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I Sporadic from biochemical screening for tumors in indi- 2275
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- viduals who carry a germ-line mutation.
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BAUSCH B et al: Clinical and genetic character-
istics of patients with neurofibromatosis
tlpe I and pheochromocytoma. N Engl I
Med 354:2729,2006

et al: Germline NFI mutational spec-

tra and loss-of-heterozygq$ity analyses in
patients with pheochromocþoma and neu-
rofibromatosis tfpe 1. J Clin Endbcrinol
Metab 92:2784,2007

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

NEUMANN HP et al: Distinct clinical features
of paraganglioma syndromes associated
with SDHB and SDHD gene mutations.

IANIA292:943,2004
et al: Evidence of MEN-2 in the origi-

nal description of classic pheochromocy-
toma. N Engl ] Med 357:1311,2007

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

317.6 Mutation distribution ¡n the RET, VHL, NFI , 5,PHB, SDHC, and SDHD

The bars depict the frequency of sporadic or various inherited forms of pheochromo-

in different age groups. The inherited disorders are much more common among

individuals presenting with pheochromocytoma. (Data from the Freiburg lnternat¡onal
a nd Paraga nglioma Registry.)

the underlying syndrome is diagnosed, the beneflt ofgenetiç test- ScHoLZ T et al Clinical review: Current teatment of malignant pheo-

chromocytoma. J Clin Endocrinol Metab 92:1217, 2007

WÁ.LZ MK et al: Laparoscopic and retroperitoneoscopic treatment of
pheochromocytomas and retroperitoneal paragangliomas: Results

of 161 tumors in 126 patients. World J Surg 30:899, 2006

be extended to relatives. For this purpose, it is necessary to identifr
mutation in the proband and, after genetic counseling, per-

sequence analyses of the respohsible gene in relatives to deter- I
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they æe affected (Chap. 6a). Other family members may benefrt
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Diabetes Mellitus
Alvin C. Powers

Type of
Diabetes

Normal
glucose

lolerance

Hyperglycemia

lmpaired fasting
glucose or

impaired glucose
lolerance

lnsulin lnsulin
Not required requ¡red

for forinsulin
requiring control survival

Type 1

Type 2
Other

specific types
Gestational

Diabetes

Time (years)

<-{--

FPG

2-h PG

<5.6 mmol/L
(100 mg/dl)

<7.8 mmol/L
(140 ms/dl)

5.6-6.9 mmol/L i

(1oo-125 mg/dl) |
I

7.8-11.1 mmol/L I

(140-1ee mg/dl) 
|

>7.0 mmol/L
(126 mg/dL)

>1 1.1 mmol/L
(200 mg/dl)

factors. Depending on the etiology of the DM, factors
to hypergþemia include reduced insulin secretion, de-

glucose utilization, and increased glucose production. The
dysregulation associated with DM causes secondary patho-

changes ln multiple organ systems that impose a tremen-
on the individual with diabetes and on the health care

In the United States, DM is the leading cause of end-stage re-
(ESRD), nontraumatic lower extremity amputations, and

It also predisposes to cardiovascular diseases. With an
incidence worldwide, DM will be a leading cause of mor-
mortality for the foreseeable future.''' /

FIGURE 338.1 Spectrum of glucose homeostasis and diabetes mel-
litus (DM). The spectrum from normal glucose tolerance to diabetes in

type 1 DM, type 2 DM, other specifìc types of diabetes, and gestational

DM is shown from left to right. ln 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 dlabetes. For example, indlvlduals with
type 2 DM may return to the impaired glucose tolerance category with
weight loss; in gestational DM diabetes may revert to impalred glucose

tolerance or even normal glucose tolerance after delivery. 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 fìgure. These values do not apply to the diagnosis of
gestatlonal DM. Some types of DM may or may not require insulin for sur-

vlval, hence the dotted line. (Conventional unlts are used in the figure.)
(Adapted from the American Diabetes Association,2007.)

CATION

classified on the basis of the pathogenic process tlut leads to hy-
as opposed to earlier criteria such as age of onset or type of

(Fie. 338- r) The two broad categones of DM are designated

). Both tfpes of diabetes are preceded by a

homeostasis as the pathogenic processes

1n insulin action ahd/or secretion give rlse to the common
2ofhypergþpemia 1n tYpe DM and have importaht potential
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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
USA 
Indonesia 
Japan 
Pakistan 
Russ ia 
Brazil 1::=J3.5 �6-8 ->8 

. I' d T JS I become more industna ize · h top 10
in most countries, and 6 of 

\: are ill 
countries with the highest r� \,ers (at 
Asia. In the United States, the . t (CDC}

Italy 
Banaladesh 

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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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.) 
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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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70· 89- 93. 97. 100- 105- 109- 116· 136· 226-
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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 IfE@Ð RrsK FACToRs ron TypE 2 DTABETIs MEunus
Family history of diabetes (i.e., parent or sibling with type 2 diabetes)Obesiry (BMt >25 kq/m-)
H¿biruaf physical inãctiviry
Ràce/ethn¡city (e,q., African.Amer¡can, L¿tino, Native American, AsianAmerican, pacifÈ Islander)
previousjy jdenrjf¡ed IFG or iC I
History of GDM or delivery of bab y >4 kg (>g lb)Hypertension (blood pressure >140190 mmHo)
HDL chotesterol tevet <:s,À9Àr iõ.io ,liåzi and/or a rristycerjde level>250 mg,zdl (2.82 mmol/t i
PolycysIic ovary syndroms 6¡ ¿.a.thosis nígricdns
History of vascular disease

Voltage dependent
Caz+ channel 

Cq2+

xì/
Deporarizat¡on 

> @/Ç

Ca2,

K+

\o O cAMpATP/ADP

Mitochonclria -¡\
Y9pyruvate

,Votei 8MI, body mass index; lFG, impaired fasting glucose; IGT , impa¡red glucose toler_ancej GDM, gestâtional diabetes melliius; HDL, h¡gh-density I ipoprotein.soulcei Adapted from American D¡abetes Association, 2007
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DM' a long asymptomatic period
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(discussed below), but rheir ¡outiíe ,* ,r-ä,riàr*ged pending theidentification of crinica'v beneficiar *;#;ii'ior individuals athigh risk for developing type r DM.
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betes are often associated with increased insu-
lin requirements, as might occur during
infections or puberty. After the initial clinical
presentation of type 1 DM, a "honeymoon"
phase may ensue during which time gþemic
contlol is achieved with modest doses of insu-
lin or, rarel¡ insulin is not needed. However,
this fleeting phase of endogenous insulin pro-
duction from residual beta cells disappears as

the autoimmune process destroys thg*emain-
ing beta cells, and the individual becomes
completely insulin defi cient.
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cal twins ranges between 30 and 70%0, indicating
that addit¡onal 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 HLAçomplex account for
40-50o/o of the genetic risk of developing type 1

DM. This region contains genes that encode the
class ll MHC molecules, which present antigen to
helper T cells and thus are involved in ìnitiating
the immune response (Chap. 309). The ability of
class ll MHC molecules to present antigen is de-

Protein Glycogen Glucose
synthesis synthesis transport

138-5 lnsulin signal transduction pathway in skeletal muscle. The insulin recep-

ntrins tc tyros ne ki nase activity a nd ntera cts with rns U n receDtor substrates (l

ular protertns and initì
RS a nd

proteins' n U m ber of docki ns prote n5 bì n d to these cel ate the
tc action5 of nsu lìn [GrB-2, 505, S H P- 2, p65 D 0, a nd phosphatidyli nositol al-J -kinase

Insulin increases glucose transport through Pl-3-kinase and the Cbl pathway
promotes the translocation of intracellular vesicles containing GLUT4 glucose trans-

to the plasma membrane. (Adapted from WL Lowe, in Principles of Molecular MedicÌne, JL
(ed). Totowa, NJ, Humana, 1998; A Virkamaki et al: J ClÌn lnvest 103:931 , 1999. For addi-

details see AR Salt¡eL CR Kahn: Nature 414:799, 2001 .)

promoting mobilization of stored precursors such as amino ac- 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 ll
molecules.

Most individuals with type 1 DM have the HLA DR3 and/or DR4 haplo-
type. Refinements in genotyping of HLA loci have shown that the hap-
lotypes DQA1"0301, DQBl*0302, and DQB1"0201 are most strongly
associated with type 1 DM. These haplotypes are present in 40% of chil-

and free fatty acids (lipolysis). Glucagon, secreted by pancreatic al-
cells when blood glucose or insulin ievels are lor¡r,. .stimulates

9.
o.,q
ID
ID

=ID
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and gluconepgenesis by the liver and renal medulla. Post-
the glucose load elicits a rise in insuÌin and fall in glucagon,

to a reversal of these processes. Insulin, an anabolic hormone,
the storage of carbohydrate and fat and protein synthesis. The

portion of postprandial glucose is utilized by skeletal muscle, an
of insulin-stimulated glucose uptake. Other tissues, most notably

brain, utilize glucose in an insulin-independent fashion.
Immunologic

trigger

GEt{ESrS lmmunologic abnormalities

lDM
I DM is the result of interactions of genetic, environmental, and

Genetic
predisposition Pro$ressive impa¡rment

factors that ultimately lead to the destruction of the 100
of insulin release

Overt diabetesbeta cells and insulin deflciency. Type 1 DM results from x
(û

E

q
Ø

Ëso
oo
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o
co

beta cell destruction and most, but not all, individuals
evidence of islet-directed autoimmunity. Some individuals who
the clinical phenotype of type I DM lack immunologic markers

of an autoimmune process involving the beta cells. These in-
are thought to develop inqulin.deficiencyby unknown, non-
mechanisms and are ketosis prone; many are Africán

tor Asian in heritage. The temporal development of type 1 No diabetes
is shown schematically as a function of beta cell mass in Fig.338-6.

Diabeles Iwith a genetic susceBtibility have normal beta cell mass at
but begin to lose beta cells secondary to autoimmune destruc- 0

that occurs over months to years. This autoimmune process is (Birth)
to be triggered by an infectious or environmental stifrìulus Time (years)

to be sustained by a beta cell-specific molecule. In the majorit¡ IIGURE 338.6 Temporal model for development of type 1 diabe-
tes. Indlviduals with a genetic predisposltion are exposed to an im-
munologlc trigger that initiates an autoimmune process, resultlng in a

gradual decline in beta cell mass. The downward slope of the beta cell
mass varies among lndivlduals and may not be continuous. This pro-
gressive impairment in insulin release results in diabetes when -8070
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 requiremenfs. [Adapted from Medical Manage-
ment of T¿pe 1 Diabetes, 3d ed, JS Skyler (ed). American Diabetes Associa-
t¡on, Alexandrta, VA, I 998.1

varies wiclely among individuals, with. Sc;md p{tients progressing
and others evofving raoie slowly. Features

evidenI until a majority of bèta cells are de-

to clinical diabetes
<1o not become

(-80o/o). At this point, residual functional beta cells still exist
ltrea¡. ins.tffi.i"rt in number to maintain glucose tolerance..
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,Votei 8MI, body mass index; lFG, impaired fasting glucose; IGT , impa¡red glucose toler_ancej GDM, gestâtional diabetes melliius; HDL, h¡gh-density I ipoprotein.soulcei Adapted from American D¡abetes Association, 2007
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te, cAM P cyclic aden os¡ne monophosphate.
WL Lowe, tn .JL Jameson (ed): Principles ofMolecular
Humana, 998.)
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Glucose is the kev ¡esulator.of insulin secretion by the pancreatic beracell, although amino"acids,. k""".r, 
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ri;;,ril*, gasrroinresrinalpeptides, and neurotransmirters ,h; i;À;;;ìnrüin .....,ton. Glu_cose levets > 3.9 mmot/L (70 mgtdL) r;_;i;;"ï;;ün synthesis, pri_

Turil{ þy enhancing protein ìransl.ri"" ;;";;ocessing. Glucosestrmulation of insulin secretion begins with i,, 
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into the betacell by the GLUT2 glucose rransporLr (Fig. 338_4j. Glucose phosphory_iation by glucokinase is the rate_limitinà 
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betes are often associated with increased insu-
lin requirements, as might occur during
infections or puberty. After the initial clinical
presentation of type 1 DM, a "honeymoon"
phase may ensue during which time gþemic
contlol is achieved with modest doses of insu-
lin or, rarel¡ insulin is not needed. However,
this fleeting phase of endogenous insulin pro-
duction from residual beta cells disappears as

the autoimmune process destroys thg*emain-
ing beta cells, and the individual becomes
completely insulin defi cient.
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cal twins ranges between 30 and 70%0, indicating
that addit¡onal 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 HLAçomplex account for
40-50o/o of the genetic risk of developing type 1

DM. This region contains genes that encode the
class ll MHC molecules, which present antigen to
helper T cells and thus are involved in ìnitiating
the immune response (Chap. 309). The ability of
class ll MHC molecules to present antigen is de-

Protein Glycogen Glucose
synthesis synthesis transport

138-5 lnsulin signal transduction pathway in skeletal muscle. The insulin recep-

ntrins tc tyros ne ki nase activity a nd ntera cts with rns U n receDtor substrates (l

ular protertns and initì
RS a nd

proteins' n U m ber of docki ns prote n5 bì n d to these cel ate the
tc action5 of nsu lìn [GrB-2, 505, S H P- 2, p65 D 0, a nd phosphatidyli nositol al-J -kinase

Insulin increases glucose transport through Pl-3-kinase and the Cbl pathway
promotes the translocation of intracellular vesicles containing GLUT4 glucose trans-

to the plasma membrane. (Adapted from WL Lowe, in Principles of Molecular MedicÌne, JL
(ed). Totowa, NJ, Humana, 1998; A Virkamaki et al: J ClÌn lnvest 103:931 , 1999. For addi-

details see AR Salt¡eL CR Kahn: Nature 414:799, 2001 .)

promoting mobilization of stored precursors such as amino ac- 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 ll
molecules.

Most individuals with type 1 DM have the HLA DR3 and/or DR4 haplo-
type. Refinements in genotyping of HLA loci have shown that the hap-
lotypes DQA1"0301, DQBl*0302, and DQB1"0201 are most strongly
associated with type 1 DM. These haplotypes are present in 40% of chil-

and free fatty acids (lipolysis). Glucagon, secreted by pancreatic al-
cells when blood glucose or insulin ievels are lor¡r,. .stimulates
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and gluconepgenesis by the liver and renal medulla. Post-
the glucose load elicits a rise in insuÌin and fall in glucagon,

to a reversal of these processes. Insulin, an anabolic hormone,
the storage of carbohydrate and fat and protein synthesis. The

portion of postprandial glucose is utilized by skeletal muscle, an
of insulin-stimulated glucose uptake. Other tissues, most notably

brain, utilize glucose in an insulin-independent fashion.
Immunologic

trigger

GEt{ESrS lmmunologic abnormalities

lDM
I DM is the result of interactions of genetic, environmental, and

Genetic
predisposition Pro$ressive impa¡rment

factors that ultimately lead to the destruction of the 100
of insulin release

Overt diabetesbeta cells and insulin deflciency. Type 1 DM results from x
(û

E

q
Ø

Ëso
oo
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o
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beta cell destruction and most, but not all, individuals
evidence of islet-directed autoimmunity. Some individuals who
the clinical phenotype of type I DM lack immunologic markers

of an autoimmune process involving the beta cells. These in-
are thought to develop inqulin.deficiencyby unknown, non-
mechanisms and are ketosis prone; many are Africán

tor Asian in heritage. The temporal development of type 1 No diabetes
is shown schematically as a function of beta cell mass in Fig.338-6.

Diabeles Iwith a genetic susceBtibility have normal beta cell mass at
but begin to lose beta cells secondary to autoimmune destruc- 0

that occurs over months to years. This autoimmune process is (Birth)
to be triggered by an infectious or environmental stifrìulus Time (years)

to be sustained by a beta cell-specific molecule. In the majorit¡ IIGURE 338.6 Temporal model for development of type 1 diabe-
tes. Indlviduals with a genetic predisposltion are exposed to an im-
munologlc trigger that initiates an autoimmune process, resultlng in a

gradual decline in beta cell mass. The downward slope of the beta cell
mass varies among lndivlduals and may not be continuous. This pro-
gressive impairment in insulin release results in diabetes when -8070
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 requiremenfs. [Adapted from Medical Manage-
ment of T¿pe 1 Diabetes, 3d ed, JS Skyler (ed). American Diabetes Associa-
t¡on, Alexandrta, VA, I 998.1

varies wiclely among individuals, with. Sc;md p{tients progressing
and others evofving raoie slowly. Features

evidenI until a majority of bèta cells are de-

to clinical diabetes
<1o not become

(-80o/o). At this point, residual functional beta cells still exist
ltrea¡. ins.tffi.i"rt in number to maintain glucose tolerance..
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that trigger the transition from glucose intolerance to frank dia-
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2280 dren with type i DM as compared Ío2o/oof ïhe normal U.S. population.
However, most ¡ndividuars with predisposing haprotypes do not deverop
d¡abetes.

ln addition to MHc crass il associations, at reast 10 different genetic loci
conrr¡bure susceptibility to type 1 DM (loci recently identified inilude poly,
morphisms in the promoter region of the insulln gene, the CTLA_4 gene,jnterleukin-2 receptor, tFtHl, and pTpN22). Genes that confer prote"ction
against the development of the disease also exist. The haplotype
DQAl*0102, DeB1"0602 is extremery rare in individuars with typå r 6Hrr
(< i0lo) and appears to provide protection from type 1 DM.

Although the risk of deveroping type 1 DM is increased tenford in rera-
tives of individuals with the disease, the risk is relatively low: 3-4%o if the
parent has type l diabetes and 5-l5olo in a sibling (depending on which
HLA haplotypes are shared). Hence, most individuals with typ"e j DM do
not have a first-degree relatjve with this disorder.

are present ln 3-4o/o of first-degree relatives
DM In combination with impaired insulin
tolerance testing, they predict )50o/o risk
within 5 years. Without this impairment in insulin
ence of ICAs predicts a 5-year risk of <25o/o Based
risk of a first-degree relative developing

on
type DM ls

present, the measurement of ICAs tn nondial¡etic
search tool because no treatments have been approved

tooccuflence or progressron to type DM,

Envi fOnmental factols Numerous envrronmental
proposed to trigger the autoimmune

events
process ln

ble individuals; however, none have been conclusively
trigger has

betes. Identification of an environmental
because the event may precede the onset of DM by
338-6) Putative environmental incÌude

several

Pathophysiology Although other islet cell types [alpha cells (gluca_
gon-producing), delta cells (somatostatin-producing), ãr pp cellslpan_
creatic polypeptide-producing) ] are functionally and embryologically
similar to beta cells and express most of the same proteins as betã cem,
they are inexplicably spared from the autoimmun. pro...r. pathologi_
call¡ the pancrearic islets are infrltrated with rymphóc¡es (in a procãss
termed, insulitis). After all_beta cells are destroyãd, the inflammatory
process abates, the islets become atrophic, and most immunologic
markers disappear. studies of the autoimmune process in humans and
in anirnal models of type 1 DM (NoD -o.,r. und BB rat) have idenri-
fred the following abnormalities in the humoral and celrular arms of
tbe immune system: (1) islet cell autoantibodies; (2) activated lym_
phocytes in the islets, peripancreatic lymph nodes, and systemic circu_
lation; (3) T lymphocytes that proliferaie when srimulated with islet
proteins; and (4) release of cytokines within the insulitis. Beta cells
seem to be particularly susceptible to the toxic effect of some cytokines
[tumor necrosis factor o, (TNF-a), interferon y, and interleukin í (f_f )].
The precise mechanisms of beta cell death are not known but mav in_
volve formation of nitric oxide metabolites, apoptosis, and direct
CD8+ T cell cytotoxicity. The islet destruction is mediated by T iym_
phocytes rather than islet autoantibodies, as these antibodies do'nor
generally react with the cell su¡face 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 diagnoså of di_
abetes slows the decline in beta cell destruction, but the safetv of such
interventions is unknown.

Pancreatic islet molecules targeted by the autoimmune process in_
clude insulin, glutamic acid decarboxylase (GAD, the bi,osynthetic
enzyme for the neurotransmitter GABA), ICA-IILIIA_2 (homology
with tyrosine phosphatases), and phogrin (insulin secretory grunul.
protein). With the exception of insulin, none of the autoaniigens are
beta cell specific, which raises the question of how the beta iells 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 beå cels
and creates a series of secondary autoantigens. The beta cens of indi-
viduals who develop type 1 DM do not differ from beta cells of nor_
mal individuals, since islets transplanted from a genetically identicar
twin are destroyed by a recurrence of the uutoirn-urr. process of
type 1DM.

trlggers vlruses
and rubella most prominently bovine milk proteins,
urea compounds. and

Prevention 0f Iype 1 DM A number of interventìons have
delayed or prevented diabetes ln animal models. Some
have targeted the tmmune system directlv
trve T cell subset deletion, induction of immunologic
proteins), whereas others have prevented islet cell death by
cytotoxic cytokines or rncreasrng islet resistance to the
cess. Though results ln animal models aIe promising, these
trons have not been successful ln preventing type DM ln
The Diabetes Prevention Trial-type concluded that
insulin (ry or PO to individuals aÏ. high risk forrrl
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DM did not prevent type 1 DM. In patients with new-onset
abetes, treatment with anti _CD3 monoclonal antibodies has
been shown to slow the decline tn C-peptide levels.

ÏYPT 2 DM

Insulin resistance and abnormal insulin secretion are central
velopment of type 2 DM. Although the primary defect is
most studies the vlew that insulin resistancesupport precedes
lin secretory defect but that diabetes develops only when
tron becomes inadequate.

ffi
GtNtTlC COI{SIDERAIIONS Type 2 DM has a srrong
ponent. The concordance of type 2 DM in identical
tween 70 and 90olo. lndividuals with a parent with type 2

an increased risk of diabretes; if both parents have type 2 DM, the
proaches 400lo. lnsulin resistance, as demonstrated by reduced
lization in skeletal muscle, ¡s present in many nondiabetic,
reiat¡ves of individuals with type 2 DM. The disease is polygenic
factoria I since n addition to.genet¡c susceptibi

and.physical activity)
ity envl

(s uch as obesity, n utrit¡on, mod ulate rhe
The genes that predispose to type 2 DM a re
recent genome-wid associatio n StU d ies ha VC
convey a relatively small risk for type 2 DM (relatjve risk of 1.'l-1

prom inent t5 a vafla nt of the transcription factor 7-l ike 2 gene

bee n associated with type 2 diabetes in Severa popu lations and

pa red s ucose tolera nce in ne popu lation at h igh risk for d

tc polymorphi 5ms assocr ted with type 2 d¡abetes have also been

the qenes encodln o the pe roxiso me prol iferators-activated

lmmunologic Markers Islet cell autoantibodies (ICAs) are a compos_
ite ofseveral different antibodies directed at pancreatic islet molecules
such as GAD, insulin, and IA-2|ICA- 5I2 and, serve as a marker of the
autoimmune process of type I DM. Assays for autoantibodies to
GAD-65 are commercially available. Testing for ICAs can be useful in
llass]ffing the type of DM as rlpe I and in identifr¡ing nondiabetic in_
dividuals at risk for developing type I DM. ICAs aie present in rhe
majority of individuals (>75o/o) diagnosed with new_onset type I DM,
f_ I glSnificant minoriry of individuals with newly ai"g,losËa typ. ã
DM (5-10olo), and occasionally in individuals with COtr¿ (<S%).'ICAs

WA rd recr¡rying potassiu m cha nne expressed tn beta ce lls, zl nc

expressed in beta cel ls, R5, a nd ca pa ln 0. Th e mechan l5 m5

2these genetic a Iterations increase the 5U sceptibi ity to tYPe

not c lea but several a re pred icted to Iter nsu lin secreti on

U5 ng genome-wide scann ng for polymorph t5 m ssociated
DM is ongoing.

Pathophysiology Type 2 DM is characlerizedby
cretion, insulin resistance,

E
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T!!

abnormal fat metabolism. or

oxygen species such as lipid peroxides. Of note, not all insulin 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). Consequentl¡ hyperinsulinemia may increase

the insulin action through these pathway$ potentially accelerating dia-
betes-related 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
increased adipocyte mass leads to increased levels of circulating free iii'B

c
fatty acids and other fat cell products (Chap. 74).For example, adipo-
cytes secrete a number of biologic products (nonesterified free fatty
acids, retinol-binding protein 4,leptin, TNF-cr, resistin, and adiponec-
tin). 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 adipocFtes of adiponectin, an insulin-sensitizing pep-
tide, is reduced in obesity and this may contribute to hepatic insulin
resistance. Adipocyte products and adipokines also producç. an in-
flammatory state and may explain why markers of inflammatiðn such

as IL-6 and C-reactive protein are often elevated in type 2 DM. Inhibi-
tion of .inflammatory signaling pathways such as the nuclear factor rB
(NFrB) pathway appears to reduce insulin resistance and improve hy-
pergþemia in animal models.

'fype 2

A

DM

0
50 100

lnsulin sensitivity
M value (pmol/min per kg)

Metabolic changes during the development of

diabetes mell¡tus (DM) n su lin secreti on a nd rn5 Sens irìv-

and a5 an nd ivid U al becom CS m ore INSU n resrsta nt (bv

from point A to point B), insulin secret¡on increases. A failure

sate by increasing the insulin secretion results initially ìn

olucose tolerance (lGT; point C) and ultimately ln type 2 DM
"(Adapted from SE Kahn: J Clin Endocrinol Metab 86:4047, 2001 ;D).

M Ader:Trends Endocrinol Metab I l:351,2000.)

by the hip-waist ratio), is very common in type 2 DM. In IMPAIRED INSULIN SECRETI0N 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. Initiall¡ the insulin secretory defect is mild and selectively

involves glucose-stimulated insulin secretion. The response to other
nonglucose secretagogues, such as arginine, is preserved. Eventuall¡
the insulin secretory defect progresses to a state of grossly inadequate

insulin secretion.
The reason(s) for the decline in insulin secretory capacity in rype 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 amylin 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 enviroùment 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, eìe-

vation of free fatty acid levels ("lipotoxicity") and dietary fat may also

worsen islet function. Beta cell mass is decreased in individuals with
long-standing type 2 diabetes.

stages of the disordet glucose tolerance remains near-nor-
insulin resistance, because the pancreatic beta cells com- 9.
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by increasing insulin output (F.ig. 338-7). As insulin resistance

hyperinsulinemia progress, the pancreatic islets in
individuals are unable to sustain the hyperinsulinemic state.

by elevations in postprandial glucose, then devel-

further decline in insulin secretion and an increase in hepatic
production lead to overt diabetes with fasting hyperglycemia.

beta cell failure mav ensue

Abnormalities . ABN1RMAL MUSCLE AND FAr MEIABi-
Insulin resistance, the decreased ability of insulin to act effecj'

target tissues (especially muscle, liver, and fat), is a prominent
of type 2 DM and results from a combination of genetic sus-

and obesity. Insulin resistance is relative, however, since su-

normal individ uals). lnsuUn resisl.ance
tnsulin-sensitive tissues and increases

impairs glucose utiliza-
hepatic glucose output;

contribute to the hyperglycemia. Increased hepatic glu-
predominantly accounts for increased FPG levels, whereas INCREASED HEPATIC GLUC0SE AND LIPID PR0DUCTI0N In type 2 DM, in-

sulin resistance in the liver reflects the failure of hyperinsulinemia to
suppress gluconeogenesis, which results in fasting hypergþemia and
decreased gþogen 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 muscie. As a result of insulin resistance in
adipose tissue and obesit¡ free fatty acid (FFA) flux from adipocytes is

increased, leading to increased lipid [very low density lipoprotein
(VLDL) and triglyceridel 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 lelevated trigþerides, re-

duced high-density lipoprotein (HDL), and increased small dense

low-density lipoprotein (LDL) particlesl.
,..t

lnsulin Resistance SyñTtomes The insulin resistance condition com-
prises a spectrum of disorders, with hypergþemia representing one of

usage results 1n postprandial hypergþe-
1S a greater impáirment 1n nonoxidative

usage (glycogen formation) than in oxidative glucose metabo-
glycolysis. Glucose metabolism ln insulin- independent

ts not altered ln type 2 DM.
precise

DM has
molecular mechanism leading to insulin resrstance 1n

not been elucidated. Insulin receptor levels and tvrosrne
ln skeletal muscle reduced, but these alterationsare are

hlperinsulinemia'and prrmary defect.

the accumulation of lipid within skeletal myocytes, which may
oúdative phosphorylation and reduce insulin-

mitochondrial ATP acid oxidationproduction. Impaired fatty
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accumulation within skeletal myocytes may generate reacttve
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2280 dren with type i DM as compared Ío2o/oof ïhe normal U.S. population.
However, most ¡ndividuars with predisposing haprotypes do not deverop
d¡abetes.

ln addition to MHc crass il associations, at reast 10 different genetic loci
conrr¡bure susceptibility to type 1 DM (loci recently identified inilude poly,
morphisms in the promoter region of the insulln gene, the CTLA_4 gene,jnterleukin-2 receptor, tFtHl, and pTpN22). Genes that confer prote"ction
against the development of the disease also exist. The haplotype
DQAl*0102, DeB1"0602 is extremery rare in individuars with typå r 6Hrr
(< i0lo) and appears to provide protection from type 1 DM.

Although the risk of deveroping type 1 DM is increased tenford in rera-
tives of individuals with the disease, the risk is relatively low: 3-4%o if the
parent has type l diabetes and 5-l5olo in a sibling (depending on which
HLA haplotypes are shared). Hence, most individuals with typ"e j DM do
not have a first-degree relatjve with this disorder.

are present ln 3-4o/o of first-degree relatives
DM In combination with impaired insulin
tolerance testing, they predict )50o/o risk
within 5 years. Without this impairment in insulin
ence of ICAs predicts a 5-year risk of <25o/o Based
risk of a first-degree relative developing

on
type DM ls

present, the measurement of ICAs tn nondial¡etic
search tool because no treatments have been approved

tooccuflence or progressron to type DM,

Envi fOnmental factols Numerous envrronmental
proposed to trigger the autoimmune

events
process ln

ble individuals; however, none have been conclusively
trigger has

betes. Identification of an environmental
because the event may precede the onset of DM by
338-6) Putative environmental incÌude

several

Pathophysiology Although other islet cell types [alpha cells (gluca_
gon-producing), delta cells (somatostatin-producing), ãr pp cellslpan_
creatic polypeptide-producing) ] are functionally and embryologically
similar to beta cells and express most of the same proteins as betã cem,
they are inexplicably spared from the autoimmun. pro...r. pathologi_
call¡ the pancrearic islets are infrltrated with rymphóc¡es (in a procãss
termed, insulitis). After all_beta cells are destroyãd, the inflammatory
process abates, the islets become atrophic, and most immunologic
markers disappear. studies of the autoimmune process in humans and
in anirnal models of type 1 DM (NoD -o.,r. und BB rat) have idenri-
fred the following abnormalities in the humoral and celrular arms of
tbe immune system: (1) islet cell autoantibodies; (2) activated lym_
phocytes in the islets, peripancreatic lymph nodes, and systemic circu_
lation; (3) T lymphocytes that proliferaie when srimulated with islet
proteins; and (4) release of cytokines within the insulitis. Beta cells
seem to be particularly susceptible to the toxic effect of some cytokines
[tumor necrosis factor o, (TNF-a), interferon y, and interleukin í (f_f )].
The precise mechanisms of beta cell death are not known but mav in_
volve formation of nitric oxide metabolites, apoptosis, and direct
CD8+ T cell cytotoxicity. The islet destruction is mediated by T iym_
phocytes rather than islet autoantibodies, as these antibodies do'nor
generally react with the cell su¡face 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 diagnoså of di_
abetes slows the decline in beta cell destruction, but the safetv of such
interventions is unknown.

Pancreatic islet molecules targeted by the autoimmune process in_
clude insulin, glutamic acid decarboxylase (GAD, the bi,osynthetic
enzyme for the neurotransmitter GABA), ICA-IILIIA_2 (homology
with tyrosine phosphatases), and phogrin (insulin secretory grunul.
protein). With the exception of insulin, none of the autoaniigens are
beta cell specific, which raises the question of how the beta iells 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 beå cels
and creates a series of secondary autoantigens. The beta cens of indi-
viduals who develop type 1 DM do not differ from beta cells of nor_
mal individuals, since islets transplanted from a genetically identicar
twin are destroyed by a recurrence of the uutoirn-urr. process of
type 1DM.

trlggers vlruses
and rubella most prominently bovine milk proteins,
urea compounds. and

Prevention 0f Iype 1 DM A number of interventìons have
delayed or prevented diabetes ln animal models. Some
have targeted the tmmune system directlv
trve T cell subset deletion, induction of immunologic
proteins), whereas others have prevented islet cell death by
cytotoxic cytokines or rncreasrng islet resistance to the
cess. Though results ln animal models aIe promising, these
trons have not been successful ln preventing type DM ln
The Diabetes Prevention Trial-type concluded that
insulin (ry or PO to individuals aÏ. high risk forrrl
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DM did not prevent type 1 DM. In patients with new-onset
abetes, treatment with anti _CD3 monoclonal antibodies has
been shown to slow the decline tn C-peptide levels.

ÏYPT 2 DM

Insulin resistance and abnormal insulin secretion are central
velopment of type 2 DM. Although the primary defect is
most studies the vlew that insulin resistancesupport precedes
lin secretory defect but that diabetes develops only when
tron becomes inadequate.

ffi
GtNtTlC COI{SIDERAIIONS Type 2 DM has a srrong
ponent. The concordance of type 2 DM in identical
tween 70 and 90olo. lndividuals with a parent with type 2

an increased risk of diabretes; if both parents have type 2 DM, the
proaches 400lo. lnsulin resistance, as demonstrated by reduced
lization in skeletal muscle, ¡s present in many nondiabetic,
reiat¡ves of individuals with type 2 DM. The disease is polygenic
factoria I since n addition to.genet¡c susceptibi

and.physical activity)
ity envl

(s uch as obesity, n utrit¡on, mod ulate rhe
The genes that predispose to type 2 DM a re
recent genome-wid associatio n StU d ies ha VC
convey a relatively small risk for type 2 DM (relatjve risk of 1.'l-1

prom inent t5 a vafla nt of the transcription factor 7-l ike 2 gene

bee n associated with type 2 diabetes in Severa popu lations and

pa red s ucose tolera nce in ne popu lation at h igh risk for d

tc polymorphi 5ms assocr ted with type 2 d¡abetes have also been

the qenes encodln o the pe roxiso me prol iferators-activated

lmmunologic Markers Islet cell autoantibodies (ICAs) are a compos_
ite ofseveral different antibodies directed at pancreatic islet molecules
such as GAD, insulin, and IA-2|ICA- 5I2 and, serve as a marker of the
autoimmune process of type I DM. Assays for autoantibodies to
GAD-65 are commercially available. Testing for ICAs can be useful in
llass]ffing the type of DM as rlpe I and in identifr¡ing nondiabetic in_
dividuals at risk for developing type I DM. ICAs aie present in rhe
majority of individuals (>75o/o) diagnosed with new_onset type I DM,
f_ I glSnificant minoriry of individuals with newly ai"g,losËa typ. ã
DM (5-10olo), and occasionally in individuals with COtr¿ (<S%).'ICAs

WA rd recr¡rying potassiu m cha nne expressed tn beta ce lls, zl nc

expressed in beta cel ls, R5, a nd ca pa ln 0. Th e mechan l5 m5

2these genetic a Iterations increase the 5U sceptibi ity to tYPe

not c lea but several a re pred icted to Iter nsu lin secreti on

U5 ng genome-wide scann ng for polymorph t5 m ssociated
DM is ongoing.

Pathophysiology Type 2 DM is characlerizedby
cretion, insulin resistance,

E
t4

T!!

abnormal fat metabolism. or

oxygen species such as lipid peroxides. Of note, not all insulin 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). Consequentl¡ hyperinsulinemia may increase

the insulin action through these pathway$ potentially accelerating dia-
betes-related 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
increased adipocyte mass leads to increased levels of circulating free iii'B

c
fatty acids and other fat cell products (Chap. 74).For example, adipo-
cytes secrete a number of biologic products (nonesterified free fatty
acids, retinol-binding protein 4,leptin, TNF-cr, resistin, and adiponec-
tin). 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 adipocFtes of adiponectin, an insulin-sensitizing pep-
tide, is reduced in obesity and this may contribute to hepatic insulin
resistance. Adipocyte products and adipokines also producç. an in-
flammatory state and may explain why markers of inflammatiðn such

as IL-6 and C-reactive protein are often elevated in type 2 DM. Inhibi-
tion of .inflammatory signaling pathways such as the nuclear factor rB
(NFrB) pathway appears to reduce insulin resistance and improve hy-
pergþemia in animal models.

'fype 2

A

DM

0
50 100

lnsulin sensitivity
M value (pmol/min per kg)

Metabolic changes during the development of

diabetes mell¡tus (DM) n su lin secreti on a nd rn5 Sens irìv-

and a5 an nd ivid U al becom CS m ore INSU n resrsta nt (bv

from point A to point B), insulin secret¡on increases. A failure

sate by increasing the insulin secretion results initially ìn

olucose tolerance (lGT; point C) and ultimately ln type 2 DM
"(Adapted from SE Kahn: J Clin Endocrinol Metab 86:4047, 2001 ;D).

M Ader:Trends Endocrinol Metab I l:351,2000.)

by the hip-waist ratio), is very common in type 2 DM. In IMPAIRED INSULIN SECRETI0N 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. Initiall¡ the insulin secretory defect is mild and selectively

involves glucose-stimulated insulin secretion. The response to other
nonglucose secretagogues, such as arginine, is preserved. Eventuall¡
the insulin secretory defect progresses to a state of grossly inadequate

insulin secretion.
The reason(s) for the decline in insulin secretory capacity in rype 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 amylin 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 enviroùment 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, eìe-

vation of free fatty acid levels ("lipotoxicity") and dietary fat may also

worsen islet function. Beta cell mass is decreased in individuals with
long-standing type 2 diabetes.

stages of the disordet glucose tolerance remains near-nor-
insulin resistance, because the pancreatic beta cells com- 9.
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by increasing insulin output (F.ig. 338-7). As insulin resistance

hyperinsulinemia progress, the pancreatic islets in
individuals are unable to sustain the hyperinsulinemic state.

by elevations in postprandial glucose, then devel-

further decline in insulin secretion and an increase in hepatic
production lead to overt diabetes with fasting hyperglycemia.

beta cell failure mav ensue

Abnormalities . ABN1RMAL MUSCLE AND FAr MEIABi-
Insulin resistance, the decreased ability of insulin to act effecj'

target tissues (especially muscle, liver, and fat), is a prominent
of type 2 DM and results from a combination of genetic sus-

and obesity. Insulin resistance is relative, however, since su-

normal individ uals). lnsuUn resisl.ance
tnsulin-sensitive tissues and increases

impairs glucose utiliza-
hepatic glucose output;

contribute to the hyperglycemia. Increased hepatic glu-
predominantly accounts for increased FPG levels, whereas INCREASED HEPATIC GLUC0SE AND LIPID PR0DUCTI0N In type 2 DM, in-

sulin resistance in the liver reflects the failure of hyperinsulinemia to
suppress gluconeogenesis, which results in fasting hypergþemia and
decreased gþogen 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 muscie. As a result of insulin resistance in
adipose tissue and obesit¡ free fatty acid (FFA) flux from adipocytes is

increased, leading to increased lipid [very low density lipoprotein
(VLDL) and triglyceridel 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 lelevated trigþerides, re-

duced high-density lipoprotein (HDL), and increased small dense

low-density lipoprotein (LDL) particlesl.
,..t

lnsulin Resistance SyñTtomes The insulin resistance condition com-
prises a spectrum of disorders, with hypergþemia representing one of

usage results 1n postprandial hypergþe-
1S a greater impáirment 1n nonoxidative

usage (glycogen formation) than in oxidative glucose metabo-
glycolysis. Glucose metabolism ln insulin- independent

ts not altered ln type 2 DM.
precise

DM has
molecular mechanism leading to insulin resrstance 1n

not been elucidated. Insulin receptor levels and tvrosrne
ln skeletal muscle reduced, but these alterationsare are

hlperinsulinemia'and prrmary defect.

the accumulation of lipid within skeletal myocytes, which may
oúdative phosphorylation and reduce insulin-

mitochondrial ATP acid oxidationproduction. Impaired fatty

m
tr
E¿ÉJ
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accumulation within skeletal myocytes may generate reacttve
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MANIFESIATIONS OF DIABETIC KETOACIDOSIS
where beta oxidation and conversion to ketone bodies occur. At physi- 2283

"nl. 
pH, ketone bodies exist as ketoacids, which are neutralized by

bicà'rbonate. es bicarbonate stoÍes are depleted, metaboìic acidosis en-

.o.r. It.t.ut.¿ lactic acid production also contributes to the acidosis'

itr" in.r.ur.d free faty acidì increase triglyceride and n"DL production'

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

tive lipoprotein lipase in muscle and fat is decreased' Hypertriglyceri-

demiá may be severe enóugh to cause Pancreatitis'-- 
OI(¡ iri"itiated by inadãquate levels of plasma insulin (Table 338-5)'

Most commonl¡ Di<A is precipitated by increased insulin require-

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

insulin theraiy often compounds the problem' Occasiortrfll¡ complete

o-ìr.ion ofinsulin by thå patient or health care team (in a hospital-

izeã patient with type I DM) precipitates DKA'.Patients using insulin

infusìon deuices with short_acting insulin are at increased risk of DKA,

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

malfunction) quickly leads to insulin deflciency'

Physical findings
Tachycardia
Dehydration/hYPotensìon
Tachypnea/Kussmaul respirations/

respiratory distress

AbdomÌnaì'tenderness (maY

resemble acute Pancreatitis or

surgical abdomen)
Lethárgy/obtundat¡on/cerebral

edema/PossiblY coma

b reath

events
insulin administration

(pneu monia/UTl/

(cerebral, coronarY,
perl pheral)

(cocal ne)

1fl, urinary tract infection

associated with potentially serious complications if not prompt-
ate

and treated.
tabomtoty Abnomalities ðnd Diagnos¡s The timely diagnosis of DKA

is crrrcial und allows for prompt initiation of therapy' DKA is charac-

i.tir.a Uy hypergþemia, ketåsis, and metabolic acidosis (increased

urrion gup; uio"! øth a number of secondary metaboiic derange-

-.n,, ifàUt. 338-4)' occasionall¡ the serum glucose is only minimal-

it;dà. Serum úicarbonate is frequentlyo< 10. mmol/L' and arterial

fH ,ung., between 6.8 and 7.3, depending önthe severity of the aci-

ãosis. D"espite a total-body potassium deficit, the serum potassium at

pr.t.ti"tiå" may be mildiy elevated, secondary to the acidosis' Total-

Lody stores of sodium, chioride, phosphorou-s, and magnesium- are

also'reduced in DKA but are not a-curately reflected by their levels in

,'ù r.ro- because of dehydration and hyperglycemia' Elevated blood

or.u "i -g." (BUN) and serum creatinine levels reflect intravascular

;;i;. dJpl.tìon. Interference from acetoacetate may falsely elevate

the serum creatinine measurement. Leukocytosis, hypertrigþeride-

,niu, *¿ hyperlipoproteinemia are commonly found as well' Hyper-

amylasemia maf suggest a diagnosis of pancreatitis' especially.when

u.lffiunl.a by afdãminal páitt' Ho*t"tt, in DKA the amylase is

us,ralÇ of salivary origin and ihus is not diagnostic of pancreatitis' Se-

rum lipase shoulà be óbtained if pancreatitis is suspected'

ThJ measured serum sodium ii reduced as a consequence of the hy-

p.rgç.-iu [1.6-mmol/L (1.6 meq) reduction in serum sodium for

äu.ñ i.o---ovl (100 mg/dl) rise in the serum glucosel' A normal

serum sodium in the settiig of DKA indicates a more profound water

à.fi.it. I" ..conventional" u-nits, the calculated serum osmolality [2 x

(serum sodium + serum potassium) + plasma glucose (mg/dl)/l8 +

ùuNlz.sl is mildly to moderate$' elevated' though to a lesser degree

than that found in HHS (see below)'

In DKA, the ketone bod¡ p-hydroxybufl'rate' is q'nthesized at a three-

fold greater rate than acetoacetaie; however, acetoacetate is preferentially

¿ä_-; by u .o--only used ketosis detection reagent (nitroprusside)'

Serum ketones are present at significant leveis (usually positive- at serum

dilution of >1:g). TÈe nitroprusiide tablet, or stick, is often used to detect

urine ketones; certain meåications such as captopril or peniciliamine

*uy.urrr. false-positive reactions' Serum or plasma assays for B-hydrox-

fbr'rryrur. -o.. åccurateiy reflect the true ketone body level'
' 

TLe metabolic derangements of DKA exist along a spectrum' begin-

ning *ittt mild acidosiã with moderate hlperglycemia evolving into

-ãi. ,.,r.t. findings. The degree of acidosis and hyperglycemia do not

"...t*tify 
.o.relaË closely sLce a variety of factors determine the lev-

.i"iftyp.'tgfy.emia (oral intake, urinary glucose loss)' Ketonemia is a

.onriri.nt ãttai"g in DKA and distinguishes it from simple hypergly-

..Àø. T.t,. diffeientiai diagnosis of DKA includes starvation ketosis,

alcoholic ketoacidosis (bica-rbonate usually > 15 meq/L) and other in-

creased anion gap acidosis (Chap' a8)'
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DÍ(A results from relative'or absolute insulin defi-

combined with counterregulatorY hormone excess (glucagon,

cortisol, andgrowth hormone). Both insulin deficien-

particular, necessalv for DKA to develop.glucagon excess, 1n aÍe

decreased ratio of insulin to glucagon promotes gluconeogenesis,

and ketone body formation 1n the liver, as well AS 1n-

ln substrate delivery from fat and muscle free fatty acids, aml-

glucose uptake into skeletal muscie and fat and reduces intra-

glucose metabolism Fig. J) 8-s)

results from a marked lncrease 1n free fa:ry acid release from

with a resulting shift toward ketone body synthesis in the

Reduced insulin levels, in combination with elevations in cate-

and growth hormone, increase lig9fysis
áèids are

and the release of
fatty acids. Normall¡ thesë"frep fattY converted to tri-

or VLDL in the liver. S onsnlc KEIoAclDosls

ThemanagementofDKAisout|inedinTable333-6'AfterinitiatinglVfluid
;.pil;;;;i and lnsulin therapy, the agent or event that precipitated the

hepatic metabolism to favor through ac-

of the enzyme carnitine I. This enzyme is

for regulating fatty acid transport into the mitochondria,

22g2 the most readily diagnosed features. The metabolic syndrome, the insu'

lin resistance syndrome, or syndrome x are terms used to describe a con-

stellation of metabolic derangements that includes insulin resistance,

hypertension, dyslipidemia (low HDL and elevated triglycerides)' cen-

tiai or visceral obesit¡ type 2 diabetes or IGT/IFG, and accelerated car-

ureas.

type
sulin
progressive impairment of insulin secretion, hêpatic insulin

diovascular disease. This slmdrome is discussed in Chap' 236'

A number of relatively rare forms of severe insulin resistance include

features oftype2 DM or IGT (Table 338-1). Acanthosis nigricans and

signs of hyperandrogenism (hirsutism, acne, and oligomenorrhea in

wäme,t) a." also .o-^on physical features. Two distinct syndror'nes

of severe insulin resistance have been described in adults: (1) type A'

which affects young women and is characterized by severe hyperin-

sulinemia, obesit¡ ind features of hyperandrogenism; and (2) type B'

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

perinsulinemia, featurei of hyperandrogenism, and autoimmune dis-

ãrders. Individuals with the type A insulin resistance syndrome have

an undefined 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 maystimulate the insulin receptor, leading to intermittent

hypoglycemia.'Þo"ty.ytti. 
ovary syndrome (PCOS) is a common disorder that af-

fects premenopausal women and is characterizedby chronic anovula-

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

significant subset of women with PCos, and the disorder substantially

irr".rea."s the risk for type 2 DM, independent of the effects of obesity.

Plevention Type 2 DM is preceded by a period of IGT, and a number

of lifesryle -oáifications anã pharmacologic agents prevent or delay the

onset oi DM. The Diabetes Þrevention Program (DPP) demonstrated

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

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

ment of qpe 2 DM by 58o/o compared to placebo' This effect was seen in

individuals regardlesi of age, sex, or ethnic group' In the same study'

metformin prãvented or delayed diabetes by 3Io/o compared to placebo'

The lifesryle intervention group lost 5-7o/o of their body weight during

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

noted similar efÊcacy of diet and exercise in preventing or delaying fype

2 DM; acarbose, metformin, thiazolidinediones, and orlistat prevent or

delay type 2 DM but are not aPproved for this purpose' When adminis-

tereá to nondiabetic individuáls for other reasons (cardiac, cholesterol

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

tes. Indiì,iduals with a strong family history of type 2 DM and individu-

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

normal BMI and engage in regular physical activity' Pharmacologic

therapy for individuals with prediabetes is currently controversial be-

.urrr. itt cost-effectiveness and safety profrle are 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 >

35 kg/m2; fa;ily history of diabetes in first-degree relative, elevated tri-

gçerides, reduced HDL, hypertension' or AlC > 6'00lo)'

and require insulin treatment (minimal response to

These individual often have other abnormalities such as

miid pancreatic exocrine insuffrcienc¡ and abnormal

tests. individuals with MODY 2, the result of mutations
liver
in the

the insulin promoter factor (IPF) which transcriptio¡

regulates pancreatic development and insulin gene

mozygous inactivating mutatlons cause pancreatic agenesis,

heterozygous mutations result tn DM. Studies of

type 2 DM suggest that mutations in MODÌ-associated genes

15o/o causes of type 2 DM,
Transient or Permanent neonatal diabetes onset 6

age) may be caused by several genetic mutatrons and requires

ment with insulin. Mutations 1n subunits of the AIP-sensitive

um channel subunits (Kir6.2 and ABCCS) (Fig. 338-a) are the

causes of permanent neonatal diabetes. Although these

tations lmpalr glucose-stimulated insulin secretlon, these

may respond to sulfonylureas and lmprove their glycemic

can be treated with these agents. Homozygous

cause a severe form of neonatal diabetes.

glucokinase
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ACUIT (OMPIICATIONS OT DM

Diabetic ketoacidosis (DKA). and hypergþemic hyperosmolar,

(HHS) aÍe acute complications of diabetes. DKA was formerþ

ered a hallmark of true DM, but lt also occurs 1n individuals

immunologic features of lrPe DM and who cân subseq uently be

ed with oral glucoseJowering agents these obese individuals

2 DM are often of Hispanic of African-American descent). HHS

marily seen tn individuals with type 2 DM. Both disorders are

ed with absolute of relative insulin deficienc¡ volume

acid-base abnormalities. DKA and HHS exist along a continuum

pergþemia, with or without ketosis. The metabolic
highlighted ln Thble 338-4 Bothdifferences 1n DKA and HHS are

TABORATORY VATUES IN DIABETIC KETOA(IDOSIS

AND HYPERGI.Y(EMIC HYPEROSMOTAR SIATE (HH

(REPRESENTATIVE RANGES AI PRESENIATION)

DKA HHS

s)

Glucose,0 l/L (mg/dL) 1 3.9-33.3
(2s0-600)

125-135
Normal to I
Normalb
Normal
,1,

Sliqhtly I
300-320
++++
< 1 5 meq/L

T3-66.6
(600-

Sodium, meq/L
Potassiumc
Magnesiumd
Chlorided
Phosphated
Creatinlne
Osmolality (mosm/mL)
Plasma ketonesd
Serum bicarbonated meq/L

35- 45.

GtNEItCAtlY Df tlNED, M0NoGENIC
Í0RMS 0t 0IABEIIS MElllrUS

Normal
Normal
Normal
Normal

several monogenic forms of DM have been identified. six different

variants of MODY, caused by mutations in genes encoding islet-

enriched transcription factors or glucokinase (Fig' 338-a)' 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) aa, HNF-1o, and HNF-18, respectively' As their

names impl¡ these transcription factors are expressed in the liver but

also in othei 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-lo, mutation

have a progressive decline in glycemic control but respond to suifonyl-

Arterìal pH

Arterial Pçerd mmHg
Anion gapd [Na - (Cl + HCO3)]

6.8-7.3
20-30
I

4Large changes occur dur¡ng treatment of DKA

þAllhough plasma levels may be normal or high al presenldlion

usually depleted.
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MANIFESIATIONS OF DIABETIC KETOACIDOSIS
where beta oxidation and conversion to ketone bodies occur. At physi- 2283

"nl. 
pH, ketone bodies exist as ketoacids, which are neutralized by

bicà'rbonate. es bicarbonate stoÍes are depleted, metaboìic acidosis en-

.o.r. It.t.ut.¿ lactic acid production also contributes to the acidosis'

itr" in.r.ur.d free faty acidì increase triglyceride and n"DL production'

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

tive lipoprotein lipase in muscle and fat is decreased' Hypertriglyceri-

demiá may be severe enóugh to cause Pancreatitis'-- 
OI(¡ iri"itiated by inadãquate levels of plasma insulin (Table 338-5)'

Most commonl¡ Di<A is precipitated by increased insulin require-

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

insulin theraiy often compounds the problem' Occasiortrfll¡ complete

o-ìr.ion ofinsulin by thå patient or health care team (in a hospital-

izeã patient with type I DM) precipitates DKA'.Patients using insulin

infusìon deuices with short_acting insulin are at increased risk of DKA,

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

malfunction) quickly leads to insulin deflciency'

Physical findings
Tachycardia
Dehydration/hYPotensìon
Tachypnea/Kussmaul respirations/

respiratory distress

AbdomÌnaì'tenderness (maY

resemble acute Pancreatitis or

surgical abdomen)
Lethárgy/obtundat¡on/cerebral

edema/PossiblY coma

b reath

events
insulin administration

(pneu monia/UTl/

(cerebral, coronarY,
perl pheral)

(cocal ne)

1fl, urinary tract infection

associated with potentially serious complications if not prompt-
ate

and treated.
tabomtoty Abnomalities ðnd Diagnos¡s The timely diagnosis of DKA

is crrrcial und allows for prompt initiation of therapy' DKA is charac-

i.tir.a Uy hypergþemia, ketåsis, and metabolic acidosis (increased

urrion gup; uio"! øth a number of secondary metaboiic derange-

-.n,, ifàUt. 338-4)' occasionall¡ the serum glucose is only minimal-

it;dà. Serum úicarbonate is frequentlyo< 10. mmol/L' and arterial

fH ,ung., between 6.8 and 7.3, depending önthe severity of the aci-

ãosis. D"espite a total-body potassium deficit, the serum potassium at

pr.t.ti"tiå" may be mildiy elevated, secondary to the acidosis' Total-

Lody stores of sodium, chioride, phosphorou-s, and magnesium- are

also'reduced in DKA but are not a-curately reflected by their levels in

,'ù r.ro- because of dehydration and hyperglycemia' Elevated blood

or.u "i -g." (BUN) and serum creatinine levels reflect intravascular

;;i;. dJpl.tìon. Interference from acetoacetate may falsely elevate

the serum creatinine measurement. Leukocytosis, hypertrigþeride-

,niu, *¿ hyperlipoproteinemia are commonly found as well' Hyper-

amylasemia maf suggest a diagnosis of pancreatitis' especially.when

u.lffiunl.a by afdãminal páitt' Ho*t"tt, in DKA the amylase is

us,ralÇ of salivary origin and ihus is not diagnostic of pancreatitis' Se-

rum lipase shoulà be óbtained if pancreatitis is suspected'

ThJ measured serum sodium ii reduced as a consequence of the hy-

p.rgç.-iu [1.6-mmol/L (1.6 meq) reduction in serum sodium for

äu.ñ i.o---ovl (100 mg/dl) rise in the serum glucosel' A normal

serum sodium in the settiig of DKA indicates a more profound water

à.fi.it. I" ..conventional" u-nits, the calculated serum osmolality [2 x

(serum sodium + serum potassium) + plasma glucose (mg/dl)/l8 +

ùuNlz.sl is mildly to moderate$' elevated' though to a lesser degree

than that found in HHS (see below)'

In DKA, the ketone bod¡ p-hydroxybufl'rate' is q'nthesized at a three-

fold greater rate than acetoacetaie; however, acetoacetate is preferentially

¿ä_-; by u .o--only used ketosis detection reagent (nitroprusside)'

Serum ketones are present at significant leveis (usually positive- at serum

dilution of >1:g). TÈe nitroprusiide tablet, or stick, is often used to detect

urine ketones; certain meåications such as captopril or peniciliamine

*uy.urrr. false-positive reactions' Serum or plasma assays for B-hydrox-

fbr'rryrur. -o.. åccurateiy reflect the true ketone body level'
' 

TLe metabolic derangements of DKA exist along a spectrum' begin-

ning *ittt mild acidosiã with moderate hlperglycemia evolving into

-ãi. ,.,r.t. findings. The degree of acidosis and hyperglycemia do not

"...t*tify 
.o.relaË closely sLce a variety of factors determine the lev-

.i"iftyp.'tgfy.emia (oral intake, urinary glucose loss)' Ketonemia is a

.onriri.nt ãttai"g in DKA and distinguishes it from simple hypergly-

..Àø. T.t,. diffeientiai diagnosis of DKA includes starvation ketosis,

alcoholic ketoacidosis (bica-rbonate usually > 15 meq/L) and other in-

creased anion gap acidosis (Chap' a8)'
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DÍ(A results from relative'or absolute insulin defi-

combined with counterregulatorY hormone excess (glucagon,

cortisol, andgrowth hormone). Both insulin deficien-

particular, necessalv for DKA to develop.glucagon excess, 1n aÍe

decreased ratio of insulin to glucagon promotes gluconeogenesis,

and ketone body formation 1n the liver, as well AS 1n-

ln substrate delivery from fat and muscle free fatty acids, aml-

glucose uptake into skeletal muscie and fat and reduces intra-

glucose metabolism Fig. J) 8-s)

results from a marked lncrease 1n free fa:ry acid release from

with a resulting shift toward ketone body synthesis in the

Reduced insulin levels, in combination with elevations in cate-

and growth hormone, increase lig9fysis
áèids are

and the release of
fatty acids. Normall¡ thesë"frep fattY converted to tri-

or VLDL in the liver. S onsnlc KEIoAclDosls

ThemanagementofDKAisout|inedinTable333-6'AfterinitiatinglVfluid
;.pil;;;;i and lnsulin therapy, the agent or event that precipitated the

hepatic metabolism to favor through ac-

of the enzyme carnitine I. This enzyme is

for regulating fatty acid transport into the mitochondria,

22g2 the most readily diagnosed features. The metabolic syndrome, the insu'

lin resistance syndrome, or syndrome x are terms used to describe a con-

stellation of metabolic derangements that includes insulin resistance,

hypertension, dyslipidemia (low HDL and elevated triglycerides)' cen-

tiai or visceral obesit¡ type 2 diabetes or IGT/IFG, and accelerated car-

ureas.

type
sulin
progressive impairment of insulin secretion, hêpatic insulin

diovascular disease. This slmdrome is discussed in Chap' 236'

A number of relatively rare forms of severe insulin resistance include

features oftype2 DM or IGT (Table 338-1). Acanthosis nigricans and

signs of hyperandrogenism (hirsutism, acne, and oligomenorrhea in

wäme,t) a." also .o-^on physical features. Two distinct syndror'nes

of severe insulin resistance have been described in adults: (1) type A'

which affects young women and is characterized by severe hyperin-

sulinemia, obesit¡ ind features of hyperandrogenism; and (2) type B'

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

perinsulinemia, featurei of hyperandrogenism, and autoimmune dis-

ãrders. Individuals with the type A insulin resistance syndrome have

an undefined 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 maystimulate the insulin receptor, leading to intermittent

hypoglycemia.'Þo"ty.ytti. 
ovary syndrome (PCOS) is a common disorder that af-

fects premenopausal women and is characterizedby chronic anovula-

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

significant subset of women with PCos, and the disorder substantially

irr".rea."s the risk for type 2 DM, independent of the effects of obesity.

Plevention Type 2 DM is preceded by a period of IGT, and a number

of lifesryle -oáifications anã pharmacologic agents prevent or delay the

onset oi DM. The Diabetes Þrevention Program (DPP) demonstrated

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

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

ment of qpe 2 DM by 58o/o compared to placebo' This effect was seen in

individuals regardlesi of age, sex, or ethnic group' In the same study'

metformin prãvented or delayed diabetes by 3Io/o compared to placebo'

The lifesryle intervention group lost 5-7o/o of their body weight during

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

noted similar efÊcacy of diet and exercise in preventing or delaying fype

2 DM; acarbose, metformin, thiazolidinediones, and orlistat prevent or

delay type 2 DM but are not aPproved for this purpose' When adminis-

tereá to nondiabetic individuáls for other reasons (cardiac, cholesterol

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

tes. Indiì,iduals with a strong family history of type 2 DM and individu-

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

normal BMI and engage in regular physical activity' Pharmacologic

therapy for individuals with prediabetes is currently controversial be-

.urrr. itt cost-effectiveness and safety profrle are 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 >

35 kg/m2; fa;ily history of diabetes in first-degree relative, elevated tri-

gçerides, reduced HDL, hypertension' or AlC > 6'00lo)'

and require insulin treatment (minimal response to

These individual often have other abnormalities such as

miid pancreatic exocrine insuffrcienc¡ and abnormal

tests. individuals with MODY 2, the result of mutations
liver
in the

the insulin promoter factor (IPF) which transcriptio¡

regulates pancreatic development and insulin gene

mozygous inactivating mutatlons cause pancreatic agenesis,

heterozygous mutations result tn DM. Studies of

type 2 DM suggest that mutations in MODÌ-associated genes

15o/o causes of type 2 DM,
Transient or Permanent neonatal diabetes onset 6

age) may be caused by several genetic mutatrons and requires

ment with insulin. Mutations 1n subunits of the AIP-sensitive

um channel subunits (Kir6.2 and ABCCS) (Fig. 338-a) are the

causes of permanent neonatal diabetes. Although these

tations lmpalr glucose-stimulated insulin secretlon, these

may respond to sulfonylureas and lmprove their glycemic

can be treated with these agents. Homozygous

cause a severe form of neonatal diabetes.

glucokinase
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ACUIT (OMPIICATIONS OT DM

Diabetic ketoacidosis (DKA). and hypergþemic hyperosmolar,

(HHS) aÍe acute complications of diabetes. DKA was formerþ

ered a hallmark of true DM, but lt also occurs 1n individuals

immunologic features of lrPe DM and who cân subseq uently be

ed with oral glucoseJowering agents these obese individuals

2 DM are often of Hispanic of African-American descent). HHS

marily seen tn individuals with type 2 DM. Both disorders are

ed with absolute of relative insulin deficienc¡ volume

acid-base abnormalities. DKA and HHS exist along a continuum

pergþemia, with or without ketosis. The metabolic
highlighted ln Thble 338-4 Bothdifferences 1n DKA and HHS are

TABORATORY VATUES IN DIABETIC KETOA(IDOSIS

AND HYPERGI.Y(EMIC HYPEROSMOTAR SIATE (HH

(REPRESENTATIVE RANGES AI PRESENIATION)

DKA HHS

s)

Glucose,0 l/L (mg/dL) 1 3.9-33.3
(2s0-600)

125-135
Normal to I
Normalb
Normal
,1,

Sliqhtly I
300-320
++++
< 1 5 meq/L

T3-66.6
(600-

Sodium, meq/L
Potassiumc
Magnesiumd
Chlorided
Phosphated
Creatinlne
Osmolality (mosm/mL)
Plasma ketonesd
Serum bicarbonated meq/L

35- 45.

GtNEItCAtlY Df tlNED, M0NoGENIC
Í0RMS 0t 0IABEIIS MElllrUS

Normal
Normal
Normal
Normal

several monogenic forms of DM have been identified. six different

variants of MODY, caused by mutations in genes encoding islet-

enriched transcription factors or glucokinase (Fig' 338-a)' 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) aa, HNF-1o, and HNF-18, respectively' As their

names impl¡ these transcription factors are expressed in the liver but

also in othei 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-lo, mutation

have a progressive decline in glycemic control but respond to suifonyl-

Arterìal pH

Arterial Pçerd mmHg
Anion gapd [Na - (Cl + HCO3)]

6.8-7.3
20-30
I

4Large changes occur dur¡ng treatment of DKA

þAllhough plasma levels may be normal or high al presenldlion

usually depleted.
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1 . confirm diagnosis ( | prasma glucose, pos¡tive serum ketones, metaboric
acidosis).

2. Admit to hospital; jntensive_care setting may be necessary for frequent
monitoring or if pH < Z.0O or unconsciõus.

3 . Assess:

Serum electrolytes (Kn, N9*,Mqz+, a,_, bicarbonate, phosphate)
Acid-base starus_pH, HCOj-, Þco2, B_hydroxybutyråte
Renal funcrion (crearinine, urineòitþutÍ

4. Replace fluids:2_3 L of O.9o/o saline over'firsi j _3 h (10_ j 5 mL/kg per
hour); subsequently, 0.45%o saline at i 50*300 ,yt.r; .f,angu to í"Ã g,lu_ .
cose and 0.45y0 sal¡ne at l0O_2OO mL/h when plasma gluiose reacíes
250 mg/dt (14 mmol/L).

t 1T'*l:::!orr acr¡ns insulin:lV (0 1 units/ks)or tM (0.3 units/ks),
rnen u. I units/kg per hour bycontinuous lV infusion; ¡ncrease 2_ to 3-
fold if noresponseby2-4 h. lf in¡rial ,.rr. potuirium rs <:.: mmol/L(r.J meq/L),00 not administer insurin untir the potassium is corrected
to > 3.3 mmol/L (3.3.meq/L).

6. Assess patient: What preciprtated the episode (noncompliance, infect¡on,
trauma, infarction, cocaine)? ln¡tiate appropriate workup for precipitating
event (cultures, CXR, ECG).

7. Measure capillary glucose every 1 _2 h; measure electrolytes (especially

^ 
K+, bjcarbonate, phosphate) and anion qup 

"uury 
ì h fã; firsr 24 1,.

B. Monitor blood pressure, pulse, respiratiõni, menial status, fluid intake
and output every I -4 h.

9. Replace.,K+: 10 meq/h when plasma K+ < 5.5 meq/1, ECG normal, urine
flow and normal crearin¡ne dòcumented; aAminËiãrlo_eo rneq¡¡.l
when plasma K+ < 3.5 meq/L or if bjcarbonate i, gìu.n.

t o !::l:i_ :,?:ve 
u nrit parienr is stabte, s I ucoså soli i, ì so_zso .szaL,

an0 ac¡dosis is resolved. Insulin infusion may be-decreased to O.O5_0.1
unlts/kg per hour.

1 1 . Administer ¡ntermed¡ate or long-acting insulin as soon as patjent is
eating. Allow for overrap in insulin ¡nfus¡on and subcutaneous insurin
injection.

Potass um stores re dep leted tn DKA [estimated deficit 3-5(3-s meq/kq)1. Du ring treatment with insulin and flu ids,
contribute to the development of hypokalemia.

various

diated
These incl ude

potass um tra nsport into cells, resolution of rhe ac¡dosis
promotes potassiu m entry nto cell s), and un na ry loss of potassjum
orga n ic acids. Th u5, potassiu m repl etion hou td commence
eq uate uflne outp d

as 500n
ut an a normal sefum potassiu m are

the nit¡a serum pota sStum level ts elevated, then potassi
should be delayed unt¡ the

UM
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potassi UM fa Is into rhe normal ra nge.
st o n of 20-40 meq of potassiu m tn each iter of fluid ts

/Vofej CXR, chest x-ray; ECG, electrocardiogram.
Source, Adapted from M Sperling, in Therapy for
American Diabetes Associat¡on, Alexandria, VA,
Carc 29:2739,2006.

additional potassi u m upplements may a lso be requ red. To reduce
amou nt of ch loride adm¡n istered, pota SSIU m phosphare o acetateDiobetes Mellitus 0nd Related Disotdeß,

1 998; and AE Kitabchi et aj: Diaberes
substituted for the hloride salt. The 90a t5 to ma nta¡n the 5erum
UM >3.5 mmol/L (3.s meq/L). rf the initia serum potassium t5 <3.3
(3.3 meq/L), d not administer nsu lin ü nril the potassi u m is
to 3.3 mmol/L (3 .3 meq/L).

episode of DKA shourd be sought and aggressivery treated. rf the patient isvomiting or has artered mentar status, a nuiogartrii tube shourd be inserted
to.prevent aspiration ofgastric contents. centrar to successfur treatment of
DKA is ca.refur monitor¡ng and frequent reassessment to ensure that the pa-
tient and the metabolic derangements are improving. A comprehensive
flow sheet should record chronorogic changes in vitar s-þns, fruid intake andoutput, and laboratory values as a function ãf insulin administered.

After the ¡nit¡al bolus of normal saline, replacemeni of the sodium and
free water deficit is carried out over the next 24 h (fluii deficit is often 3_5
fl._When hemodynamic stab¡lity and adequate ,rin" ortput are achieved,
lV fluids should be switched ro 0.45%0 sal¡nä at a rare oi 200_3OO ml/h, de_pending on the calculated volume deficit. The change to 0.45%o saline
helps to reduce the trend toward hyperchloremia lut., in thu course of
DKA. Alternativery, initiar use of iactáted Ringer's tv solution may reduce
the hyperchloremia that commonly occurs wñh norma-l saline.

A bolus of tV (0.1 units/kg) or IM (0.3 untrs/kg) short_acilng jnsulin shouldbe administered immediaiely fable ::s-á),iÀJ-rrOr.qr"n, rreatment
should provide continuous and adequate revers of circuiating insurin rntra-
venous administration is preferred (0.1 units/kg per hour), because it assures
rapid distribution and ailows adjustment of th"e ¡nfusioi rate as the patient
responds to therapy. ln mild episodes of DKA, short-acting insulin analogues
can be used subcutaneousry. rntravenous regurar insurin shourd be contin-
ued until the acidosis resorves and the patieni is metaËáticary stabre. As the
acidosis and insurin resistance associated with DKA resorve, the insurin infu-sion rate can be decreased (to 0.05_0.,1 units/kg per hour). Intermediate orlong-acting insulin, in combination with SC snãri-actinj insulin, should beadministered as soon as the patient resumes eating,ll t'hrs faciritates transi-
tion to an outpatient insurin reEimen and reducesíength of hospitar stay. Lt
rs crucial to continue the insurin infusion untir adequåte insurin revers areachieved by the SC roure. Even relarively brief periodf ãiìnadequate insulin
administrat¡on in this transition phase may r"rrlt in OfÀ rutupr".

Hyperglycemia usually improves at a rate of 4.2_5.6 mmol,/L (75_100
mgldl) per hour as a resurt of insurin-mediated grr.oru disposur, reduced

wirh appropriate therapy, the morta ¡ty of DKA ts low <5Vo) nd t5

ed more to the underlyi ng ot' preci p itating event, such as infection or
cardial infarction The majo non metabo lic compli cation of DKA
cerebral edema, which most often develops tn children as DKA t5

The etio¡ogy of and optimal thera py for cerebra edema re not well
Iished, but overreplacement of free wate hou td be avo ided.
rh rombosis, upper gastrointest¡n bleeding, and cute resp iratorY
syndrome occasiona llv compl¡cate DKA.

Followin I treatme nt, the physicia n a nd patient hou td review the
qu ence of events that led to DKA to prevent future recurre nces,
t5 pat¡ent education about the symptoms of DKA, its prec¡Pitatinq
a nd the manaq ement of diabetes duri ng a concurrent ne55. Du(ing

ne55 or whe n ora inta ke .compromised, patients shou d:
mea SU re the ca pillary blood glucose; (2) measu re ur¡ na ry keto ne5
the Seru m sl ucoSe 6.5 mmol/L (300 mg/d L); (3) d nk flu ids

Eu
Tlt

hydration; (4) continu e or increase nsulin; and (s) seek med ical

to

persistent vomit¡ng, or uncontrolled hyperglycemia develop. Potassium repletìon is usually necessary and should be dictated by repeat-

ed measurements of the serum potassium. ln patients taking diuretics, the
potasslum deficit can be quite large and may be accompanied by magne-
sium deficiency. Hypophosphatemia may occur during therapy and can be

improved by using KPOa and beginning nutrition.
As in DKA, rehydration and volume expansion lower the plasma glucose

¡nitially, but insulin is also lequired. A reasonable regimen for HH5 begins
with an lV insulin bolus of 0.1 units/kg followed by lV 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 mmol/\[û5O 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.

2285

these
strategles, ea ly DKA can be p revented or detected and treat-

on an outpatient bas is.

HYPTROSMO1AR SÍATT

featules The prototypical patient with HHS ls ân elderly 1n

with type 2 DM, with a several week history of polyuria,

loss, and

kthargY,

diminished oral intake that culminates in mental con-
or coma. The physical examination reflects profound

and hyperosmolality and reveals hypotension, tachycar-

altered mental status. Notably absent are symptoms of nausea,

of
and abdominal pain and the Kussmaul respirations charac-

DKA. HHS is often precipitated by a serious, concurrent ill-
as myocardial infarction or stroke. Sepsis' pneumonia, and

such
beserious infections are frequent precipitants and should

In addition, a debilitating condition (prior stroke or demen-

0r social situation that compromises water intake usually contrib-

the development of the disorder'
CHRONIC (OMPTICATIONS OT DM

to
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). Thavascular complications
of DM are further subdivided into microvasculár (retinopath¡ neurop-
ath¡ nephropathy) and macrovascular complications lcoronary 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 hypergþemia; they usually become apparent in the second

decade of hlperglycemia. 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 1 and type 2 DM re-

sult from chronic hypergþemia. Large, randomized clinical trials of
individuals with type I or type 2 DM have conclusively demonstrated
that a reduction in chronic hypergþemia prevents or delays retinopa-
th¡ neuropath¡ 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 gþemic control that is in-
distinguishable from those who devélop 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.

Relative insulin deficiency and inadequate fluid in- t

are the underlying causes of HHS. Insulin deficiency increases he-

volume depletion, which is exacerbated by inadequate fluid
The absence of ketosis in HHS is not completely undei-

Presumabl¡ the insulin deficiency is only relative and less severe

in DKA. Lower levels of counterregulatory hormones and free fat-

have been found in HHS than in DKA in some studies, It is also

that the liver is less capable of ketone body sprthesis or that the
9.
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ratio does not favor ketogenesis.

Abnormalities and Diagnosis The laboratory features in
are summarized in Table 338-4. Most nqtable are the marked hy-

[plasma glucose may be >55.5 mmol/L (1000 mg/dl)],
(>350 mosmol/L), and prerenal azotemia. The meas-

serum sodium may b9 normal or slightly low despite the marked
The corrgcted serum sodium is usually increased [add

meq to measured sodium for each 5.6-mmol/'trr (100 mg/dl)'rise in
serum glucose Ifl contr'ast to DKA, acidosis and ketonemia are

or mild. A small anlon cap metabolic acidosis
t'nuy be present

to increased lactic acid. Moderate ketonuria, if present, is
to starvâtion.

HYPIRGTYCEMIC HYPEROSMOIAR STATE

depletion and hyperglycemia are prominent features of both HHS
DKA. Consequently, therapy ofthese disorders shares several elements

[[@ cHRoNrc compuoroNs 0F DIABETES MELIITUS

Microvascular
Eye disease

Retinopathy (nonproliferative/proliferative)

Macular edema
Neuropathy

5ensory and motor (mono- and polyneuropathy)
Autonomic

Nephropathy
Macrovascular

Coronary artery disease
Peripheral arterial disease
Cerebrovascular disease

Other
. Gastrointestinal(gastroparesis,diarrhea)

Genitou rinary (uropathy/sexual dysfunction)
Dermatologic
lnfectious
Cataracts
Glaucoma

^ Pçfìodontal disease

338-6). ln both disorders, careful monìtoring of the patient's fluid
laboratory values, and insulin infusion rate is crucial. Underl¡ring or

problems should be aggressively sought and treated. ln HH5,
losses and dehydration are usually more pronounced than in DKA

to the longer durarion of the illness. The patient with HHS is usually
more likely to have mental status changes, and more likely to have a

ing precipitating event with accompanying comorbidities.
with proper treatment, HHS has a substantially higher mortality than
(up to 1570 in some cllnical series).

Fluid replacement should in itially stabilize the hemodynamic status of
pat¡ent (1 -3 L of 0.9o/o normal saline over the firs| 2-3 h). Because the
deficit n HH5 is accumulaied over a period

the hyþerosmolar state must
of days to weeks, the ra-

of reversal of bala nce the need for free

free water defì cit (which averag es 9- 0 L) shoul d be rever,led over

-2 tc

m
E
EIb,l
El
;tt|)t

next days (infu ston rates of 200-300 m L/h of hypoton sol ution)
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1 . confirm diagnosis ( | prasma glucose, pos¡tive serum ketones, metaboric
acidosis).

2. Admit to hospital; jntensive_care setting may be necessary for frequent
monitoring or if pH < Z.0O or unconsciõus.

3 . Assess:

Serum electrolytes (Kn, N9*,Mqz+, a,_, bicarbonate, phosphate)
Acid-base starus_pH, HCOj-, Þco2, B_hydroxybutyråte
Renal funcrion (crearinine, urineòitþutÍ

4. Replace fluids:2_3 L of O.9o/o saline over'firsi j _3 h (10_ j 5 mL/kg per
hour); subsequently, 0.45%o saline at i 50*300 ,yt.r; .f,angu to í"Ã g,lu_ .
cose and 0.45y0 sal¡ne at l0O_2OO mL/h when plasma gluiose reacíes
250 mg/dt (14 mmol/L).

t 1T'*l:::!orr acr¡ns insulin:lV (0 1 units/ks)or tM (0.3 units/ks),
rnen u. I units/kg per hour bycontinuous lV infusion; ¡ncrease 2_ to 3-
fold if noresponseby2-4 h. lf in¡rial ,.rr. potuirium rs <:.: mmol/L(r.J meq/L),00 not administer insurin untir the potassium is corrected
to > 3.3 mmol/L (3.3.meq/L).

6. Assess patient: What preciprtated the episode (noncompliance, infect¡on,
trauma, infarction, cocaine)? ln¡tiate appropriate workup for precipitating
event (cultures, CXR, ECG).

7. Measure capillary glucose every 1 _2 h; measure electrolytes (especially

^ 
K+, bjcarbonate, phosphate) and anion qup 

"uury 
ì h fã; firsr 24 1,.

B. Monitor blood pressure, pulse, respiratiõni, menial status, fluid intake
and output every I -4 h.

9. Replace.,K+: 10 meq/h when plasma K+ < 5.5 meq/1, ECG normal, urine
flow and normal crearin¡ne dòcumented; aAminËiãrlo_eo rneq¡¡.l
when plasma K+ < 3.5 meq/L or if bjcarbonate i, gìu.n.

t o !::l:i_ :,?:ve 
u nrit parienr is stabte, s I ucoså soli i, ì so_zso .szaL,

an0 ac¡dosis is resolved. Insulin infusion may be-decreased to O.O5_0.1
unlts/kg per hour.

1 1 . Administer ¡ntermed¡ate or long-acting insulin as soon as patjent is
eating. Allow for overrap in insulin ¡nfus¡on and subcutaneous insurin
injection.

Potass um stores re dep leted tn DKA [estimated deficit 3-5(3-s meq/kq)1. Du ring treatment with insulin and flu ids,
contribute to the development of hypokalemia.

various

diated
These incl ude

potass um tra nsport into cells, resolution of rhe ac¡dosis
promotes potassiu m entry nto cell s), and un na ry loss of potassjum
orga n ic acids. Th u5, potassiu m repl etion hou td commence
eq uate uflne outp d

as 500n
ut an a normal sefum potassiu m are

the nit¡a serum pota sStum level ts elevated, then potassi
should be delayed unt¡ the
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potassi UM fa Is into rhe normal ra nge.
st o n of 20-40 meq of potassiu m tn each iter of fluid ts

/Vofej CXR, chest x-ray; ECG, electrocardiogram.
Source, Adapted from M Sperling, in Therapy for
American Diabetes Associat¡on, Alexandria, VA,
Carc 29:2739,2006.

additional potassi u m upplements may a lso be requ red. To reduce
amou nt of ch loride adm¡n istered, pota SSIU m phosphare o acetateDiobetes Mellitus 0nd Related Disotdeß,

1 998; and AE Kitabchi et aj: Diaberes
substituted for the hloride salt. The 90a t5 to ma nta¡n the 5erum
UM >3.5 mmol/L (3.s meq/L). rf the initia serum potassium t5 <3.3
(3.3 meq/L), d not administer nsu lin ü nril the potassi u m is
to 3.3 mmol/L (3 .3 meq/L).

episode of DKA shourd be sought and aggressivery treated. rf the patient isvomiting or has artered mentar status, a nuiogartrii tube shourd be inserted
to.prevent aspiration ofgastric contents. centrar to successfur treatment of
DKA is ca.refur monitor¡ng and frequent reassessment to ensure that the pa-
tient and the metabolic derangements are improving. A comprehensive
flow sheet should record chronorogic changes in vitar s-þns, fruid intake andoutput, and laboratory values as a function ãf insulin administered.

After the ¡nit¡al bolus of normal saline, replacemeni of the sodium and
free water deficit is carried out over the next 24 h (fluii deficit is often 3_5
fl._When hemodynamic stab¡lity and adequate ,rin" ortput are achieved,
lV fluids should be switched ro 0.45%0 sal¡nä at a rare oi 200_3OO ml/h, de_pending on the calculated volume deficit. The change to 0.45%o saline
helps to reduce the trend toward hyperchloremia lut., in thu course of
DKA. Alternativery, initiar use of iactáted Ringer's tv solution may reduce
the hyperchloremia that commonly occurs wñh norma-l saline.

A bolus of tV (0.1 units/kg) or IM (0.3 untrs/kg) short_acilng jnsulin shouldbe administered immediaiely fable ::s-á),iÀJ-rrOr.qr"n, rreatment
should provide continuous and adequate revers of circuiating insurin rntra-
venous administration is preferred (0.1 units/kg per hour), because it assures
rapid distribution and ailows adjustment of th"e ¡nfusioi rate as the patient
responds to therapy. ln mild episodes of DKA, short-acting insulin analogues
can be used subcutaneousry. rntravenous regurar insurin shourd be contin-
ued until the acidosis resorves and the patieni is metaËáticary stabre. As the
acidosis and insurin resistance associated with DKA resorve, the insurin infu-sion rate can be decreased (to 0.05_0.,1 units/kg per hour). Intermediate orlong-acting insulin, in combination with SC snãri-actinj insulin, should beadministered as soon as the patient resumes eating,ll t'hrs faciritates transi-
tion to an outpatient insurin reEimen and reducesíength of hospitar stay. Lt
rs crucial to continue the insurin infusion untir adequåte insurin revers areachieved by the SC roure. Even relarively brief periodf ãiìnadequate insulin
administrat¡on in this transition phase may r"rrlt in OfÀ rutupr".

Hyperglycemia usually improves at a rate of 4.2_5.6 mmol,/L (75_100
mgldl) per hour as a resurt of insurin-mediated grr.oru disposur, reduced

wirh appropriate therapy, the morta ¡ty of DKA ts low <5Vo) nd t5

ed more to the underlyi ng ot' preci p itating event, such as infection or
cardial infarction The majo non metabo lic compli cation of DKA
cerebral edema, which most often develops tn children as DKA t5

The etio¡ogy of and optimal thera py for cerebra edema re not well
Iished, but overreplacement of free wate hou td be avo ided.
rh rombosis, upper gastrointest¡n bleeding, and cute resp iratorY
syndrome occasiona llv compl¡cate DKA.

Followin I treatme nt, the physicia n a nd patient hou td review the
qu ence of events that led to DKA to prevent future recurre nces,
t5 pat¡ent education about the symptoms of DKA, its prec¡Pitatinq
a nd the manaq ement of diabetes duri ng a concurrent ne55. Du(ing

ne55 or whe n ora inta ke .compromised, patients shou d:
mea SU re the ca pillary blood glucose; (2) measu re ur¡ na ry keto ne5
the Seru m sl ucoSe 6.5 mmol/L (300 mg/d L); (3) d nk flu ids

Eu
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hydration; (4) continu e or increase nsulin; and (s) seek med ical

to

persistent vomit¡ng, or uncontrolled hyperglycemia develop. Potassium repletìon is usually necessary and should be dictated by repeat-

ed measurements of the serum potassium. ln patients taking diuretics, the
potasslum deficit can be quite large and may be accompanied by magne-
sium deficiency. Hypophosphatemia may occur during therapy and can be

improved by using KPOa and beginning nutrition.
As in DKA, rehydration and volume expansion lower the plasma glucose

¡nitially, but insulin is also lequired. A reasonable regimen for HH5 begins
with an lV insulin bolus of 0.1 units/kg followed by lV 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 mmol/\[û5O 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.
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these
strategles, ea ly DKA can be p revented or detected and treat-

on an outpatient bas is.

HYPTROSMO1AR SÍATT

featules The prototypical patient with HHS ls ân elderly 1n

with type 2 DM, with a several week history of polyuria,

loss, and

kthargY,

diminished oral intake that culminates in mental con-
or coma. The physical examination reflects profound

and hyperosmolality and reveals hypotension, tachycar-

altered mental status. Notably absent are symptoms of nausea,

of
and abdominal pain and the Kussmaul respirations charac-

DKA. HHS is often precipitated by a serious, concurrent ill-
as myocardial infarction or stroke. Sepsis' pneumonia, and

such
beserious infections are frequent precipitants and should

In addition, a debilitating condition (prior stroke or demen-

0r social situation that compromises water intake usually contrib-

the development of the disorder'
CHRONIC (OMPTICATIONS OT DM

to
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). Thavascular complications
of DM are further subdivided into microvasculár (retinopath¡ neurop-
ath¡ nephropathy) and macrovascular complications lcoronary 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 hypergþemia; they usually become apparent in the second

decade of hlperglycemia. 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 1 and type 2 DM re-

sult from chronic hypergþemia. Large, randomized clinical trials of
individuals with type I or type 2 DM have conclusively demonstrated
that a reduction in chronic hypergþemia prevents or delays retinopa-
th¡ neuropath¡ 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 gþemic control that is in-
distinguishable from those who devélop 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.

Relative insulin deficiency and inadequate fluid in- t

are the underlying causes of HHS. Insulin deficiency increases he-

volume depletion, which is exacerbated by inadequate fluid
The absence of ketosis in HHS is not completely undei-

Presumabl¡ the insulin deficiency is only relative and less severe

in DKA. Lower levels of counterregulatory hormones and free fat-

have been found in HHS than in DKA in some studies, It is also

that the liver is less capable of ketone body sprthesis or that the
9.
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ratio does not favor ketogenesis.

Abnormalities and Diagnosis The laboratory features in
are summarized in Table 338-4. Most nqtable are the marked hy-

[plasma glucose may be >55.5 mmol/L (1000 mg/dl)],
(>350 mosmol/L), and prerenal azotemia. The meas-

serum sodium may b9 normal or slightly low despite the marked
The corrgcted serum sodium is usually increased [add

meq to measured sodium for each 5.6-mmol/'trr (100 mg/dl)'rise in
serum glucose Ifl contr'ast to DKA, acidosis and ketonemia are

or mild. A small anlon cap metabolic acidosis
t'nuy be present

to increased lactic acid. Moderate ketonuria, if present, is
to starvâtion.

HYPIRGTYCEMIC HYPEROSMOIAR STATE

depletion and hyperglycemia are prominent features of both HHS
DKA. Consequently, therapy ofthese disorders shares several elements

[[@ cHRoNrc compuoroNs 0F DIABETES MELIITUS

Microvascular
Eye disease

Retinopathy (nonproliferative/proliferative)

Macular edema
Neuropathy

5ensory and motor (mono- and polyneuropathy)
Autonomic

Nephropathy
Macrovascular

Coronary artery disease
Peripheral arterial disease
Cerebrovascular disease

Other
. Gastrointestinal(gastroparesis,diarrhea)

Genitou rinary (uropathy/sexual dysfunction)
Dermatologic
lnfectious
Cataracts
Glaucoma

^ Pçfìodontal disease

338-6). ln both disorders, careful monìtoring of the patient's fluid
laboratory values, and insulin infusion rate is crucial. Underl¡ring or

problems should be aggressively sought and treated. ln HH5,
losses and dehydration are usually more pronounced than in DKA

to the longer durarion of the illness. The patient with HHS is usually
more likely to have mental status changes, and more likely to have a

ing precipitating event with accompanying comorbidities.
with proper treatment, HHS has a substantially higher mortality than
(up to 1570 in some cllnical series).

Fluid replacement should in itially stabilize the hemodynamic status of
pat¡ent (1 -3 L of 0.9o/o normal saline over the firs| 2-3 h). Because the
deficit n HH5 is accumulaied over a period

the hyþerosmolar state must
of days to weeks, the ra-

of reversal of bala nce the need for free

free water defì cit (which averag es 9- 0 L) shoul d be rever,led over

-2 tc

m
E
EIb,l
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next days (infu ston rates of 200-300 m L/h of hypoton sol ution)
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flGURE 338'9 Diabetic retinopathy results in scattered hemor-

,-ft"g"t, yellow exudates, and neovascularization' This patient

Àuri.ouår.rtur vessels proliferating from the optlc disc, requiring ur-

gent pan retinal laser photocoagulatlon

r 
Duration of DM and degree of gþemic control are the best predic-

t"* "iift. 
development of"retinopãthy; hypertension is also a risk fac-

,ãt. Ñ""pt"fif.raiive retinopathy is found in a{most all individuals

*ho truuË nu¿ DM for >20 yåars (25% incidence riith 5 years' and 80o/o

ir.i¿."." with 15 years of iyp" I DM)' Although there is genetic sus-

;ef,ìib;it,y ¡.t retinopath¡ ii conftrs less influence than either the du-

raiion of'DM or the degree of glycemic control'

Sotnnmc RETINoPAIHY

The most effective therapy for diabetic retinopathy is prevention lntensive

gìv."À" un¿ blood presiure control will delay the development or slow

ih. prog,.rrion of retinopathy in individuals with either type 1 or type 2

OU.'ÞutãOoti.ully, during the fi ßt6-12 months of improved glycemic con-

irol, established dìabetic retinopathy may transiently worsen Fortunately'

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

.oÃri"Li, associated with Iesi d¡abetic retinopathy. Individuals with known

i.iinoputfly are candidates for prophyìactic photocoagulation when tniti-

utilg ìnt"íriu" therapy. once advanced retinopathy is present' improved

öìv.ËÅì. .".uol impárts less benefit, though adequate ophthalmologic

care can prevent most blìndness'-- 
n.grf åt, comprehensive eye examinations are essential for all individu-

als wlih DM. Most diabetic eye disease can be successfuìly treated if de-

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

piovlder oi diub.t", specialist are inadåquate to detect diabetic eye dis-

ease, which requ¡res an ophthalmologist for optimal care of these disor-

;;;;. L.;.t photocoagulation is very successful in preserving vision'

p.l¡f"rut¡u" retinopathy is usually treated with panretinal laser photocoag-

ulation, wherea, tu.riur, edemá is treated with focal laser photocoagula-

iion. l,ttf,orgl'.r exercise has not been conclusively shown to worsen

froliferative áiabetic retinopathy, most ophthalmologists advise individu-

atswitrradvanceddiabeticeyediseasetolimitphysicalactivitiesassociat-
åã *iif-.' repeated Valsalvu .nun"ru.',t. Aspìrin therapy (650 mgld) does not

ufp"ut to ìnlr"nce the natural history of diabetic retinopathy
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is the leading cause of ESRD in the United States

""1" 
f..¿i"g .*.. åf DM-related morbidity and mortalit¡ Both mi-

croalbuminu"ria and macroalbuminuria in individuals with DM are as-

,å.iut.¿ *itt increased risk of cardiovascular disease' Individuals with

ãiu¡.ti. nephropatþ commonly have diabetic.retinopathy'- 
iit. o,t., microïuscola, complications, the pathogenesis of dia-

U.tl. .,.pfttopathy is related to Àronic hyperglycemia' The mecha-
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*'hich' .hronic hyperglycemia leads 
, 
to ESRD' though

i".ããpiiay defined, i,ruotué tn" éntcts of soluble factors (growth

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

in1t. r.*í-icrocirculation (glomerular hyperflltration or hyperper-
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2286 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 A1C.
Other factors (dyslipidemia and hypertension) also play important
roies in macrovascular complications.

many of the early complications of type DM, This large
clinical trial randomized over 400 individuals with type
ther intensive or conventional diabetes management, and
ly evaluated the development of retinopathy,
neuropathy. Individuals the intensive diabetes

MECHAI{ISMS OT (OMPTICATIOT{S

Although chronic hyperglycemia is an important etiologic factor
leading to complications of DM, the mechanism(s) by whiãh 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 cãm_
plications of DM.

One theory is that increased intracellular glucose leads to the
formation of advanced gþosylation end products (AGEs) via the
nonenzymatic gþosylation of intra- and extracellular proteins. Non_
enzymatic glycosylation results from the interaction of glucose with
amino groups on proteins. AGEs have been shown to cross-link proteins
(e.g., collagen, extracelluiar matrix proteins), accelerate atherosclerosis,
promote glomeruiar dysfunction, reduce nitric oxide synthesis, induce
endothelial dysfunction, and alter extracellular matiix composition
and structure. The serum level of AGEs correlates with the level of
gþemia, and these products accumulate as glomeruiar ûltration rate
declines.

. A second theory is based on the observation that hyperglycemia
inc¡eases glucose metabolism via the sorbitol pathway. Intracellular
glucose is predominantly metabolized by phosphorylation and subse_
quent glycolysis, but when increased, some glucose is converted to sor_
bitol by the eîzyme aldose reductase. Increased sorbitol concentration
alters redox potential, increases cellular osmolalit¡ 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 retinopath¡ 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 hexosamine pathwa¡ which generates fructose_6_phos_
phate, a substrate for O-linked gþosylation and proteoglycun p.o_
duction. The hexosamine pathway may alter functioi by glyåosylaìion
of proteìns such as endothelial nitric oxide synthase or by changes in
gene expression of transforming growth factor B (TGF-p) or plaimin_
ogen activator inhibitor-1 (PAI-1).

Growth factors appear to play an important role in DM_related
complications, and their production is increased by most of these pro_
posed pathways. Vascular endothelial growth factor A (VEGF-A) ii in_
creased locally in diabetic proliferative retinopathy and decreases after
laser photocoaguiation. TGF-B is increased in diabetic nephropathy
and stimulates basement membrane production of colhgãn and fi_
b¡onectin by mesangial ceils. Other growth factors, such ãs platelet_
derived growth factor, epidermal growth factor, insulinJike growth
factor I, growth hormone, basic fibroblast growth factor, and even in_
sulin, have been suggested to play arole in DM-related complications.
A possible uni$.ing mechanism is that hyperglycemia leãds 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 initiãl triggår
for complications of diabetes, it is still unknown whether the sããre
pathophysiologic processes are operative in all complications or
whether some pathways predominate in certain organs.

6I.YGMIC COI{IROI. AND (OMPI.ICATIONS

The Diabetes Control and Complications Tfial (DCCT) provided de_
finitive proof that reduction in chronic hypergþemia can prevent

was a nonsignificant trend in reduction of macrovascular events
the trial (most individuals were young and had a low risk of
cular disease) The results of the DCCT predicted that
the intensive diabetes management group would gain 7 7
years of vls10n, 5. 8 additional years free from ESRD, and 5,6
from lower extremity amputations If all complications of
combined, individuals 1n the intensive diabetes management
would experience 5.3 more years of life without
crovascular or neurologic complications of DM, compared to
viduais who received standard therapy. This translates
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additional 5. years of life expectancy for individuals the
diabetes management group. The benefit of the improved
control during the DCCT persisted even rafter the study
and gþemic control worsened. Fo¡ example, individuals ln
tensive diabetes management group for mean of 6 5 years
42-57o/o reduction ln cardiovascú1ar events nonfatal
farction (MI),
follow-up of 1

was the same
group.

stroke, or death from a cardiovascular event at a
7 years, even though their subsequent glycemic

those 1n the conventional diabetes

The benefits of an rmprovement ln gþemic control occurred
the entire ranSe of A1 C values (Fig. 338-8), suggesting that at any
level, an rmprovement ln gþemic control 1S beneficial. The
therapy ts to achieve A1 C level as close to normal as possible,
out subjecting the patient to excessrve risk of hypogþemia.

The Unired Kingdom Prospective Diabetes Study (UKPDS)
the coufse of >5 000 individuals with type 2 DM for 0 yeats.
study utilized multiple treatment regimens and monitored the
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TIGURT 338-8 Relationsh rp of çt lycemic control nd diabetes
rat¡on to diabetic retinopathy The prog reSston of
individ UA n th e Diabetes Co ntrol a n d Comp tca r¡on Tria
as a fu n ction of the length of fo low-u p with different cu rves
ent A1C values. (Adapted from The Diabetes Control and C
Tial Research Group: Diabetes 44:968, t 995.)

tsu
T
Ei

for

MPI EXHIBIT 1026 PAGE 14
DR. REDDY’S LABORATORIES, INC. 
IPR2024-00009 
Ex. 1026, p. 14 of 32

 



2287
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ir.i¿."." with 15 years of iyp" I DM)' Although there is genetic sus-

;ef,ìib;it,y ¡.t retinopath¡ ii conftrs less influence than either the du-

raiion of'DM or the degree of glycemic control'
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The most effective therapy for diabetic retinopathy is prevention lntensive

gìv."À" un¿ blood presiure control will delay the development or slow

ih. prog,.rrion of retinopathy in individuals with either type 1 or type 2

OU.'ÞutãOoti.ully, during the fi ßt6-12 months of improved glycemic con-

irol, established dìabetic retinopathy may transiently worsen Fortunately'

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

.oÃri"Li, associated with Iesi d¡abetic retinopathy. Individuals with known

i.iinoputfly are candidates for prophyìactic photocoagulation when tniti-

utilg ìnt"íriu" therapy. once advanced retinopathy is present' improved

öìv.ËÅì. .".uol impárts less benefit, though adequate ophthalmologic

care can prevent most blìndness'-- 
n.grf åt, comprehensive eye examinations are essential for all individu-

als wlih DM. Most diabetic eye disease can be successfuìly treated if de-

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

piovlder oi diub.t", specialist are inadåquate to detect diabetic eye dis-

ease, which requ¡res an ophthalmologist for optimal care of these disor-

;;;;. L.;.t photocoagulation is very successful in preserving vision'

p.l¡f"rut¡u" retinopathy is usually treated with panretinal laser photocoag-

ulation, wherea, tu.riur, edemá is treated with focal laser photocoagula-

iion. l,ttf,orgl'.r exercise has not been conclusively shown to worsen

froliferative áiabetic retinopathy, most ophthalmologists advise individu-

atswitrradvanceddiabeticeyediseasetolimitphysicalactivitiesassociat-
åã *iif-.' repeated Valsalvu .nun"ru.',t. Aspìrin therapy (650 mgld) does not

ufp"ut to ìnlr"nce the natural history of diabetic retinopathy
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is the leading cause of ESRD in the United States

""1" 
f..¿i"g .*.. åf DM-related morbidity and mortalit¡ Both mi-

croalbuminu"ria and macroalbuminuria in individuals with DM are as-

,å.iut.¿ *itt increased risk of cardiovascular disease' Individuals with

ãiu¡.ti. nephropatþ commonly have diabetic.retinopathy'- 
iit. o,t., microïuscola, complications, the pathogenesis of dia-
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2286 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 A1C.
Other factors (dyslipidemia and hypertension) also play important
roies in macrovascular complications.

many of the early complications of type DM, This large
clinical trial randomized over 400 individuals with type
ther intensive or conventional diabetes management, and
ly evaluated the development of retinopathy,
neuropathy. Individuals the intensive diabetes

MECHAI{ISMS OT (OMPTICATIOT{S

Although chronic hyperglycemia is an important etiologic factor
leading to complications of DM, the mechanism(s) by whiãh 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 cãm_
plications of DM.

One theory is that increased intracellular glucose leads to the
formation of advanced gþosylation end products (AGEs) via the
nonenzymatic gþosylation of intra- and extracellular proteins. Non_
enzymatic glycosylation results from the interaction of glucose with
amino groups on proteins. AGEs have been shown to cross-link proteins
(e.g., collagen, extracelluiar matrix proteins), accelerate atherosclerosis,
promote glomeruiar dysfunction, reduce nitric oxide synthesis, induce
endothelial dysfunction, and alter extracellular matiix composition
and structure. The serum level of AGEs correlates with the level of
gþemia, and these products accumulate as glomeruiar ûltration rate
declines.

. A second theory is based on the observation that hyperglycemia
inc¡eases glucose metabolism via the sorbitol pathway. Intracellular
glucose is predominantly metabolized by phosphorylation and subse_
quent glycolysis, but when increased, some glucose is converted to sor_
bitol by the eîzyme aldose reductase. Increased sorbitol concentration
alters redox potential, increases cellular osmolalit¡ 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 retinopath¡ 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 hexosamine pathwa¡ which generates fructose_6_phos_
phate, a substrate for O-linked gþosylation and proteoglycun p.o_
duction. The hexosamine pathway may alter functioi by glyåosylaìion
of proteìns such as endothelial nitric oxide synthase or by changes in
gene expression of transforming growth factor B (TGF-p) or plaimin_
ogen activator inhibitor-1 (PAI-1).

Growth factors appear to play an important role in DM_related
complications, and their production is increased by most of these pro_
posed pathways. Vascular endothelial growth factor A (VEGF-A) ii in_
creased locally in diabetic proliferative retinopathy and decreases after
laser photocoaguiation. TGF-B is increased in diabetic nephropathy
and stimulates basement membrane production of colhgãn and fi_
b¡onectin by mesangial ceils. Other growth factors, such ãs platelet_
derived growth factor, epidermal growth factor, insulinJike growth
factor I, growth hormone, basic fibroblast growth factor, and even in_
sulin, have been suggested to play arole in DM-related complications.
A possible uni$.ing mechanism is that hyperglycemia leãds 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 initiãl triggår
for complications of diabetes, it is still unknown whether the sããre
pathophysiologic processes are operative in all complications or
whether some pathways predominate in certain organs.

6I.YGMIC COI{IROI. AND (OMPI.ICATIONS

The Diabetes Control and Complications Tfial (DCCT) provided de_
finitive proof that reduction in chronic hypergþemia can prevent

was a nonsignificant trend in reduction of macrovascular events
the trial (most individuals were young and had a low risk of
cular disease) The results of the DCCT predicted that
the intensive diabetes management group would gain 7 7
years of vls10n, 5. 8 additional years free from ESRD, and 5,6
from lower extremity amputations If all complications of
combined, individuals 1n the intensive diabetes management
would experience 5.3 more years of life without
crovascular or neurologic complications of DM, compared to
viduais who received standard therapy. This translates
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additional 5. years of life expectancy for individuals the
diabetes management group. The benefit of the improved
control during the DCCT persisted even rafter the study
and gþemic control worsened. Fo¡ example, individuals ln
tensive diabetes management group for mean of 6 5 years
42-57o/o reduction ln cardiovascú1ar events nonfatal
farction (MI),
follow-up of 1

was the same
group.

stroke, or death from a cardiovascular event at a
7 years, even though their subsequent glycemic

those 1n the conventional diabetes

The benefits of an rmprovement ln gþemic control occurred
the entire ranSe of A1 C values (Fig. 338-8), suggesting that at any
level, an rmprovement ln gþemic control 1S beneficial. The
therapy ts to achieve A1 C level as close to normal as possible,
out subjecting the patient to excessrve risk of hypogþemia.

The Unired Kingdom Prospective Diabetes Study (UKPDS)
the coufse of >5 000 individuals with type 2 DM for 0 yeats.
study utilized multiple treatment regimens and monitored the
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TIGURT 338-8 Relationsh rp of çt lycemic control nd diabetes
rat¡on to diabetic retinopathy The prog reSston of
individ UA n th e Diabetes Co ntrol a n d Comp tca r¡on Tria
as a fu n ction of the length of fo low-u p with different cu rves
ent A1C values. (Adapted from The Diabetes Control and C
Tial Research Group: Diabetes 44:968, t 995.)
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FIGURE 338-10 Time course of development of diabetic nephropathy. The relationship
of time from onset of diabetes. the glo merular filtration rate (GFR), and the serum creatinine
are shown. (Adapted from RA DeFranzo, Ìn Therapy for Diabetes Mellitus and Related Disorders, 3d
ed. American Diabetes Association, AlexandrÌa, VA, t 998.)

fusion, increased gÌomerular capillary pressure), ancl structural changes ACE inhibjtors or AR Bs.in the glomerulus (increased extracellular matrìx, basement mem- lmproved q lycemic control reduces the rate at which micbrane thickening, rnesangial expansion, fibrosis). Some of these ef- appears and progresses in type 1 and type 2 DM. Howeve
roalbu

minuria
fects may be rnediated through angiotensin lI receptors. Smoking buminuria ex¡sts, it is unclear whether improved

r, once macroaf
accelerates the decline in renal function Because only 20-40o/o of pa- progress ion of renal disease. During the phase

qlycemic contro¡ will low
functiot,

radat¡on.

tients with diabetes develop diabetic nephropath¡ additional suscep- insulin
of declining renal

tibility factors remain unidentified.
requirements may fall as the kidney is a site of insufin dug

history of diabetic nephropathy.
One known risk factor is a familv Furth ermore, many glucose-lowering medications (sul fonylu reas and met_formin) are contraindicated in advanced renal insufficiency

The naturai history of diabetic nephropathy is characterized by a Many individuals wirh type 1 or type 2 DM develop hypertension.
fairly predictable sequence of events that was initially defined for indi- merous studies in both type 1 and type

ness of strict blood pressure control in

2 DM demon sTrate the
Nu-

viduals with rype 1 DM but appears ro be similar in type 2 DM (Irig. reducing albumin exc
eftèctive-

33{ì- l 0). Glomerular hyperperfusion and renal hypertrophy occur in slowing the decline in renal functron. Blood pressure should
retion and

the first years after the onset of DM and are associated with an increase tained at <130/80 mmHg in diabetic individuals without
be main-

of the glomerular filtration rate (GFR). slightly lower blood pressure (125/t5) should be
proteinuria. 

A
During the first 5 years of DM,

with microalbuminuria or macroalbuminuria
consìdered for i ndividuals

thickening of the glomerular basement membrane, glomerular hyper- (see "Hypertensio n,'below),
troph¡ and mesangial volume expansion occur as the GFR returns to

Either ACE inhibitors or ARBs should be used to reduce the progressìon
rñ normal. After 5-10 years of type 1 DM, -40% of individuals begin to

from microalbuminuria to macroalbumin uria and the assoc iated decline in)
Õ- excrete small amounts of albumin in the urine. Microalbuminuria is

GFR that accompanies macroalbuminuria in individuals with type 1 ortype2o DM (see "Hypenensioni below). Although direcç

=. 
defined as 30-300 mg/d in a 24-h collection or 30-300 ¡-rg/mg creati- tors and ARBs are lacking, most experts be

comparisons of ACE inhibi-

3 nine in a spot collection (prefer.red rnethod ). Although the appearance
lieve that the two classes of drugs

o(.ô of microalbuminuria in type 1 DM is an important risk factor for pro-
are equrvalent in the patient with diabetes, ARBs can be used as an alternative

.< gressron to ove¡t proteinurìa (>300 mg/d), only -50o/o of individuals
¡n paiients who develop ACF inhibitor--associated cough or angioedema. Af-

ô,, progress to macroalbuminuria over the next 10 years. In some individ-
ter 2-3 months of therapy in patients w¡th m¡croalbuminuria, the drug dose is

ô- uals with type i diabetes and microalbuminuria of short duration, the
increased unt¡l either the microalbuminuria disappears or the maximum dose

=rD
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microalbuminuria regresses
is reached. lf use of erther ACE inhibitors or ARBs is not possible, thr:n calcium

is a steady decline in GFR,
Once macroalbuminuria is present, there channel blockers (non dihydropyridine c lass), beta blockers, or diuretics

and -50o/o ofindividuals reach ESRD in 7- should be used. Howeveç their efficacy in slowing the faf I in the GFR js notq 10 years. Once macroalbuminuria develops, blood pressure risesO
slightly and the pathologic changesõ

=
viduals

are likely irreversible. Some indi-
with type I or type 2 DM 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 using serum creatinine.

The nephropathy thaf develops in rype 2 DM

Annually e
differs from that of

type 1 DM in the following respects: (1) microalbuminuria or mac-
roalbuminuria may be present when type 2 DM is diagnosed, reflect_
ing its long asymptomatic period; (2) hypertension more commonly
accompanies microalbuminuria or.macroalbuminuria in type 2 DM;
and (3) microalbuminuria rnay be less predictive of diabetic ìephrop_
athy and Þrogression to macroalbuminuria in type 2 DM. Finall¡ it
should be notecl that albuminuria in type 2 DM'Åay be secondarf to
factors unrelated to DM, such as hypertônsion, congestive heart failure
(CHIì), prostate disease, or infection. Diabetic nephropathy and ESRD
secondary to DM develop more commoniy in Afiican Americans, Na_
tiveAmericans, and Hispanic individuais tLan in Caucasians with type
2DM,

Type IV renal tubular acidosi.s (hyporeninemic hypoaldosteronism)
may occur in type 1 or 2 DM. These inclividuals develop u prope.rrity
to hyperkalemia, which may be exacerbated by medicatiåns [espe'_
cially angiotensin-converting enzyme (ACE) inhibitor. urrd orgio-
tensin recepror blockers (ARBs) I . patients with DM are predisposJd to
radiocontrast-induced nephrotoxicity. Risk factors for radiocontrast-
induced nephrotoxicity are preexisting nephropathy and volume
depletion. Individuals with DM undergoing iadiographic procedures
with contrast dye should be well hydrated before Jl,d uft"idy. .*po_
sure, and the serum creatinine should be monito¡ed for 24hfollowìng
the procedure.

@

Macroalbuminuria

@
Begin

flGURt338-11 Screening for microalbum¡nur¡â should be Per
formed in patients with type l diabetes for > 5 years, in patients wlltr

type 2 diabetes, and during pregnancy. Non-diabetes-rel¿ted coll-
tions that might increase microalbuminur¡a are urìnarv tract infectiol
hematuria, heart failure, febrile illness, severe hyperglycemia, severe

hypertension, and vigorous exercise. (Adapted îror- n,A DeFronzo^,1;;-
Therapy for Diabetes Mellitus and Related Disorders, 3d ed AmerÌcan 

utu'

betes Association, Alexandria, VA, I g9B.)

Fttu
T
ut

Urinalysis for Protein

o Test for microalbuminuria
(spot collection)

Exclude conditions that
transiently increase
albumin excretion

excretion

Exclude condit¡ons that
transiently increase Quantitate 24-h

urine protein

Repeat microalbum¡nuria
test within 3-6 month
period

Two of three
microalbum¡nuria tests
positive

nÌnod pressure control with any agent is extremely important, but a

,roveî i,'"¡,, benefit in di¿betic nephropathy, independent of blood pressure

Ír9'f7,. o""n shown only tor ACE inhìbitors and ARBs in patients with DM'

,r¡'t "- suqgests modest restrictìon of protein intake in diabetic indi-
fl',t,',iith mictoalbuminuria (0.8 g/kg per day) or macroalbuminuria

ridrlats,"-'o.¡- clay, which is the adult Recommended Daily Allowance, or

'lr"8 
9',""|oclailv calor ic in t ake;

)1014 ' ' 
-nu . nsultation should be considerecl when the estimated GFR

NePi ,ii.-ner 1.743 m2. Once macroalbumlnuria ensues, the likelihood
,9,ii,iïrl,i hiqh As compared to nondiabetic individuals, hemodialysis

of 
t)l7"is with DM is associated with more frequent complications, such

'll-",.ntion (due to autonomic neuropathy or loss of reflex tachycar
;t lyll- ¿ifficutt vascular access, and accelerated progression of retinop-
dú)''u",',¡al after the onset of ESRD is shorter in the diabetic population
¿thf 

:-" " 
nondiabetics with similar clinÌcal features. Atherosclerosis is the

'oml'^ 
.",n. of death in dlabetic individuals on dialysis, and hyperlipidemia

lt'o1i,l'io tl..ut.O aqqressively. Renal transplantation from a lìving-related
tlt"il,, in. preferred therapv but requires r hronic immunosuppressìon.

lÏ.i'r.¿ p3ncreas-kidnev transplant offers the promise of normoglyce-

i'ir rnd ft..¿ot from dialYsis

ilftlßOPATi¡Y 
AND DIABEIES Mf I.I"ITUS

Åìrtrti. n.utoputhy occurs in -50o/o of individuals with long-standing

í," r on¿ type 2 DM. It may manifest as polyneuropath¡ mononeu-

,Li,rt¡v, and/ot autolromic neuropathy. As with other complications

otOl,f, rfr. development of neuropathy correlates with the duration of

ãL¡rt., on¿ glycemic control. Adclitional risk factors are BMI (the

n,*t., th. BMI, the gleater the risk of neuropathy) and srnoking' The

ir,r,n.. of cardiovascular disease, elevated triglycerides' and hyper-
'nsion is also associated with diabetic peripheral neuropathy' Both

myelinated and unmyelinated nerve frbers are 1ost. Because the clinical

íeatuLes of diabetic neuropathy are similar to those of other neuropa-

rhies, the diagr.rosis of diabetic neuropathy should be made only after

other possible etiologies ale 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 I DM and at the time of diagnosis of type

2 DM. All individuals with diabetes should then be screened annually
for both forms of neuropathy.

Polyneuropathy/Mononeutopathy The most common form of dia-
betic neuropathy is distal symmetric polyneuropathy.'It most fre-
quently presents with distal sensory loss, but up to 50o/o 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 feet
and s¡rreads proximally. Neuropathic pain develops in some of these
indivìduals, occasionally preceded by improvement in tl.reir gþemic
control. Pain typically involves the lower extremities, is usually present
at rest, and worsens at night. Both an acute (Ìasting <12 months) and a
chronic form of painful diabetic neuropathy have been described. As
dtabetic neuropathy progresses, the pain subsides and eventually dis-
appears, but a sensory defrcit in the lower extremities persists. Physical
examination reveals sensory ioss, loss of ankle reflexes, and abnormal
Þosition sense.

,, 
Diabetic polyradiculopathy is a syndrome characterized by severe

0tsabling pain in the distribution of one or more nerve roots. It may be
accompaniecl by motor weakness. Intercostal or truncal radiculopathy
ca[ses Dain over the thorax or abdomen. Involvement of the lumbar
plextrs àr femoral nerve may cause severe pain in the thigh or hip and

'nal be associated with muscle weakness in the hip flexors or extensors
larabetic amyotrophy). Fortunatel¡ diabetic polyradiculopathies are
u\ualìy ielf-limited and resolve over 6-12 months. .'

- Mononeuropathy (dysfunction of isolated icranial or peripheral

ltlu.r) i, less common ihan polyneuropathy in DN4 and presents with

I]n un¿ motor weaknes init-r" distriúution of a single ierve. A vas-
tular etiologï has been suggested, but the pathogenesis is unknown.

Involvement ol the third cranial nerve is most common and is herald- 2289

ed by ciiplopia. Physical examination reveals ptosis and ophthalmople-
gia with normal pupillary coustriction to light. Sornetimes other

cranial nerves IV VI, or VII (Bell's palsy) are affected. Peripheral

mononeuropathies or simultalteous involvement of more than one

nerve (mononeuropathy multiplex) may also occur.

Autonomic fleuropathy Individuals with long-standing type 1 or 2

DM may develop signs of autonomic dysfunction invoÌving the cho-

linelgic, noradrenergic, and peptidergic (peptides such as pancreatic

poÌypeptide, substauce R etc.) systems. DM-related autouo¡nic neu-

ropathy can involve multiple systems, including the carcliovascular,

gastrointestinal, genitourir-rar¡ 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 blaclder-emptying abnorn.ralities 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

fi'om sympathetic nervous system dysfunction. Anhiclrosis of the feet

ån promote dry skin with cracking, which increases the risk of foot

ulcers. Autonon-ric neuropathy may reduce counterregulatory hor-
mone release, leading to an inability to sense hyqoglycemia appropri-
ately (hypoglycemia unawareness; Chap. 339), tliereby subjecting the

patient to the risk of severe hypoglycemia and complicating efforts to

improve glycemic control.

S nrnanlc NtURoPATHY

Treatment of diabetic neuropathy is {ess than satisfactory. lmproved 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 mav be confounded bry auto

nomic neuropathy and hypoglycemia unawareness. Risk factors for neu

ropathy such as hypertension and hypertriglyceridemia should be treated

Avoidance of neurotoxins (alcohol) and smokìng, supplementaiion with

vitamins for possible defìciencies (8,2, lolate; Chap.7l), and symptomatic

treatment are the mainstays oftherapy. Loss ofsensation 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 Examinationi'below) should

check their feet daily and take precautions (footwear) aimed at preventing

calluses or ulcerations. lf foot deformit¡es are present, a podiatrist should

be involved.
Chronic, painful diabetic neuropathy ìs difficult to ireat but may re

spond io antidepressants (tricyclic antidepressants such as amitriptyline,

desipramine, nortriptyline, imipramine or selective serotonìn norepineph-

rine reuptake inhibitors such as duloxetine) or anticonvulsants (gabapen-

tin, pregabalìn, carbamazepine, lamotrigine). Two agents, duloxetine and

pregabaf in, have been approved by the U.S. Food and Drug Adminìstration
(FDA) for pain associated with diabetic neuropathy. However, pending fur-

ther study, most recommend begìnning 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 significant symptomatic

relief Referral to â 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) but each has

signìficant side effects. Nonpharmacologic maneuvers (adequate salt in-

take, avoidance of dehydration and diuret¡cs, and lower extrem¡iy support

hose) may offer some benefit.

cAsrR0t NItsTlNAl./6INlf 0URINARY DYSf UNCII0N

Long-standing type 1 and 2 DM 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- 4¡d large-bowel motility (constipation or diarrhea). Gastropare-
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FIGURE 338-10 Time course of development of diabetic nephropathy. The relationship
of time from onset of diabetes. the glo merular filtration rate (GFR), and the serum creatinine
are shown. (Adapted from RA DeFranzo, Ìn Therapy for Diabetes Mellitus and Related Disorders, 3d
ed. American Diabetes Association, AlexandrÌa, VA, t 998.)

fusion, increased gÌomerular capillary pressure), ancl structural changes ACE inhibjtors or AR Bs.in the glomerulus (increased extracellular matrìx, basement mem- lmproved q lycemic control reduces the rate at which micbrane thickening, rnesangial expansion, fibrosis). Some of these ef- appears and progresses in type 1 and type 2 DM. Howeve
roalbu

minuria
fects may be rnediated through angiotensin lI receptors. Smoking buminuria ex¡sts, it is unclear whether improved

r, once macroaf
accelerates the decline in renal function Because only 20-40o/o of pa- progress ion of renal disease. During the phase

qlycemic contro¡ will low
functiot,

radat¡on.

tients with diabetes develop diabetic nephropath¡ additional suscep- insulin
of declining renal

tibility factors remain unidentified.
requirements may fall as the kidney is a site of insufin dug

history of diabetic nephropathy.
One known risk factor is a familv Furth ermore, many glucose-lowering medications (sul fonylu reas and met_formin) are contraindicated in advanced renal insufficiency

The naturai history of diabetic nephropathy is characterized by a Many individuals wirh type 1 or type 2 DM develop hypertension.
fairly predictable sequence of events that was initially defined for indi- merous studies in both type 1 and type

ness of strict blood pressure control in

2 DM demon sTrate the
Nu-

viduals with rype 1 DM but appears ro be similar in type 2 DM (Irig. reducing albumin exc
eftèctive-

33{ì- l 0). Glomerular hyperperfusion and renal hypertrophy occur in slowing the decline in renal functron. Blood pressure should
retion and

the first years after the onset of DM and are associated with an increase tained at <130/80 mmHg in diabetic individuals without
be main-

of the glomerular filtration rate (GFR). slightly lower blood pressure (125/t5) should be
proteinuria. 

A
During the first 5 years of DM,

with microalbuminuria or macroalbuminuria
consìdered for i ndividuals

thickening of the glomerular basement membrane, glomerular hyper- (see "Hypertensio n,'below),
troph¡ and mesangial volume expansion occur as the GFR returns to

Either ACE inhibitors or ARBs should be used to reduce the progressìon
rñ normal. After 5-10 years of type 1 DM, -40% of individuals begin to

from microalbuminuria to macroalbumin uria and the assoc iated decline in)
Õ- excrete small amounts of albumin in the urine. Microalbuminuria is

GFR that accompanies macroalbuminuria in individuals with type 1 ortype2o DM (see "Hypenensioni below). Although direcç

=. 
defined as 30-300 mg/d in a 24-h collection or 30-300 ¡-rg/mg creati- tors and ARBs are lacking, most experts be

comparisons of ACE inhibi-

3 nine in a spot collection (prefer.red rnethod ). Although the appearance
lieve that the two classes of drugs

o(.ô of microalbuminuria in type 1 DM is an important risk factor for pro-
are equrvalent in the patient with diabetes, ARBs can be used as an alternative

.< gressron to ove¡t proteinurìa (>300 mg/d), only -50o/o of individuals
¡n paiients who develop ACF inhibitor--associated cough or angioedema. Af-

ô,, progress to macroalbuminuria over the next 10 years. In some individ-
ter 2-3 months of therapy in patients w¡th m¡croalbuminuria, the drug dose is

ô- uals with type i diabetes and microalbuminuria of short duration, the
increased unt¡l either the microalbuminuria disappears or the maximum dose

=rD
Âi

microalbuminuria regresses
is reached. lf use of erther ACE inhibitors or ARBs is not possible, thr:n calcium

is a steady decline in GFR,
Once macroalbuminuria is present, there channel blockers (non dihydropyridine c lass), beta blockers, or diuretics

and -50o/o ofindividuals reach ESRD in 7- should be used. Howeveç their efficacy in slowing the faf I in the GFR js notq 10 years. Once macroalbuminuria develops, blood pressure risesO
slightly and the pathologic changesõ

=
viduals

are likely irreversible. Some indi-
with type I or type 2 DM 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 using serum creatinine.

The nephropathy thaf develops in rype 2 DM

Annually e
differs from that of

type 1 DM in the following respects: (1) microalbuminuria or mac-
roalbuminuria may be present when type 2 DM is diagnosed, reflect_
ing its long asymptomatic period; (2) hypertension more commonly
accompanies microalbuminuria or.macroalbuminuria in type 2 DM;
and (3) microalbuminuria rnay be less predictive of diabetic ìephrop_
athy and Þrogression to macroalbuminuria in type 2 DM. Finall¡ it
should be notecl that albuminuria in type 2 DM'Åay be secondarf to
factors unrelated to DM, such as hypertônsion, congestive heart failure
(CHIì), prostate disease, or infection. Diabetic nephropathy and ESRD
secondary to DM develop more commoniy in Afiican Americans, Na_
tiveAmericans, and Hispanic individuais tLan in Caucasians with type
2DM,

Type IV renal tubular acidosi.s (hyporeninemic hypoaldosteronism)
may occur in type 1 or 2 DM. These inclividuals develop u prope.rrity
to hyperkalemia, which may be exacerbated by medicatiåns [espe'_
cially angiotensin-converting enzyme (ACE) inhibitor. urrd orgio-
tensin recepror blockers (ARBs) I . patients with DM are predisposJd to
radiocontrast-induced nephrotoxicity. Risk factors for radiocontrast-
induced nephrotoxicity are preexisting nephropathy and volume
depletion. Individuals with DM undergoing iadiographic procedures
with contrast dye should be well hydrated before Jl,d uft"idy. .*po_
sure, and the serum creatinine should be monito¡ed for 24hfollowìng
the procedure.
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Macroalbuminuria
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Begin

flGURt338-11 Screening for microalbum¡nur¡â should be Per
formed in patients with type l diabetes for > 5 years, in patients wlltr

type 2 diabetes, and during pregnancy. Non-diabetes-rel¿ted coll-
tions that might increase microalbuminur¡a are urìnarv tract infectiol
hematuria, heart failure, febrile illness, severe hyperglycemia, severe

hypertension, and vigorous exercise. (Adapted îror- n,A DeFronzo^,1;;-
Therapy for Diabetes Mellitus and Related Disorders, 3d ed AmerÌcan 

utu'

betes Association, Alexandria, VA, I g9B.)
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Urinalysis for Protein

o Test for microalbuminuria
(spot collection)

Exclude conditions that
transiently increase
albumin excretion

excretion

Exclude condit¡ons that
transiently increase Quantitate 24-h

urine protein

Repeat microalbum¡nuria
test within 3-6 month
period

Two of three
microalbum¡nuria tests
positive

nÌnod pressure control with any agent is extremely important, but a

,roveî i,'"¡,, benefit in di¿betic nephropathy, independent of blood pressure

Ír9'f7,. o""n shown only tor ACE inhìbitors and ARBs in patients with DM'

,r¡'t "- suqgests modest restrictìon of protein intake in diabetic indi-
fl',t,',iith mictoalbuminuria (0.8 g/kg per day) or macroalbuminuria

ridrlats,"-'o.¡- clay, which is the adult Recommended Daily Allowance, or

'lr"8 
9',""|oclailv calor ic in t ake;

)1014 ' ' 
-nu . nsultation should be considerecl when the estimated GFR

NePi ,ii.-ner 1.743 m2. Once macroalbumlnuria ensues, the likelihood
,9,ii,iïrl,i hiqh As compared to nondiabetic individuals, hemodialysis

of 
t)l7"is with DM is associated with more frequent complications, such

'll-",.ntion (due to autonomic neuropathy or loss of reflex tachycar
;t lyll- ¿ifficutt vascular access, and accelerated progression of retinop-
dú)''u",',¡al after the onset of ESRD is shorter in the diabetic population
¿thf 

:-" " 
nondiabetics with similar clinÌcal features. Atherosclerosis is the

'oml'^ 
.",n. of death in dlabetic individuals on dialysis, and hyperlipidemia

lt'o1i,l'io tl..ut.O aqqressively. Renal transplantation from a lìving-related
tlt"il,, in. preferred therapv but requires r hronic immunosuppressìon.

lÏ.i'r.¿ p3ncreas-kidnev transplant offers the promise of normoglyce-

i'ir rnd ft..¿ot from dialYsis

ilftlßOPATi¡Y 
AND DIABEIES Mf I.I"ITUS

Åìrtrti. n.utoputhy occurs in -50o/o of individuals with long-standing

í," r on¿ type 2 DM. It may manifest as polyneuropath¡ mononeu-

,Li,rt¡v, and/ot autolromic neuropathy. As with other complications

otOl,f, rfr. development of neuropathy correlates with the duration of

ãL¡rt., on¿ glycemic control. Adclitional risk factors are BMI (the

n,*t., th. BMI, the gleater the risk of neuropathy) and srnoking' The

ir,r,n.. of cardiovascular disease, elevated triglycerides' and hyper-
'nsion is also associated with diabetic peripheral neuropathy' Both

myelinated and unmyelinated nerve frbers are 1ost. Because the clinical

íeatuLes of diabetic neuropathy are similar to those of other neuropa-

rhies, the diagr.rosis of diabetic neuropathy should be made only after

other possible etiologies ale 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 I DM and at the time of diagnosis of type

2 DM. All individuals with diabetes should then be screened annually
for both forms of neuropathy.

Polyneuropathy/Mononeutopathy The most common form of dia-
betic neuropathy is distal symmetric polyneuropathy.'It most fre-
quently presents with distal sensory loss, but up to 50o/o 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 feet
and s¡rreads proximally. Neuropathic pain develops in some of these
indivìduals, occasionally preceded by improvement in tl.reir gþemic
control. Pain typically involves the lower extremities, is usually present
at rest, and worsens at night. Both an acute (Ìasting <12 months) and a
chronic form of painful diabetic neuropathy have been described. As
dtabetic neuropathy progresses, the pain subsides and eventually dis-
appears, but a sensory defrcit in the lower extremities persists. Physical
examination reveals sensory ioss, loss of ankle reflexes, and abnormal
Þosition sense.

,, 
Diabetic polyradiculopathy is a syndrome characterized by severe

0tsabling pain in the distribution of one or more nerve roots. It may be
accompaniecl by motor weakness. Intercostal or truncal radiculopathy
ca[ses Dain over the thorax or abdomen. Involvement of the lumbar
plextrs àr femoral nerve may cause severe pain in the thigh or hip and

'nal be associated with muscle weakness in the hip flexors or extensors
larabetic amyotrophy). Fortunatel¡ diabetic polyradiculopathies are
u\ualìy ielf-limited and resolve over 6-12 months. .'

- Mononeuropathy (dysfunction of isolated icranial or peripheral

ltlu.r) i, less common ihan polyneuropathy in DN4 and presents with

I]n un¿ motor weaknes init-r" distriúution of a single ierve. A vas-
tular etiologï has been suggested, but the pathogenesis is unknown.

Involvement ol the third cranial nerve is most common and is herald- 2289

ed by ciiplopia. Physical examination reveals ptosis and ophthalmople-
gia with normal pupillary coustriction to light. Sornetimes other

cranial nerves IV VI, or VII (Bell's palsy) are affected. Peripheral

mononeuropathies or simultalteous involvement of more than one

nerve (mononeuropathy multiplex) may also occur.

Autonomic fleuropathy Individuals with long-standing type 1 or 2

DM may develop signs of autonomic dysfunction invoÌving the cho-

linelgic, noradrenergic, and peptidergic (peptides such as pancreatic

poÌypeptide, substauce R etc.) systems. DM-related autouo¡nic neu-

ropathy can involve multiple systems, including the carcliovascular,

gastrointestinal, genitourir-rar¡ 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 blaclder-emptying abnorn.ralities 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

fi'om sympathetic nervous system dysfunction. Anhiclrosis of the feet

ån promote dry skin with cracking, which increases the risk of foot

ulcers. Autonon-ric neuropathy may reduce counterregulatory hor-
mone release, leading to an inability to sense hyqoglycemia appropri-
ately (hypoglycemia unawareness; Chap. 339), tliereby subjecting the

patient to the risk of severe hypoglycemia and complicating efforts to

improve glycemic control.

S nrnanlc NtURoPATHY

Treatment of diabetic neuropathy is {ess than satisfactory. lmproved 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 mav be confounded bry auto

nomic neuropathy and hypoglycemia unawareness. Risk factors for neu

ropathy such as hypertension and hypertriglyceridemia should be treated

Avoidance of neurotoxins (alcohol) and smokìng, supplementaiion with

vitamins for possible defìciencies (8,2, lolate; Chap.7l), and symptomatic

treatment are the mainstays oftherapy. Loss ofsensation 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 Examinationi'below) should

check their feet daily and take precautions (footwear) aimed at preventing

calluses or ulcerations. lf foot deformit¡es are present, a podiatrist should

be involved.
Chronic, painful diabetic neuropathy ìs difficult to ireat but may re

spond io antidepressants (tricyclic antidepressants such as amitriptyline,

desipramine, nortriptyline, imipramine or selective serotonìn norepineph-

rine reuptake inhibitors such as duloxetine) or anticonvulsants (gabapen-

tin, pregabalìn, carbamazepine, lamotrigine). Two agents, duloxetine and

pregabaf in, have been approved by the U.S. Food and Drug Adminìstration
(FDA) for pain associated with diabetic neuropathy. However, pending fur-

ther study, most recommend begìnning 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 significant symptomatic

relief Referral to â 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) but each has

signìficant side effects. Nonpharmacologic maneuvers (adequate salt in-

take, avoidance of dehydration and diuret¡cs, and lower extrem¡iy support

hose) may offer some benefit.

cAsrR0t NItsTlNAl./6INlf 0URINARY DYSf UNCII0N

Long-standing type 1 and 2 DM 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- 4¡d large-bowel motility (constipation or diarrhea). Gastropare-
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Risk factols . DYSLTPTDEMIA Individuals with DM

dvslipidemia (Chap. 350)' Because of the

oi hvp.rqlv..-ia and hyperlipidemia' lip-

us..t.¿ ã'gltestiuely and treated as part of
should be

diabetes care (Fig' 338-72) ' The most common Pattern in diabetes. "Second-
reduced HDL cholesterol ¡lcuRt 338'12 Dyslipidemia management

niacin, or bile acid-bind-
LDL, but the small dense line treatment: fibric acid derivative' ezetimibe,

DM
atherogenic because theY lng resin. lsee text for Pharmaco logic treatment based on age and risk

2 DM are more
LDL, lqw-densitY liPoProtein; HDL, high-densitY lipoprotein.

susceptible to oxidation. profile.

all treatment studies of diabetic dyslipidemia have been per-
worsen gþemic

in individuals with tYPe 2 DM because of the greater frequen- in patients with diabetes, but high doses (>2 g/d) maY
resiq"s should

form of diabetes. Interventional studies have control and increase insulin resistance' Bile acid-binding

effects of LDL reduction are similar in the di- not be used if hlPertrigþeridemia is present. Pharmacologic theraPY

nondiabetic PoPulations' Large ProsPectve triãls of primarY of dyslipidemia to achieve aLDL <2.6 mmol/L (100 mg/dl) should be

and
have included some individuals considèred in diabetic individuals <40 years of age without cardiovas-

secondarY intervention for CHD
found that re- cular disease if the individual also has other risk factors'

type 2 DM, and subset analYses have consistentlY

reduce cardiovascular events and morbiditY in indi-
in LDL

used HMG CoA reductase H'IPERTENSIÌN Hypertension can accelerate other complications of

öl¡,'p.tri*f"rly åårdiovascular disease and nephropathy' In target-

;;^;f. ;;"ior Ép < 130/80, therapv should frrsi emphasize life-stvle

modifications such as *.igút rorr, e*ercise, stress management, and

,.áit.t ,."ti.tion. Realiziig that more.than one âgent is usually re-

;ää;;;;h u ¡too¿ p"i""t goal' the ADA recommends that all

Datients with diabetes unã hypt'äntion be treated with an ACE in-

ii;i;i'J'; ;ä;. ¡;bJq;ånttv' uger't' that .reduce 
cardiovascular

¡rr.lu.á ur".kers' thiazidä diuttiitã' and calcium channel blockers)

should be incorporated i;;t ;ht regimen' While ACE inhibitors and

ïîir-"t. ril..ry'"qoiuult"i io mo st"p atients with. diabetes and renal

disease, the ADA recommends: (1) in patients with type I diabetes'

;;;;;";i"", and micro- ot -acroalùt'minuria' an ACE inhibitor

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

ì.r, rtyi*ilron, and mitroalbttmitturia' an. 'tCE inhibitor or an

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

,i;;.;i h iype z'dia6etes, hypertension'.macroalbuminuria' and re-

nal insufficienc¡ an ARB 'iå*t¿ 
the decline in GFR' Additional

=.ô)
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with DM. Most clinical trials

aithough gemf,brozil is also beneficial. No prosPective stud-

addressed similar questions in individuals with type 1DM.
children and

the frequencY of cardiovasculPr disease is low in

adults with diabetes, assessment of CV risk should be incorPo-

points of emPhasis include:

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

impact the cardiovascular
and lipid-beneficial and thus PositivelY

risk profile, Calcium channel blockers' central adrenergic antago-

nists, and vasodilators are lipid- and slucose-neutral.
ãun increase insulin resistance

2. Beta blockers and thiazide diuretics
beta blockers maY slightlY

and negativelY impact the lipid Profile;
Although often ques-

increase the risk of developing tfpe 2 DM.

tioned because of the Potential masking of hlpoglycemic 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 autonomrc

neuroPathY,
4. Equivalent reduction in blood pressure bY different classes of agents

inay riot translate into equivalent Protection from cardiovascular

and renal endPoints. Thiazides, beta blockers' ACE inhibitors, and

ARBs positivelY imPact cardiovascular endPoints (MI or stroke).

5. Non-diþdroPYridine calcium channel blockers (verapamil and

'biltiazem), rather than dihydropyridine agents (amlodipine

Dyslipidemia in Diabetes

1 LDLl Triglycerides
J HDL

1
J
1

Triglycerides
HDL
LDL

Medical nutritional therapy, increased physical act¡vitY

HMG COA
reduclase inhibitoflmprove glycem¡c

controll

.lmprove glycemic
control

. HMG CoA
reductase inhibitor.

fedipine);^'aropreferred in diabetics'

and ni-

2290 sis may present with symptoms of anorexia, nausea, vomiting, eariy 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 hlrperglycemia is important in the development of gastroparesis,
hypergþemia itself also impairs gastric emptying. Nocturnal diarrhea,
alternating with constipation, is a feature of DM-related GI autonomic
neuropathy. In type 1 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 cystopath¡ erectile dysfunction, and female sexual
dysfunction (reduced sexual desire, dyspareunia, reduced vaginal lu-
brication). Symptoms of diabetic cystopathy begin with an inability to
sense a full bladder and a failure to void completely. As bladder con-
tractility worsens, bladder capacity and the post-void residual in-
crease, leading to symptoms of urinary hesitanc¡ decreased voiding
frequenc¡ 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 in frequency with the age of
the patient and the duration of diabetes, may occur in the absence of
other signs of diabetic autonomic neuropathy.

I cnsmo lNïrsTt NAt /GrN tï0uRtNARv DysFUNcTt0N

Current treatments for these complications of DM are inadequate. lm-
proved glycemic control should be a primary goal, as some aspects (neu-
ropathy, gastric funct¡on) 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 w¡th some efficacy include dopamine'aqo-
nists metoclopramide, 5-10 mg, and domperidone, 1O-20 mg, before
each meal. Erythromycin interacts with the motilin receptor and may pro-
mote gastric empty¡ng. Diabetic diarrhea in the absence of bacterial over
growth ¡s treated symptomatically with loperamide and may respond to
octreotide (50-75 ¡rg three times daily, SC). Treatment of bacterial over-
growth w¡th antibiot¡cs is somerimes useful (Chap.2BB).

Diabetic cystopathy should be treated with timed voiding 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 DM is slightly lower than ¡n the nondiaberic
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.

The lncrease 1n cardiovascular morbidity
relate to the synerglsm of hypergþemia with
factors. For example, after controlling for all known
risk factois, type 2 DM lncreases the cardiovascular death
ln men and fourfold 1n women. Risk factors for

rate

1n diabefic individual! include dyslipidemia,
duced physical activit¡ and cigarette smoking.
more prevalent the diabetic population include

plications in individuals with and without DM.
insulin resistance and type 2 DM have elevated levels of
activator inhibitors (especially PAI- 1 ) and fibrinogen,
the coagulation process and impairs fibrinolysis, thus

which

veiopment of thrombosis. Diabetes is also associated with
vascuiar smooth-muscle, and platelet dysfunction.

Evidence that improved glycemic control reduces
complications in DM is inconclusive. In the DCCT, the number
diovascular events ln patients with type diabetes did not
tween the standard and intensively treated groups during the
were reduced at foilow-up I 7 years later (see above An

the lipid profiie of individuals the intensive1n tn group (iower
and LDL cholesterol, lower trigþerides during intensive
management was noted. Trials to whether improvedexamlne
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control reduces cardiovascular events ln type 2 diabetes aIe
Concerns about the atherogenic potential of insulin femain,
nondiabetic individuals, higher serum insulin levels (indicative
sulin resistance) are associated with a greater risk of
morbidity and mortality. In the UKPDS, improved glycemic
did not conclusively reduce cardiovascular mortality.
treatment with insulin and the sulfonylureas did not aPpear to
crease the risk of cardiovascular disease individuals with tyPe 2

refuting prlor claims about the atherogenic potential of these
In addition to CAD, cerebrovascular disease is increased in

uals with DM (threefold increase in stroke).Individuals with DM
an increased incidence of CHF. The etiology of this
probably multifactorial and includes factors such as myocardial
chemia f¡om atherosclerosis, hypertension, and myocardial cell
function secondary to chronic hypergiycemia.

S cnnolovnscurAR DtsEAsE

ln general, the treatment of coronary disease is not different in the
individual (Chap. 237). Revascularization procedures for CAD, i

CARD¡OVAS(UI.AR MORBIDIIY AND MORTAIIIY
Cardiovascular disease is increased in individuals with type I or type 2
DM. The Framingham Heart Study revealed a marked increase in
PAD, CHR 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
without a prior MI 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 cardiovascula¡ disease in
individuals with diabetes (especially in type 2 DM), evidence of ath-
erosclerotic vascular disease (e.g., cardiac stress test) 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 ofprior 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-

percutaneous coronary i

grafting (CABG), may be
nterventions (PCl) and coronary arlery
less èfficacious in the diabetic individua l.l

success rates of PCI in diabetic individuals are similar to those in the
abetic population, but diabetic patients have higher rates of restenosis
lower long-term patency and survival rates in older studies. More
the use of drug-eiuting stenrs and a GPllb/llla platelet inhibltor
proved the outcomes in diabetic pat¡ents, and whether there is a

in efficacy of PCI tn d iabetic ndivid ls ¡s cl hence UA not ear Althouq
may be preferred ove PCI tn d iabetic ndivid ua ls with mult¡vessel CAD

recent Q-wave Ml, PCI is preferred in patients with single-vessel CAD

two-vessel disease (no involvement of left anterior descending).
The ADA has em phasized the importa nce of glycemic control and

sive cardiovascular risk modiflcation tn all individua ls with DM (see below).
trepidation about using beta blockers in individuais who have diabetes
not prevent use ofthese agents since they clearly benefìt diabetic Patients
ter Ml. ACE inhibitors (or ARBs) may also be particularly beneflcial and
be considered in individuals with type 2 DM and other risk factors
dysli pidem ta, history of cardiovascu lar d tsease,

with atypical chest parn or an abnormal resting
D. ls d ts
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Risk factols . DYSLTPTDEMIA Individuals with DM

dvslipidemia (Chap. 350)' Because of the

oi hvp.rqlv..-ia and hyperlipidemia' lip-

us..t.¿ ã'gltestiuely and treated as part of
should be

diabetes care (Fig' 338-72) ' The most common Pattern in diabetes. "Second-
reduced HDL cholesterol ¡lcuRt 338'12 Dyslipidemia management

niacin, or bile acid-bind-
LDL, but the small dense line treatment: fibric acid derivative' ezetimibe,

DM
atherogenic because theY lng resin. lsee text for Pharmaco logic treatment based on age and risk

2 DM are more
LDL, lqw-densitY liPoProtein; HDL, high-densitY lipoprotein.

susceptible to oxidation. profile.

all treatment studies of diabetic dyslipidemia have been per-
worsen gþemic

in individuals with tYPe 2 DM because of the greater frequen- in patients with diabetes, but high doses (>2 g/d) maY
resiq"s should

form of diabetes. Interventional studies have control and increase insulin resistance' Bile acid-binding

effects of LDL reduction are similar in the di- not be used if hlPertrigþeridemia is present. Pharmacologic theraPY

nondiabetic PoPulations' Large ProsPectve triãls of primarY of dyslipidemia to achieve aLDL <2.6 mmol/L (100 mg/dl) should be

and
have included some individuals considèred in diabetic individuals <40 years of age without cardiovas-

secondarY intervention for CHD
found that re- cular disease if the individual also has other risk factors'

type 2 DM, and subset analYses have consistentlY

reduce cardiovascular events and morbiditY in indi-
in LDL

used HMG CoA reductase H'IPERTENSIÌN Hypertension can accelerate other complications of

öl¡,'p.tri*f"rly åårdiovascular disease and nephropathy' In target-

;;^;f. ;;"ior Ép < 130/80, therapv should frrsi emphasize life-stvle

modifications such as *.igút rorr, e*ercise, stress management, and

,.áit.t ,."ti.tion. Realiziig that more.than one âgent is usually re-

;ää;;;;h u ¡too¿ p"i""t goal' the ADA recommends that all

Datients with diabetes unã hypt'äntion be treated with an ACE in-

ii;i;i'J'; ;ä;. ¡;bJq;ånttv' uger't' that .reduce 
cardiovascular

¡rr.lu.á ur".kers' thiazidä diuttiitã' and calcium channel blockers)

should be incorporated i;;t ;ht regimen' While ACE inhibitors and

ïîir-"t. ril..ry'"qoiuult"i io mo st"p atients with. diabetes and renal

disease, the ADA recommends: (1) in patients with type I diabetes'

;;;;;";i"", and micro- ot -acroalùt'minuria' an ACE inhibitor

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

ì.r, rtyi*ilron, and mitroalbttmitturia' an. 'tCE inhibitor or an

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

,i;;.;i h iype z'dia6etes, hypertension'.macroalbuminuria' and re-

nal insufficienc¡ an ARB 'iå*t¿ 
the decline in GFR' Additional
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with DM. Most clinical trials

aithough gemf,brozil is also beneficial. No prosPective stud-

addressed similar questions in individuals with type 1DM.
children and

the frequencY of cardiovasculPr disease is low in

adults with diabetes, assessment of CV risk should be incorPo-

points of emPhasis include:

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

impact the cardiovascular
and lipid-beneficial and thus PositivelY

risk profile, Calcium channel blockers' central adrenergic antago-

nists, and vasodilators are lipid- and slucose-neutral.
ãun increase insulin resistance

2. Beta blockers and thiazide diuretics
beta blockers maY slightlY

and negativelY impact the lipid Profile;
Although often ques-

increase the risk of developing tfpe 2 DM.

tioned because of the Potential masking of hlpoglycemic 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 autonomrc

neuroPathY,
4. Equivalent reduction in blood pressure bY different classes of agents

inay riot translate into equivalent Protection from cardiovascular

and renal endPoints. Thiazides, beta blockers' ACE inhibitors, and

ARBs positivelY imPact cardiovascular endPoints (MI or stroke).

5. Non-diþdroPYridine calcium channel blockers (verapamil and

'biltiazem), rather than dihydropyridine agents (amlodipine
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2290 sis may present with symptoms of anorexia, nausea, vomiting, eariy 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 hlrperglycemia is important in the development of gastroparesis,
hypergþemia itself also impairs gastric emptying. Nocturnal diarrhea,
alternating with constipation, is a feature of DM-related GI autonomic
neuropathy. In type 1 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 cystopath¡ erectile dysfunction, and female sexual
dysfunction (reduced sexual desire, dyspareunia, reduced vaginal lu-
brication). Symptoms of diabetic cystopathy begin with an inability to
sense a full bladder and a failure to void completely. As bladder con-
tractility worsens, bladder capacity and the post-void residual in-
crease, leading to symptoms of urinary hesitanc¡ decreased voiding
frequenc¡ 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 in frequency with the age of
the patient and the duration of diabetes, may occur in the absence of
other signs of diabetic autonomic neuropathy.

I cnsmo lNïrsTt NAt /GrN tï0uRtNARv DysFUNcTt0N

Current treatments for these complications of DM are inadequate. lm-
proved glycemic control should be a primary goal, as some aspects (neu-
ropathy, gastric funct¡on) 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 w¡th some efficacy include dopamine'aqo-
nists metoclopramide, 5-10 mg, and domperidone, 1O-20 mg, before
each meal. Erythromycin interacts with the motilin receptor and may pro-
mote gastric empty¡ng. Diabetic diarrhea in the absence of bacterial over
growth ¡s treated symptomatically with loperamide and may respond to
octreotide (50-75 ¡rg three times daily, SC). Treatment of bacterial over-
growth w¡th antibiot¡cs is somerimes useful (Chap.2BB).

Diabetic cystopathy should be treated with timed voiding 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 DM is slightly lower than ¡n the nondiaberic
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.

The lncrease 1n cardiovascular morbidity
relate to the synerglsm of hypergþemia with
factors. For example, after controlling for all known
risk factois, type 2 DM lncreases the cardiovascular death
ln men and fourfold 1n women. Risk factors for

rate

1n diabefic individual! include dyslipidemia,
duced physical activit¡ and cigarette smoking.
more prevalent the diabetic population include

plications in individuals with and without DM.
insulin resistance and type 2 DM have elevated levels of
activator inhibitors (especially PAI- 1 ) and fibrinogen,
the coagulation process and impairs fibrinolysis, thus

which

veiopment of thrombosis. Diabetes is also associated with
vascuiar smooth-muscle, and platelet dysfunction.

Evidence that improved glycemic control reduces
complications in DM is inconclusive. In the DCCT, the number
diovascular events ln patients with type diabetes did not
tween the standard and intensively treated groups during the
were reduced at foilow-up I 7 years later (see above An

the lipid profiie of individuals the intensive1n tn group (iower
and LDL cholesterol, lower trigþerides during intensive
management was noted. Trials to whether improvedexamlne
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control reduces cardiovascular events ln type 2 diabetes aIe
Concerns about the atherogenic potential of insulin femain,
nondiabetic individuals, higher serum insulin levels (indicative
sulin resistance) are associated with a greater risk of
morbidity and mortality. In the UKPDS, improved glycemic
did not conclusively reduce cardiovascular mortality.
treatment with insulin and the sulfonylureas did not aPpear to
crease the risk of cardiovascular disease individuals with tyPe 2

refuting prlor claims about the atherogenic potential of these
In addition to CAD, cerebrovascular disease is increased in

uals with DM (threefold increase in stroke).Individuals with DM
an increased incidence of CHF. The etiology of this
probably multifactorial and includes factors such as myocardial
chemia f¡om atherosclerosis, hypertension, and myocardial cell
function secondary to chronic hypergiycemia.

S cnnolovnscurAR DtsEAsE

ln general, the treatment of coronary disease is not different in the
individual (Chap. 237). Revascularization procedures for CAD, i

CARD¡OVAS(UI.AR MORBIDIIY AND MORTAIIIY
Cardiovascular disease is increased in individuals with type I or type 2
DM. The Framingham Heart Study revealed a marked increase in
PAD, CHR 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
without a prior MI 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 cardiovascula¡ disease in
individuals with diabetes (especially in type 2 DM), evidence of ath-
erosclerotic vascular disease (e.g., cardiac stress test) 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 ofprior 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-

percutaneous coronary i

grafting (CABG), may be
nterventions (PCl) and coronary arlery
less èfficacious in the diabetic individua l.l

success rates of PCI in diabetic individuals are similar to those in the
abetic population, but diabetic patients have higher rates of restenosis
lower long-term patency and survival rates in older studies. More
the use of drug-eiuting stenrs and a GPllb/llla platelet inhibltor
proved the outcomes in diabetic pat¡ents, and whether there is a

in efficacy of PCI tn d iabetic ndivid ls ¡s cl hence UA not ear Althouq
may be preferred ove PCI tn d iabetic ndivid ua ls with mult¡vessel CAD

recent Q-wave Ml, PCI is preferred in patients with single-vessel CAD

two-vessel disease (no involvement of left anterior descending).
The ADA has em phasized the importa nce of glycemic control and

sive cardiovascular risk modiflcation tn all individua ls with DM (see below).
trepidation about using beta blockers in individuais who have diabetes
not prevent use ofthese agents since they clearly benefìt diabetic Patients
ter Ml. ACE inhibitors (or ARBs) may also be particularly beneflcial and
be considered in individuals with type 2 DM and other risk factors
dysli pidem ta, history of cardiovascu lar d tsease,

with atypical chest parn or an abnormal resting
D. ls d ts

E
z
T
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CH Screening of asymptomatic individua with iabetes controversial
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2292 6. A bÌood p'essure goar of <r25r7s is suggested for i'dividuals with
macroalburninuria, hypertension, ancl,1iub.t.r.

7. Serum potassium and renal function shoulcl be monitored.

Because of the high prevalence of atherosclerotic disease in individ_
uals with DM, the possibility of ¡enovascular hypertension should be
conside¡ed when the blood pressure is not readily controlled.

TOWTR TXIREMITY COMPI.IüTION5

most helpful. Wound depth should be determined hv ;,.-
probing w¡th a blunt-t¡ppecl sterile ¡nstrument. pla n - "'tþect¡on.
foot should be performed ro assess the possibitity 

"iîïj:o¡,.rÌl!:*ffi :ffi :ilïlffi :ï::iîti::;:J[î::t,**:'":i:t'#t::i
curt ro disringuish from osreomyeritis. rndium-laour.o *Àii.'.]ì oftenl]lil
more useful in determining if the infection involves bon---,'",studre;;;:
soft tissue, but they are technically clemanding. ,r¡nl or,Å" iå.,lYtut o,o^il
most specific modal ity, although clisting uishing Oony Jurii"lùv ne ¡¡i

:;Ì::if iiïJi:i::'.'fr .ii['..".."J::ïr":iïï¡,ï,i:;iülîï:
provide the answer. ' ' '" tutnure 

r¡¡y
Osteomyelitrs is best treated by a comblnation of p

(lV then oral) and possibly debridement of infected bo "olongtd u*'ba,*

ily.ii""J."JJ;iïi:ih:i,'.ï:ä:iîi*i,..,.,:i,S;:ll.li!:¡,T,:l

ru'.'å'trHrå:ft ".#$lï{i:ilix#råiîåï*ïi$li*ii
A growing number of possible treatments for diabetjc fo.,t ,,r^-

but they have yet to demonstrate clear efficacy in prosp.'-ì. 
- " urLers exist

als. A consensus statement trom the ADA identified , r:cLtve,controlledtri.
demonstrated efficacy in diabetic foot wounds: (jf ;ff_i' 

" '.'rrvcrìtrons with

ment, (3) wou nd dressi ngs, (4) a ppropriaru rr. or untt¡åu,li?,Íi139 *:
ization, and (6) limited ampurarion. off-roading it tr-.u.orpÈio.,,"ìlilt"tl1;
weight bearins on the urce¡ which removes the mechan¡loitffiï^:liï
tards wound healing. Bed rest and a variety oforthotic ¿"r,..r.i...ui
ca'.ing limit weight bearing on wounds or pressure point, S*gi.uf Ou;.äàlmenr is importanr and effective, bur ciear efficacy of orher iliù;;ï;
wound cìeaning (enzymes, soaking, whirlpools) is lacking. ¡r.rr¡nqr ru.h;,hydrocolloid dressings promote wòund healing by creating a moist environ-
menr and prorecring the wound. Antiseptic agènis rf,,orf.f ir. uuoiO.iïopi
cal anribiotics are of limired varue Referrar Íor physical rnu"py, oitnáii
evaluation, and rehabiritation shourd occur once the ínfect¡on rs controiled.

Mild or non-limbthreatening infections can be treated w¡th oral antibi-
otics (cephalosporin, clindamycin, amoxicillin./clavulanate, and fluoroquino-
lone$, 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 requíre lV antibiotics as well as bect rest
and local wound care. Urgent surgicaL debridement may be requircd. Svict
control of glycemia should be a qoal (see below). lntråvenous anribiotics
should provide broad spectrum coverage directed 1owud Staphylococcus
dureus, streptococci, gram-negatjve aerobes, and anaerobic bacteria. Init¡al

antimicrobial regimens include ertapenem, piperacillin/tazobactam, cefote-
tan, ampicíllin/sulbactam, f inezoljd, or the combination of clindamycin and a

fluoroquinolone. Severe jnfections, or infections that do not rmprove after4B
h of antibiotic therapy, require expansion of antimicrobial therapy to treat

methÍcillin res¡stant 5. aureus (e.g., vancomycin) and pseudomonas aeruqi'

nosa. lf the infection surrounding the ulcer is not improving with lVantibi-
otics, reassessment of antibietic coveraqe and reconsideration of the need

for surgical debridement or ievascularizátion are ¡ndicdred. With cl¡nical im-

provement, oral antibiotics and local wound care can be continued ofì â[
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DM is the leading cause of nontraumatic lower extremity arnputation
in the United States. Foot ulcers and infections are also a'ma;or source
ofmorbidity in individuals with DM. The reasons for the increased in_
cidence of these disorders in DM invorve the interaction of seve¡ar
pathogenic factors: neuropathy, abnormal foot biomechanics, pAD,

:nd 
pogl wound healing..The peripheral sensory neuropathy inter-

fe¡es.with normal protective michånisms a,.,d oílo*s the patient to
sustain major or repeated minor trauma to the foot, ofte; without
knowiedge of the injury. Disorderecl proprioception causes abnormal
weight bearing while walking and ,,,breque.,t formation of callus or
ulceration. Motor and sensory neuropathy lead to abnormal foot mus_
cle mechanics ancl to structural changes in the foot (hammer toe, claw
toe deformit¡ prominent metatarsal heads, Charcoi joint). Autonom_
ic neuropathy results in anhidrosis and altered superficial blood flow
11 fe foot, which promote drying of the skin ur,å fi.rrr. formarion.
PAD and poor wound healing irnpecle resolution of minor breaks in
the skin, allowing them to enlarge ànd to become infected.

. Apploximately l5o/o of individuals with DM develop a foot ulcer
(great toe or MTP areas are most common), and a significant subset
will ultimately undergo amputation (14-24o/o risk with that ulcer or
subsequent ulceration). Risk factors for foot ulcers or amputation in_
clude: male sex, diabetes >10 years, duration, peripheral ìeuropath¡
abnormal structure of foot (bony abnormaliies, callus, thickened
nails), peripheral arte¡ial disease, smoking, history ofprevious ulcer or
amputation, and poor glycemic control. Large cailouses are often pre_
cursors to or overlie ulcerations.

Q rowrn ffTRrMtTy compucATloNs
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 urceraiion. High risk patients shourd be identifiecl during
the routine foot examination performed on all patients w¡th DM (see "Ongel
ing Aspects of Comprehensive Diabetes Care,, below). patjent education
should emphasize: (1)careful selection of footwear, 1Z) dáily inspection of the
feet to detect early signs of poor,fitting footwear or'minor trauma, (3) daily
foot hygiene to keep the skin clean and moist, (4) avoidance of self-treatment
of foot abnormalities and hlgh-risk behavlor (e.g,, walking barefoot), and
(5) prompt consultation w¡th a health care providÉr if an abnormality ãrises.
Patients at high risk for urceration or amputation may benefít from evaruation
by a foot care speciarist. rnterventions directecl at risk factor modification in-
clude orthotic shoes and clevices, callus management, najl care, and prophy
lactic measures to recruce increased skin piessure'from abnormar boíy
architecture. Attention to orher risk factors foivascular disease (smoklng, dyí,
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 multifactorial pathogenesis of
lower extremity ulcers, management of these lesions is multidis.ipinary and
often demands expert¡se in ortlìopedics, vascular surgery, endocrinology,
podiatry, and infectious diseases.The plantar surface of-the foot is the most
common site of ulceration. LJlcers may be primarily neuropathic (no accom-
panying infection) or may have surrounding celluliiis or osteomyelitis. Celluli_
tis without ulceration is arso frequent and f ourd be treated with antibiotics
that provìde broad-spectrum coverage, including anaerobes (see below).

An infected ulcer is a clin,ical, dragnosjs, sincã superficial culture of any
ulceration wiil rikely find murtiple pðssibre bacteriar pu,t'.roq.n, The infec-tion surrounding the foot ulcer is often the result of muliiple organisms(gram pos¡tjve and ,negative organisms and anaerobes), and gás gan_
grene may develop in ihe absence of clostriclial infection. Cultures takenfrom the surface of the ulcer are not helpful; a culture from the debrided
ulcer base or from purulent drainage oi aspiration of the wound is the

outpatient basis with close follow_up.
New information about wound biology has led to a number of,new

technologies (e.g., living skin equivalents ãnO growth factors such as b¿Jtc

fibroblast growth factor) that may prove useful, especially in neuroParnt"
ulcers. Recombinant platelet-derived growth factoi ha, some benefit anu

complements the therapies of off-loading, debridement, and antiblotlc>
Hyperbaric oxygen has been used, but rigárous proof of efticacy ßla,':X
Negative wound pressure has been sholtrn to accelerate wound healinq 

u'

plantar wounds.
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INfTCTIONS

Individuals with DM have a grearer frequency and severity "1îj::;
tion. The reasons for this incñ,de inco-pt"t.ty clefined .U"."||'rii
in cell-mediated in.rmunity and phagocyte fiinction assoclate,1";;
hyperglycemia, as well as diminishedvascularization. tlypr,f!"'))¡lo
aids the colonization and growth of a variety of organìsnrs li!)'rrA
and otlrer fungal species). Many common i¡fections arc nore.Irrtlriojs
and severe in the diabetic population, whereas several Lare lltlt'"-

2293

disease, exercise, smoking, and ethanol use' Symptoms of hyper-

qlvcemia include polytrria, polydipsia' weight loss' fatigue' weak-

:'li'*';iïi;"li'å0".", t"óerÀcial infectiorts ( vagi nitis' fungal

.iltì'1"i..ì["t], .,t¿ tto* healing of skin iesions after minor ttau-

n-ra. Metabolic derangements reiáte mostly to hyperglycemia (os-

motic diuresis, reduced glutott entry into rnuscle) and to the

."trfr"fi. ti"" of the patiJnt (urinary loss of glucose and calories'

muscle breakdown due to protein clegradation and decreased pro-
'-t 

;",ilù' Blurred vision resulti from changes in the water

content of the lens unci r.solu.s as the hyperglycemia is controlled'
""'i" 

^ 
p"ir.ti*ith established DM' the initiaiassessment should also

include special emphaso on p'iot diabetes care' ìncluding the type of

,ï.'t.p¡it-t ft.mïglobin AtC levels' self-monitoring blood glucose

results, frequency of hypoglycemia' pt'esence of fM ¡lecifìc 
compli-

.;"tä;;,;';tr.å.,t oi it-'e-potientì knowledge about diabetes' exer-

cise, and nutrition. ff-" titonit con-rplications may afflict several

;;äñemt, and an individuai patient mav.exhibit some' all' or

none of tlle symptorns t"tutt¿ to the complications of DM (see

above). In addition, the pre'e"c" of pM-teiatecl comorbidities should

;. ;;il (*iãiouor.uiå' disease' hlpertension' dyslipidernia)'

PHYSICAI EXAMINAIION In addition to a complete physicai exami-

r"i¡t, ,p..øf attention should be given to DM-reievant aspects

such as weight or BMI, retinal exarninâtion' orthostatic blood pres-

sure, foot exarnination' feripherat pulses' and insulin iniection

sites. Blood pressu'e > lå0¡A'0 --Ug is c.nsidered hyperter.rsion

iil"¿*i¿".it with diabetes' Car-eful éxaminatior.r of the lower ex-

tremities should seek evidence of peripheral neuropath¡ call'tses'

;;;;;.i i;;gal infectio's' nail åiseåse' ankle.reflexes' and foot

ä.'f"rÁì,i", 1srr".h us hamtner or claw toes and Charcot tbot) in or-

ä., i" ø*,ìfy siles of potential skin ulceration' Vibratory sensa-

ä'¿lr;-ùúz tuning io'tt ot tt.tt base of the great toe)' the abiìity

to sense touch with a monofilament (5'07' 10-g monofilament)'

and pinprick s"tl'ution a" useful to detect moderately advanced

diabetic neuropathy' Since periodontai disease is,more frequent in

DM, the teeth and gums should also be examrned'

Of RttlAIOI.O6IC MANIf TSIAI¡ONS

TLp most common sKtn manifestations of DM are protracted wound

,ll^ïÏi.iä ;j.;*ri;;'. ói'r'"i' dermopath¡ sometimes termed

in^:ä'ì:ïpl:i,o,al papules.or "diabetic skin spots"'besi's as arl erv-

ïä;;;-r'.... uná tìol"t' into an area of circular-hyperpigmenta-

ì'i-'ïî.t.'-r*t"'s result ft,-,-' "-'i'-tot 
mechanicai trauma in the

pretibial region and are -o" to--o'-t in eider'ly men with DM' Bul-

ili, äil.rJs, u"ilosa diabericorum (shailow ulcerations or erosions in

ö;tbi;i;;gi;n), are also see t' Ñecrobiosis lipoidica diabeticorum ts

a rare ciisorcler of DM that pr.,1o*inor]tly affects yo.ung women with

type 1 DM, neuropath¡ and retinopathy' It usually begins in the

íti,i¡ì.i*gt." u. on .rytrter'-'utott' piuqut or paqlies that gradually

tnlarge, darken, and de'relop i'rtÇolu"li-gint'-ì* """phl:-t::tït
and ãentral ulceration. They may be painful' Vitiligo occurs at 1n-

,-;,;il;"*;y in individúals *itit typt 1 cliabetes' Acanthosis nigri'

*r, iffifiglented velvety plaques- seen on the neck' axilla' or

o,,nìo, ,urfuî.r) is ,om"ti*e' u ftatt"t of severe insulin resistance

and accompanying diabetes. Generalized or localized granuloma annu-

il õtl'ä;l;;"t;t*"t on the extremities or trunk) and sclerede-

nn (areas of skin thickening on the back or neck at the site of previous

superficial infections) are more common in the 
-diabetic 

population'

L'p'r:;;;;hy' ;;d'äiiW r" r"iny can occur.at insulin i nj ection sites but

are unusual with the u.. of hu*ur] insulin. Xerosis and pruritus are

=.ôJ
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c0lltmon and are relieved by skin moisturizers'

(l.ASSlflCAflON 0t DM lN AN INDIVIDUAL PAIIENI The etiology of di-

ìu"t l" 
^" 

l"¿ividual with new-onset disease can usually be as-

rt*.ä;;;; ulri. or ctnical criteria' Individuals with tvpe 1 DM

tend to have the following characteristics: (1) onset o-f disease prior

ö;r", õi i..t t.av Ëot'it"'' (3) requiremènt of insulin as the

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

increased risk ol other uutoi'ontunt clisorders such as atttoimmune

il;öil;; uã"''ut i'rsufflcienc¡ pernicious anemia' celiac

disease, and vitiligo. in contrast, individuais with type 2 DM often

exhibit the following ft""tt" iil develop diabetes after the age of

30; (2) are usually obese iÀó% ;tt 9b"':l bÏt elclerly individuals

may be lean)r (3) *uy noi "quire 
insulin therapy initial[y; and

;;î',;;,-;;"" 
"..ociatåd 

*nd¡tiont such as insulin resistance' hy-

ìl=e,rä;ilåã,Àuur.utu, disease, <lystipidemia, or PcoS.In tvpe

ii,;,äñ;;;',;;; I oft "' 
u"o'iut'd with abdon.rinal obesitv

í;;;;.;t;" hip and ir'ign or"'itv¡ and hvpertriglvceridemia'

Althoush most individuui. iiog"or.å *ith type 2 DM are older,

il';-J;i;;;;;; l; ciecliniñg' and there is a^marked increase

;ï"f; ã"*.'3ieht 'hild;;; 
u'ä odol""''ts' s-ome individuals

wìth phenotypic type I DM o""nt with DI(A but laclt autoim-

mune markers and may t" tuttt treated with oral glucose-lowering

;;ä;t';;'rht' ,rtu" *'íri" (have been termed ketosis-prone type 2

;tl:-o; the other t'^tã' to'ltt individuals.(5-10%) with the

phenotypìc aPPearance of 
'ypt 

2 DM do nol l1rYt:!':l'': 
ii:T-

ïi,.r a.n.i.n.y'Uut have autoiit.t".''nt markers (lCA' GAD autoantr-

t"aì.ti t"gå.srive of type t, DNI (termed latent autoimmune

;;;;;;;'i¡"tie adult¡' s."í't' i"¿iui¿oals are more likelv to be <50

years of age, hav. o t'o'-ul BMI' and have a personal or family his-

ä;;;ãä;.tioi-"t""t ¿isease' TheY,are much mo'e likelv to

require insulin treatmenï within 5 years' However' it is remains dif-

APPROACH TO IHE PATIENÏ:
Diabetes Mellitus
DM and its complications produce a wicle range

acute hyPerglYcemia

of symptoms and

signs; those secondarY to may occur at any

ltuS'
oegin

of the disease, whereas those related to chronic compiications

to appear during the second decade of hYPerglycemia. Indi-
viduals with previouslY undetected tYPe 2 DM maY present with
chronic complications of DM at the time of diagnosis. The historY-

symptoms on signs ol

the chronìc corsPlica-
and physicai examination should asSess for
acute hyperglycemia and shouid screen for
tions and conditions associated with DM.

o
H

H

[ßl0RY A complete medical history shouid be obtained with

'pt.iut 
",.,-.,,-rtru^ris 

ïn ll't-televant aspects such as weight' family
hr";;; of;il;;;i;';;;oiications' iisk ractors rQr cardiovascular
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2292 6. A bÌood p'essure goar of <r25r7s is suggested for i'dividuals with
macroalburninuria, hypertension, ancl,1iub.t.r.

7. Serum potassium and renal function shoulcl be monitored.

Because of the high prevalence of atherosclerotic disease in individ_
uals with DM, the possibility of ¡enovascular hypertension should be
conside¡ed when the blood pressure is not readily controlled.

TOWTR TXIREMITY COMPI.IüTION5

most helpful. Wound depth should be determined hv ;,.-
probing w¡th a blunt-t¡ppecl sterile ¡nstrument. pla n - "'tþect¡on.
foot should be performed ro assess the possibitity 

"iîïj:o¡,.rÌl!:*ffi :ffi :ilïlffi :ï::iîti::;:J[î::t,**:'":i:t'#t::i
curt ro disringuish from osreomyeritis. rndium-laour.o *Àii.'.]ì oftenl]lil
more useful in determining if the infection involves bon---,'",studre;;;:
soft tissue, but they are technically clemanding. ,r¡nl or,Å" iå.,lYtut o,o^il
most specific modal ity, although clisting uishing Oony Jurii"lùv ne ¡¡i

:;Ì::if iiïJi:i::'.'fr .ii['..".."J::ïr":iïï¡,ï,i:;iülîï:
provide the answer. ' ' '" tutnure 

r¡¡y
Osteomyelitrs is best treated by a comblnation of p

(lV then oral) and possibly debridement of infected bo "olongtd u*'ba,*

ily.ii""J."JJ;iïi:ih:i,'.ï:ä:iîi*i,..,.,:i,S;:ll.li!:¡,T,:l

ru'.'å'trHrå:ft ".#$lï{i:ilix#råiîåï*ïi$li*ii
A growing number of possible treatments for diabetjc fo.,t ,,r^-

but they have yet to demonstrate clear efficacy in prosp.'-ì. 
- " urLers exist

als. A consensus statement trom the ADA identified , r:cLtve,controlledtri.
demonstrated efficacy in diabetic foot wounds: (jf ;ff_i' 

" '.'rrvcrìtrons with

ment, (3) wou nd dressi ngs, (4) a ppropriaru rr. or untt¡åu,li?,Íi139 *:
ization, and (6) limited ampurarion. off-roading it tr-.u.orpÈio.,,"ìlilt"tl1;
weight bearins on the urce¡ which removes the mechan¡loitffiï^:liï
tards wound healing. Bed rest and a variety oforthotic ¿"r,..r.i...ui
ca'.ing limit weight bearing on wounds or pressure point, S*gi.uf Ou;.äàlmenr is importanr and effective, bur ciear efficacy of orher iliù;;ï;
wound cìeaning (enzymes, soaking, whirlpools) is lacking. ¡r.rr¡nqr ru.h;,hydrocolloid dressings promote wòund healing by creating a moist environ-
menr and prorecring the wound. Antiseptic agènis rf,,orf.f ir. uuoiO.iïopi
cal anribiotics are of limired varue Referrar Íor physical rnu"py, oitnáii
evaluation, and rehabiritation shourd occur once the ínfect¡on rs controiled.

Mild or non-limbthreatening infections can be treated w¡th oral antibi-
otics (cephalosporin, clindamycin, amoxicillin./clavulanate, and fluoroquino-
lone$, 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 requíre lV antibiotics as well as bect rest
and local wound care. Urgent surgicaL debridement may be requircd. Svict
control of glycemia should be a qoal (see below). lntråvenous anribiotics
should provide broad spectrum coverage directed 1owud Staphylococcus
dureus, streptococci, gram-negatjve aerobes, and anaerobic bacteria. Init¡al

antimicrobial regimens include ertapenem, piperacillin/tazobactam, cefote-
tan, ampicíllin/sulbactam, f inezoljd, or the combination of clindamycin and a

fluoroquinolone. Severe jnfections, or infections that do not rmprove after4B
h of antibiotic therapy, require expansion of antimicrobial therapy to treat

methÍcillin res¡stant 5. aureus (e.g., vancomycin) and pseudomonas aeruqi'

nosa. lf the infection surrounding the ulcer is not improving with lVantibi-
otics, reassessment of antibietic coveraqe and reconsideration of the need

for surgical debridement or ievascularizátion are ¡ndicdred. With cl¡nical im-

provement, oral antibiotics and local wound care can be continued ofì â[
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DM is the leading cause of nontraumatic lower extremity arnputation
in the United States. Foot ulcers and infections are also a'ma;or source
ofmorbidity in individuals with DM. The reasons for the increased in_
cidence of these disorders in DM invorve the interaction of seve¡ar
pathogenic factors: neuropathy, abnormal foot biomechanics, pAD,

:nd 
pogl wound healing..The peripheral sensory neuropathy inter-

fe¡es.with normal protective michånisms a,.,d oílo*s the patient to
sustain major or repeated minor trauma to the foot, ofte; without
knowiedge of the injury. Disorderecl proprioception causes abnormal
weight bearing while walking and ,,,breque.,t formation of callus or
ulceration. Motor and sensory neuropathy lead to abnormal foot mus_
cle mechanics ancl to structural changes in the foot (hammer toe, claw
toe deformit¡ prominent metatarsal heads, Charcoi joint). Autonom_
ic neuropathy results in anhidrosis and altered superficial blood flow
11 fe foot, which promote drying of the skin ur,å fi.rrr. formarion.
PAD and poor wound healing irnpecle resolution of minor breaks in
the skin, allowing them to enlarge ànd to become infected.

. Apploximately l5o/o of individuals with DM develop a foot ulcer
(great toe or MTP areas are most common), and a significant subset
will ultimately undergo amputation (14-24o/o risk with that ulcer or
subsequent ulceration). Risk factors for foot ulcers or amputation in_
clude: male sex, diabetes >10 years, duration, peripheral ìeuropath¡
abnormal structure of foot (bony abnormaliies, callus, thickened
nails), peripheral arte¡ial disease, smoking, history ofprevious ulcer or
amputation, and poor glycemic control. Large cailouses are often pre_
cursors to or overlie ulcerations.

Q rowrn ffTRrMtTy compucATloNs
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 urceraiion. High risk patients shourd be identifiecl during
the routine foot examination performed on all patients w¡th DM (see "Ongel
ing Aspects of Comprehensive Diabetes Care,, below). patjent education
should emphasize: (1)careful selection of footwear, 1Z) dáily inspection of the
feet to detect early signs of poor,fitting footwear or'minor trauma, (3) daily
foot hygiene to keep the skin clean and moist, (4) avoidance of self-treatment
of foot abnormalities and hlgh-risk behavlor (e.g,, walking barefoot), and
(5) prompt consultation w¡th a health care providÉr if an abnormality ãrises.
Patients at high risk for urceration or amputation may benefít from evaruation
by a foot care speciarist. rnterventions directecl at risk factor modification in-
clude orthotic shoes and clevices, callus management, najl care, and prophy
lactic measures to recruce increased skin piessure'from abnormar boíy
architecture. Attention to orher risk factors foivascular disease (smoklng, dyí,
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 multifactorial pathogenesis of
lower extremity ulcers, management of these lesions is multidis.ipinary and
often demands expert¡se in ortlìopedics, vascular surgery, endocrinology,
podiatry, and infectious diseases.The plantar surface of-the foot is the most
common site of ulceration. LJlcers may be primarily neuropathic (no accom-
panying infection) or may have surrounding celluliiis or osteomyelitis. Celluli_
tis without ulceration is arso frequent and f ourd be treated with antibiotics
that provìde broad-spectrum coverage, including anaerobes (see below).

An infected ulcer is a clin,ical, dragnosjs, sincã superficial culture of any
ulceration wiil rikely find murtiple pðssibre bacteriar pu,t'.roq.n, The infec-tion surrounding the foot ulcer is often the result of muliiple organisms(gram pos¡tjve and ,negative organisms and anaerobes), and gás gan_
grene may develop in ihe absence of clostriclial infection. Cultures takenfrom the surface of the ulcer are not helpful; a culture from the debrided
ulcer base or from purulent drainage oi aspiration of the wound is the

outpatient basis with close follow_up.
New information about wound biology has led to a number of,new

technologies (e.g., living skin equivalents ãnO growth factors such as b¿Jtc

fibroblast growth factor) that may prove useful, especially in neuroParnt"
ulcers. Recombinant platelet-derived growth factoi ha, some benefit anu

complements the therapies of off-loading, debridement, and antiblotlc>
Hyperbaric oxygen has been used, but rigárous proof of efticacy ßla,':X
Negative wound pressure has been sholtrn to accelerate wound healinq 

u'

plantar wounds.

RÁtd
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INfTCTIONS

Individuals with DM have a grearer frequency and severity "1îj::;
tion. The reasons for this incñ,de inco-pt"t.ty clefined .U"."||'rii
in cell-mediated in.rmunity and phagocyte fiinction assoclate,1";;
hyperglycemia, as well as diminishedvascularization. tlypr,f!"'))¡lo
aids the colonization and growth of a variety of organìsnrs li!)'rrA
and otlrer fungal species). Many common i¡fections arc nore.Irrtlriojs
and severe in the diabetic population, whereas several Lare lltlt'"-
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disease, exercise, smoking, and ethanol use' Symptoms of hyper-

qlvcemia include polytrria, polydipsia' weight loss' fatigue' weak-

:'li'*';iïi;"li'å0".", t"óerÀcial infectiorts ( vagi nitis' fungal

.iltì'1"i..ì["t], .,t¿ tto* healing of skin iesions after minor ttau-

n-ra. Metabolic derangements reiáte mostly to hyperglycemia (os-

motic diuresis, reduced glutott entry into rnuscle) and to the

."trfr"fi. ti"" of the patiJnt (urinary loss of glucose and calories'

muscle breakdown due to protein clegradation and decreased pro-
'-t 

;",ilù' Blurred vision resulti from changes in the water

content of the lens unci r.solu.s as the hyperglycemia is controlled'
""'i" 

^ 
p"ir.ti*ith established DM' the initiaiassessment should also

include special emphaso on p'iot diabetes care' ìncluding the type of

,ï.'t.p¡it-t ft.mïglobin AtC levels' self-monitoring blood glucose

results, frequency of hypoglycemia' pt'esence of fM ¡lecifìc 
compli-

.;"tä;;,;';tr.å.,t oi it-'e-potientì knowledge about diabetes' exer-

cise, and nutrition. ff-" titonit con-rplications may afflict several

;;äñemt, and an individuai patient mav.exhibit some' all' or

none of tlle symptorns t"tutt¿ to the complications of DM (see

above). In addition, the pre'e"c" of pM-teiatecl comorbidities should

;. ;;il (*iãiouor.uiå' disease' hlpertension' dyslipidernia)'

PHYSICAI EXAMINAIION In addition to a complete physicai exami-

r"i¡t, ,p..øf attention should be given to DM-reievant aspects

such as weight or BMI, retinal exarninâtion' orthostatic blood pres-

sure, foot exarnination' feripherat pulses' and insulin iniection

sites. Blood pressu'e > lå0¡A'0 --Ug is c.nsidered hyperter.rsion

iil"¿*i¿".it with diabetes' Car-eful éxaminatior.r of the lower ex-

tremities should seek evidence of peripheral neuropath¡ call'tses'

;;;;;.i i;;gal infectio's' nail åiseåse' ankle.reflexes' and foot

ä.'f"rÁì,i", 1srr".h us hamtner or claw toes and Charcot tbot) in or-

ä., i" ø*,ìfy siles of potential skin ulceration' Vibratory sensa-

ä'¿lr;-ùúz tuning io'tt ot tt.tt base of the great toe)' the abiìity

to sense touch with a monofilament (5'07' 10-g monofilament)'

and pinprick s"tl'ution a" useful to detect moderately advanced

diabetic neuropathy' Since periodontai disease is,more frequent in

DM, the teeth and gums should also be examrned'

Of RttlAIOI.O6IC MANIf TSIAI¡ONS

TLp most common sKtn manifestations of DM are protracted wound

,ll^ïÏi.iä ;j.;*ri;;'. ói'r'"i' dermopath¡ sometimes termed

in^:ä'ì:ïpl:i,o,al papules.or "diabetic skin spots"'besi's as arl erv-

ïä;;;-r'.... uná tìol"t' into an area of circular-hyperpigmenta-

ì'i-'ïî.t.'-r*t"'s result ft,-,-' "-'i'-tot 
mechanicai trauma in the

pretibial region and are -o" to--o'-t in eider'ly men with DM' Bul-

ili, äil.rJs, u"ilosa diabericorum (shailow ulcerations or erosions in

ö;tbi;i;;gi;n), are also see t' Ñecrobiosis lipoidica diabeticorum ts

a rare ciisorcler of DM that pr.,1o*inor]tly affects yo.ung women with

type 1 DM, neuropath¡ and retinopathy' It usually begins in the

íti,i¡ì.i*gt." u. on .rytrter'-'utott' piuqut or paqlies that gradually

tnlarge, darken, and de'relop i'rtÇolu"li-gint'-ì* """phl:-t::tït
and ãentral ulceration. They may be painful' Vitiligo occurs at 1n-

,-;,;il;"*;y in individúals *itit typt 1 cliabetes' Acanthosis nigri'

*r, iffifiglented velvety plaques- seen on the neck' axilla' or

o,,nìo, ,urfuî.r) is ,om"ti*e' u ftatt"t of severe insulin resistance

and accompanying diabetes. Generalized or localized granuloma annu-

il õtl'ä;l;;"t;t*"t on the extremities or trunk) and sclerede-

nn (areas of skin thickening on the back or neck at the site of previous

superficial infections) are more common in the 
-diabetic 

population'

L'p'r:;;;;hy' ;;d'äiiW r" r"iny can occur.at insulin i nj ection sites but

are unusual with the u.. of hu*ur] insulin. Xerosis and pruritus are

=.ôJ

lo
ID

=ID

c0lltmon and are relieved by skin moisturizers'

(l.ASSlflCAflON 0t DM lN AN INDIVIDUAL PAIIENI The etiology of di-

ìu"t l" 
^" 

l"¿ividual with new-onset disease can usually be as-

rt*.ä;;;; ulri. or ctnical criteria' Individuals with tvpe 1 DM

tend to have the following characteristics: (1) onset o-f disease prior

ö;r", õi i..t t.av Ëot'it"'' (3) requiremènt of insulin as the

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

increased risk ol other uutoi'ontunt clisorders such as atttoimmune

il;öil;; uã"''ut i'rsufflcienc¡ pernicious anemia' celiac

disease, and vitiligo. in contrast, individuais with type 2 DM often

exhibit the following ft""tt" iil develop diabetes after the age of

30; (2) are usually obese iÀó% ;tt 9b"':l bÏt elclerly individuals

may be lean)r (3) *uy noi "quire 
insulin therapy initial[y; and

;;î',;;,-;;"" 
"..ociatåd 

*nd¡tiont such as insulin resistance' hy-

ìl=e,rä;ilåã,Àuur.utu, disease, <lystipidemia, or PcoS.In tvpe

ii,;,äñ;;;',;;; I oft "' 
u"o'iut'd with abdon.rinal obesitv

í;;;;.;t;" hip and ir'ign or"'itv¡ and hvpertriglvceridemia'

Althoush most individuui. iiog"or.å *ith type 2 DM are older,

il';-J;i;;;;;; l; ciecliniñg' and there is a^marked increase

;ï"f; ã"*.'3ieht 'hild;;; 
u'ä odol""''ts' s-ome individuals

wìth phenotypic type I DM o""nt with DI(A but laclt autoim-

mune markers and may t" tuttt treated with oral glucose-lowering

;;ä;t';;'rht' ,rtu" *'íri" (have been termed ketosis-prone type 2

;tl:-o; the other t'^tã' to'ltt individuals.(5-10%) with the

phenotypìc aPPearance of 
'ypt 

2 DM do nol l1rYt:!':l'': 
ii:T-

ïi,.r a.n.i.n.y'Uut have autoiit.t".''nt markers (lCA' GAD autoantr-

t"aì.ti t"gå.srive of type t, DNI (termed latent autoimmune

;;;;;;;'i¡"tie adult¡' s."í't' i"¿iui¿oals are more likelv to be <50

years of age, hav. o t'o'-ul BMI' and have a personal or family his-

ä;;;ãä;.tioi-"t""t ¿isease' TheY,are much mo'e likelv to

require insulin treatmenï within 5 years' However' it is remains dif-

APPROACH TO IHE PATIENÏ:
Diabetes Mellitus
DM and its complications produce a wicle range

acute hyPerglYcemia

of symptoms and

signs; those secondarY to may occur at any

ltuS'
oegin

of the disease, whereas those related to chronic compiications

to appear during the second decade of hYPerglycemia. Indi-
viduals with previouslY undetected tYPe 2 DM maY present with
chronic complications of DM at the time of diagnosis. The historY-

symptoms on signs ol

the chronìc corsPlica-
and physicai examination should asSess for
acute hyperglycemia and shouid screen for
tions and conditions associated with DM.

o
H

H

[ßl0RY A complete medical history shouid be obtained with

'pt.iut 
",.,-.,,-rtru^ris 

ïn ll't-televant aspects such as weight' family
hr";;; of;il;;;i;';;;oiications' iisk ractors rQr cardiovascular
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ficult to-categorize some patients unequivocally. Individuals whodeviate fiom the ciinical-pioni. of typJ i u,r,l-ì!¡p" z ott,or whohave other associated defåcts such 

"J 
ã;"il;r, ljå.."u,i. exocrinedisease, and other endocrine ¿lrora".r, rhåuiã'í.'.fo..in.¿ accord_ingly (Table 338-i).

IAB0RAÍ0RYÁSStSSMffü The laborarory assessment should firstdetelrnine whether rhe patient -..u ,f-r. åhg""ï; criteria for DM(Table J3B-2) and then,assess the degree of glycemic control (A tC,discussed below). In addition to *. å,r¿ara'iáù"."*y evaluation,the patient should be sc¡eened for DM_associãiJ conditions (e.g.,microalbu.mìnLrria, dyslipidemia, thyroid ìyrn 
".,i""l. hrdividualsat high risk for cardiovascular diseasá,h"rú;;r.;;"ned lor.asynrp_tomatic 

!AD-by appropriate cardiac st..r. t.rti,rg, *t en indicated.
The classiûcation of the rype of DM _uy U. ã.itituted by labora_tory assessrnents. Serum insulin or C_peptíde measurements do notalways distinguish tlpe I fiom rlpe, bú;;;il; c_pepride levetconfirms a patient's need for insúiin. l¿^"y i"áiriàîah *ith ,rew_orr-set type i DM retain sorne C_peptide pråduction. Measurement ofislet ce' antibodies at the time tfïi"b.i;;;;;ai be usetul if thetype of DM is not clear based on the .¡oru.,..i*i.riescribed above.

tOI{6.TIRM TRIATMEIII

OVERÂIT PRtN(IPlTS

nmlf¡[}.!îr TREATMENT GoALs F0R ADUTTs wtTH DtABETEST

lndex Goal

ogists, nephrologists, vascular surgeons, cardiol<

:in',:'ff ãiã'"'*' I with exp e riãn c" i" ;ú.;i"liï :jliiiliå,i
A number of names are sometimes applied to ,

ro diar¡eres .ur", .rln u, inrensive in.rtin th.rurrÍ'ffå:ï1,:lo:..,'."

i!,:J'i):,]ii,ìi:::::i\:;:ü,*:ilffi i::,,*tllä[i'[:îi
abetes_the.apy involves more rhan plasma 

"l"iì.."lll'i*rliììrhough glycemic conrrot is..urrot Là;ñ;; #;.* ,illlÏ.r.riprehensive diaberes ca¡e of both ryp. 1 ;t;yp.l-^ì.iïilloÌ *r:
tect and manage DM-speci6c complicarions 'r"ã _"¿¡r" ilÏ ulro 0,.

::: T T.iil:', Äïiff ::îî, i ;: :lr:* *;llil :i,*:l +ix "? 
îîi

ï:äi,Í;fi iî, î:: J[ ;îil ; i :" ii]'r,,'1:r i*äü: i JïlI

:11".tri.ïi.l:JîT*liåffi i::i,i.'.';î,r; jf, IÌ*::TìJ,,l.ìfing a significanr part of rheir nationat ;;;;Àj,;;?,t,i,iiïlÌ".",1,rf_
care settings with very limited resources.), and 

---"''se (health

i"rl l, m',::i;,ï::Hï;:;j* iÍ:u*;ï,i', u: ;l:
pAÍtENI EDUCAI|0N ABOUI DM, NUIR|I|0N, AND IXER0SÊ
The patient with type i or type 2 DM should receive etlucarion aboutnutrition, exercise, care of diabetes during n""r., 

""O 
ntedications 

toÌorve¡ the plasma. glucose.,AÌong _jrh i;p;."J åmpliance, patiented ucation allows individ uals. witñ DM.to aisume g...,., r.espo,rsibilitvlor their car.e. patient education should be ui.*.¿i, u conrinuing pro,_cess with regular visits for reinforcem.rrt; it rhouìã ,ro, o. u process tharis complered after one or rwo visits a ";;;" J;;aìor or.nut.itionist,The ADA refers to education about the iràirijrì,^¿ managementplan for the parienr as diabetes r"lf_-;ú;;;;t*Jår,.urion (DSME).More frequenr contact betyeen the patieni u,lJìfl. aioU.res manage_ment team (eiectronic, telephone, etc.) improves glycemic control.

Diabefes Education The diabetes educator is a health care profession-ai (nurse, dietician, or pharmacist ) *irt ,p..intìr.l p.ti.nt educationskilis who is ce,.ti fi ed in dia beres ;r;;;;;""à;,'oi Jr,.r 
" 

Associarjonof Diabetes Educators). Educarion t"pl., mfã.t",.i iol opti,r,,ol diube_
tes care include self-monitoring of biood gtu.or"i urin. ketone moni_toring (type 1 DM); insulin Jdminir,r.rí"r, griJ.lines for diaberes

TL:i|:i.,l,,during illnesses; management of ñypoglycernia; foor antl

:11".*r., dlabere-s management before, during, å"¿än.. exercise; and
fl sK ractor-modi$iing act ivities.
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lT:::,T::,i:':ll lj lyp" J 
ol ?p" 2DM arero: (1) eriminare symp_rurns relared to hyperglycemia, (2) reduce or eliminate the longlls¡mrnicrovascular and macrovascuÌar complicatø", åf DM, and (3) al_10w the patie't to achieve as normar a rifestyre as possibie. To reach thesegoals, the physician should identi$, 

" ".g.í 
f.*l ãi gb."rr.,i. control foreach patient, provide the patient with tìie educatioiar and pharmaco_

l:gï 11,""1:* 
necessary to reach this level, 

""J Å"ri,"V"ear DM_re_rareo comprlcatrons. Symptorns of diabetes usually resolve when theplasma glucose is <'.1 mmot/L (r00;t;ü,;;rIu, rno., DM trear_ment focuses on achieving rhe second íø iii.Jgàirs. The trearmenrgoals for patients with diabetes are summarized in Table 338-g.
The care of an individual with either ,ñ;i;;ry| 2 DM requires amultidisciplinary team. Cenrral to the suåess 

"i iíri *"_ are rhe pa_

::1,'r .q..tl.lfation, input, and enthusiasm, Ji 
"iîrr.n a¡e essentialtor optimal diabetes management. Members of the hearth care teaminclude the primary care orovider and/or the .rrãå.rirotogirt or dia_betologist. a ce¡tified diabåtes educator, u,r¿ u'li.ltiorrist. ln addition,when the complicarions of DM arise,,;b*dl,;;;'iìnctuding neurol_

Glycemic controlð
AlC
Preprandial capillary plasma

glucose
Poal postorandiat c¿pif l¿ry pl¿sma

q I ucose
Bfood pressure
Lipidsr

Low-density lipoprotejn
High-density lipoproteln
Triglycerides

<7.0c

5.0-7 .2 mmol/L (90- 130 mgldl)

<.10.0 mmol/L (<180 mgldl)a

<130/B0e

<2.6 mmol/L (<tO0 mg/dl)
>1.1 mmol/L (>40 mg/dL)o
<1 .7 mmol/L (< t 50 mqldl)

q,^/hile the ADA recommends an A j C < ;,.0?ó ¡n general, in the jncliv¡dual patient ¡t recommends an ,. 
. . AIC as close ro normal (<ó.0%) as possible *ìihort rigniti.unt hy_

,?::lu."r: . Norm¿l rdnqe ror AIC _4.0 6.0 {DLCT_b¿5"J:;.;";
-vrìe_¡wo nour< dfler bêginninq of a meal.
eln p¿t¡ents with reducecl GFR and macro¿lbum¡nurja, ïhe goal is <125/75.lln decreasing order of priority.
sFor women. some sugqest ¿ goal that is 0.25 mmol/L ( j 0 mgzcìL) hiqher.Source.. Adapted from Amer¡can Diabetes Associ¿t¡o ,'zó0 " 

"- "',

Nutlition Medical nutrition therapy (MNT) is a rerm used by the AD,{
to describe the optimal coordinatiåí 

"f 
*foíi. in,"f.e with other aspects

of diabetes therapy (insulin, exercise, *;,gh; 1""j. ã. îpî'irï"t"*¿
¡ecommendations for th'ree types of ivlñT. priáarv urevention mea-
sures of M NT are directed ut ir.*"tinf o, ;j;;;; ih:';"ì.ì 

"r,yp. 
z

DM in high-risk individuals (ãbese o.iitf, pr"_âl"B.i.r;-fry prorãiing
weight reductiorr. Medical treatment of obesity is a raçidIy ä,Llvingarca
and js discussed in Chap.75. Secondaryp*r!"iiã" il..'rur., of i¡Nt
a re, directed.at preventing or delaying ¿inf .r."r.lái.A cornplicarions rn

drabetic indjviduals by improving gl¡icemic conrrol. Ter riari prevention
measures of MNT are directed ai managing diabetes-related complica-
tions (cardiovascular clisease, ,.,"pt .oput"ny¡"i" áiJ.il.l,raivid*rls. Fo¡
example, in individuals with diabetes u"á .nroni. Lidney disease' pro-
tein intake should be limitecl to 0.8 g/kg of body ;.igìri fá ary. l.lnln
patients with diabetes and cardiovas"cuiu. ¿i..o'r. ,¡ãurá incorpotate.dt-
etary principies used in non-diabetic patients with car.diovascular 

c[s-

ease' \tWrile the recommendations fo. uÌl three types of MNT overlapi
this chapter emphasizes secondary preve"ti;; ;;;;r; of MNT. Phar-

macologic approaches that faciliiafu weight ioss ancl l:ariatric surgery
should be considered in selecred patients iénup.zsi.
^. 

As lor the genelal poprtrtlon, o ¿¡.r rf,uiirr.frles f,.uirs, t,egeLables'
hber-conf aining foods, and low-lat milk is advisetl. ljlas 61þer asp&'"
of DM therap¡ MNT musr b. ua;urtJìo ,r*.iirr" g..rr of the inar

dAs recommended by the ADA; Goals shou
Co¿ls may b,e diflerenl for Cerf¿jrl p¿Ltenl
oA 1C is primary go¿t.

ld be jeyp¡epu¿ for eacn pr1¡"n, ,.ao
popuJat¡ons.
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TTletidy NUTRITIONAL RECOMMENDATIONS FOR ADULTS

WITH DIABETES?

t
. 70-35% oftotal caloric intake

Saturated fat < 7% oftotal calories
<200 ma/day of dietary cholesterol
Two or more servingsoffish/week provide w-3 polyunsaturated fatty

acids
Minimal trans fat consumption

Carbohydrate
45-65% of total caloric intake (low-carbohydrate diets are not

recommended)
Amount and type of carbohydrate important?
Sucrose-containing foods may be consumed with adjustmentsin insulin

dose
Protein

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

Fiber-containing foods may reduce postprandial glucose excursions
Nonnutrient sweeteners
 

%ee text for differences for patients with type 1 or type 2 diabetes.As for the general
population,a healthy diet includesfruits, vegetables, and fiber-containing foods.
*amount of carbohydrate determined by estimating gramsof carbohydrate in diet; gly-
cemic index reflects how consumptionofa particular food affects the blood glucose.
Source: Adapted from American Diabetes Association, 2007.

vidual patient. Furthermore, MNT education is an important com-
ponent of comprehensive diabetes care and should bereinforced by
regular patient education. In general, the componentsof optimal MNT
ae similar for individuals with type 1 or type 2 DM (Table 338-9). His-
torically, nutrition education imposedrestrictive, complicated regi-
mens on the patient. Current practices have greatly changed, though
many patients and health care providersstill view the diabetic diet as
monolithic and static. For example, MNT nowincludes foods with su-
crose and seeks to modify other risk factors such as hyperlipidemia
and hypertension rather than focusing exclusively on weightloss in in-
dividuals with type 2 DM. The glycemic index is an estimate of the
postprandial rise in the blood glucose whena certain amountof that
food is consumed, Consumption of foods with a low glycemic index
appears to reduce postprandial glucose excursions and improveglyce-
mic control. Reduced calorie and nonnutritive sweeteners are useful,

Currently, evidence does not support supplementation ofthe diet with
vitamins, antioxidants (vitamin C and BE), or micronutrients (chromi-
um) in patients with diabetes. The goal of MNTinthe individual with
type | DM is to coordinate and matchthecaloric intake, both tempo-
tally and quantitatively, with the appropriate amountofinsulin. MNT
intype 1 DM andself-monitoring of blood glucose mustbe integrated
to define the optimal insulin regimen. The ADA encouragespatients
and providers to utilize carbohydrate counting or exchange systemsto
éstimate the nutrient contentof a mealor snack. Based on the patient’s
¢stimate 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 MNTin type 1 DM is to minimizethe weightgain often
‘sociated with intensive diabetes management.

The goals of MNT in type 2 DM areslightly different and address
ihe greatly increased prevalence of cardiovascularrisk factors (hyper-
ension, dyslipidemia, obesity) and disease in this population. The
majorityof these individuals are obese, and weightlossis strongly en-
couraged and should remain an importantgoal. Hypocaloric diets and
modest weight loss (5-7%) often result in rapid and dramatic glucose
lowering in individuals with new-onset type 2 DM. Nevertheless, nu-
inerous studies document that long-term weight loss is uncommon.
MNTfor type 2 DM should emphasize modestcaloric reduction,re-
duced fat intake, increased physical activity, and reduction of hyperlip-
idemia and hypertension. Increased consumptionofsoluble, dietary
liber may improve glycemic control in individuals with type 2 DM.
\eight loss and exercise improve insulinresistance.

Exercise Exercise has multiple positive benefits including cardiovas- 2295
cular risk reduction, reduced blood pressure, maintenance of muscle
mass, reduction in bodyfat, and weight loss. For individuals with type
1 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 (distribut-
ed overatleast 3 days) of aerobic physicalactivity. In patients with type
2 DM,the exercise regimen should also include resistance training.

Despiteits benefits, exercise presents challenges for individuals with
DM becausethey lack the normal glucoregulatory mechanisms(nor-
mally, insulin falls and glucagonrises during exercise). Skeletal muscle
is a majorsite for metabolic fuel consumptionin theresting 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 plasmaglucose, the circulating insulin level, and the
level of exercise-induced catecholamines.If the insulin level is too low,

the rise in catecholamines mayincrease the plasma glucose 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: (1) monitor blood glucose before, during,and after
exercise; (2) delay exercise if blood glucose is >14 mmol/L (250 mg/
dL) and ketonesare present; (3) if the blood glucose is <5.6 mmol/L
(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 andinject insulin into a nonexercising area; and (5) learn 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-
poglycemiais less commonbutcan occurin individuals taking either
insulin or insulin secretagogues.

Because asymptomatic cardiovascular disease appears at a younger
age in both type 1 and type 2 DM,formalexercise tolerance testing
may be warranted in diabetic individuals with any of the following:
age >35 years, diabetes duration >15 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 lead to vitreous
hemorrhageorretinal 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 ALC andreview ofthe pa-
tient’s self-measurementsof plasma glucose). These measurementsare
complementary: the patient’s measurements provide a picture of
short-term glycemic control, whereas the AIC reflects average glyce-
mic controlover the previous 2-3 months,

Self-Monitoring of Blood Glucose Self-monitoring of blood glucose
(SMBG)is the standardofcare in diabetes managementandallowsthe
patient to monitor his or her blood glucose at any time. In SMBG,a
small drop of blood andan easily detectable enzymatic reaction allow
measurementofthe capillary plasma glucose. Manyglucose monitors
can rapidly and accurately measure glucose (calibrated to provide
plasmaglucose value even though blood glucose is measured) in small
amounts of blood (3-10 ul) obtained from the fingertip; alternative
testing sites (e.g., forearm) arelessreliable, especially when the blood
glucose is changing rapidly (postprandially). A large numberof blood
glucose monitors are available, and the certified diabetes educatoris
critical in helping the patientselect the optimal device andlearn to use
it properly, By combining glucose measurements with diet history,
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IIGURE 338.13 Representative insulin regimens for the treat_
ment of diabetes. For each panel, the y_axis shows the amount of in_
sulin effect and the x-axis shows the time of day. B, breakfast; L, lunch;
S, supper; H5, bedtime; CSll, continuous subcutáneous insulin infusion.
"Lispro, glulisine, or insulin aspart can be used. The time of insulin in-jection is shown wjth a vertjcal arrow. The type of insulin is noted
above each insulin curve. A. A multiple-comfonent insulin regimen
consistjng of long-acting insulin (n, one shot of glargine or two shotsof detemir) to provide basal insulin .ou.rugu-unà three shots ofglulisine, lispro, or rnsulin aspart to provide glycemic coverage for each

B

Multiple-componeni jnsulin reglmens refer to the combination of basafinsulin and bolus insulin (prepra

meal. 8. The injection of two shots of long_acting ir
detem jr) and short-acting insu lin [g tu t isine,,,r0l.",,.i,]illllll]]or
red line), or regular (green dashed line)l Only on -r*Partlto"O
short-acting insulin is used. C. Insulin adminis¡iu,¡of , "'l"uration 

^r
sion device- is shown *i,¡ ,¡u basat insulin uno u ¡'oi,L lI* 'rt"each meal The basal insulin rare is decreased dwing rh;;;Jlïion u!

rncreased slightly prior ro rhe parjenr awakening- i; ìÀ.']":y^9rd
Glulisine, lispro, or insulin aspart is used in the insuin ",,*" ,jïnìng.
from H Lebovitz (ed):Therapy for DÌabetes Mellitus Ame 

Y"' 'p t\1opted

sociation, Alexandria, vA, 2a04,1 
'tcan l)¡obetes 

As'

mal regimen for the patient with type 1 DM, but ís sometirnes used forpatienls with rype 2 diabetes.
continuous subcutaneous insurin infusion (cs,) is a very effective insurinregimen for rhe parient with type 1 diabetes (Fig 338_130 T",h.;;;;il

sulin infusion, a preprandial ínsulin (,bolus,) is delivered OV tf.,. inrrfr-¡öiål
device based on rnstruc'ions from the patient, who uses an individualizeJ
algorithm rncorporaiing the preprandiar prasma grucose and anticipateJ
carbohydr.ate intake (see above). These sophisticatãd ¡nsulin ¡nfusion åevi]es can accurately defiver small doses of insulin (microliters p., f-lorðìni
have several advantages: (1) multiple basal inius¡on rates can be pro_grammed to accommodate nocturnar versus daytime basar insurin require-
ment, (2) basal infusion rates can be altered áuring periods of exercise,(3) different waveforms of insurin infusion with meãl-rerated borus ailor¡r
better matching of insulin depending on meal composition, ancl (4) pro_
grammed algorithms consider prior insulin aclministiation and blood glu_
cose values in calculating the insurin dose. These devices require a heãrth
professional wrth considerable experience with insulin infusion devices and
very frequent pat¡ent interactions wjth the diabetes management teanr. ln_
suljn infusion devices present unique challenges, such as irrfection at the ín-
fusion site, unexplained hyperglycemia beca"use the infusion set becomes
obstructed, or diabetic ketoacidosis if the pump becomes disconnected.
Since most physicians use lispro, glulisine, or jnsulin ¿spart jn CSll, the ex-
tremely short half-life of these insulins quickly lead to insuiin deficiency if
the delivery system is interrupted. Essential to ihe safe use of jnfusion devic-
es-is thorough patient education about pump function and frequent Sl\,4BG.

Efforts to create a closed loop system in which data from continuous glu-
cose measurement requlates.the insulín infusjon rate continue.

OtherAgentsThatlmproveGlucoseControl The role of amylin, a

37-amino-acid peptide cosecreted with insulin from pancreatic beta cells,

in normal gf ucose homeostasis is uncertain, However, based on the rationale
that patients who are insulin deficient are also amylin deficient, an ana-

logue of amylin (pramlintide) was createcl ancj fotrnd to reduce post'
prandial glycemic excursions in type 1 and type 2 diabetic patients T¿king

insulin. Pramlintide injected just before a meãì slows gasrr¡c emptying arc
suppresses glucagon but does not alter insuljn leve-ís. pramlinticie i'ap-
proved for insulin-treated patÍents with type I and type 2 DM. Addition or

pramlintide produces a mocjest reductioÁ in the A j ¿ and seems to damP-
en meal-related glucose excursions. ln type 1 diabetes, pramlinride is slarr
ed as a '1 

5-¡-rg SC injection before each meal and titrated up to a max¡murrl
of 30-60 prg as tolerated. f n type 2 DM, pramlintide is started as a 60-¡tg,>u
ínjection before each meal and may be titrated up to a maxjrnur?,.,::
ptg, The major side effects are nausea and vomiting, and dose .:.rl:t:j:l
should be slow to limit these side effects, Because"pramlintide tl"y:::;
tric emptying, ít may influence absorption of other medications_¿''"
should not be used in combination wjth other drugs that slow Gl motr*v-
The short-acting insulín given before the meaf sho"uld inltially be redu_c'"

to avoid hypoglycemia and then titratecl as the effects of the pramtttt"""

control

@ GTUCOSE-tOWERING THERAPIES TOR TYPE 2 DIABETES
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-.^mp evident. o-Glucosidase inhibitors are another type of agent that

lrit. ,r.¿ in palìents wirh type ì DM (see below)
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llll:i" Ï.*.;,;,h. tunuo.t.nt of tvpe 1 Dfvi' the care of ìndividuals

':i:ì';:"";;M;rst also inciude attention to the treatmenr of conditions

Ï:.::i",1 ;il tvóe z orr¡ (obesitv, hvpertension' dvslipidemia' cardiovas-

::ì::;ì;t;i ..; detection/manasement of DM-related complications

ffi. äï;; óM specific complications m9v b9 olese¡t in up to 20-504/o

it'¡"n¿iui¿rals wlth newly diagnosed type 2 DM Reduction in cardiovascu-

lar risk is of paramount importance as this is the leading cause of mortallty 2299

in these individuals. Effofts to achieve blood pressure and lipid goals (Table

338-B) shoulcl begin in concert with glucose-lowering.interventions'

Type 2 diabetes management ihould begìn with MNT (discussed

aboíe) An exercise regìmen to increase insulin sensitivity and promote

;.çÀ'; i"tt should atsó be instituted Pharmacologic approaches to the

Åuñug"t.n, of type 2 DM include oral glucose-lowering agents' insulin'

unJ oíi-,.r, agents t¡at improve glucose control; most physicians and pa-

¡.",t pt.f* 
"tal 

glucose-loweriÁg agents as the initial choice (dìscussed

below'after review of various meclications) Any therapy that improves gly-

.À*i. .ont,ol reduces "glucose toxlcity" to the isìet cells and improves en-

ããg.now insulin secreiion. Howeveç type 2 DM is a proqressive disorder

,.ã rf,ìrrl.,.V requires muìtìple therapeutic agents and often ìnsulin

Glucose-LoweringAgents Advances ìn the therapy oftype 2 DM have

;;;J;".t'åeiuoË .ntl.,"iasm for oral glucose-lowering agents that

íuiô., Áin"*n, pathophysioloqic processes in type 2 DM Based on their

r..f-,..i|Àt of action,'glucõse-lowering agents are subdivided into

ug.;rt,hu, in.tease insuliÁ secretion, reduce glucose productlon' increase

ùïlln sensitivity, and enhance GLP-'1 action ('l'al¡le 33tt-11) Glucose

ìo*"rtó-ub.n,í (*ith th" exception of a-glucosid,ase inhìbitors and an

.ri;; ;.;i"¿re) are ineffective in type 1 DM and should not be used for

;i;:;t" ;;;;gement of severelv ill inclividuals with tvpe 2 DM Insulin is

íor.tit", thJinitlal glucose-lowering agent '¡'

Insulin Secretagogues lnsulin secretagogues stimulate ìnsulin secre-

iiåï'¡/i"iãi..,iif*itrl the ATP'sensitive potassium channel on the beta

.ii fiô. 338-4). TÉese drugs are most effective in indlviduals with type 2

DM of relatively recent onset (<5 years), who have resjdual endogenous in-

sulin productiãn. At maximum doses' first-generation sulfonylureas are

similar in potency to second-generation age¡ts but have a longer half-lìfe'
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and the best chance for achi regi
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insulin. Other variations of this
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One commonly used reglmen consists of twice-daily injections of along-acting insulín like N PH (detemir could be used instead) mixed with ashort-acting insulin before the mornÍ ng and evening meal (Fiq, 338-1 3A),
Such regimens usually prescribe two*hirds of the total daily insulrn dose inthe morninq (with about two-thirds given as lon g-acting insulin and one-
third as short-acting) and one-third before the eveninq meal (with approx-
imately one-half given as long-acting insuljn and one-half as short-acting)
The drawback to such a regimen is that jt enforces a riqid schedule on thepat¡ent, ¡n terms of daily activity and the content and timing of meals. Al_though it is simple and effective at avoidinq severe hyperglycemia, ir does
not generate near-normal glycemic
DM. Moreover, if the patients meal pattern or content varies or if physical

control in most individuals wjth type 1

activity is íncreased, hyperglycemia or hypoglycemia may result, Movi ngthe fong-acting insulin from before the evening meal to bedtirne mayavoíd nocturnaf hypoglycemia and provide more insulin as qlucose levels
rise in the early mo rning (so-called dawn phenomenon). The insulin dose
in such regimens should be adj usted based on SMBG results with the fol_lowing general assumptionsj (1) the fasting glucose is primarily deter-
mined by the evening long-acting insulin; (2) the pre-lunch glucose is
a function of the morning short-actíng insulin; (3) the pre-supper glucose

e morning long acting insulin; and (4) the bedtime glu-
cose is a functron of the pre-supper, short,actjnq ínsuli

i

0.s-0.8

0,5-1.0

t lnsulin secretion T¿bie 338-12 1-2

t lnsulin secretion Talrle 338-1 2 1-2

0 5-1.4

Parenteral
Insulin f Glucose utiliza-

tion and other
anabolic actions

I lnsulin, { Gluca-
gon, slow gastric

emptying
Slow gastrlc emPtY

ing, J Glucagon

GLP-1 aqonist

Amylin agonistb

Ivledical nutr¡t¡on ,1, lnsulin, resistance,

Table 323-1 1 No litrlit

Exenatìde

Low-calorie, " ' 1-2
lowJat diet,
exercise

0.5- l .O Weight loss

Pramlintide ' 0 25-0.5

pflor therapy and 1 insulin secretion
Þhysical act¡vity

is a function of th

n. This is not an opti-
on staÌling A1L.

use in type 1 anC lYPe 2 cliabetes

Management of
Type 2 Diabetes

Treat associated
conditÌons

. DYsliPidemia

'HYPertension
. Obesìty
. Coronary heañ

disease

Screen for/manage
complìcations
of diabetes
. Retinopathy
. Cardiovascular

disease
. Nephropathy
. Neuropathy
. Other complications

Ft-
an
T
ut

R
Ë
H

H

MPI EXHIBIT 1026 PAGE 26
DR. REDDY’S LABORATORIES, INC. 
IPR2024-00009 
Ex. 1026, p. 26 of 32

 



2298

IIGURE 338.13 Representative insulin regimens for the treat_
ment of diabetes. For each panel, the y_axis shows the amount of in_
sulin effect and the x-axis shows the time of day. B, breakfast; L, lunch;
S, supper; H5, bedtime; CSll, continuous subcutáneous insulin infusion.
"Lispro, glulisine, or insulin aspart can be used. The time of insulin in-jection is shown wjth a vertjcal arrow. The type of insulin is noted
above each insulin curve. A. A multiple-comfonent insulin regimen
consistjng of long-acting insulin (n, one shot of glargine or two shotsof detemir) to provide basal insulin .ou.rugu-unà three shots ofglulisine, lispro, or rnsulin aspart to provide glycemic coverage for each

B

Multiple-componeni jnsulin reglmens refer to the combination of basafinsulin and bolus insulin (prepra

meal. 8. The injection of two shots of long_acting ir
detem jr) and short-acting insu lin [g tu t isine,,,r0l.",,.i,]illllll]]or
red line), or regular (green dashed line)l Only on -r*Partlto"O
short-acting insulin is used. C. Insulin adminis¡iu,¡of , "'l"uration 

^r
sion device- is shown *i,¡ ,¡u basat insulin uno u ¡'oi,L lI* 'rt"each meal The basal insulin rare is decreased dwing rh;;;Jlïion u!

rncreased slightly prior ro rhe parjenr awakening- i; ìÀ.']":y^9rd
Glulisine, lispro, or insulin aspart is used in the insuin ",,*" ,jïnìng.
from H Lebovitz (ed):Therapy for DÌabetes Mellitus Ame 
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sociation, Alexandria, vA, 2a04,1 
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mal regimen for the patient with type 1 DM, but ís sometirnes used forpatienls with rype 2 diabetes.
continuous subcutaneous insurin infusion (cs,) is a very effective insurinregimen for rhe parient with type 1 diabetes (Fig 338_130 T",h.;;;;il

sulin infusion, a preprandial ínsulin (,bolus,) is delivered OV tf.,. inrrfr-¡öiål
device based on rnstruc'ions from the patient, who uses an individualizeJ
algorithm rncorporaiing the preprandiar prasma grucose and anticipateJ
carbohydr.ate intake (see above). These sophisticatãd ¡nsulin ¡nfusion åevi]es can accurately defiver small doses of insulin (microliters p., f-lorðìni
have several advantages: (1) multiple basal inius¡on rates can be pro_grammed to accommodate nocturnar versus daytime basar insurin require-
ment, (2) basal infusion rates can be altered áuring periods of exercise,(3) different waveforms of insurin infusion with meãl-rerated borus ailor¡r
better matching of insulin depending on meal composition, ancl (4) pro_
grammed algorithms consider prior insulin aclministiation and blood glu_
cose values in calculating the insurin dose. These devices require a heãrth
professional wrth considerable experience with insulin infusion devices and
very frequent pat¡ent interactions wjth the diabetes management teanr. ln_
suljn infusion devices present unique challenges, such as irrfection at the ín-
fusion site, unexplained hyperglycemia beca"use the infusion set becomes
obstructed, or diabetic ketoacidosis if the pump becomes disconnected.
Since most physicians use lispro, glulisine, or jnsulin ¿spart jn CSll, the ex-
tremely short half-life of these insulins quickly lead to insuiin deficiency if
the delivery system is interrupted. Essential to ihe safe use of jnfusion devic-
es-is thorough patient education about pump function and frequent Sl\,4BG.

Efforts to create a closed loop system in which data from continuous glu-
cose measurement requlates.the insulín infusjon rate continue.

OtherAgentsThatlmproveGlucoseControl The role of amylin, a

37-amino-acid peptide cosecreted with insulin from pancreatic beta cells,

in normal gf ucose homeostasis is uncertain, However, based on the rationale
that patients who are insulin deficient are also amylin deficient, an ana-

logue of amylin (pramlintide) was createcl ancj fotrnd to reduce post'
prandial glycemic excursions in type 1 and type 2 diabetic patients T¿king

insulin. Pramlintide injected just before a meãì slows gasrr¡c emptying arc
suppresses glucagon but does not alter insuljn leve-ís. pramlinticie i'ap-
proved for insulin-treated patÍents with type I and type 2 DM. Addition or

pramlintide produces a mocjest reductioÁ in the A j ¿ and seems to damP-
en meal-related glucose excursions. ln type 1 diabetes, pramlinride is slarr
ed as a '1 

5-¡-rg SC injection before each meal and titrated up to a max¡murrl
of 30-60 prg as tolerated. f n type 2 DM, pramlintide is started as a 60-¡tg,>u
ínjection before each meal and may be titrated up to a maxjrnur?,.,::
ptg, The major side effects are nausea and vomiting, and dose .:.rl:t:j:l
should be slow to limit these side effects, Because"pramlintide tl"y:::;
tric emptying, ít may influence absorption of other medications_¿''"
should not be used in combination wjth other drugs that slow Gl motr*v-
The short-acting insulín given before the meaf sho"uld inltially be redu_c'"

to avoid hypoglycemia and then titratecl as the effects of the pramtttt"""

control
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lrit. ,r.¿ in palìents wirh type ì DM (see below)

aon2DIABETESMELLITUSGeneralAspectsThegoalsofther-r":::":;'; ;nA ot" titirur. to those ìn type 1' while gìycemìc control

llll:i" Ï.*.;,;,h. tunuo.t.nt of tvpe 1 Dfvi' the care of ìndividuals

':i:ì';:"";;M;rst also inciude attention to the treatmenr of conditions

Ï:.::i",1 ;il tvóe z orr¡ (obesitv, hvpertension' dvslipidemia' cardiovas-

::ì::;ì;t;i ..; detection/manasement of DM-related complications

ffi. äï;; óM specific complications m9v b9 olese¡t in up to 20-504/o

it'¡"n¿iui¿rals wlth newly diagnosed type 2 DM Reduction in cardiovascu-

lar risk is of paramount importance as this is the leading cause of mortallty 2299

in these individuals. Effofts to achieve blood pressure and lipid goals (Table

338-B) shoulcl begin in concert with glucose-lowering.interventions'

Type 2 diabetes management ihould begìn with MNT (discussed

aboíe) An exercise regìmen to increase insulin sensitivity and promote

;.çÀ'; i"tt should atsó be instituted Pharmacologic approaches to the

Åuñug"t.n, of type 2 DM include oral glucose-lowering agents' insulin'

unJ oíi-,.r, agents t¡at improve glucose control; most physicians and pa-

¡.",t pt.f* 
"tal 

glucose-loweriÁg agents as the initial choice (dìscussed

below'after review of various meclications) Any therapy that improves gly-

.À*i. .ont,ol reduces "glucose toxlcity" to the isìet cells and improves en-

ããg.now insulin secreiion. Howeveç type 2 DM is a proqressive disorder

,.ã rf,ìrrl.,.V requires muìtìple therapeutic agents and often ìnsulin

Glucose-LoweringAgents Advances ìn the therapy oftype 2 DM have

;;;J;".t'åeiuoË .ntl.,"iasm for oral glucose-lowering agents that

íuiô., Áin"*n, pathophysioloqic processes in type 2 DM Based on their

r..f-,..i|Àt of action,'glucõse-lowering agents are subdivided into

ug.;rt,hu, in.tease insuliÁ secretion, reduce glucose productlon' increase

ùïlln sensitivity, and enhance GLP-'1 action ('l'al¡le 33tt-11) Glucose

ìo*"rtó-ub.n,í (*ith th" exception of a-glucosid,ase inhìbitors and an

.ri;; ;.;i"¿re) are ineffective in type 1 DM and should not be used for

;i;:;t" ;;;;gement of severelv ill inclividuals with tvpe 2 DM Insulin is

íor.tit", thJinitlal glucose-lowering agent '¡'

Insulin Secretagogues lnsulin secretagogues stimulate ìnsulin secre-

iiåï'¡/i"iãi..,iif*itrl the ATP'sensitive potassium channel on the beta

.ii fiô. 338-4). TÉese drugs are most effective in indlviduals with type 2

DM of relatively recent onset (<5 years), who have resjdual endogenous in-

sulin productiãn. At maximum doses' first-generation sulfonylureas are

similar in potency to second-generation age¡ts but have a longer half-lìfe'

Morning Afternoon Evening Night
lnsulin lnsulin lnsulin
ana- ana- ana_

logue. logue- Iogue.

Morning Afternoon Evening Night
lnsulin lnsulin

analogue* analogue*
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Morning Afternoon Evening Nig¡1
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ma glucose measurements. In general, individuals with type 1 DM require
05-1.0 u/kq per day of insurin divicred into murtipre doses, with -5oo/o ofthe insulin given as basal insulin.
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dose of short-actíng, preprandia
SMBG results, anticipated food jntake, and physical act ivity. Such regimens
offer the patient with type j díabetes more flexibility in terms of lifestyle
and the best chance for achi regi
men, shown in Fig. 338-,138, consists of basal insulin with glargine or de-temir and preprandial I íspro, glulisine, or insulin aspart. The insulin aspart,
glulisine, or lispro dose is based on rndividualized a lgorithms that integrate
the preprandial glucose a nd the anticipated ca rbohydrate intake. To deter-
mine the meal component of the preprandial insulin dose. the patient
uses an insulin:ca rbohydrate

ndial short-acting insulin). The timino and
I insulin are altered to accommodatä the

near normoglycemia. One such

L
OJ

ID
ID

=lÞ

a-Glucosidase
inhibitors

Dipeptidyl

Peptidase lV

inhibitors
lnsulin secreta-

gogues-
su lfonylu reas

lnsulin secreta-
gogues-non-
sulfonylureas

lhiazolidinedi-
cíles

Mechanism
of Action

{ Hepatic glucose
production,
weight loss, glu-

cose, utilization,
insulin resistance

I Glucose
absorption

Prolong endoge-
nous GLP-1 action

I lnsulin resistance

t glucose
utilization

Examples

Metformin

Acarbose,
Miglitol

Sitagliptin

Rosiglitazone,
Piogìitazone

Weight loss

Reduce postoran-
dial glycemia

Does not cause

nypoglycemia

Lower fastìng
blood glucose

Short onset of ac-

tton, ìowers fJOsr
prandial glucose

Lower insulin
requirements

Known safetY

profile

.Reduce postPran-
dial glYcemia,

weight loss

Other health
benefits

Agent-SPecific
Disadvantages

La.tic acidosis, diarrhea,

nau sea

Gl flatulence, llver

function tests

Hypoglycemia, weight
gain

Hypoglycemia

Peripheral edema, CHF,

weight gain, fractures,

macular edema;
rosiglilazone maY

increase riskof Ml

lnjection, weight gain,

hypoglYcemia

injection, nausea, f risk

of hypoglYcemia wìth

insulin secretagogues
lniection nausea, t risk

of hypoglvcemìa with
insulin

Compliance difficult,
long term success low

Contraindications/
Relative
Contraindications

Serum creatinine >1 5

mg/dl (men) >l 4
mg/dL (women),CHF,

radiographic contrast
studies, seriouslY ill

patients, acìdosis

Renal/liver disease

Reduce dose with renal

disease

Renaì/liver dìsease

Renal/liver disease

Congestive heart fail-

ure, liver disease

Renal disease, agents
that also slow Gl

motility
Agents that also slow

Gl motility

A'rC
Reduction
(o/o)o

Agent-Specific
Advantages

ratjo (a common ratio ¡s 1-,],5 un
0ral

Biguanides
1-2

carbohydrate, but this must be determinecl for each individ
sulin dose is added the supplemental or correcting insulin based on thepreprandial blood glucose fone formula uses I unit of insulin for
mmol/L (50 mg/dl) over the preprandia I glucose target; anoth er formula
uses (body weight in kg) x (blood glucose - desired glucose in mg/dL)/
i 5001. An alrernative multipl e component insulin reglmen consists of bed-iime NPH insuiin, a small dose of NpH insu lin at breakfast (20-3020 of bed-time dose), and preprandial short_acting
regimen are in use but have the disadvãn tage ihat NPH has a significant

insulin. Other variations of this

peak, making hypoglycemia more com mon. Frequent SMBG (>3 tinres per
day) is absolutely essential for af I types of insulin regimens.

One commonly used reglmen consists of twice-daily injections of along-acting insulín like N PH (detemir could be used instead) mixed with ashort-acting insulin before the mornÍ ng and evening meal (Fiq, 338-1 3A),
Such regimens usually prescribe two*hirds of the total daily insulrn dose inthe morninq (with about two-thirds given as lon g-acting insulin and one-
third as short-acting) and one-third before the eveninq meal (with approx-
imately one-half given as long-acting insuljn and one-half as short-acting)
The drawback to such a regimen is that jt enforces a riqid schedule on thepat¡ent, ¡n terms of daily activity and the content and timing of meals. Al_though it is simple and effective at avoidinq severe hyperglycemia, ir does
not generate near-normal glycemic
DM. Moreover, if the patients meal pattern or content varies or if physical

control in most individuals wjth type 1

activity is íncreased, hyperglycemia or hypoglycemia may result, Movi ngthe fong-acting insulin from before the evening meal to bedtirne mayavoíd nocturnaf hypoglycemia and provide more insulin as qlucose levels
rise in the early mo rning (so-called dawn phenomenon). The insulin dose
in such regimens should be adj usted based on SMBG results with the fol_lowing general assumptionsj (1) the fasting glucose is primarily deter-
mined by the evening long-acting insulin; (2) the pre-lunch glucose is
a function of the morning short-actíng insulin; (3) the pre-supper glucose

e morning long acting insulin; and (4) the bedtime glu-
cose is a functron of the pre-supper, short,actjnq ínsuli

i

0.s-0.8

0,5-1.0

t lnsulin secretion T¿bie 338-12 1-2

t lnsulin secretion Talrle 338-1 2 1-2

0 5-1.4

Parenteral
Insulin f Glucose utiliza-

tion and other
anabolic actions

I lnsulin, { Gluca-
gon, slow gastric

emptying
Slow gastrlc emPtY

ing, J Glucagon

GLP-1 aqonist

Amylin agonistb

Ivledical nutr¡t¡on ,1, lnsulin, resistance,

Table 323-1 1 No litrlit

Exenatìde

Low-calorie, " ' 1-2
lowJat diet,
exercise

0.5- l .O Weight loss

Pramlintide ' 0 25-0.5

pflor therapy and 1 insulin secretion
Þhysical act¡vity

is a function of th

n. This is not an opti-
on staÌling A1L.

use in type 1 anC lYPe 2 cliabetes

Management of
Type 2 Diabetes

Treat associated
conditÌons

. DYsliPidemia

'HYPertension
. Obesìty
. Coronary heañ

disease

Screen for/manage
complìcations
of diabetes
. Retinopathy
. Cardiovascular

disease
. Nephropathy
. Neuropathy
. Other complications
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0 t o RA r AG EN rs ïHAT I NCREAS E those receiving.radiographic contrast material. lnsuf in shoufd bqmettormin can be restarted.

Generic Name
Approved Daily
Dosage Range, mg

Duration of
Action, h

Sulfonylurea-f rst qenerat¡on
Chlorpropamide
Tolaz¿mide
Tolbutamide

5ulfonvlurea - second gener¿tion
rrilmeplrtde
Glipizide
Glipizide (ertended release)
Glyburide
Glyburide (micronized)

Nonsulfonylu reas
Repaglinide
Nateglínide

1 00-500
I 00- I 000
500-3000

>48
12-24
6-12

l-B
2.5-40
5-10
1.25-2A
0.7 5-.12

24
12-18
24

12-24
12-24

0.5- 16

1 80-360
2-6
2-4

so¿rfce,. Aciapted from gR Zim
4th ed. American Diabetes

merman i,ed)t Med¡cal Manaqement of Type 2 D¡abercs,
Associat¡on, Alexandr¡a, VA, 1998.

a greater jncidence ol hvooglycemla, and more frequent drug interaciions(rabte 338-r 2) r nr,, ,".oñá.sl;J;rtro" ;,r";;ì;å.j, u,'" senerarry pre_ferred. An advantaqe to a more rapid onset of u.íiãn iì-O"ner coverage ofthe posrprandial glucose rise, bur tr-'" ,r_,oit.rlìii-i,r. ot ,r.r,, agenrs re_quires more rhan once_a_day dosing Srì¿;ilr"r;,.;;ce both fasting andpostprandiar glucose and should be iniriar"iui rà* jä, 
and increased ar.l- 

ro 2-week inrervals baserj on SMBG. tn g...;.; ;rlf;;;tureas jncrease jn_sulin acurely and thus should be ut"n ,ñ.tfy [åf*å r'.*,, wíth chronictherapy, though, rhe insulin release is ."iJ i*"i..j. Glimepiride andglipizide can be qiven in a single daily dose 
"Áá'1r.. Ë.f."ed over gly_buride Repasrinide and natesrií ;" ;'; *,;;;;ur;:, but arso inreracrw¡th rhe ATp-sen s irive ooto rí.-.r, .hr r;;i ;;;.;rå' äi*",, short ha tf_l ife,these agenrs are given with each rn.ut or iÀ..ål,"ry before to reducemeal-related glucose excursions,

Thiazolídìnediones Th iazol idinediones reduce insu l.drugs bind . rt',o Þpen-v (peroxisome prorireraror acfr::::,i:::^li.nuclear recepror rhe ppnn-v-,";; ; å,:j:'::':i^i'vaLetJ rÊcÊprorr

cytes but i, 
"*p,u,,åà,; ;_t"ii:"5,T: ;';ilff:,i,,:lîj fl:ili:Îtr;receptor regulaTe a larqe numbe.r of genes, órorno,u uä¡po.yre diflerentia.tion' reduce hepatic fat accumulat¡oi, .ri ãpp".iii" äduce insurin resis.tance indirectly by enhanclng fatty aciO ,toraf ã unO'ioìriOfy by increasingadiponectin revers (Tabre 338-r 1) îhiaroliãi.ä".'åii"more 

a redisrribu.

::"1:J 
f.: Í"' cenrrar ro peripherar t".;,;;;¿;;;ålns inrurin reuers aecrease with use of the thiazoridinedion.r, inã,.utrgì reduction in insulinresistance. Althouqh direct comparison, ur" no, uuuilable, the two currently available thiazolidinediones appear to have similar efficacy; the the¡a.peutic range for piogritazone is r5-45 mg/d in . ,irõr"ì.iry dose, andforrosiglltazone rhe rorar dairy dose is z-s ni1¡¿.¿.,r,ti.ì- eirher oncedaily or rwice daily in divideá doses. The ability of thiazolidinediones to influence cardiovascular disease or other featurá, àr,¡. ,åäo"lic syndromeisunder ínvestigation.
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lnsulin secretagogues are generally well tolerated, All of these agents,however, h¿ve rhe porenrrat tã .urr" ;,"f"r;;;;i;ersisrenr hypogtyce_mia, especially in eldertv ,nOiviOuats. ifpogi;;ìfi usualty retared 1o

!:,:1"9 
meals, increased physicat acriuiiy, a-tconot intut., or renal insufli,crency. lndividuals who jngest an overdose of rorn" àg.nt, develop pro-

]"i!:o .)9 serious hypoglycemia and ,r,årlã ú. ,ã.iored ctosely in thehospirat (Chap, 339), Mosr sutfonytur"rr;;" ;.i.;;lizeo in rhe i¡ver tocompounds (some of whjch are actjve) that ,*ï..*O by the kidney.Thus, their use in individuafs witfr signifìca;Ëorrì. 
", 

renal dysfuncrton
:t,,.:1":ly':.bt. weisht sain, a com-mo, ,,åà .riäìr sutfonylurea rhera_py, resutts f rom the jncreased insulin levels anO iÃpi.ãuemenl in glycemicconrrol. Some sulfonvlureas nave signifiianì ¿rrq i"i*r.rions wirh alco_hol and some mediá¿tions, includin-9 **frrin,îp,i,", kerocon¿zole, c_glucosidase inhibitors, and fluconazo'ie. n r"rutåjioärm of ATp-sensitivepotassium channels is Dresent in the myocardra ..0 the brain. All ofthese asenrs except srvburide have ;ro; ;;; nia, ii"ii, isoform. Despiteconcerns rhar rhis ¿qenr might affect the ,írårj,rl response ro is_chemia and observarjonat 

11ã¡g¡ sroo.r,iÀg tÅ.,'irif".ytureas increasecardiovascurar risk, the UK'DS did ,"il;;;.';.;,ålrào .u,,oiu. morrali-ty with glyburide.

The prototype of this class of drugs, troglitazone, was withdrawn from

ll: Y-l-Tulf., 
.frer reports of heparoroxiciry and an associarion with an ¡ú.rosyncratic liver reaction that sometjmes l.O to |1læti. fa¡lure. Althoughrosiglitazone and piogritazone oo not upfuu, t"ïiriå,r.,. liver abnorm¿li.

:i:j-:,.-.. wrth trostitazone, the FDA i.:;;;;;jr;easuremenr of river
rur rL UOrì resrs pflor to initi¿ting therapy with a thiazolidinedione and at reg.
uiar inrervars (every 2 months"for,hËi,.;l;";,';';äiÄln o",,oo,.r,,u) ,0,..
sritazone raises LDL, HDL, and rrerycerijÀír[sniin ö,"ii,iu,åä,ï,iJ, nï,
to a gre¿ter degree and.l Dr a lesser 0"g,". bri'io,;."rr'i¡oiu..,¡a.r.r¡,
clinicat sisnificance of the lipid .r.,uns", *ítÀrh;;; öi, ,, "îä*. 

rro
may be difficult to ascertain srnce most patients with tvoe 2 dtabelesaßalso treared wirh a srarin. e'-'-.pr.,uris iÁoiüËti..¿'ä.'å*iiö';oo
blood pressure, and grycemic targets rather ,r-',un i¡.'rul""nr,r,,.,roui;;¿-
:." l1 !"u.n 

tnose goals lhi¿zolidinediones are associated wirh wcrgnr 93in
\¿-) K9/¡ a smart reduction in the hematocrit, and a mild increase in plasma
yolume Peripheral edema and CHF may 

"c.* ..å ¡, ,.,à ärïoã ,n ,-
dividuals also rreared with insufin, rfl"rá uéåÁtiuå .oni*'¡n¿,.rl.¿ ,n pr.
t¡ents w¡th liver disease or CHF (class lil 

",.-vj. 
*..";i.fr.,;;;i'lses r.,ave

suggested that rosiglirazone is associ¿red *¡,r., u" ù.ì.ur.,i ì¡,rr,"a 
^voa,'dial infarction. The FDA has issued un ut"rt tÀuì r.ur-" òrr..ir;ti.s úqli

agents may experience a worsening of diaberic ,u.rìui ài"r, ¡n_il-
creased risk of fractures has been noted in *omen raki,,oihäuq.nÚ rhi-
azolidinediones have been shown ro i";r.; ;;ri;i;.ì. 

"årãrrørrdwomen with PCOS. Women should be *urnø u¡årìì ne ri{rà,r prrqnancl,
since the safety of thiazolidinediones ¡n pr"qn;À.u i;'no,;;;dìi.á.

Bíguønìdes Metformin is representative of this class of agents. lt reduc_es heparic grucose production rhrorgL rn ;àuri;;mechanism and jm-proves peripheraf qlucose utilization sf¡ghtfv iia¡ìã 
'338_t 

j). Metforminreduces fasting plasma olucos.e an! inrrñn l"uàtr,ìrproves the lipid profile, ¿nd promores modãsr weight loss. lhe ¡n¡,iuir,rring dose o1500 mgonce or twice a dav can be increased to i ooo mj nrO. Àn extended_rejeaseform-ls available and may have fewer gastr"i.,lr",i..j ,iä" effects (diarrhea,anorexia, nausea, metallic taste). Beca"use 
"f 

¡,, r..i.¡"Ëly slow onset of ac-tion and gastrointestinal symptoms with higher ¿or.r, ln. dose should beescalared every 2-3 weels based on sir¡gcleasi¿;ents, rne major rox_icity of metform¡n, lacric acidosis, .." b" ;,;"";;i'Åy'.u,,"rrl parienr se_fecrion. Merformin should not o" ,r.Jin iil";;ilÄ renal insufficiencylserum crearjnine > i33 umol/L (1.5 ,sljrJìÀ Å"ï'å, , tzc ¡t"mot/L (1,4

T%li*-::1,î:ï',1"ol,r,Tenrs foiaee¡, unf rã,nr or acidosjs, cHF, rjvL' u,)cd>c/ of severe nvpoxia. Metformin should be discontinued in pa_tienrs who are seriously ill, in patients who can auk.ìãif-l,ng orally, and in

FJ4
trl
T!i

!:jyltf Therapy inType 2 DM tnsutin shoufd be consjdered as the

]li:: ,n:t:py rn type 2 DM, parttcutarly jn lean individuals or rhore wjrh5s
vere wergnr loss, in individuals with underlying renal or hepark disea>"

1,,Àeç orâl olucose-lowering agents' or in individuals who are hos-

"up'ÍY"1i i"i" ìil"trri. ,À*rpv iiultimatelv required bv a substantial

.i,'tdil,lli"ul.i;;i h,ñ. tbít¡ b"tu"t oîthe prosressive nature or

.,,'ot' i]"iliJiÀe relative insulin deficìency that develops in patients

id'o'o" r- 
"n" 

àiuü.,.t. Borh physician and patient relLrclànce often

,ì'"?;lìl,uä.'"i inrrì.,r',"rupl,, ó, r t glucose control ¿nd par ient well

l,y'nt '*-"- 
" 

rrv i.trli. ,r-l.irpy in patients who have not reached

i{,i¿¡lc tatqet
Ìr¿yl ,.o êndoqenous lnsultn secretion continues and is capable of

Btfl''::;;;;;"åàe of mealtime caloric intake' insulin is usuallv inìti-

,ordinu¡;r'. ;;.; ;í lono-actine insulin (0 3- 0 4 u/kg per day)' çiven

ì:d;n 
a n '*r-*uri uno ín rhe ãvening (NPH) or just belore bedlime

l{j'låä'.. iä;ìti sin." rastins hvþerslvcemia and increased he-

'11r" L-^.o nrociuction are prominãnt'ieatures of type 2 DM' bedtime

t)¡ic 
9luw"r ""ãtiue 

in ctinicat trials than a single dose of morning in-

..,'linl:-:^,""" .'""ì ,i bedtime has less nocturnal hypoglycemia than

!ül,'. 
ul¿rs ' ' v''"r'.'tilJ.Ài 

prefer a relatively low' fixed starting dose of

y,l||¿:lri.:;.,ì;s insutin (15-20 units in the mornins and 5-10 units at

'i. -^r tn avoid hvpoqtycemia The insulin dose may then be adjusted

tdlli.:#;; .i ãLi.1ø by sMBG results Both mornins and bedtime

:]:1':iì;;äi; ;ov Le use¿'in combination with oral slucose-lowerinq
u"'-. rhi.,ranicles. cr-qlucosidase inhibltors' or thìazolidinediones) The

i:I.iiläiil;rt ãnJuiÀiu'olidinedione promotes weisht eain and

coÍìurrr"'- -, loqq dpcirable combination lnitially' basal ìnsulin may be
¡defl¿ o' '" '' " :-" -

,,flicient, but otten pranolal insulin coverage is needed as diabetes

'" -"^..o< other insulin tormulations that have a combination of short-

fli?:"ìLiì."".-l.,ino insrlin (Table 338-10) are sometimes used in patients

'!'i9:]l",ii; ;".;;.; ;r;;;enience but do not allow independent ad-

ifiåï;;il:..¡Áó tto lons-actins insulin dose ln selected patients

iìiil; óu (rsualliinsulln dãficient as defined bv c-peptìde level)' in-

ìrinìn?rtion device: may be ronsidered'

sitagliptin therapy and periodically thereafter' Clinical experience with this 2301

agent is limited

Choice ofInitial Gluco s e-Low e r ing 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 hYPerglYce mia IFPG < 11.1 -13,9 mmol/L

(200-2s0 mq/dL)l often resPond well to a sing le, oral glucose-lowering

agent. Patients with more severe hYPerglYcem ia [FPG > 13.9 mmol/L

(250 mg/dL)l may respond PartiallY but are u nllkely to achieve nor-

moglycemia with oral monotheraPY A stePwtse approach that starts rr,

with a single agent and adds a second agent to achieve the glYcemic

target can be used (see "Combinatìon TheraPYl' below). lnsulin can be

used as initial theraPY ln individuals wìth severe hyperglycemia [FPG >

13.9-16.7 mmol/L (250-300 mg/d L)l or in those who are symPtomatic

from the hYPerglYcem ia. This aPPro ach is based on the rationale that

more raPid glYcemlc contro I will reduce "glucose toxicity" to the islet

cells, imProve endogenous ins ulin secretion, and PossiblY allow oral glu-

cose-lowerìng agents to be more effective. lf this occurs, the insulin maY

be discontinued.
lucosidase inhibitors, thiazo-

lnsulin 9ecretagog ues, biguanides, cr-g

monotherapy of tYPe 2 DM
lldinediones, and ins ulin are apProved for

agents has unique advan-
Although each class of oraì glucose-lowertng

apPly: (1) insqJin secreta-
tages and dlsadvantag es, certain generalizations

ues, biguanides, DPP-IV inhibitors, and thiazo lidlnediones imProve
go9

controi to a similar degree (1-2% reduction in A1C) and are
glycemic

than cr-glucosìdase inhibitors; (2) assum ìng a similar de-
more effective to one class of
qree of glYce mic imProvement, no clinical advantage

drugs has bee n demonstrated, and anY therapy thal imProves glYcemic

control is likelY beneficial; (3) insulin secretagogu es and a-glucosidase in

hibitors beg in to lower the Plasma glucose immed iately, whereas the glu- a
cose-lowering effects of the biguanìd es and rhiazolidinediones are ôJ

rD
rD

^g¿ntsThøt 
Enhance GLP-1 Receptor Signaling ,lncfetins, ampìi-

il;i,:'..;;;i;;i;;.J insutin secreti;n Asents that either act as a GLP-1

]r:ü:;; ä.H...ì ."¿ïltt9" GLP-1 ãctivitv have become available

¿nd are uncler development Lxenatide' a synthetic versi.on of a peptide

iOinuli)l fornO in the saliva of the Gila monster (exendin-4)' is an ana

rir.ïicip-, Unlike native GLP-1 whìch has a half-life of <5 mln' differ'

mces in ihe exenatide amino acìd sequence render it^resifant to the

,rrrrå ,À.i ¿ás,ades GLP 1 (dipeptidyl peptidase lV' or Df P-lV) Thus' ex-

,nu,U. Àut proionged GLP-1-like action by binding to GLP-1 receptors

louncl in ìslets, the gastrointestinal tract, and the brain, Exenatide increas-

ugtr.át; ,ti,.nrtaéd ìnsulin secretion, suppresses glucagon' and s'lows

Ñ'.åtp,ying Exenatide does not promoù weight gain; in fact' most

ourl.nt, .*pá,i*ce modest weight loss lt.appears that GLP-1 agonists

also suppress appetite. Exenatidó approved lor combinatìon with other

orar aqåÅtifor iype 2 DM, shoulcl te started as a 5-prg SC injection before

,h, t*.ì;;.;ievening meal and increased to 1O ¡-tg twice daily' de

rcnding oniÀe rerponrJunJrioe effects (nausea being the limlting fac-

bù 11^,ã A1C reductions with exenatide are modest compared to those

with some oral-agents. Exenaticle is approved only for use as adjunct or

combination therapy with metformin òi sulfonylureas; studies of its effica-

(yin combination with other àial agents are underway Exenatide should

not be used in patients takìng insulin The major si.de eftects are nausea'

vomiting, and iiarrhea; some patients taking insulin secretagogues may

reqLrire ã reduction in those agents to prevent hypoglycemia Because it

tlo*t q.titi. 
"iãi"in" 

r"J.ãv influence the absorpiion of other drugs'

't,iÃtl ài"äií.'tÌr.,i"" shoulcl be coordin¿ted whether erenatide

*t r...t"nãi."."1ì tr-*tuJ, piorno,.t beta cell proliferation' or alters the

nu*ur fììtior.i,uo. z óH¡ it rrot known other GLP-I recepior agonists
ònd formulattns aie ,nder development DPP-lv ìnhibitors represent a

fluw.l.tr;;;;;ì .å.." ,r-ìã, inhibit degradation of native GLP-1 and thus

"h,^;;l;;;; .ir..ì.rnåi".ò".,, plo,tot" insulin se'retìon in the ab-

'9*. àir,rìàäìr.;;ì;;t;;Ëieain, and appe¿r to have a pre[erential
uttu,, on oJriJ,iiàìJ Llã"á qíu.oi. lhe FDA has approved the first DPP

lv i"hibir-i;;i1".;ìoìì; i"; ;;J*ith diet.and exercise to improve slvcemic
tontrol 

in ¿dulr'individu¿ls wilh type 2 DM lt can ¿lso bre useo ln corTìtir-

*t't 
' 
*',r-l äiiiå,ra ãl.-. iÀ,.räti¿ln"¿ion.. sitágliptin 

jisadnoinistered

utu cot. lr I oi Ão àrallv once daily Reduced doses should be given to
0òtients with roo"1rut. (áreatinine clearance 30-50 mL/min' 50 mg once

lltvtot r.""1" i.ìà.ìiÀiÀ. .l.u,un.. < 30 mL/min, 25 mg once dailv) re'
nut in,urri.åì.v*när ir.à,." shráuld be assessed prior to initlation of

delayed bY several weeks to months; (4) not alì agents are effective in all

individuals with tYPe 2 DM (PrìmarY failure); (5) biguani des, cr-glucosidase

inhibitors, DPP-IV inhi bitors, and thiazolidi nediones do not directlY cause

=hypoqlycemìa; and (6) most individuals wi ll eventuallY require treatment ID

lass of oral glucose-lowe rìng agents or insulin, re-
with more than one c

nature oftYPe 2 DMflecting the progressive

Consid erable clinical exPer lence exists with metformin and sulfonYl

ureas because theY have been available for several decades. lt ìs assumed

that the cr-glucosldase inhibi tors, DPP-IV inhibitors, and thiazolìdinedi-

ones, whìch are newer classes of oral glucose-lowerin g drugs, will reduce

DM-related comPlications bY i mproving glYcemic control, although long

term data are not Yet available The thiazolidinediones are theoreticallY at-

tractive because they target a fundamental abnormalitY in type 2 DlVl,

namely insulin resistance. Howeve r, all of these agents are currently more

costlY tha n metformin and sulfonYlureas
ìnitial therapy uses metformin as

A reasonable treatment algorithm for
side-effect Profile, and rela-

initial therapy because of its efficacY, known
the advantage that it Pro-

tively low cost (Fig. 338-15). Metformin has
and imProves the liPìd

motes mild weight loss, lowers insulin levels,
1c, the dose of metform-

o rofile slightlY. Based on SMBG results and the A

should be increased until the glYcemic target is achieved or maximum
tn

dose is reached
one-third of individuaìs will reach their target glycemic

ApproximatelY
min as monotheraPYgoal using metfor

Combination TherøPY w ìth Gluc o s e- Low er ing Agents A number of

cor¡binations of theraPeutic ag ents are successful in tYPe 2 DM, and the

nts in combination is the same as when the agents are used
dosinq of age

of the first and second agents are
alone. Because mechanisms of action

additive. Several fixed
clifferent, the effect on glYcem ic control is usuallY

dose combinatìons of oral agents are available, but evidence that they are

superl or to titration of single agent to a maximum close and then addition

of a second agent is lacking. lf adequate control is not achieved with the

cômbination of two agents (based on reassess ment of the A1C everY 3

months), a third oral agent or basal insulin should be added (Fig.338-1 s).

Treatment with insulin becomes necessary as type 2 DN4 enters the

phase of relative lnsulin deficiency (as seen in long-sta nding DM) and is sig-

naled bY inadequate g lycem ic control with one or two oral glucose-lower-

inq agents. lnsçJin alone or in combination should be u sed ìn Patients who

õ
HE{L¡
l¡¡¡

H
H

faìl to reach the glycemic target. For examPle, a single dose of long-actìng
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0 t o RA r AG EN rs ïHAT I NCREAS E those receiving.radiographic contrast material. lnsuf in shoufd bqmettormin can be restarted.

Generic Name
Approved Daily
Dosage Range, mg

Duration of
Action, h

Sulfonylurea-f rst qenerat¡on
Chlorpropamide
Tolaz¿mide
Tolbutamide

5ulfonvlurea - second gener¿tion
rrilmeplrtde
Glipizide
Glipizide (ertended release)
Glyburide
Glyburide (micronized)

Nonsulfonylu reas
Repaglinide
Nateglínide

1 00-500
I 00- I 000
500-3000

>48
12-24
6-12

l-B
2.5-40
5-10
1.25-2A
0.7 5-.12

24
12-18
24

12-24
12-24

0.5- 16

1 80-360
2-6
2-4

so¿rfce,. Aciapted from gR Zim
4th ed. American Diabetes

merman i,ed)t Med¡cal Manaqement of Type 2 D¡abercs,
Associat¡on, Alexandr¡a, VA, 1998.

a greater jncidence ol hvooglycemla, and more frequent drug interaciions(rabte 338-r 2) r nr,, ,".oñá.sl;J;rtro" ;,r";;ì;å.j, u,'" senerarry pre_ferred. An advantaqe to a more rapid onset of u.íiãn iì-O"ner coverage ofthe posrprandial glucose rise, bur tr-'" ,r_,oit.rlìii-i,r. ot ,r.r,, agenrs re_quires more rhan once_a_day dosing Srì¿;ilr"r;,.;;ce both fasting andpostprandiar glucose and should be iniriar"iui rà* jä, 
and increased ar.l- 

ro 2-week inrervals baserj on SMBG. tn g...;.; ;rlf;;;tureas jncrease jn_sulin acurely and thus should be ut"n ,ñ.tfy [åf*å r'.*,, wíth chronictherapy, though, rhe insulin release is ."iJ i*"i..j. Glimepiride andglipizide can be qiven in a single daily dose 
"Áá'1r.. Ë.f."ed over gly_buride Repasrinide and natesrií ;" ;'; *,;;;;ur;:, but arso inreracrw¡th rhe ATp-sen s irive ooto rí.-.r, .hr r;;i ;;;.;rå' äi*",, short ha tf_l ife,these agenrs are given with each rn.ut or iÀ..ål,"ry before to reducemeal-related glucose excursions,

Thiazolídìnediones Th iazol idinediones reduce insu l.drugs bind . rt',o Þpen-v (peroxisome prorireraror acfr::::,i:::^li.nuclear recepror rhe ppnn-v-,";; ; å,:j:'::':i^i'vaLetJ rÊcÊprorr

cytes but i, 
"*p,u,,åà,; ;_t"ii:"5,T: ;';ilff:,i,,:lîj fl:ili:Îtr;receptor regulaTe a larqe numbe.r of genes, órorno,u uä¡po.yre diflerentia.tion' reduce hepatic fat accumulat¡oi, .ri ãpp".iii" äduce insurin resis.tance indirectly by enhanclng fatty aciO ,toraf ã unO'ioìriOfy by increasingadiponectin revers (Tabre 338-r 1) îhiaroliãi.ä".'åii"more 

a redisrribu.

::"1:J 
f.: Í"' cenrrar ro peripherar t".;,;;;¿;;;ålns inrurin reuers aecrease with use of the thiazoridinedion.r, inã,.utrgì reduction in insulinresistance. Althouqh direct comparison, ur" no, uuuilable, the two currently available thiazolidinediones appear to have similar efficacy; the the¡a.peutic range for piogritazone is r5-45 mg/d in . ,irõr"ì.iry dose, andforrosiglltazone rhe rorar dairy dose is z-s ni1¡¿.¿.,r,ti.ì- eirher oncedaily or rwice daily in divideá doses. The ability of thiazolidinediones to influence cardiovascular disease or other featurá, àr,¡. ,åäo"lic syndromeisunder ínvestigation.
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lnsulin secretagogues are generally well tolerated, All of these agents,however, h¿ve rhe porenrrat tã .urr" ;,"f"r;;;;i;ersisrenr hypogtyce_mia, especially in eldertv ,nOiviOuats. ifpogi;;ìfi usualty retared 1o

!:,:1"9 
meals, increased physicat acriuiiy, a-tconot intut., or renal insufli,crency. lndividuals who jngest an overdose of rorn" àg.nt, develop pro-

]"i!:o .)9 serious hypoglycemia and ,r,årlã ú. ,ã.iored ctosely in thehospirat (Chap, 339), Mosr sutfonytur"rr;;" ;.i.;;lizeo in rhe i¡ver tocompounds (some of whjch are actjve) that ,*ï..*O by the kidney.Thus, their use in individuafs witfr signifìca;Ëorrì. 
", 

renal dysfuncrton
:t,,.:1":ly':.bt. weisht sain, a com-mo, ,,åà .riäìr sutfonylurea rhera_py, resutts f rom the jncreased insulin levels anO iÃpi.ãuemenl in glycemicconrrol. Some sulfonvlureas nave signifiianì ¿rrq i"i*r.rions wirh alco_hol and some mediá¿tions, includin-9 **frrin,îp,i,", kerocon¿zole, c_glucosidase inhibitors, and fluconazo'ie. n r"rutåjioärm of ATp-sensitivepotassium channels is Dresent in the myocardra ..0 the brain. All ofthese asenrs except srvburide have ;ro; ;;; nia, ii"ii, isoform. Despiteconcerns rhar rhis ¿qenr might affect the ,írårj,rl response ro is_chemia and observarjonat 

11ã¡g¡ sroo.r,iÀg tÅ.,'irif".ytureas increasecardiovascurar risk, the UK'DS did ,"il;;;.';.;,ålrào .u,,oiu. morrali-ty with glyburide.

The prototype of this class of drugs, troglitazone, was withdrawn from

ll: Y-l-Tulf., 
.frer reports of heparoroxiciry and an associarion with an ¡ú.rosyncratic liver reaction that sometjmes l.O to |1læti. fa¡lure. Althoughrosiglitazone and piogritazone oo not upfuu, t"ïiriå,r.,. liver abnorm¿li.

:i:j-:,.-.. wrth trostitazone, the FDA i.:;;;;;jr;easuremenr of river
rur rL UOrì resrs pflor to initi¿ting therapy with a thiazolidinedione and at reg.
uiar inrervars (every 2 months"for,hËi,.;l;";,';';äiÄln o",,oo,.r,,u) ,0,..
sritazone raises LDL, HDL, and rrerycerijÀír[sniin ö,"ii,iu,åä,ï,iJ, nï,
to a gre¿ter degree and.l Dr a lesser 0"g,". bri'io,;."rr'i¡oiu..,¡a.r.r¡,
clinicat sisnificance of the lipid .r.,uns", *ítÀrh;;; öi, ,, "îä*. 

rro
may be difficult to ascertain srnce most patients with tvoe 2 dtabelesaßalso treared wirh a srarin. e'-'-.pr.,uris iÁoiüËti..¿'ä.'å*iiö';oo
blood pressure, and grycemic targets rather ,r-',un i¡.'rul""nr,r,,.,roui;;¿-
:." l1 !"u.n 

tnose goals lhi¿zolidinediones are associated wirh wcrgnr 93in
\¿-) K9/¡ a smart reduction in the hematocrit, and a mild increase in plasma
yolume Peripheral edema and CHF may 

"c.* ..å ¡, ,.,à ärïoã ,n ,-
dividuals also rreared with insufin, rfl"rá uéåÁtiuå .oni*'¡n¿,.rl.¿ ,n pr.
t¡ents w¡th liver disease or CHF (class lil 

",.-vj. 
*..";i.fr.,;;;i'lses r.,ave

suggested that rosiglirazone is associ¿red *¡,r., u" ù.ì.ur.,i ì¡,rr,"a 
^voa,'dial infarction. The FDA has issued un ut"rt tÀuì r.ur-" òrr..ir;ti.s úqli

agents may experience a worsening of diaberic ,u.rìui ài"r, ¡n_il-
creased risk of fractures has been noted in *omen raki,,oihäuq.nÚ rhi-
azolidinediones have been shown ro i";r.; ;;ri;i;.ì. 

"årãrrørrdwomen with PCOS. Women should be *urnø u¡årìì ne ri{rà,r prrqnancl,
since the safety of thiazolidinediones ¡n pr"qn;À.u i;'no,;;;dìi.á.

Bíguønìdes Metformin is representative of this class of agents. lt reduc_es heparic grucose production rhrorgL rn ;àuri;;mechanism and jm-proves peripheraf qlucose utilization sf¡ghtfv iia¡ìã 
'338_t 

j). Metforminreduces fasting plasma olucos.e an! inrrñn l"uàtr,ìrproves the lipid profile, ¿nd promores modãsr weight loss. lhe ¡n¡,iuir,rring dose o1500 mgonce or twice a dav can be increased to i ooo mj nrO. Àn extended_rejeaseform-ls available and may have fewer gastr"i.,lr",i..j ,iä" effects (diarrhea,anorexia, nausea, metallic taste). Beca"use 
"f 

¡,, r..i.¡"Ëly slow onset of ac-tion and gastrointestinal symptoms with higher ¿or.r, ln. dose should beescalared every 2-3 weels based on sir¡gcleasi¿;ents, rne major rox_icity of metform¡n, lacric acidosis, .." b" ;,;"";;i'Åy'.u,,"rrl parienr se_fecrion. Merformin should not o" ,r.Jin iil";;ilÄ renal insufficiencylserum crearjnine > i33 umol/L (1.5 ,sljrJìÀ Å"ï'å, , tzc ¡t"mot/L (1,4

T%li*-::1,î:ï',1"ol,r,Tenrs foiaee¡, unf rã,nr or acidosjs, cHF, rjvL' u,)cd>c/ of severe nvpoxia. Metformin should be discontinued in pa_tienrs who are seriously ill, in patients who can auk.ìãif-l,ng orally, and in

FJ4
trl
T!i

!:jyltf Therapy inType 2 DM tnsutin shoufd be consjdered as the

]li:: ,n:t:py rn type 2 DM, parttcutarly jn lean individuals or rhore wjrh5s
vere wergnr loss, in individuals with underlying renal or hepark disea>"

1,,Àeç orâl olucose-lowering agents' or in individuals who are hos-

"up'ÍY"1i i"i" ìil"trri. ,À*rpv iiultimatelv required bv a substantial

.i,'tdil,lli"ul.i;;i h,ñ. tbít¡ b"tu"t oîthe prosressive nature or

.,,'ot' i]"iliJiÀe relative insulin deficìency that develops in patients

id'o'o" r- 
"n" 

àiuü.,.t. Borh physician and patient relLrclànce often

,ì'"?;lìl,uä.'"i inrrì.,r',"rupl,, ó, r t glucose control ¿nd par ient well

l,y'nt '*-"- 
" 

rrv i.trli. ,r-l.irpy in patients who have not reached

i{,i¿¡lc tatqet
Ìr¿yl ,.o êndoqenous lnsultn secretion continues and is capable of

Btfl''::;;;;;"åàe of mealtime caloric intake' insulin is usuallv inìti-

,ordinu¡;r'. ;;.; ;í lono-actine insulin (0 3- 0 4 u/kg per day)' çiven

ì:d;n 
a n '*r-*uri uno ín rhe ãvening (NPH) or just belore bedlime

l{j'låä'.. iä;ìti sin." rastins hvþerslvcemia and increased he-

'11r" L-^.o nrociuction are prominãnt'ieatures of type 2 DM' bedtime

t)¡ic 
9luw"r ""ãtiue 

in ctinicat trials than a single dose of morning in-

..,'linl:-:^,""" .'""ì ,i bedtime has less nocturnal hypoglycemia than

!ül,'. 
ul¿rs ' ' v''"r'.'tilJ.Ài 

prefer a relatively low' fixed starting dose of

y,l||¿:lri.:;.,ì;s insutin (15-20 units in the mornins and 5-10 units at

'i. -^r tn avoid hvpoqtycemia The insulin dose may then be adjusted

tdlli.:#;; .i ãLi.1ø by sMBG results Both mornins and bedtime

:]:1':iì;;äi; ;ov Le use¿'in combination with oral slucose-lowerinq
u"'-. rhi.,ranicles. cr-qlucosidase inhibltors' or thìazolidinediones) The

i:I.iiläiil;rt ãnJuiÀiu'olidinedione promotes weisht eain and

coÍìurrr"'- -, loqq dpcirable combination lnitially' basal ìnsulin may be
¡defl¿ o' '" '' " :-" -

,,flicient, but otten pranolal insulin coverage is needed as diabetes

'" -"^..o< other insulin tormulations that have a combination of short-

fli?:"ìLiì."".-l.,ino insrlin (Table 338-10) are sometimes used in patients

'!'i9:]l",ii; ;".;;.; ;r;;;enience but do not allow independent ad-

ifiåï;;il:..¡Áó tto lons-actins insulin dose ln selected patients

iìiil; óu (rsualliinsulln dãficient as defined bv c-peptìde level)' in-

ìrinìn?rtion device: may be ronsidered'

sitagliptin therapy and periodically thereafter' Clinical experience with this 2301

agent is limited

Choice ofInitial Gluco s e-Low e r ing 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 hYPerglYce mia IFPG < 11.1 -13,9 mmol/L

(200-2s0 mq/dL)l often resPond well to a sing le, oral glucose-lowering

agent. Patients with more severe hYPerglYcem ia [FPG > 13.9 mmol/L

(250 mg/dL)l may respond PartiallY but are u nllkely to achieve nor-

moglycemia with oral monotheraPY A stePwtse approach that starts rr,

with a single agent and adds a second agent to achieve the glYcemic

target can be used (see "Combinatìon TheraPYl' below). lnsulin can be

used as initial theraPY ln individuals wìth severe hyperglycemia [FPG >

13.9-16.7 mmol/L (250-300 mg/d L)l or in those who are symPtomatic

from the hYPerglYcem ia. This aPPro ach is based on the rationale that

more raPid glYcemlc contro I will reduce "glucose toxicity" to the islet

cells, imProve endogenous ins ulin secretion, and PossiblY allow oral glu-

cose-lowerìng agents to be more effective. lf this occurs, the insulin maY

be discontinued.
lucosidase inhibitors, thiazo-

lnsulin 9ecretagog ues, biguanides, cr-g

monotherapy of tYPe 2 DM
lldinediones, and ins ulin are apProved for

agents has unique advan-
Although each class of oraì glucose-lowertng

apPly: (1) insqJin secreta-
tages and dlsadvantag es, certain generalizations

ues, biguanides, DPP-IV inhibitors, and thiazo lidlnediones imProve
go9

controi to a similar degree (1-2% reduction in A1C) and are
glycemic

than cr-glucosìdase inhibitors; (2) assum ìng a similar de-
more effective to one class of
qree of glYce mic imProvement, no clinical advantage

drugs has bee n demonstrated, and anY therapy thal imProves glYcemic

control is likelY beneficial; (3) insulin secretagogu es and a-glucosidase in

hibitors beg in to lower the Plasma glucose immed iately, whereas the glu- a
cose-lowering effects of the biguanìd es and rhiazolidinediones are ôJ

rD
rD

^g¿ntsThøt 
Enhance GLP-1 Receptor Signaling ,lncfetins, ampìi-

il;i,:'..;;;i;;i;;.J insutin secreti;n Asents that either act as a GLP-1

]r:ü:;; ä.H...ì ."¿ïltt9" GLP-1 ãctivitv have become available

¿nd are uncler development Lxenatide' a synthetic versi.on of a peptide

iOinuli)l fornO in the saliva of the Gila monster (exendin-4)' is an ana

rir.ïicip-, Unlike native GLP-1 whìch has a half-life of <5 mln' differ'

mces in ihe exenatide amino acìd sequence render it^resifant to the

,rrrrå ,À.i ¿ás,ades GLP 1 (dipeptidyl peptidase lV' or Df P-lV) Thus' ex-

,nu,U. Àut proionged GLP-1-like action by binding to GLP-1 receptors

louncl in ìslets, the gastrointestinal tract, and the brain, Exenatide increas-

ugtr.át; ,ti,.nrtaéd ìnsulin secretion, suppresses glucagon' and s'lows

Ñ'.åtp,ying Exenatide does not promoù weight gain; in fact' most

ourl.nt, .*pá,i*ce modest weight loss lt.appears that GLP-1 agonists

also suppress appetite. Exenatidó approved lor combinatìon with other

orar aqåÅtifor iype 2 DM, shoulcl te started as a 5-prg SC injection before

,h, t*.ì;;.;ievening meal and increased to 1O ¡-tg twice daily' de

rcnding oniÀe rerponrJunJrioe effects (nausea being the limlting fac-

bù 11^,ã A1C reductions with exenatide are modest compared to those

with some oral-agents. Exenaticle is approved only for use as adjunct or

combination therapy with metformin òi sulfonylureas; studies of its effica-

(yin combination with other àial agents are underway Exenatide should

not be used in patients takìng insulin The major si.de eftects are nausea'

vomiting, and iiarrhea; some patients taking insulin secretagogues may

reqLrire ã reduction in those agents to prevent hypoglycemia Because it

tlo*t q.titi. 
"iãi"in" 

r"J.ãv influence the absorpiion of other drugs'

't,iÃtl ài"äií.'tÌr.,i"" shoulcl be coordin¿ted whether erenatide

*t r...t"nãi."."1ì tr-*tuJ, piorno,.t beta cell proliferation' or alters the

nu*ur fììtior.i,uo. z óH¡ it rrot known other GLP-I recepior agonists
ònd formulattns aie ,nder development DPP-lv ìnhibitors represent a

fluw.l.tr;;;;;ì .å.." ,r-ìã, inhibit degradation of native GLP-1 and thus

"h,^;;l;;;; .ir..ì.rnåi".ò".,, plo,tot" insulin se'retìon in the ab-

'9*. àir,rìàäìr.;;ì;;t;;Ëieain, and appe¿r to have a pre[erential
uttu,, on oJriJ,iiàìJ Llã"á qíu.oi. lhe FDA has approved the first DPP

lv i"hibir-i;;i1".;ìoìì; i"; ;;J*ith diet.and exercise to improve slvcemic
tontrol 

in ¿dulr'individu¿ls wilh type 2 DM lt can ¿lso bre useo ln corTìtir-

*t't 
' 
*',r-l äiiiå,ra ãl.-. iÀ,.räti¿ln"¿ion.. sitágliptin 

jisadnoinistered

utu cot. lr I oi Ão àrallv once daily Reduced doses should be given to
0òtients with roo"1rut. (áreatinine clearance 30-50 mL/min' 50 mg once

lltvtot r.""1" i.ìà.ìiÀiÀ. .l.u,un.. < 30 mL/min, 25 mg once dailv) re'
nut in,urri.åì.v*när ir.à,." shráuld be assessed prior to initlation of

delayed bY several weeks to months; (4) not alì agents are effective in all

individuals with tYPe 2 DM (PrìmarY failure); (5) biguani des, cr-glucosidase

inhibitors, DPP-IV inhi bitors, and thiazolidi nediones do not directlY cause

=hypoqlycemìa; and (6) most individuals wi ll eventuallY require treatment ID

lass of oral glucose-lowe rìng agents or insulin, re-
with more than one c

nature oftYPe 2 DMflecting the progressive

Consid erable clinical exPer lence exists with metformin and sulfonYl

ureas because theY have been available for several decades. lt ìs assumed

that the cr-glucosldase inhibi tors, DPP-IV inhibitors, and thiazolìdinedi-

ones, whìch are newer classes of oral glucose-lowerin g drugs, will reduce

DM-related comPlications bY i mproving glYcemic control, although long

term data are not Yet available The thiazolidinediones are theoreticallY at-

tractive because they target a fundamental abnormalitY in type 2 DlVl,

namely insulin resistance. Howeve r, all of these agents are currently more

costlY tha n metformin and sulfonYlureas
ìnitial therapy uses metformin as

A reasonable treatment algorithm for
side-effect Profile, and rela-

initial therapy because of its efficacY, known
the advantage that it Pro-

tively low cost (Fig. 338-15). Metformin has
and imProves the liPìd

motes mild weight loss, lowers insulin levels,
1c, the dose of metform-

o rofile slightlY. Based on SMBG results and the A

should be increased until the glYcemic target is achieved or maximum
tn

dose is reached
one-third of individuaìs will reach their target glycemic

ApproximatelY
min as monotheraPYgoal using metfor

Combination TherøPY w ìth Gluc o s e- Low er ing Agents A number of

cor¡binations of theraPeutic ag ents are successful in tYPe 2 DM, and the

nts in combination is the same as when the agents are used
dosinq of age

of the first and second agents are
alone. Because mechanisms of action

additive. Several fixed
clifferent, the effect on glYcem ic control is usuallY

dose combinatìons of oral agents are available, but evidence that they are

superl or to titration of single agent to a maximum close and then addition

of a second agent is lacking. lf adequate control is not achieved with the

cômbination of two agents (based on reassess ment of the A1C everY 3

months), a third oral agent or basal insulin should be added (Fig.338-1 s).

Treatment with insulin becomes necessary as type 2 DN4 enters the

phase of relative lnsulin deficiency (as seen in long-sta nding DM) and is sig-

naled bY inadequate g lycem ic control with one or two oral glucose-lower-

inq agents. lnsçJin alone or in combination should be u sed ìn Patients who

õ
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H
H

faìl to reach the glycemic target. For examPle, a single dose of long-actìng
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endogenous insulin productionfalls further, multiple injections
of long-acting and short-acting insulin regimens are Necessary
to control postprandial glucose 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
hyperglycemia of type 2 DM tendsto 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 productionfalls and insulin resistance persists. Individuals
whorequire >1 unit/kg per dayof long-acting insulin should be
considered for combination therapy with metformin ora thiazo-
lidinedione. The addition of metformin or a thiazolidinedione

can reduceinsulin requirements in someindividuals with type 2
DM, while maintaining or even improving glycemic control. In-
sulin plus a thiazolidinedione promotes weight gain andis asso-
ciated with peripheral edema. Addition of a thiazolidinedione to
a patient's insulin regimen may necessitate a reduction inthe in-
sulin dose to avoid hypoglycemia.

EMERGING THERAPIES Whole pancreas transplantation }
(performed concomitantly with a renal transplant) may normal- f
ize glucose tolerance and is an important therapeutic optionin
type 1 DM, thoughit requires substantial expertise and is associ-
ated with the side effects of immunosuppression. Pancreaticislet
transplantation has been plagued bylimitations in pancreatic
islet isolation and graft survival and remains anarea ofclinical
investigation. Many individuals with long-standing type 1 DM
still produce very small amountsof insulin or have insulin-posi-
tive cells within the pancreas. This suggests that beta cells are
slowly regenerating but are quickly destroyed by the autoim-
mune process. Thus, efforts to suppress the autoimmune pro-
cess and to stimulate beta cell regeneration are underway bothat the time
of diagnosis and in years after the diagnosis of type 1 DM. Closed-loop
pumpsthat infuse the appropriate amount of insulin in response to
changing glucoselevels are potentially feasible now that continuous glu-
cose-monitoring technology has been developed.

COMPLICATIONS OF THERAPY FOR DIABETES MELLITUS

As with any therapy, the benefits of efforts directed towards glycemic
control mustbe weighed againstthe risks of treatment. Side effects of
intensive treatmentinclude an increased frequencyofserious hypogly-
cemia, weightgain, increased economic costs, and greater demands on
the patient. In the DCCT, quality oflife was very similar in the inten-
sive and standard therapy groups. The most serious complication of
therapy for DM is hypoglycemia,andits treatmentwith oral glucose
or glucagoninjection is discussed in Chap. 339. Severe, recurrent hy-
poglycemia warrants examinationoftreatment regimen and glycemic
goal for the individual patient. Weight gain occurs with most(insulin,
insulin secretagogues, thiazolidinediones) but notall (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, individuals with the greatest
weight gain exhibited increases in LDL cholesterol andtriglycerides as
well as increases in blood pressure (bothsystolic and diastolic) similar
to those seen in individuals with type 2 DM andinsulin resistance.
Theseeffects 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 DM-related complications can be
greatly reduced by timely and consistent surveillance procedures (Ta-
ble 338-13). These screening proceduresare indicated forall individuals
with DM,but numerousstudies have documented that mostindividuals

with diabetes do notreceive comprehensive diabetes care. Screening for
dyslipidemia and hypertension should be performed annually, In addi-
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FIGURE 338-15 Glycemic managementoftype 2 diabetes. See text for discus-
sion of treatment of severe hyperglycemia or symptomatic hyperglycemia. Agents
that can be combined with metformin include insulin secretagogues, thiazo-

lidinediones, a-glucosidase inhibitors, DPP-IV inhibitors, and exenatide. AIC, he-
moglobin A1C.

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 manypatients with diabetes.

An annual comprehensive eye examination shouldbe performed by
a qualified optometrist or ophthalmologist. If abnormalities are detect-
ed, further evaluation and treatmentrequire an ophthalmologistskilled
in diabetes-related eye disease. Because many individuals with type 2
DMhave had asymptomatic diabetes for several years before diagnosis,
the ADA recommends the following ophthalmologic examination
schedule: (1) individuals with type 1 DM should haveaninitial eye ex-
amination within 3-5 years of diagnosis, (2) individuals with type 2
DMshould have aninitial eye examination at the time ofdiabetes diag-
nosis, (3) women with DM whoare pregnant or contemplating preg-
nancy should have an eye examination prior to conception and during
the first trimester, and (4) individuals whose eye examinationis normal
can have a repeat examination in 2-3 years rather than annually.

An annual foot examination should: (1) assess blood flow, sensa-
tion (monofilamenttesting, pin prick, or tuning fork), ankle reflexes,
and nail care; (2) look for the presence of foot deformities such as
hammerorclaw toes and Charcotfoot; and (3) identify sites of poten-
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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 andare notuseful
in regulating the plasma glucosein clinical situations where the insulin
requirements and glucose intake are changing rapidly. Moreover, these
oral agents may be dangerousif 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 functionis 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 becomehyperglycemic
during TPN and require insulin treatment. Intravenousinsulin infu-
sion is the preferred treatment for hyperglycemia, and rapidtitration
to the required insulin dose is done mostefficiently using a separate
insulin infusion. After the total insulin dose has been determined, in-

sulin maybe addeddirectly to the TPN solutionor, 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 mustbe 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 mayprecipitate diabetes in other in-
dividuals (“steroid-induced diabetes”). The effects of glucocorticoids
on glucose homeostasis are dose-related, usually reversible, and most
pronouncedin 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 therapyis
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 DM andlead 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 UnitedStates.
The incidence of GDMis greatly increased in certain ethnic groups,
including African Americans and Latinos, consistent with a similar in-
creasedrisk of type 2 DM. Current recommendations advise screening
for glucose intolerance between weeks 24 and 28 of pregnancy in
womenwith high risk for GDM (225 years; obesity; family history of
DM; memberof an ethnic group such as Latino, Native American,
Asian American, African American, or Pacific Islander). Therapy for
GDMissimilar to that for individuals with pregnancy-associated dia-
betes and involves MNT andinsulin, 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 andthefetus are not different from those in the

nondiabetic population. Individuals who develop GDMare 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 glucosetoleranceafter delivery, but somewill continue to have

overt diabetes or impairmentof glucosetolerance. In addition,chil-
dren of women with GDM appearto beatrisk for obesity and glucose
intolerance and have an increased risk of diabetes beginningin thelat-
er stages of adolescence.

Pregnancy in individuals with known DM requires meticulous
planning and adherenceto strict treatment regimens.Intensive diabe-
tes managementand normalization of the A1C are essential for indi-
viduals with existing DM who are planning pregnancy. The most
crucial period of glycemic controlis soonafterfertilization. Therisk of
fetal malformationsis increased 4—10 timesin individuals with uncon-

trolled DM at the time of conception, and normal plasmaglucosedur-
ing the preconception period and throughout the periods of organ
developmentin the fetus should bethegoal.

LIPODYSTROPHIC DM

Lipodystrophy, or the loss of subcutaneousfat tissue, may be general-
ized in certain genetic conditions such as leprechaunism. Generalized
lipodystrophy is associated with severe insulin resistance and is often
accompanied by acanthosis nigricans and dyslipidemia. Localized li-
podystrophyassociated with insulin injections has been reduced con-
siderably by the use of humaninsulin.

Protease Inhibitors and Lipodystrophy Protease inhibitors used in the
treatment of HIV disease (Chap. 182) have beenassociated witha cen-
tripetal accumulation offat (visceral and abdominalarea), accumula-
tion offat in the dorsocervical region, loss of extremity fat, decreased
insulin sensitivity (elevations of the fasting insulin level and reduced
glucose tolerance on IV glucose tolerance testing), and dyslipidemia.
Although manyaspects ofthe physical appearanceof these individuals
resemble Cushing’s syndrome,increasedcortisollevels do not account
for this appearance. The possibility remains that this is related to HIV
infection by some undefined mechanism, since somefeatures of the
syndrome were observed before the introduction ofprotease inhibi-
tors. Therapy for HIV-related lipodystrophyis not well established.
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