of the diet with 
l'itamins, antioxidants (vitamin C and E), or micronutricnts (chromi­
um) in patients with diabetes. The goal of MNT in the individual with 
type I DM is to coordinate and match the caloric intake, both tempo­
rally and quantitatively, with the appropriate amount of insulin. MNT 
in t)'pe I DM and self-monitoring of blood glucose must be integrated 
to define the optimal insulin regimen. The ADA encourages patients 
and providers to utilize carbohydrate counting or exchange systems to 
11timate the nutrient content of a meal or snack. Based on the patient's 
11timate of the carbohydrate content of meal, an insulin-to-carbohy­
drate ratio determines the bolus insulin dose for a meal or snack. 
MNT must be flexible enough to allow for exercise, and the insulin 
regimen must allow for deviations in caloric intake. An important 
component of MNT in type l DM is to minimize the weight gain often 
ailQciated with intensive diabetes management. 

The goals of MNT in type 2 DM are slightly different and address 
1he greally increased prevalence of cardiovascular risk factors (hyper­
tension, dyslipidemia, obesity) and disease in this population. The 
majority of these individuals are obese, and weight loss is strongly en­
couraged and should re.main an important goal. Hypocaloric diets and 
modest weight loss (5-7%) often result in rapid and dramatic glucose 
lo~•ering in individuals with new-onset type 2 DM. Nevertheless, nu­
merous studies document that long-term weight loss is uncommon. 
MNT for type 2 DM should emphasize modest caloric reduction, re­
duced fat intake, increased physical activity, and reduction of hyperlip­
tdcmia and hypertension, Increased consumption of soluble, dietary 
fiber may improve glycemic control in individuals with type 2 DM. 
Weight loss and exercise improve insulin resistance. 

Exercise Exercise has multiple positive benefits including cardiovas­
cular risk reduction, reduced blood pressure, maintenance of muscle 
mass, reduction in body fat, and weight loss. For individluals with type 
I or type 2 DM, exercise is also useful for lowering plasma glucose 
(during and following exercise) and increasing insulin sensitivity. In 
patients with diabetes, the ADA recommends 150 min/week (distdbut­
ed over at least 3 days) of aerobic physical activity. In patiients with type 
2 DM, the exercise regimen should also include resistanc,~ training. 

Despite its benefits, exercise presents chaUenges for individuals with 
DM because they lack the normal glucoregulatory meclnanisms (nor­
mally, insulin falls and glucagon rises during exercise). Skeletal muscle 
is a major site for metabolic fuel consumption in the resting state, and 
the increased muscle activity during vigorous, aerobic exercise greatly 
increases fuel requirements. Individuals with type 1 DM are prone to 
either hyperglycemia or hypoglycemia during exercise, depending on 
the preexercise plasma glucose, the circulating insulin level, and the 
level of exercise-induced catecholamines. If the insulin l~:vel is too low, 
the rise in catecholamines may increase the plasma gluco,se excessively, 
promote ketone body formation, and possibly lead to ketoacidosis. 
Conversely, if the circulating insulin level is excessive, this relative hy­
perinsulinemia may reduce hepatic glucose production ( decreased 
glycogenolysis, decreased gluconeogenesis) and increase glucose entry 
into muscle, leading to hypoglycemia. 

To avoid exercise-related hyper- or hypoglycemia, individuals with 
type 1 DM should: ( I) monitor blood glucose before, during, and after 
exercise; (2) delay exercise if blood glucose is > 14 mmol/L (250 mg/ 
dL) and ketones are present; (3) if the blood glucose is <5.6 mmol/1 
(100 mg/dL), ingest carbohydrate before exercising; (3) monitor glu­
cose during exercise and ingest carbohydrate to prevent hypoglycemia; 
( 4) decrease insulin doses (based on previous experience) before exer­
cise and inject insulin into a nonexercising area; and (S) II earn individ­
ual glucose responses to different types of exercise and increase food 
intake for up to 24 h after exercise, depending on intensity and dura­
tion of exercise. In individuals with type 2 DM, exercise-related hy­
poglycemia is less common but can occur in individuals taking either 
insulin or insulin secretagogues. 

Because asymptomatic cardiovascular disease appears at a younger 
age in both type I and type 2 DM, formal exercise tole,rance testing 
may be warranted in diabetic individuals with any of the following: 
age >35 years, diabetes duration > IS years (type 1 DM) or >10 years 
(type 2 DM), microvascular complications of DM (retinopathy, mi­
croalbuminuria, or nephropathy), PAD, other risk factors of CAD, or 
autonomic neuropathy. Untreated proliferative retinopathy is a rela­
tive contraindication to vigorous exercise, as this may le~1d to vitreous 
hemorrhage or retinal detachment. 

MONITORING THE LEVEL OF GLYCEMIC CONTROL 
Optimal monitoring of glycemic control involves plasma glucose mea­
surements by the patient and an assessment of long-term control by 
the physician (measurement of hemoglobin Al C and review of the pa­
tient's self-measurements of plasma glucose). These measurements are 
complementary: the patient's measurements provide a picture of 
short-term glycemic control, whereas the AIC reflects average glyce­
miccontrol over the previous 2-3 months. 

Self-Monitoring of Blood Glucose Self-monitoring of bl,ood glucose 
(SMBG) is the standard of care in diabetes management and allows the 
patient to monitor his or her blood glucose at any time. In SMBG, a 
small drop of blood and an easily detectable enzymatic r•~action allow 
measurement of the capillary plasma glucose. Many gluc,ose monitors 
can rapidly and accurately measure glucose ( calibrated to provide 
plasma glucose value even though blood glucose is measured) in small 
amounts of blood (3- 10 µl) obtained from the fingertip; alternative 
testing sites (e.g., forearm) are less reliable, especially when the blood 
glucose is changing rapidly (postprandially). A large number of blood 
glucose monitors are available, and the certified diabetes educator is 
critical in helping the patient select the optimal device and learn to use 
it properly. By combining glucose measurements with diet history, 
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medication changes, and exercise history, the physician and patient can improve the treatment program. 
The frequency of SMBG measurements must be individualized and adapted to address the goals of diabetes core. Individuals with type 1 DM or individuals with type 2 DM taking multiple insulin injections each day should routinely measure their plasma glucose three or more times per day to estimate and select mealtime boluses of short-acting insulin and to modify long-acting insulin doses. Most individuals with type 2 OM require less frequent monitoring, though the optimal fre­quency of SMBG has not been dearly defined. Individuals with type 2 OM who are taking insulin should utilize SMBG more frequently than those on oral agents. Individuals with type 2 OM who are on oral medications should utilize SMBG as a means of assessing the efficacy of their medication and the impact of diet. Since plasma glucose levels fluctuate less in these individuals, one to two SMBG measurements per day (or fewer in patients who are on oral agents or are diet-con­trolled) may be sufficient. Most measurements in individuals with type I or type 2 OM should be performed prior to a meal and supple­mented with postprandial measurements to assist in reaching post­prandial glucose targets (Table 338-8). Urine glucose testing does not provide an accurate assessment of glycemic control. 

Devices for continuous blood glucose monitoring are the subject of intense investigation, as some systems have been approved by the FDA and others are in various stages of development. Currently, the use of these devices in routine diabetes management is limited, and they do not replace the need for a traditional glucose meter. This rapidly evolving technology requires substantial expertise on the part of the diabetes management team and the patient. Current continuous glu­cose monitoring systems (CGMS) measure the glucose in interstitial fluid that is in equilibrium with the blood glucose. Alarms notify the patient if the blood glucose falls into the hypoglycemic range. The FDA refers to these as "minimally invasive" or "noninvasive" depend­ing on how the interstitfal fluid is obtained. Sevt:ral devices use an in­dwelling subcutaneous catheter to monitor interstitial fluid glucose and provide either real time or retrospective glucose values. Although clinical experience with these devices is limited, they appear to provide useful short-term information about the patterns of glucose changes as well as an enhanced ability to detect hypoglycemic episodes. Ketones are an indicator of early diabetic ketoacidosis and should be measured in individuals with type I OM when the plasma glucose is consistently> 16.7 mmol/L (300 mg/dL); during a concurrent illness; or with symptoms such as nausea, vomiting, or abdominal pain. Blood measurement of ~-hydroxybutyrate is preferred over urine testing with ni troprusside-based assays that measure only acetoacetate and acetone. 

Assessment of Long-Term Gly<emic Control Measurement of glycated hemoglobin is the standard method for assessing long-term glycemic control. When plasma glucose is consistently elevated, there is an in­crease in nonenzymatic glycation of hemoglobin; this alteration re­flects the glycemic history over the previous 2-3 months, since erythrocytes have an average life span of 120 days (glycemic level in the preceding month contributes about 50% to the AlC value). There are numerous laboratory methods for measuring the various forms of gly­cated hemoglobin, and these have significant interassay variations. Since glycated hemoglobin measurements are usually compared to prior measurements, it is essential for the assay results to be compara­ble. Depending on the assay methodology, hemoglobinopathies, ane­mias, reticulocytosis, transfusions, and uremia may interfe.re with the AlC result. Measurement of AlC at the "point of care" allows for more rapid feedbad. and may therefore assist in adjustment of therapy. Glycated hemoglobin or AIC should be measured in all individuals with OM during their initial evaluation and as part of their compre­hensive diabetes care. As the primary predictor of long-term complica­tions of OM, the AlC should mirror, to a certain extent, the short-term measurements of SMBG. These nvo measurements are complementary in that recent intercurrent illnesses may impact the SMBG measure­ments but not the AIC. Likewise, postprandial and nocturnal hyper­glycemia may not be detected by the SMBG of fasting and preprandial 

capillary plasma glucose but will be reflected in the A IC. In ized assays, the AIC approximates the following mean plas~tan, values: an AIC of 6% is 7.5 mmol/L ( 135 mg/dT.), 7% is 9.sa S ( I 70 mg/dL), 8% is I 1.5 mmol/L (205 mg/dL), etc. [A 1% / 1
~ A IC translates into a 2.0-mmol/L (35 mg/dL) increase in i~e •n t~ glucose.] In patients achieving their glycemic goal, the ADA e, mends measurement of the AlC at least twice per year. More &ec°'b­testing (every 3 months) is warranted when glycemic control i ~Utri, quare, when therapy has changed, or in most patients with typ s •~ - The degree of glycation of other proteins, such as albumin, can~ DAt as an alternative indicator of glycemic control when the AIC is• '1111! rate (hemolytic anemia, hemoglobinopathies). The fructosarni:~ (measuring glycated albumin) reflects the glycemic status overt~ illllt or 2 weeks. Alternative assiys of glycemic control (including t~'Pn. anhydroglucitol assay) should not be routinely used since studies; l,s onsrrating that it accurately predicts the complications of DM Chi, bc~n~ 
~ 

mJ TYPE 1 AND TYPE 2 DIABETES MELLITUS 
ESTABLISHMENT OF TARGET LEVEL OF GLYCEMIC CONTROL Because the complications of DM are related to glycemic control, no, moglycemia or near normoglycemia is the desired, but often elusive,goai for most patients. However, normalization of the plasma glucose for~ periocs of time is extremely difficult, as demonstrated by the Deer. Re­gardless of the level of hyperglycemia, improvement in glycemic contra. will lower the risk of diabetes complications (Fig. 338-8). The target for glycemic control (as reflected by the A 1 C) must be ind,­vidualized, and the goals of therapy should be developed in consultat10r, with the patient after considering a number of medical, social, and lifestyle issues. Some important factors to consider includf the patient's age, ab, i, to understand and implement a complex treatment regimen. pre~Pn<e and severity of wmpUcations of diabetes, ability to recognize hypoglycem­ic symptoms, presence of other medical conditions or treatments that might alter the response to therapy, lifestyle and occupation (e.g., possible consequences of experiencing hypoglycemia on the job), and level of sup­port available from family and friends. 
The ADA suggests that the glycemic goal is to achieve an A 1 C as close to normal as possible without significant hypoglycemia. In general, the tar· get A IC should be <7.0% (Table 338-8) with a more stringent target (<61'1il for many patients. A higher AlC goal may be appropriate for the ve<y young or old or in individuals with limited life span or comorbld condi· tions. The major consideration is the frequency and severity of hypoglyce· mia, since this becomes more common with a more stringent AK !,Od Other groups (International Diabetes Federation and American Associatio,r of Clinical Endocrinology) have suggested that the A 1 C goal should bi' ~6.5% in most individuals, based primarily on the observation that there 11 

no lower limit of A 1C in terms of ,~uclng diabetes-specitic complrcatlOII> 
1YPB I DIABETES MBLLITUS General Aspects The ADA rec()(lr mendati:lns for fasting and bedtime glycemic goals and A 1 C targ~ts ~re summarized in Table 3e8-8. The goal is to design and implement_ rnsu: regimens that mimic j5hysiologic insulin secretion. Because individuac· with type 1 DM partially or completely lack endogenous insulin produ tion, administration of basal, exogenous insulin is essential for regul~\1: glycogen breakdown, gluconeogenesis, lipolysis, and ketogenesrs.b i,y­wise, insulin replacement for meals should be appropriate for rhe car :, drate intake and promote normal glucose utilization and storage. 

Intensive Management Intensive diabetes management has the::; of achiev,ng euglycemia or near-normal glycemia. This approach re<i ti()ll. multiple resources including thorough and continuing patient eduC~itiOO comprehensive recording of plasma glucose measurements and nu/~CO>" int;ike by the patient, .:ind a variable insulin regimen that marches 9 mPo· intake and insulin dose. Insulin regimens usually include multiple·~~uslon nent insulin regimens, multiple daily injections (MDI), or insulin rn devices (each discussed below). 
1 cemrc The be1efits of intensive diabetes management and improved g Janda control include a reduction in the mlcrovascular complications of_D after a reduction in the macrovascular complications of DM, which pers1st5tJie pa­period of near-normoglycemia. From a psychological standpoint, 
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pEl'iences greater control over his or her di­

,,~and often notes an improved sense of well­

¢, ,eater flexibility in the timing and content 

:19-fs and the capability to alter insulin do1ing 

,ta ¢:ise. In addition, intensive diabetes man­

he 
01 

in pregnancy reduces the risk of 'etal 

; ,nations and morbidity. Intensive diabetes 

ltMIIUIH PHARMAC~KINETICS Of INSULIN PREPARATIONS 

Time of Action 

Preparation Onset,h Peak,h Effective Duration, h 

Short-acting, subcutaneous 
Lispro 

<0.25 0.5-1.5 3-4 

Aspart 
<0.25 Q.5- 1.5 3-4 

Glulisine 
<0.25 0.5-1.5 3-4 

Regular 
0.5-1.0 2-3 4--6 gernent is strongly encouraged in newly di­

;13 sed patients with type 1 OM because it may 

efJ the period of (-peptide production, 

, ~ay result in better glycemic control and a 

,' ed risk of serious hypoglycemia. 

-~h<JU9h intensive management confers im­

~ l:)enefits, it is also accompanied by signifi-

Short-acting, inhaled 
Inhaled regular insulin 

Long-acting 

<0.25 0.5-1.S 4-6 

NPH 
Oetemir 
Glarglne 

Insulin Combinations 

1-4 
1-4 
1-4 

6-10 10- 16 
_ o 12-20 
_a 24 

~ personal and fina_nci~I-costs and is therefore 

·_,;pitopriate for all 1nd1v1duals 

,tlin Preparations Current insulin pr€para­

~s are generated by rPCombinant DNA technol-

an:l consist of the amino acid sequence of 

~Insulin or variations thereof. Animal insulin 

~r or pork) is no longer used. In the United 

:•·tes, most insulin is formulated as U-100 ( 100 

~tsfmL), whereas in some other countries it is 

75/25-75% protamine lispro, 25% lispro 

70/30-70% protamine aspart, 30% aspart 

50/50-50% protamine lispro, 50% lispro 

70/30 70% NPH. 3()'11, regular Insulin 

50/50-50% NPH, 50% regular Insulin 

<0.25 
<0.25 
<0.25 
0.5-1 
0.5-1 

1.5 hb Upto 10-16 

1.5 hb Uptol0-16 
1.5 hb Upto 10-16 

Dual 10-16 
Dual 10-16 

"Glarglne has minirNI peak aa,vuy; de1:mIr has some peak ac1iv1ty at &---1 4 h. 

bOual: !WO peaks; one at 2-3 h the second several hours later. 

• ~able in other concentrations (e.g., U'40 = 40 

''llslml). Human insulin has been formulated 

idi distinctive pharmacokinetics or genetically 

Source: Adapted from JS Skyler, Therapy for DiaMes Mellirus and Re/ored Dtso<ders, American Diabetes Association, 

Alexandria, VA. 2004. 

,-ooilled to more closely mimic physiologic insulin secretion. Insulins can 

.,,~sified as short-acting or long-acting (Table 338-10). For example, 

;?short-acting insulin formulation, insuli~ lispro, is an insulin analogue in 

llieh the 28th and 29th amino acids (lysine and praline) on the insulin 8 

,lllin have been reversed by recombinant DNA technology. Insulin aspart 

.nd insulin glulisine are other genetically modified insulin analogues with 

;,operiies similar to lispro. These insulin analogues have full biologic. activi­

• bu: less tendency for self aggregation, resulting 1n more rdpid absorption 

ro onset of action and a shorter duration of action. These characteristics 

,e ~rticularly advantageous for allowing entrainment of insulin injection 

?d action to rising plasma glucose levels following meals. The shorter du­

•it,on of action also appears to be associated with a decreased number of 

~ lycemic episodes, primarily because the decay of insulin action corre­

lOOf1ds to the decline in plasma glucose after a meal. Thus, insulin aspart, 

;pro, or glulisine is preferred over regular insulin for prandial coverage. ln­

;lir glargine is a long-acting blosyntheti: human insulin that differs from 

normal insulin in that asparagine is replaced by glycine at amino,~id 21, 

d!ld two arginine residues are added to the (-terminus of the 8 chain. Com­

Pmed to NPH insulin, the onset of insulin glargine action is later, the dura­

'i?r of action is longer (-24 h), and there is no pronounced peak. A lower 

ncl:lence of hypoglycemia, especially at night, has been reported with in­

lUlin glargine when compared to NPH ilsulin. Insulin detemir has a fatty 

acid side chain that prolongs its action bY slowing absorption and cataho­

im. Regular and NPH insulin have the native insulin amino acid sequence. 

Regular insulin formulated as U-500 (500 units/ml) is available and some­

tmes useful in severely insulin resistant patients. 

Basal insulin requirements are provided by long-acting (NPH insulin, in­

lUrn glargine, or insuiin detemir) insulin formulations. These are usually 

Priscribed with short-acting insulin in an attempt to mimic physiologic in­

~,n release with meals. Although mixing of NPH and short-acting insulin 

. mulatlons is common practice, this mixing may alter the insulin absorp­

,ion profile (especially the short-acting insulins). For example, lispro ab­

! Ptron is delayed by mixing with NPH. The alteration in insulin 

SOrption when the patient mixes different insulin formulations should 

:t discourage mixing insulins. However, the following guidelines should 

dafollowed: (1} mix the different insulin formulations in the syringe imme-

i tely before injection (inject within 2 min after mixing); (2) do not store 

,:11n as_ a mixture; (3) follow th~ same routine in terms of insulin mixing 

!tit• ~drninistration to standardize the physiQl_ogic respol']~~o injected in-

11
t: a_nd (4) do not mix insulin glargine or deternir with.9ther lnsulins:The .., 

'" SCrbihty of human regular and NPH insulin allows fottf:te production of 

-vrnbination insulins that contain 70% NPH a/\d 300IJ r.egut_ar (70/30), or 

~ua1 mixtures of NPH and regular (50/50). Other combination insulin for­

~lations are insulin aspart (70/).0) and insulin lispro (75/25 and 50/50). fY 

Uding some insulin analogue 'mix~ with protamine, these combina-

tions have a short-acting and long-acting profile (Table 338-10). Whil€ 

more convenient for the patient (only two inJections/day), combination in· 

sulin formulations do not allow independent adjustment of short-acting 

and long-acting activity. Several insulin formulations are available as insulin 

·pens; which may be' more convenient for some patients. 

Insulin can also be delivered by inhalation by using a powder formulcr 

t1on of regular insulin and a delivery device. For insulin delivery, the patient 

uses a powdt:'red formulation of insulin (a 'blister") and a specialized inha -

er 10 release a cloud of insulin into a reservoir from which the aerosolizej 

insulin Is inhaled. Inhaled insulin is short-acting, with an onset of action 

similar to insulin analogues but with a duration of action similar to regular 

insulin. It is therefore used for prandial coverage. Inhaled insulin must Ei­

ther be combined with an injected long-acting insulin to provide basal 

insulin coverage in type 1 or type 2 OM (Table 338-10) or used in combina­

tion with oral agents in patients with type 2 DM. Inhaled insulin appears iO 

be similar to injected regular insulin in terms of glycemic control. 11 is avail­

able in 1- and 3-mg 'blisters; which are equivalent to 3 and 8 units of in­

jected regular insulin. To deliver a larger dose requires the use of more than 

one blister. Inhaled insulin is not approved for use in patients who smoke 

or have chronic lung diseases. Pulmonary function testing should be per­

formed before starting inhaled insulin and repeated after 6 months of 

treatment and then annually. Side effects include cough, which improves 

with continued use, and hypoglycemia in a frequency similar to that seen 

with injected regular insulin. Long-term safety of inhaled insulin b not 

known. Proper use of the inhalation device requires patient education. In­

haled insulin has no physiologic advantage over injected short-acting in­

sulin but may be considered in selected patients with type 2 OM who are 

unwilling to use injected insulin. Other inhaled insulin formulations are un­

der development. 

Insulin Regimens Representations of the various insulin regimens that 

may be utilized in type 1 OM are illustrated in Fig. 338-13. Although the in­

sulin profiles are depicted as 'smooth,' symmetric curves, there is consider­

able patient-to-patient variation in the peak and duration. In all regimens, 

long-acting insulins (NPH, glargine, or detemir} supply basal insulin, whereas 

regular, insulin aspart, glulisine, or lispro insulin provides prandial insulin. 

Short-acting insulin analogues should be injected just before (<20 rni1) or 

just after a meal; regular insulin is given 30-45 min prior to a meal. 

A shortcoming of cu, rent insulin regimens is thilt injected insulin imme­

diately enters the systemic circulation, whereas endogenous insulin is SECret­

ed into the portal venous system. Thus, exogenous insulin administration 

exposes the liver to subphysiologic insulin levels. No insulin regimen repro­

duces the precise insulin secretory pattern of the pancreatic islet. However, 

the most physiologic regimens entail more frequent insulin injections, 

greater reliance on short-acting insulin, and more frequent capillary plas-
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FIGURE 338·13 Representative Insulin regimens for the treat­ment of diabetes. For each panel, the y-axis shows the amount of in­sulin effect and the x-axis shows the time of day. B, breakfast; l, lunch; S, supper; HS, bedtime; CSII, continuous subcutane:ius insulin infusion. 
*lispro, glulisine. or insulin aspart can be used. The time of insulin in­jection is shown with a vertical arrow. The type of insulin is noted above each insdin curve. A. A multiple-component insulin regimen consisting of long-acting insulin (A, one shot of glargine or two shots 
of detemir) to provide basal insulin coverage and three shots of glulisine, lispro, or insulin aspart to provide glycemic coverage for each 

ma glucose measurements. In general. individuals with type 1 DM require 0.5-1.0 U/kg per day of insulin divided into multiple doses, with ~50% of the insulin given as basal insulin. 
Multiple-component insulin regimens refer to the combination of basal insulin and bolus insulin (preprandial short-acting insulin). The timing and dose of short-acting, preprandial insulin are altered to accommodate the SMBG results, anticipated food intake. and physical activity. Such regimens offer the patient with type 1 diabetes more flexibility in terms of lifestyle and the best chance for achieving nP;ir normoglycemia. One such regi­men, shown in Fig. 338-138, consists of basal insulin with glargine or de­temir and preprandial lispro, glulisine, or insulin aspart The insulin aspart, glulisine, or lispro dose is based on individualized algorithms that integrate the preprandial glucose and the anticipated carbohydrate intake. To deter­mine the meal CO'nponent of the preprandial insulir dose, the patient uses an insulin:carbohydrate ratio (a common ratio is I-1.5 units/10 g of carbohydrate, but this must be determined for each individual). To this in­sulin dose is added the supplemental or correcting insulin based on the preprandial blood glucose [one formula uses 1 unit of insulin for every 2.7 mmol/L (50 mg/dU over the preprandial glucose target; another formula uses (body weight in kg) x (blood glucose - desired glucose in mg/dl)/ 1500). An alternative multiple-component insulin regimen consists of bed­time NPH insulin, a small dose of NPH insulin at breakfast (20-30% of bed­time dose), and preprandial short-acting insulin. Othe· variations of this regimen are in use but have the disadvantage that NPH ha, ;i si(Jnificant peak, making hypoglycemia more common. Frequent SMBG (> 3 times per day) is absolutely essential for all types of insulin regimens. 

One commonly used regimen consists of twice-daily injections of a long-acting insulin nke NPH (detemir could be used instead) mixed with a short-acting insulin before the morning and evening rreal (Fig. 338-13A). Such regimens usually prescribe two-thirds of the total d3ily insulin dose in the morning (with about two-thirds given as long-acting insulin and one­third as short-acting) and one-third before the evening meal (with approx­imately one-half given as long-acting insulin and one-half as short-acting). The drawback to such a regimen is that it enforces a rigid schedule on the patient, in terms of daily activity and the content and timing of meals. Al­though it is simple and effective at avoiding severe hyperglycemia, it does not generate near-normal glycemic control in most indiv'duals with type 1 DM. Moreover, if the patient's meal panern or content varies or if physical activity is increased, hyperglycemia or hypoglycemia may result. Moving the luny-actlng lnsLhn from before the evening meal to bedtime may avoid nocturnal hypoglycemia and provide more insulin as glucose levels rise in the early morning (so-called dawn phenomenon). The insulin dose In such regimens should be adjusted based on SMBG results with the fol­lowing general assumptions: (1) the fasting glucose is primarily deter· mined by the prior evening long-acting insulin; (2) the pre-lunch glucose is a function of the morning short-acting insulin; (3) the pre-supper glucose is a function of the morning long-acting insulin; and (4) the bedtime glu­cose is a function of the pre-supper, short-acting Insulin. This is not an opti-

meal. 8. The injection of two shot$ of long-acting insulin (A, NP 
detemir) and short-acting insulin [glulisine, lispro, insulin aspart ( H ~ red line), or regular (green dashed line)]. Only one forrnulat1 SOiid 
short-acting insulin is used. C. Insulin administration by insulin on~" sion device is shown with the basal insulin and a bolus injectl~n IJ· each meal. The basal insulin rate is decreased during the evening n at increased slightly prior to the patient awakening in the rnorn:nd 
Glulisine, lispro, or insulin aspart is used in the insulin pump. (Ada/:: 
from H Lebovitz (ed): Therapy for Diabetes Mellitus. American Diabetes As­sociation, Alexandria, VA, 2004.] 

ma/ regimen for the patient with type 1 DM, bJt is sometimes used for patients with type 2 diabetes. 
Continuous subcutaneous insulin infusion (CS/) is a very effective insulin regimen for the patient with type 1 diabetes (Fig. 338-130. To the basa, in­sulin infusion, a preprandial insulin ('bolus') is delivered by the insulin Infusion device based on instructions from the patient, who uses an individualized algorithm incorporating the preprandial plasma gluco,se and anticipated carbohydrate intake (see above). These sophisticated insulin infusion devic­es can ilLLurately deliver small doses of insulin (microliters per hour) and have several advantages: (1) multiple basal .. infusion rates can be pm­grammed to accommodate nocturnal versus daytime basal insulin require· ment, (2) basal infusion rates can be altered during periods of exercise, (3) different waveforms of insulin infusion with meal-related bolus alto"' better matching of insulin depending on meal composition, and (4) pro­grammed algorithms consider prior insulin administration and blood glu­cose values in calculating the insulin dose. These devices require a health professional with considerable experience with insJ/in infusion devices and very frequent patient interactions with the diabetes management team. In· sulin infusion devices present unique challenges, such as infect,ion at the in· fusion site, unexplained hyperglycemia because the infusion set beeomes obstructed, or diabetic ketoacidosis if the pump becomes disconnected. Since most physicians use lispro, glulisine, or insulin aspart in CSII, the ex· tremely short half-life of these insulins quickly lead to insulin deficiency ,f the delivery system is interrupted. fa~E:mtlal to the safe use of Infusion uev,c­es is thorough patient education about pump function and frequent SMBG. Efforts to create a closed loop system in which da:a from continuous g/u· cose measurement regulates the insulin infusion rate continue. t 

Other Agents That Improve Glucose Control The role of amylin,ll a 37-amino-acid peptide cosecreted with insulin from pancreatic bet~ ce t' in normal glucose homeostasis is uncertain. However, based on the rationa e that patients who are insulin deficient are also amylin deficient, an an:i­logue of amylin (pramlintide) was created and found. to reduce ~lng prandial glycemic excursions in type 1 and type 2 diabeti<: pauent~ ta and insulin. Pramlintide injected just before a meal slows gastric emptyini ap· suppresses glucagon but does not alter insulin levels. Pram/int1~e ·on of proved for insulin-treated patients with type 1 and type 2 OM. Ad '~amp· pramlintide produces a modest reduction in the A 1C and se~m~t I start· en meal-rPlilted glucose excursions. In type 1 diabetes, pr.:imhnt• e s·mum ed as a 15-µg SC injection before each meal and timted up to a m;.' 19 SC of 30--60 µg as tolerated. In type 2 DM, pramlintide is started ~s a ~f J 20 injection before each meal and may be titrated up to a maximum /ations µg. The major side effects are nausea and vomiting, and _dose e~:s gas· should be slow to limit these side effects. Because pramhnt1de s·~ns and tric emptying, it may influence absorption of other medlca~
1

1 motility. should not be used in combination with other drugs tha: slow reduced The short-acting insulin given before the meal should lnmally be mlintide to avoid hypoglycemia and then t itrated as the effects of the pra 
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iycernic control 
, 01el/lifestyle 
, ~xercise 
,Medication 

Management of 
Type 2 Diabetes 

Treat associated 
conditions 

• Dyslipidemia 
• Hypertension 
• Obesity 
• Coronary heart 
disease 

Screen for/manage 
complications 
of diabetes 
• Retinopathy 
• Cardiovascular 

disease 
• Nephropathy 
• Neuropathy 
• Other complications 

""1~£ 338·14 Essent ial elements in comprehensive diabetes care of 

. pe 2 diabetes. 

~ome evident. a-Glucosidase inhibitors are another type of agent that 

• •I be used in patients with type 1 DM (see below). 

tyPB 2 DIABETES MELLITUS Genetal Aspects The goals of ther­

W/ ror type 2 DM are similar to those in type 1·. While glycemic control 

tends to dominate the management of type 1 DM, the care of individuals 

~ilh type 2 DM must also include attention to the treatment of conditions 

IIIOCiated with type 2 DM (obesity, hypertension, dyslipidemia, cardiovas­

rular disease) and detection/management of OM-related complications 

!Fig, 338-14). OM-specific complications may be present in up to 20-50% 

:/individuals with newly diagnosed type 2 DM. Reduction in cardiovascu-

ltHlfHli■ GLUCOSE-LOWERING.THERAPIES FOR TYPE 2 DIABETES 

A1C 

Mechanism 
of Action Examples 

Reduction 
(Ofo)O 

Oral 
BigJanides 

a-Slucosldase 
inhibitors 

Dlpeptidyl 
peptidase rl/ 
i~hibitors 

ln!ulln secreta­
gogues­
sulfonylureas 

Insulin secreta-
gogues-non­
sulfonylureas 

Tl-iazolidinedi­
ones 

Parenteral 
Insulin 

GLP-1 agonise 

Arnylin agonistb 

Medical nutrition 
therapy and 
P~yslcal activity 

♦ Hepatic glucose 
production, 
weight loss, glu­
cose, utilization, 
insulin resistance 

♦ Glucose 
absorption 

Prolong endoge­
nous GLP-1 action 

f Insulin secretion 

t Insulin secretion 

♦ Insulin resistance, 
t glucose 
utilization 

f Glucose utiliza-
tion and other 
anabolic actions 

f Insulin, J Gluca-
gon, slow gastril" 
emptying 

Slow gastric empty-
ing, J Gluca90n 

l Insulin, resistance, 
t insulin secretion 

Metformin 1-2 

' I 

Acarbose, 0.5-0.8 
Miglitol 

Sitagliptin 0.5- 1.0 

Table338-12 1-2 

Table 338-12 1-2 

Rosiglitazone, 0.5- 1.4 
Pioglitazone 

Table 323-11 No llmlt 

Exenatide 0.5-1.0 

l''famlinrid~ 0.25-0.5,, 

r '? ... 
Low-caloriJ. ,._ '--'1-2 

low-fat diet, 
exercise 

:Ale reduetion depends partly on starting A JC. 

Arrylin agonist Is approved for use In type I and type 2 diabetes. 

I 

lar risk is of paramount importance as this is the leading cause of mortality 2299 

in these individuals. Efforts to achieve blood pressure and lipid goals (Table 

338-8) should begin in concert with glucose-loweri11y interventions. 

Type 2 diabetes management should begin with MNT (discussed 

above). An exercise regimen to increase insulin sensitivity and promote 

weight loss should also be instituted. P'narmacologic approaches to the 

mamgement of type 2 DM include oral glucose-lowering agents, insulin, 

and other agents that improve glucose control; most physicians and pa-

tients prefer oral glucose-lowering agents as the initial choice (discussed 

below after review of various medications). Any therapy that improves gly-

cemic control reduces ·glucose toxicity· :o the islet cells and improves en- • 

dogenous insulin secretion. However, type 2 DM is a progressive disorder 

and ultimately requires multiple therapeJtic agents and often insulin. 

Glucose-Lowering Agents Advances in the therapy of type 2 DM have 

generated considerable enthusiasm for oral glucose-lowering agents that 

target different pathophysiologic proce;ses in type 2 DM. Based on their 

mechanisms of ~nion, glucose-lowering agents are subdivided into 

agents that increase insulin secretion, re:Juce glucose production, increase 

insulin sensitivity, and enhance GLP-1 action (Table 338-11 ). Glucose­

lowering a~ents (with the exception <i a-glucosidase inhibitors and an 

amylin analogue) are ineffective in type 1 DM and should not be used for 

glucose management of severely ill inoividuals with type 2 DM. Insulin is 

sometimes the initial glucose-lowering agent. '-

Insulin Secretagogues Insulin secretagogues stimulate insulin secre­

tion by interacting with the ATP-sensiti11e potassium channel on the beta 

cell (Fig. 338-4). These drugs are most effective in individuals with type 2 

DM of relatively recent onset (<5 years), who have residual endogenous in­

sulin production. At maximum doses, first-generation sulfonylureas are 

similar in potency to second-generation agents but have a longer half-life, 

Agent-Specific 
Advantages 

Weight loss 

Reduce postpran­
dial glycemia 

Does not cause 
hypoglycemia 

Lower fasting 
blood glucose 

Short onset of ac­
tion, lowers post­
prandial glucose 

Lower insulin 
requirements 

Known safety 
profile 

We,ghrloss 

... Reduce postpran-
dial glycemia, 
weight loss 

Other health 
benefits 

.. 

Agent-Specific 
Disadvantages 

Lactic acidosis, diarrhea, 
nausea 

GI fiatulence, liver 
function tests 

HypoglycemlJ, weight 
gain 

Hypoglycemia 

Peripheral edema, CHF, 
weight gain, fractures, 
macular edema; 
rosiglitazone may 
Increase risk of Ml 

Injection, weight gain, 
hypoglycemia 

lnJect1on, nausea, f risk 
of hypoglycemia with 
ln~ulin secretagogues 

Injection, nausea, f risk 
of hypoglycemia with 
Insulin 

Compliance difficult, 
long-term success low 

Contraindications! 
Relative 
Contraindications 

Serum creatinine > 1.5 
mg/dl (men) > 1.4 
rng/dl (women), CHF, 
radiographic contrast 
studies, seriously ill 
patients, acidosis 

Renal/liver disease 
I 
Reduce dose with renal 

disease 

Renal/livPr disease 

Renal/liver disease 

Congestive heart fail­
ure, liver disease 

Renal disease, agents 
that also slow GI 
motility 

Agents that also slow 
GI motility 
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Generic Name 

Sulfonyhxea-first genera11on 
Chlorpropamide 
Tolazamide 
Tolbutamide 

Sulfonylurea-second generat1011 
Glimepiride 
Glipizide 
Glipizlde (extended release) 
Glyburide 
Glyburide (micronlzed) 

Nonsulfonylureas 
Repaglinide 
Nategllnide 

Approved Dally 
Dosage Range, mg 

100-500 
100-1000 
500-3000 

1- 8 
2.5-40 
5-10 
1.25-20 
0.75-12 

0.5-16 
180-360 

Duration of 
Action, h 

>48 
12-24 
6-12 

24 
12-18 
24 
12-24 
12-24 

2-6 
2-4 

Sourc~: Adapted ffom BR Zimmerm;,n (ed). Medical Mano~menr uf Type 2 01aberes, 4th ed. American Diabetes Association, Alexandrkl, VA 1998. 

a greater Incidence of hypoglycemia, and more frequent drug interactions (Table 338-12). Thus, second-generation sulfor-ylureas are generally pre­ferred. An advantage to a more rapid onset of action is better coverage of the postprandial glucose rise, but the shorter half-life of such agents re­quires more than once-a-day dosing. Sulfonylureas reduce both fasting and postprandial glucose and should be initiated at low doses and increased at 1- to 2-week intervals based on SMBG. In general, sulfonylureas increase in­sulin acutely and thus should be taken shortly bEfore a meal; with chronic therapy, though, the insulin release Is more sustained. Glimepiride and glipizide can be given in a single daily dose and are preferred over gly­buride. Repaglinide and nateglinide are not sulfonylureas but also interact with the ATP-sensitive potassium channel. Because of their short half-life, these agent~ are given with each meal 01 immediately betore to reduce meal-related glucose excursions. 
Insulin secretagogues are generally well toler.ted. All of these agents, however, have the potential to cause profound ard persistent hypoglyce­mia, especially in elderly individuals. Hypoglycemia Is usually related to delayed meals, increased physical activity, alcohd intake, or renal insuffi­ciency. Individuals who ingest an overdose of some agents develop pro­longed and serious hypoglycemia and should be monitored closely in the hospital (Chap. 339). Most sulfonylureas are metabolized in the liver to compounds (some of which are active) that are cleared by the kidney. Thus, their use in individuals with significant hepatic or renal dysfunction is not advisable Weight gain, a common side effect of sulfonylurea thera­py, results from the increased insulin levels and improvement in glycemic control. Some sulfonylureas have significant drug interactions with alco­hol and some medications including warfarin, as;:,irin, ketoconazole, a­glucosidase inhibitors, and fluconazole. A rcloted i1ofom I of ATP-sensitive potassium cha'1nels is present in the myocardium and the brain. All of these agents except glyburide have a low affinity for this isoform. Despite concerns that this agent might affect the myocardial response to is­chemia and observational studies suggesting that sulfonylureas increase cardiovascular risk, the UKPDS did not show an increased cardiac mortali­ty with glyburioe. 

Biguanides Metformin is representative of this class of agents. It reduc­es hepatic glucose production through an undefine:J mechanism and im­proves periphe1al glucose utilization slightly (Table~ 338-11 ). Metformin reduces fasting plasma glucose and insulin levels, inproves the lipid pro­file, and promotes modest weight loss. The initial stuting dose of 500 mg once or twice a day can be increased to 1000 mg bid. An extended-release form is available and may have fewer gastrointestinal side effects (diarrhea, anorexia, nausea, metallic taste). Because of its relatively slow onset of ac­tion and gastroirtestinal sy, 11ptoms with higher doses, the dose should be escalated every 2-3 weeks based on SMBG measurements. The major tox­icity of metformi,, lactic acidosis, can be prevented by careful patient se­lection. Metformin should not be used in patients with renal insufficiency [serum creatinine > 133 µmol/L (1.5 mg/dL) in men or > 124 ftmol/L (1.4 mg/dl) in women, with adjustments for age], any form of acidosis, CHF, liv­er disease, or se¥ere hypoxia. Metformin should be discontinued in pa­tients who are seriously ill, in patients who can take nothing orally, and in 

those receiving radiographic contrast material. Insulin should be u~ metformin can be restarted. 
~·J 

a-Glucosidase Inhibitors a-Glucosidase inhibitors (acarbose a"<l tol) reduce postprandial hyperglycemia by delaying glucose a they do not affect glucose utilization or insulin secretion (Table 
331 Postprandial hyperglycemia, secondary tc impaired hepatic and Per glucose disposal, contributes significantly to the hyperglycemk ~ type 2 OM. These drugs, taken just before each meal, reduce glue .;orption by inhibiting the enzyme that deaves oligosaccharides into~ sugars in the intestinal lumen. Therapy should be initiated at a lowd: mg of acarbose or miglitol) with the evening meal and may be increaieq a maximal dose over weeks to months (50-100 mg for acarbose Or 5') for miglitol with each meal). The major side effects (diarrhea, flatule~ dominal distention) are related to increased delivery of oligosaccharide the large bowel and can be reduced somewhat by gradual upward~ tration. a-Glucosidase inhibitors may increase levels of sulfonylureas ari.,_ crease the incidence of hypoglycemia. Simultaneou~ treatment With c1Lid resins and antacids should be avoided. These agents should flOI used in individuals with inflammatory bowel disease, gastropareSis, or a r,. rum creatinine > 177 µmol/L (2.0 mg/dl). This class of agents is not ai11c tent as other oral agents in lowering the hemoglobin A ,C but is un~ because it reduces the postprandial glucose rise even in individuals 
1
~ type 1 OM. If hypoglycemia from other diabetes treatments occurs¼!\, taking these agents, the patient should consume glucose since the deg
1 dation and absorption of complex carbohycrates will be retarded. 

Tliiazolidi11ediones Thiazolidinediones reduce insulin resistance. The. drugs bind to the PPAR-y (peroxisome proliferator-activated receptO't nuclear receptor. The PPAR-y receptor is found at highest levels In cloOc cyres but is expressed at lower levels in many other tissues. Agonistsofi receptor regulate a large number of genes, promote adipocyte differemij tion, reduce hepatic fat accumulation, and appea} to reduce insulin rev. tance indirectly by i>nhancing fatty Jcid storage d 110 possibly by increa~ . adiponectin levels (Table 338-11 ). Thiazolidinediones promote a redistri~ tion of fat from central to peripheral locations. Circulating insulin levels~ crease with use of the thiazolidinediones, indicating a reduction in inw resistance. Although direct comparisons are not available, the two wrren·• ly available thiazolidinediones appear to have similar efficacy; the thera· peutic range for pioglitazone is 1 S-45 mg/d in a single daily dose, and r. rosiglitazone the total daily dose is 2-8 mg/d administered eitheronceda: ly or twice daily in divided doses. The ability of thiazolidinediones to inllu­ence cardiovascular disease or other features of the metabolic syndrome" under investigation . 
The prototype of this class of drugs, troglitazone, was withdrawn lrO'n the U.S. market after reports of hepatotoxicity and an association with an io· iosyncratic liver reaction that sometimes led to hepatic failure. Althou9'1 rosiglitazone and pioglitazone do not appear to induce the liver abnorma ties seen with troglitazone. the FOA recommend5 measurement of ll\1€1 function tests prior to initiating therapy with a thiazolidinedione and ar reg­ular intervals (every 2 months for the first year and then periodically). ROI' glitazone raises LDL, HDL, and triglycerides sli£htly. Pioglitazone raises HCX. to a greater degree and(LDL a lesser degree but lowers triglycerides. r: clinical significance of the lipid changes with these agents is nor known a may be difficult to ascertain since most patients with type 2 diabetes~: also treated with a statin. Emphasis should be placed on reaching 11P1 

blood pressure, and glycemic targets rather than the type of therapy n~ ed to reach those goals. Thiazolidinediones are associated with w':ight Y~ (2-3 kg), a small reduction in the hematocrit, and a mild increase 1n pl~s ill' volume. Peripheral edema and CHF may occur and is more common in dividuals also treated with insulin. These agents are contraindicatod 1~!':e tients with liver disease or (HF (class Ill or IV). Recent metanalyses ar· suggested that rosiglitazone is associated with an increased risk o~ mt!I' dial infarction. The FDA has issued an alert that r~rP patients rakingAtn in• dgems may experience a worsening of diabetic macular edema. 'flil­creased risk of fractures has been noted in women taking these agents. usal azolidinediones have been shown to induce ovulation in premeno:()C)'. women with PCOS. Women should be warned about the risk of pre9 since the safety of thiazolidinediones in pregnancy is not established-
fosulin Therapy i11 Type 2 DM Insulin should be considered a~~ initial therapy in type 2 OM, particularly in lean individuals or th0 5_€ ~\ease vere weight loss, in individuals with underlying renal or hepatic 

1 
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recludes oral glucose-lowering agents, or in individuals who are hos-

11P ed or acutely ill. Insulin therapy is ultimately required by a substantial 

1 rofindividuals with type 2 OM because of the progressive nature of 

~~der and the relative insulin deficiency that develops in patients 

~ iong-standing diabetes. Both physician and patient reluctance often 

fl the initiation of insulin therapy, but glucose control and patient well­

_JJ) are improved by insulin therapy in patients who have not reached 

· 19 emic target. 
•1,9!use endogenous insulin secretion continues and is capable of 

D-ding ;ome coverage of mealtime caloric intake, insulin is usually initi-

~
1
ill a single dose of long-acting Insulin (0.3-0.4 U/l<g per day), given 

·. r before breakfast and in the evening (NPH) or just before bedtime 

; glargine, detemir). Since fasting hyperglycemia and increased he.-

. glucose production are prominent features of type 2 OM, bedtime 

•~ill is more effective in clinical trials than a single dose of morning in­

.; Gla1gine given at bedtime has less nocturnal hypoglycemia than 

·wn,uin. Some physicians prefer a relatively low, fixed starting dose of 

~,1rnediate-acting insulin (15-20 units in the morning and 5-10 units at 

~ 1Irne) to avoid hypoglycemia. The insulin dose may then be adjusted 

i(l%increments as dictated by SMBG results. Both morning and bedtime 

-NJ•acting ins~lin may be used in combi~ation with_oral gl_ucose-lowering 

,rnis (biguanides, a-glucos1dase inh1b1tors, or th1azohd1ned1ones). The 

~bina:ion of insulin and a thiazolidinedis,ne promotes weight gain and 

~rna aid is a less desirable combination. Initially, basal insulin may be 

. f/'icien~ but often prandial insulin coverage is needed as diabetes 

l\'09resses. Other insulin formulations that have a combination of ~hort­

<1f19 and long-acting insulin (Table 338-10) are sometimes used in patients 

~ilh type 2 DM because of convenience but do not allow independent ad­

Jltlllent of short-acting and long-acting insulin dose. In selected patients 

,..;1h type 2 OM (usually insulin deficient as defined by (-peptide level), in­

J n infusion devices may be considered. 

Agmts That Enhance GLP-1 Receptor Signaling "lncretins' ampli-

fy glucose-stimulated insulin secretibn. Agents that either act as a GLP-1 

.:90nist or enhance endogenous GLP-1 activity have become available 

'lid are under development. Exenatide, a synthetic version of a peptide 

original~ found in the saliva of the Gila monster (exendin-4), is an ana-

1:,gue of GLP· l. Unlike native GLP-1 which has a half-life of <5 min, differ­

eoces in the exenatide amino acid sequence render it resistant to the 

IOZ)IITle that degrades GLP-1 (dipeptidyl peptidase IV, or OPP-IV). Thus, ex­

enatide has prolonged GLP-1 -like action by binding to GLP-1 receptors 

loond in islets, the gastrointestinal 'tract, and the brain. Exenatide increas-

e\ gluc~se-stimulated insulin secretion, supp(esses glucagon, and ~lows 

l)dstric emptying. Exenatide does not promot~ weight gain; in fact, most 

oatients experience modest weight loss. It appears that GLP-1 agonists 

~so suppress appetite. Exenatide, approved for combination with other 

lalag~nts for type 2 OM, should be started as a 5-µg SC injection before 

11\e morning and evening meal and increased to 10 !lg twice daily, de­

Pffidirg on the response and side effects (nausea being the limiting fac­

lO!). The A 1 C reductions with exenatlde are modest compared to those 

"1th some oral agents. Exenatide is approved only for use as adjunct or 

tombl,ation therapy with metformin or sulfonylureas; studies of its effica-

cy in combination with other oral agents are underway. Exenatide should 

not be used in patients taking insulin. The major side effects are nausea, 

\Omiting, and diarrhea; some patients taking insulin secretagogues may 

'e(lJire a reduction in those agents to. prevent hypoglycemia. Because it 

s~ws gastric emptying and may influenae the absorption of other drugs, 

~ tirning of administration should be coordinated. Whether exenatide 

~hance~ beta cell survival, promotes beta cell proliferation, or alters the 

a tural history of type 2 OM is not known. Other GLP-1 receptor agonists 

1~ formulations are under development OPP-IV inhibitors represent a 

e ~class_ of oral agents that inhibit degradation of native GLP-1 dnd thus 

; nee rncretin effect. These agents promote insulin secretion in the ab­

•ffince of hypoglycemia or weight gain, and appear to have a preferential 

rv ec, on postprandial blood glucose. The FDA bas approved tbe first DPP­

c:~ibi_tor, sitagliptin, for use with diet and exercise to ~mer9ve glycemic 

na/011n adult individuals with type 2 OM. It can also be,\JSedln'combi· 

at ico With metformin or a thiazolidinedione. Sitagliptin1iradltlinistered 

Da~ dose of 100 mg orally once daily. Reduced doses should be given to 

datnts With moderate (creatinine~l:arance 30-50 mUmin, 50 mg once 1 

ria?I or severe (creatinine clearance < 30 mUmin, 25 mg once daily) re-

insufficiency. Renal function should be assessed prior to initiation of 

sitagliptin therapy and periodically thereafter. Clinical experience with this 2301 

agent is limited. 

Cltoice of Initial G/11cose-Loweri11g Agent The level of hyperglyce­

mia should influence the Initial choice of therapy. Assuming maximal 

benefit of MNT and increased physical activity has been realized, pa­

tients with mild to moderate hypergly~emia [FPG < 11.1-13.9 mmol/l 

{)00-250 mg/dl)] often respond well tc a single, oral glucose-lowering 

agent. Patients with more severe hyperglycemia (FPG > 13.9 1nmol/L 

(250 mg/dL)l may respond partially but are unlikely to achieve nor­

moglycemia with oral monotherapy. A stepwise approach that starts a 

with a single agent and adds a second agent to achieve the glycemic 

target can be used (see ·combination Therapy; below). Insulin can be 

used as initial therapy in individuals with severe hyperglycemia [FPG > 

13.9-16.7 mmol/L (250-300 mg/dl)) or in those who are symptomatic 

from the hyperglycemia. This approach is based on the rationale that 

more rapid glycemic control will reduce "glucose toxicity" to the islet 

cells, improve endogenous insulin secretion, and possibly allow oral glu­

cose-lowering agents to be more effective. If this occurs, the insulin may 

be discontinued. 
Insulin ~cretagogues, biguanides, a-glucosidase inhibitors, thiazo­

lidinediones, and insulin are approved for monotherapy of type 2 OM. 

Although each class of oral glucose-lowering agents has unique advan­

tages and disadvantages, certain generalizations apply: ( l) insq)in secreta­

gogues, biguanides, OPP-IV inhibitors, and thiazolidinediones improve 

glycemic control to a simil;ir degree (1-2% reduction in A 1 C) and are 

more effective than a-glucosidase inhibitors; (2) assuming a similar de· 

gree of glycemic improvement, no clinical advantage to one class of 

dru-~s has been demonstrated, and any therapy that improves glycemic 

control is likely beneficial; (3) insulin secretagogues and a-glucosidase in­

hib tors begin to lower the plasma glucose immediately, whereas the glu­

cose-lowering effects of the biguarndes and thiazolidinediones are 

del3yed by several weeks to months; (4) not all agents are effective in all 

individuals with type 2 OM (primary failure); (5) biguanides, a-glucosidase 

inhibitors, OPP-IV inhibitors, and thiazclidinediones do not directly cause 

hypoglycemia; and (6) most individuals will eventually require treatment 

with more than one class of oral glucose-lowering agents or insulin, re­

flecting the progressive nature of type 2 OM. 

Considerable clinical experience exists with metformin and sulfonyl­

ureas because they have been available for several decades. It is assumed 

that the a-glucosidase inhibitors, OPP-IV inhibitors. and thiazolidinedi· 

ones, which are newer classes of oral glucose-lowering drugs, will reduce 

OM-related complications by improving glycemic control. although long­

term data ar~ riot yet available. The thiazolidinedionP~ are theoretically at· 

tractive because they target a fundamental abnormality in type 2 OM, 

namely insulin resistance. However, al of these a~ents are currently more 

costly than metformin and sulfonylureas. 

A reasonable treatment algorithm 'or initial therapy uses metformin as 

initial therapy because of its efficacy, known side-effect profile, and rela· 

tively low cost (Fig. 338-15). Metformin has the advantage that it pro· 

rrotes mild weight loss. lowers insulin levels, and improves the lipid 

profile slightly. Based on SMBG results and the A 1 C. the dose of metform­

in should be-increased until the glycemic target is achieved or maximum 

dose is reached. 
Approximately one-third of individuals will reach their target glycemic 

goal using metformin as monotherapy. 

Combi11atio11 Therapy wit/, Glucose-Loweri11g Agents A number of 

combinations of therapeutic agents are successful in type 2 OM, and the 

cosing of agents in combination is tre same as when the agents are used 

alone. Because mechanisms of action of the first and second agents are 

different, the effect on glycemic control is usually additive. Several tixed 

dose combinations of oral agents are available, but evidence that they are 

5Uperior to titration of single agent to a maximum dose and then addition 

of a second agent is lacking. If adeqJate control is not achieved with the 

~combination of two agents (based on reassessment of the AlC every 3 

months), a third oral agent or basal insulin should be added (Fig. 338· 15). 

Treatment with insulin becomes necessary as type 2 OM enters the 

phase of relative insulin deficiency (as seen In long-standing OM) and is sig-

1aled by inadequate glycemic control with one or two oral glucose-lower­

ing agents. lnslJ)in alone or in combination should be used in patients who 

fail to reach the glycemic target. For example. a single dose of long-acting 

C: 
V, 
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2302 insulin at bedtime is effective fn combination with metforrnln. As 
endogenous insulin production falls further, multiple injections 
of long-acting and short-acting insulin regimens are necessary 
to control postprandial g lucose excursions. These insulin regi­
mens are identical to the long-acting and short-acting com­
bination regimens discussed above for type 1 DM. Since the 
hype rg lycemia of type 2 OM tends to be more"stable~these reg• 
imens can be increased in 10% increments every 2-3 days using 
the fasting blood glucose results. The daily insulin dose required 
can become quite large (1- 2 units/kg per day) as endogenous 
insulin production falls and insulin resistance persists. Individuals 
who require > 1 unit/kg per day of long-acting insulin should be 
considered for combination therapy with metformin or a thiazo­
lidinedio ne. The addition of metformin or a thiazolidinedione 
can reduce insulin requirements in some individuals with type 2 
OM, while maintaining or even improving glycemic control. In­
sulin plus a thiazolidinedione promotes weight gain and is asso­
ciated with peripheral edema. Addition of a thiazolidinedione to 
a patient 's insulin regimen may necessitate a reduction in the in­
sulin dose to avoid hypoglycemia. 

Patient with type 2 diabetes 

Medical nutrition therapy, 
Increased physical activity, 

weight loss 
+ 

metformin 

Combination therapy 
-metformin + second agent 

EMERGING THERAPIES Whole pancreas transplantation 
(performed concomitantly with a renal transplant) may normal­
ize glucose to lerance and is an important therapeutic option in 
type 1 DM, though it requires substantial expertise and is associ-

Combination therapy 
-metformin + two other agents I insulin + metformin I 
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ated with the side effects ofimmunosuppression. Pancreatic islet 
transplantation has been plagued by limitations in pancreatic 
islet isolation and graft survival and remains an area of clinical 
investigation. Many individuals with long-standing type 1 DM 
still produce very small amounts of insulin o r have insulin-posi­
tive cells within the pancreas. This suggests that beta cells are 
slowly regenerating but are quickly destroyed by rhe autoim­
mune process. Thus, efforts to suppress the autoimmune pro-

FIGURE 338·15 Glycemic management of type 2 diabetes. See text for discus­
sion of treatment of severe hyperglycemia or symptomatic hyperglycemia. Agents 
that can be combined with metforrnin include insulin secretagogues, thiazo­
lidinediones, o.-glucosidase inhibitors, OPP-IV inhibitors, a nd exe natide. A 1C, he­
moglobin A 1 C. 

cess and to stimulate beta cell regeneration are underway both at the time 
of d iagnosis and in years after the diagnosis of type 1 DM. Closed-loop 
pumps that infuse the appropriate amount of insulin in response to 
changing glucose levels are potentially feasible now that continuous glu­
cose-monitoring technology has been developed. 

COMPLICATIONS OF THERAPY FOR DIABETES MEUITUS 
As with any therapy, the benefits of efforts directed towards glycemic 
control must be weighed against the risks of treatment. Side effects of 
intensive treatment include an increased frequency of serious hypogly­
cemia, weight gain, increased economic costs, and greater demands on 
the patient. In the DCCT, quality of life was very similar in the inten­
sive and standard therapy groups. The most serious complication of 
therapy for DM is hypoglycemia, and its treatment with oral glucose 
or glucagon injection is discussed in Chap. 339. Severe, recurrent hy­
poglycemia warrants examination of treatment regimen and glycemic 
goal for the individual patient. Weight gain occurs with most (insulin, 
insulin secretagogues, thiazolidinediones) but not all (metformin, a­
glucosidase inhibitors, exenatide) therapies that improve glycemic 
control. It is partially due to the anabolic effects of insulin and the re­
duction in glucosuria. In the DCCT, in dividuals with the greatest 
weight gain exhibited increases in LDL cholesterol and triglycerides as 
well as increases in blood pressure (both systolic and diastolic) similar 
to those seen in individuals with type 2 DM and insulin resistance. 
These effects could increase the risk of cardiovascular disease. As dis­
cussed previously, transient worsening of diabetic retinopathy or neu­
ropathy sometimes accompanies improved glycemic control. 

ONGOING ASPECTS OF COMPREHENSIVE DIABETES CARE 
The morbidity and mortality of OM-related complications can be 
greatly reduced by timely and consistent surveillance procedures (Ta­
ble 338-13). These screening procedures are indicated for all individuals 
with DM, but numerous studies have documented that most individuals 
with diabetes do not receive comprehensive diabetes care. Screening for 
dyslipidemia and hypertension should be performed annually. In addi-

tion to routine health maintenance, individuals with diabetes should 
also receive the pneumococcal and tetanus vaccines (at recommended 
intervals) and the influenza vaccine (annually). As discussed above, as­
pirin therapy should be considered in many patients with diabetes. 

An annual comprehensive eye examination should be performed by 
a qualified optometrist or ophthalmologist. If abnormalities are detect­
ed, further evaluation and treatment require an ophthalmologist skilled 
in diabetes-related eye disease. Because many individuals with type 2 
DM have had asymptomatic d iabetes for several years before diagnosis, 
the ADA recommends the following ophthalmologic examination 
schedule: (1) individuals with type 1 OM should have an initial eye ex­
amination within 3-5 years of diagnosis, (2) individuals with type 2 
DM should have an initial eye examination at the time of diabetes diag­
nosis, (3) women with DM who are pregnant or contemplating preg­
nancy should have an eye examination prior to conception and during 
the first trimester, and ( 4) individuals whose eye examination is normal 
can have a repeat examination in 2-3 years rather than annually. 

An annual foot examination should: (1) assess blood flow, sensa­
tion (monofilament test ing, pin prick, or tuning fork), ankle reflexes, 
and nail care; (2) look for the presence of foot deformities such as 
hammer or claw toes and Charcot foot; and (3) identify sites of poten-

- <,UIDELINES FOR ONGOING MEDICAL CARE FOR PATIENTS 
WITH DIABETES 

, Self-monitoring of blood glucose (Individualized frequency) 
, A 1C testing (2- 4 times/year) 
• Patienr education in .diabetes mal')agement (annual) 
. Medical nutrition ther<1py and education (annual) 
, Eye examination (annual) 
. Foot examination (1-2 times/year by physician; dal(y by patient) 
, Screening for diabetic nephropathy (annual; see Fig, 338-11) 
, Blood pressure measurement (quarte1ly) 
, Lipid proflle and serum creatinlne (estimate GFR) (annual) 
, lnfluenza/pneumococcal lmmunlzatlons 
, Consider ant)plateler therapy (see text) 

Nott: A IC, hemoglobin Al C 
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tceration. Calluses and nail deformities should be treated by,~ po­

)
0 
.. 1. the patient should be discouraged from self-care of even 

~· • 

~ r foot problems, hut should be strongly encouraged to check his/ 

~P~ et daily for any early lesions. The ADA advises a visual foot in­

-/1
1
:00 in pat~ents with symptoms or signs of diabetic neuropathy at 

f 6.t11onth mtervals. • 

~or annual microalbuminuria measurement (albumin-to-creati­

. i1:a;io in spot urine) is advised in individuals with type I or type 2 

1 and no protein on a routine urinalysis (Fig. 338-1 0). If the uri-

11; ,sis detects proteinuria, the amount of protein should be quanti­

~ bY standard urine protein measurements. If the urinalysis was 

ative for protein in the past, microalbuminuria should be the an­

:<'lll screening examination. Routine urine protein measurements do 

•o: detect low levels of albumin excretion. Screening should com­

'° nee 5 years after the onset of type l DM and at the time of diagno­

~ of type 2 DM. Regardless of protein excretion results, the GFR 

'~uld be estimated using the serum creatinine in all patients on an 

~ual basis. 

!P!CIAL CONSIDERATIONS IN DIABETES MELLITUS 

,srcHOSOCIAL ASPECTS 

_1,swith any chronic, debilitating disease, the individual with DM faces 

,;tries of challenges that affect all aspects of daily life. The individual 

M·ith DM must accept that he or she may develop complications relat­

tli 10 OM. Even with considerable effort, normoglycemia can be an 

riusil•e goal, and solutions to worsening glycemic control may not be 

t.15ily identifiable. The patient should view him- or herself as an essen­

rial member of the diabetes care team and not as someone who is 

11100 for by the diabetes team. Emotional stress may provoke a change 

,n behavior so that individuals no longer adhere to a dietary, exercise, 

onhcrapeutic regimen. This can lead to the appearance of either hy­

ptr· or hypoglycemia. Eating disorders, including binge eating uisor­

dtrs, bulimia, and anorexia nervosa, appear to occur more frequently 

individuals witJ1 type l or type 2 DM (Chap. 76). 

MANAGEMENT IN THE HOSPITAUZEO PATIENT 

l"trtually all medical and surgical subspecialties are involved in the 

,Jre of hospitalized patients with diabetes. Hyperglycemia, whether in 

a patient with known diabetes or in someone without known diabetes, 

1ppears to be a predictor of poor' o'utcome in ho~pitalized patients. 

General anesthesia, surgery, in-fection, or concurrenl illness raises the 

levels of counterregulatory hormones (cortisol, growth hormone, cat­

tcholamines, and glucagon) and cytokines that may lead to transient 

insulin resistance and hyperglycemia. These factors increase insulin re­

quirements by increasing glucose production and impairing glucose 

Utilization and thus may worsen gly1.emic control. The c:oncurrent ilt­

n~ or surgical procedure may lead to variable insulin absorption and 

also prevent the patient with DM from eating normally and may pro­

mote hypoglycemia. Glycemic control should be assessed (with AIC) 

ind, if feasible, should be optimized prior to surgery. Electrolytes, re­

nal fu nction, and intravascular volume status should be as,essed as 

Ivel!. The high prevalence of cardiovascular disease in individuals with 

DM (especially in type 2 DM) may require preoperative cardiovascu­

lar evaluation. 

. Glycemic control appears to improve the clinical outcomes in a va­

riety of settings. ln fact, many patients who do not have preexisting di­

abetes but who develop modest blood glucose elevations during their 

ho_spitalization appear to benefit from achieving near-normoglycemia 

Using insulin treatment. For example, maintenance of a near-normal 

&lucose with a continuous insulin infusion reduced the risk of postop­

~rative infection after CABG and reduced the morbidity and mortality 

1
~ Patients in a surgical intensive care lUlit.In a number of cross-scc­

h~nal studies of patie11is with diabete~, a,gr~ter degree of hyperglyce­

lllia Was associated with worse ·cardiad, ,n~qT,ologic, and infectious 

outcomes. The goals of diabetes management during hospitalization 

~te llear-normogly1;emia, avoidance of hypoglycemia, aJ1d transition 

ack to the outpatient diabetes treatment regimen. The ADA suggests 

these glycemic goals for critically ill patients:" . . . as close to 6.1 1:,rnol/L 

( 110 mg/dL) and generally <10 mmol/L ( 180 mg/dL, postprandial)." 

In noncritically ill patients, the suggested glycemic goals are as dose as 

possible to 5.0-7.2 mmol/L (90-130 mg/dL) preprandially and <10 

mrnol/L (180 mg/dL) postprandially. This process requires integrating 

information regarding the plasma glucose, diabetes treatment regi­

men, and clinical status of tpe patient . 

The physician caring for an individual with diabetes in the periop­

erative period, during times of infection or serious physical illness, or 

simply when fasting for a diagnostic procedure must monitor the 

plasma glucose vigilantly, adjust the diabetes treatment regimen, and 

provide glucose infusion as needed. Depending on the sev~rity of the 

patient's illness and the ho.5pital setting, the physician can use eith;r 

an insulin infusion or subcutaneous insulin. A "consistent carbohy­

drate diabetes meal plan" for hospitalized patients provides a predict­

able amount of carbohydrate for a particular meal each day (but not 

necessarily the same amount for breakfast, lunch, and supper). The 

hospital diet should be determined by a nutritionist; terms such as 

"ADA diet" or "low-sugar diet" are no longer used. Several different 

treatment regimens (IV or SC insulin regimens) can be employed 

•successfully. 
Insulin infusions can effectively control plasma glucose in the peri­

operative period and when the patient is unable to take anything by 

mouth. The absorption of subcutaneous ins11Lin may be \'ariable in 

such situations. Regular insulin is preferred over insulin analogues for 

IV insulin infusion since it is less expensive and equally effective. The 

physician must consider carefully the clinical setting in which an insu­

lin infusion will be utilized, including whether adequate ancillary per­

sonnel are available to monitor the plasma glucose frequently and 

whether they can adjust the insulin infusion rate to mainta'.n the plas­

ma glucose within the optimal range. 

Because of the short half-life of lV regular insulin, it is necessary to 

administer long-acting insulin prior to discontinuation of the insulin 

infusion to avoid a period of insulin deficiency. An alrcrnat:ve to an in­

sulin infusion is basal or"scheduled" insulin provided by SC, long-act­

ing insulin supplemented by prandial or "corrective" insulin using a 

short-acting insulin (insulin analogues preferred). The use of "sliding 

scale" insulin alone, where no insulin is given unless the blood glucose 

is elevated, is inadequate for in-patient glucose management and should 

not be used. The short-acting, pre-prandial insulin dose should in­

clude coverage for food consumption (based on anticipated carbohy­

drate intake) plus a corrective or supplemental insulin based on the 

patient's insulin sensitivity and the blood glucose. For example, if the 

patient is thin (and likely insulin sensitive), a corrective insulin supple­

ment might be I unit for each 2.7 mmol/L (50 mg/dL) over the glu­

cose target. If the patient is obese and insulin resistant, then the insulin 

supplement might be 2 units for each 2.7 mmol/L (50 mg/dL) over the 

glucose target. It is critkal to individualize the regimen and adjust the 

basal or "scheduled" insulin dose frequently, based on the corrective 

insulin required. 

Individuals with type I DM who are undergoing general anesthesia 

and surgery, or who are seriously ill, should receive continuous insu­

lin, either through an JV insulin infusion or by SC administration of a 

reduced dose of long-acting insulin. Short-acting insulin alone is in­

sufficient. Prolongation of a surgical procedure or delay in the recov­

ery room is not uncommon and may result in periods of insulin 

deficiency leading to OKA. Insulin infusion is the preferred method 

for managing patients with type I DM in the perioperative period or 

when serious concurrent illness is present (0.5-1.0 units/h of regular 

insulin). insulin-infusion algorithms jointly developed and imple­

mented by nursing and physician staff are advised. If the diagnostic or 

surgical procerlure is brief and performed under local or regional an­

esthesia, a reduced dose of SC, long-acting insulin may suffice (30-

50% reduction, with short-acting insulin held or reduced). This ap­

proach facilitates the transition back to long-acting insulin after the 

procedure. Glucose may be infused to prevent hypoglycemia. The 

blood glucose should be monitored frequently during the illness or in 

the perioperative period . 
... 
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Individuals with type 2 DM can be managed with either regular in­
sulin infusion, or a reduced dose of SC long-acting insulin (25-50% 
reduction) plus preprandial, short-acting insulin. Oral glucose-lower­
ing agents should be discontinued upon admission and are not useful 
in regulating the plasma glucose in clinical situations where the insulin 
requirements and glucose intake are changing rapidly. Moreover, these 
oral agents may be dangerous if the patient is fasting (e.g., hypoglyce­
mia with sulfonylureas). Metformin should be withheld when radio­
graphic contrast media will be given or if severe CHF, acidosis, or 
declining renal functi.on is present. 

Total Parenteral Nutrition (See also Chap. 73.) Total parenteral nutri­
tion (TPN) greatly increases insulin requirements. In addition, indi­
viduals not previously known to have DM may become hyperglycemic 
during TPN and require insulin treatment. Intravenous insulin infu­
sion is the preferred treatment for hyperglycemia, and rapid titration 
to the required insulin dose is done most efficiently using a separate 
insulin infusion. After the total insulin dose has been determined, in­
sulin may be added directly to the TPN solution or, preferably, given as 
a separate infusion. Often, individuals receiving either TPN or enteral 
nutrition receive their caloric loads continuously and not at "meal 
times"; consequently, SC insulin regimens must be adjusted. 

Glucocorticoids Glucocorticoids increase insulin resistance, decrease 
glucose utilization, increase hepatic glucose production, and impair 
insulin secretion. These changes lead to a worsening of glycemic con­
trol in individuals with DM and may precipitate diabetes in other in­
dividuals ("steroid-induced diabetes"). The effects of glucocorticoids 
on glucose homeostasis are dose-related, usually reversible, and most 
pronounced in the postprandial period. If the FPG is near the normal 
range, oral diabetes agents (e.g., sulfonylureas, metformin) may be 
sufficient to reduce hyperglycemia. If the FPG > 11.1 mmol/L (200 
mg/dL), oral agents are usually not efficacious and insulin therapy is 
required. Short-acting insulin may be required to supplement long­
acting insulin in order to control postprandial glucose excursions. 

Reproductive Issues Reproductive capacity in either men or women 
with DM appears to be normal. Menstrual cycles may be associated 
with alterations in glycemic control in women with DM. Pregnancy is 
associated with marked insulin resistance; the increased insulin re­
quirements often precipitate OM and lead to the diagnosis of GDM. 
Glucose, which at high levels is a teratogen to the developing fetus, 
readily crosses the placenta, but insulin does not. Thus, hyperglycemia 
from the maternal circulation may stimulate insulin secretion in the 
fetus. The anabolic and growth effects of insulin may result in mac­
rosomia. GDM complicates -4% of pregnancies in the United States. 
The incidence of GDM is greatly increased in certain ethnic groups, 
including African Americans and Latinos, consistent with a similar in­
creased risk of type 2 DM. Current recommendations advise screening 
for glucose intolerance between weeks 24 and 28 of pregnancy in 
women with high risk for GDM (2:25 years; obesity; family history of 
DM; member of an ethnic group such as Latino, Native American, 
Asian American, African American, or Pacific Islander). Therapy for 
GDM is similar to that for individuals with pregnancy-associated dia­
betes and involves MNT and insulin, if hyperglycemia persists. Oral 
glucose-lowering agents have not been approved for use during preg­
nancy. With current practices, the morbidity and mortality of the 
mother with GDM and the fetus are not different from those in the 
nondiabetic population. Individuals who develop GDM are at marked 
increased risk for developing type 2 DM in the future and should be 
screened periodically for DM. Most individuals with GDM revert to 
normal glucose tolerance after delivery, but some will continue to have 

overt diabetes or impairment of glucose tolerance. ln addition, chil­
dren of women with GDM appear to be at risk for obesity and glucose 
intolerance and have an increased risk of diabetes beginning in the lat­
er stages of adolescence. 

Pregnancy in individuals with known DM requires meticulous 
planning and adherence to strict treatment regimens. Intensive diabe­
tes management and normalization of the AlC are essential for indi­
viduals with existing DM who are planning pregnancy. The most 
crucial period of glycemic control is soon after fertilization. The risk of 
fetal malformations is increased 4-10 times in individuals with uncon­
trolled DM at the time of conception, and normal plasma glucose dur­
ing the preconception period and throughout the periods of organ 
development in the fetus should be the goal. 

LIPODYSTROPHIC DM 
Lipodystrophy, or the loss of subcutaneous fat tissue, may be general­
ized in certain genetic conditions such as Jeprechaunism. Generalized 
lipodystrophy is associated with severe insulin resistance and is often 
accompanied by acanthosis n igricans and dyslipidemia. Localized li­
podystrophy associated with insulin injections has been reduced con­
siderably by the use of human insulin. 

Protease Inhibitors and lipodystrophy Protease inhibitors used in the 
treatment of HIV disease (Chap. 182) have been associated with a cen­
tripetal accumulation of fat (visceral and abdominal area), accumula­
tion of fat in the dorsocervical region, loss of extremity fat, decreased 
insulin sensitivity (elevations of the fasting insulin level and reduced 
glucose tolerance on TV glucose tolerance testing), and dyslipidemia. 
Although many aspects of the physical appearance of these individuals 
resemble Cushing's syndrome, increased cortisol levels do not account 
for this appearance. The possibility remains that this is related to HfV 
infection by some undefined mechanism, since some features of the 
syndrome were observed before the introduction of protease inhibi­
tors. Therapy for HIV-related lipodystrophy is not well established. 
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