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·rncster, treatment with adrenergic blocking agents should be 
tJUld ~•en: when the fetus is of sufficient size. cesarean section may 
...,1ert"" . . f h 

111foilowed by ex11~at10n o t e tumor. Although the safety of adren-
t,e . blocking drugs 111 pregnancy 1s not established. these agents have .,.,c d. I . h . 
"" n administere m severa cases wn out obvious adverse effect. 
t,eC ar1um diagnosis and treatment lowers the maternal death rate Lo 
Ante: proaching nonpregnant pheochromocytoma patients: fetal death 
ib31 hp •ever. remains elevated. 

1e 0" · 
r:t Unresectable and ma/1g11_a11t tumors In cases of metastatic or 

ally invasive tumor ll1 patients wnh 111tercurrent illness that pre­
fudes surgery, long-term medical management is required. When the 
'anifestations cannot be ade_quately controlled by_adrenergic blocking 
111 the concomitant adm1111stra11on of metyros111e may be required. 
agents. 'b' . h d I d' . · 1 . agent inh1 its tyrosme Y roxy ase, unm1s 1es catecholamine 
llUS d f . l'fi uction by t11e rumor, an o ten s1mp 1 cs chronic management. 
prod1. nant pheochromocytoma frequently recurs in the retroperito-~la 1g , 
· and it metastasizes most commonly to bone and lung. Although neuin. . . 
wese malignant tumors ~e resistant. to rad10therapy, combinat ion 
chemotherapy has had hmJted success 111 controlling them. Use of n11_ 

~tlBG has had hm1ted success 111 the treatm_ent of malignant pheo­
chfOrnOC)'toma. due to poor uptake of the rad1ohgand. 

PROGNOSIS AND FOLLOW-UP The 5-year survival rate 
afier surgery is usually over 9~%, the recurrence rate is < J 0%. After 
successful surgery, catecholamme excrellon returns to nonnal in about 
2 weeks and should be measured to ensure complete tumor removal. 
Catecholamine excretion should be assessed at the reappearance of 
suggestive symptoms or yearly if the patient remains asymptomatic. 
For malignant pheochromocytoma, the 5-year survival rate is <SO%. 

Complete removal cures the hypenension in approximate ly three­
fourths of patients. In the remainder, hypenension recurs but is usually 
"·ell contro!Jed by standard antil1ypenensive agents . In this group, ei­
ther underlying essential hypenension or irreversible vascular damage 
UJduced by catecholamines may cause the persistence of the hypen en­
sion. 
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Diabetes mcllitus (DM) comprises a group of common metabolic dis­
orders that share the phenotype of hyperglycemia. Several distinct 
types of DM exist and are caused by a complex interaction of genetics, 
environmental factors, and life-style choices. Depending on the eti­
ology of the DM. factors contributing to hyperglycemia may include 
reduced insulin secretion, decreased glucose usage, and increased glu­
cose production. The metabolic dysregulation associated with DM 
causes secondary pathophysiologic changes in multiple organ systems 
that impose a tremendous burden on the individual witli diabetes and 
on the health care system. In the United States, DM is tlie leading 
cause of end-stage renal disease, nontraumatic lower extremity am­
putations, and adult bl indness. Witli an increasing incidence world­
wide, DM will likely continue to be a leading cause of morbidity and 
mortality for the foreseeable future. 

CLASSIFICATION 

Recent advances in the understanding of the etiology and pathogenesis 
of diabetes have led to a revised c lassification (Table 333-1 ). Although 
all fom1s of DM are characterized by hyperglycemia. the pathogenic 
mechanisms by which hyperglycemia arises differ widely. Some forms 
of DM are characterized by an absolute insulin deficiency or a genetic 
defect leading to defective insulin secretion, whereas other forms share 
insulin resistance as the ir underlying etiology. Recent changes in clas­
sification reflect an effon to classify DM on the basis of the pathogenic 
process that leads to hyperglycemia, as opposed to criteria such as age 
of onset or type of therapy (Fig. 333-1 ). 

The two broad categories of DM are designated type I and type 
2. Type I A DM results from autoimmune beta cell destruction, which 
usually leads to insulin deficiency. Type 1B DM is also characterized 
by insulin deficiency as well as a tendency to develop ketosis. How­
ever. individuals with type 1B DM lack immunologic markers indic­
ative of an autoimmune destructive process of the beta cells. The 
mechan isms leading to beta cell destruction in these patients are un­
known. Relatively few patients with type I DM fall into tlie type 1B 
idiopathic category; many of these individuals are either African­
American or Asian in heritage. 

Type 2 DM is a heterogeneous group of disorders usually char­
acterized by variable degrees of insulin resistance, inlpaired insulin 
secretion, and increased glucose production. Distinct genetic and meta­
bolic defects in insulin action and/or secretion give rise to the common 
phenotype of hyperglycemia in type 2 ~M (see below). Th~ identifi­
cation o f distinct pathogenic processes 111 type 2 DM has tmportant 
potential therapeutic implications, as pham1acologic agents that target 
specific metabolic derangements become available. 

Two features of the current classification of DM diverge from pre­
vious classifications. Fir t, the terms i11s11/i11-depe11dem diabetes mel­
liws (IDDM) and 11011i11s11/i11-dependen1 diabetes melliws (NIDDM) 
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2110 'I.Ill hdocrinolui:.• ond ,1r1nbolism 

Table .'33-1 Ftiolo~ic Classification of l)iabctcs '\1cllitus 

I. Type I diabetes (,8-cell des1ruc1ion. u,uall) leadmg 10 ab,olutc insulin 
deticicncy) 
A. Jmmune-medialed 
B. ld1opa1hic 

11. Type 2 diabeles (may range from predominarnly insulin resi,tance wi1h 
relati,e m,ulin deficiency to a predominantly insulin secretory defect 
wuh in,uhn rcsiqance) 

Ill. Other ,pecific types of diabetes 
A. Genelic defects of /3-cell function charac1crized by muta1iom, in: 

I. Hepa1ocyte nuclear transcnplion fac1or (HNF) 4a (MODY I) 
2. Glucokinase (MODY 2) 
3. HNF-1 a (MODY 3) 
4. lnsulm promoter factor ((PF) I (MODY 4) 
5. HNF-1 /3 (MODY 5) 
6. Mitochondrial DNA 
7. Proinsulm or insulin conver,ion 

B. Genetic defects in in,ulin action 
I. Type A insulin resistance 
2. Leprechaunism 
3. Rabson-Mendenhall syndrome 
4. Lipoatrophic diabetes 

C. Diseases of the exocrine pancreas-pancrea1itis, pancreatec1omy, 
neoplasia. cystic fibrosis, hemochromato,i,. fibrocalculous 
pancreatopathy 

D. Endocrinopathies- acromegaly. Cushing's syndrome. glucagonoma, 
pheochromocytoma, hypenhyroidism, somalostatinoma, 
aldosteronoma 

E. Drug- or chemical-induced- Vacor, penmmidine. nicotinic acid, glu­
coconicoids, thyroid hormone. diazoxide. ,8-adrenergic agonists, 
thiazides, phenytoin. a-interferon, prolease inhibilors, clozapine, beta 
blockers 

F. lnfections-congeni1al rubella, cytomegalovirus. coxsackie 
G. Uncommon forms of immune-mediated diabetes-"stiff-man" syn­

drome. anti-insulin receptor antibodies 
H. Other genetic syndromes sometimes associated with diabetes­

Down's syndrome. KJinefeller's syndrome, Turner's syndrome. 
Wolfram's syndrome. Friedreich's a1axia, Hun1ing1on's chorea. 
Laurence-Moon-Biedl syndrome, myotonic dystrophy, porphyria, 
Prader-Willi syndrome 

JV. Gestalional diabetes mellitus (GDM) 

NOTE: MODY, ma1un1y onse1 of diabc1es of 1he young. 
SOURCE: Adapted from American Diabc1es Association. 2000 

are obsolete. These previous designations re flected the observation 1hal 
most individuals w ith type I DM (pre viously IDDM) have an absolute 
requirement for insulin treatme nt, whereas many individuals with type 
2 DM (previously NIDDM) do not require insulin therapy 10 prevent 
ketoacidosis. However, because many individuals w ith type 2 DM 
eventually require insulin 1reatmen1 for control of giycemia, the use 
of the laner term generated considerable confusion. 

A second difference is that age is no longer used as a criterion in 
the new c lassification system. Although type I DM most commonly 
develops before the age of 30, an autoimmune beta cell destructive 
process can develop al any age. In fact, it is estimated that between 5 
and 10% of individuals who develop DM afler age 30 have type IA 
DM. Likewise, although type 2 DM more typically develops with in­
creasing age. it also occurs in c hildren, particularly in obese adoles­
cents . 

OTHER TYPES OF DM Other etiologies for DM include 
specific genetic defects in insulin secretion or action, metabol ic ab­
normalities tha1 impair insulin secretion, and a host o f conditions that 
impair g lucose tolerance (Table 333-1 ). Maturity onset diabetes of the 
young (MODY) is a subtype of DM characterized by autosomal dom­
inant inheritance, early onset of hyperglycemia, and impairment in 
insulin secretion (discussed below). Mu1a1ions in 1he insulin receptor 
cause a group of rare disorders characte rized by severe insulin resis­
tance. 

OM can result from pancreatic exocrine disease w hen the majority 
of pancreatic islets (>80%) are destroyed. Several endocrinopathies 

can lead lo DM as a resull of excessive secretion of hormones tha1 
antagonize lhe action of insulin. Notable within th is group are acro­
megaly a nd C ushing ·s d isease, both of which may present with OM. 
Viral infections have been implicated in pancreatic islet destruction, 
bul arc an extremely rare cause of DM. Congenital rubella greatly 
incre~es the ri sk for OM: however. most of these individuals also 
have immunologic marke rs indicative of autoimmune beta cell de­
struction. 

GESTATIONAL DIABETES MELLITUS (GDM) Glu­
cose into lerance may develop and fi rst become recognized during 
pregnancy. Insulin resistance related 10 the metabolic c hanges of late 
pregnancy increa~es insulin requirements and may lead to hypergly­
cemia or impaired glucose tolerance. GDM is seen in approximately 
4% of pregnanc ies in the United States: most wom en revert to normal 
glucose tolerance post-partum but have a substantial risk (30 to 60%) 
of developing DM later in life. 

EPIDEMIOLOGY 
The worldwide prevalence of OM has risen d ramatically over the past 
two decades. It is projected that the number of individuals with OM 
will continue to increase in the near future. Between 1976 and 1994, 
for example. the prevalence of OM among adults in the United States 
increased from 8.9% to 12.3%. These findings . based on national epi­
demiologic data, include indiv iduals with a diagnosis of OM and those 
with undiagnosed DM (based on identical diagnostic criteria). Like­
wise, prevalence rates of impaired fasting g lucose (lFG) increased 
from 6.5% to 9.7% over the same period. Although the prevalence of 
both type I and type 2 DM is increasing worldwide, the prevalence of 
type 2 OM is expected to rise more rapidly in the future because of 
increasing obesity and reduced activity levels. 

There is considerable geographic variation in the incidence of both 
type I and type 2 OM. For example, Scandinavia has the highest rate 
of type I OM (in F inland. incidence is 35/100.000 per year). The 

Hyperglycemia 

I Diabetes Mellitus 
Type of Normal Impaired fasting : Insulin Insulin 
Diabetes glucose glucose or : Not required required 

tolerance impaired glucose : insulin for for 
tolerance , requiring control survival 

Type 1 : 
Type 2 
Other ------~ 

specific types 
Gestational 

Diabetes 

Time (years) 

FPG (mg/dl) < 110 110-125 ;;,: 126 
2-h PG < 140 140-199 ;;,:200 

(mg/dl) 

FIGURE 333-1 Spectrum of glucose homeostasis and diabetes. TI1e spec­
lrum from nonnal glucose tolerance to diabe1es in type I diabe1es, type 2 
diabe1es. other specific types of diabe1es. and ges1a1ional diabetes is shown 
from left to right. In mo, t lypes of diabe1es, the individual traverses from 
normal glucose 1o lerance 10 impaired glucose tolerance to frank diabetes. Ar· 
rows indicaie 1ha1 changes in glucose tolerance may be bi-directional in some 
types of diabetes. For example, individuals with 1ype 2 diabetes may return to 
1he impaired glucose 1olerance category wi1h weight loss; in geslational dia­
betes, diabetes may reven 10 impaired glucose tolerance or even nom1al glucose 
tolerance after delivery. The fast ing plasma glucose (FPG) and 2-h plasma 
glucose (PG), afler a glucose challenge for the different categories of glucose 
tolerance, are shown at the lower pan of the figure (as defined by recent con­
sensus panels-see text). These values do not apply 10 the diagnosis of ges­
tational diabetes. Some types of diabetes may or may not require in,ulin for 
survival, hence the dolled line. (Convenlional units are used m the figure.) 
(Adapred from American Diabttts Associario11 C/111ical Prac11ce G11idt/111ts, 
2000) 
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p,cifiC Rilll has a much lower rate (in Japan and China. incidence is 

11031100.000 per year) of type I DM: Northern Europe and the Uni ted 
~hare an intermediate rate (8 to 17/100 000 per year) M h f $talCS . ' · UC 0 

ll<rcased risk of type I DM 1~ believed to reflect the frequency of 
tllC 1 11 I I · · · higll•risk HLA a e es among et m1c groups m different geographic 

kJC3tions. . _ 
The prevalence of type 2 DM ~d ll~ harbinger, impaired glucose 

I ~•ce (IGT), 1s highest m certain Pacific islands, intemiediate in 
1oc,~• d. d I . 
countries such _as In •_a an _ 11~ _Un~te~ States, and relatively low in 
Russia and Chma. This vanab~llly 1s likely due 10 both genetic and 
conronmental fact~rs. There •~ also considerable variation in OM 
prevalence among d_ifferenl elhnt~ i:>°P~lat_io~s wi~in a given country. 

In 1998. approximately 16 m1lhon md1v1duals m the United States 
met lhe diagnostic criteria ~or OM. :his represents ~6% of the pop­
utauon. About 800.000 md1v1duals m the United States develop DM 
each year. The vast majority of these (>90%) have type 2 OM. The 
number of people_ with DM increases with the age of the population, 
T3Jlglng from an incidence of ~ 1.5% in individuals from 20 10 39 
)ta!S 10 -20% of individuals >75 years. The incidence of OM is 
similar in men and women throughout most age ranges but is slightly 
gieater in men >60 years. The prevalence of OM is approximately 
roofold greater in African Americans. Hispanic Americans, and Native 
Americans than in non-Hispanic whites. and the onset of type 2 OM 
occurs, on average. at an earlier age in the former groups than in the 
non-Hispanic white population. The incidence of type 2 DM in these 
ethnic groups is rapidly increasing. The reasons for these differences 
are not yet clear. 

DIAG:'\OSIS 

Revised criteria for diagnosing DM have been issued by consensus 
J)3l1Cls of experts from the National Diabetes Data Group and the 
World Health Organization (Table 333-2). The revised criteria reflect 
new epidemiologic and metabolic evidence and are based on the fol­
lowing premises: (I) the spectrum of fasting plasma glucose (FPG) 
and lhe response to an oral glucose load varies in normal individuals, 
and (2) OM defined as the level of glycemia at which diabetes-specific 
romplications are noted and not on the level of glucose tolerance from 
apopula1ton-based viewpoint. For example, the prevalence ofretinop­
llhy in Native Americans (Pima Indian population) begins to increase 
11 a FPG > 6.4 mmol/L ( 116 mg/dL) (Fig. 333-2). 

Glucose tolerance is classified into three categories based on the 
fl'G: (I) FPG < 6.1 mmol/L (1 10 mg/dL) is considered normal; (2) 
~ <!:: 6.1 mmol/L (110 mg/dL) but < 7.0 mmol/L (126 mg/dL) is 
;fined as IFG; and (3) FPG ~ 7.0 mmol/L (126 mg/dL) warrants the 
~gnosis of DM. IFG is a new diagnostic category defined by the 
M rn Co~m111ee on the Diagnosis and Classification of Diabetes 
be lnus. It 1s analogous to !GT, which is defined as plasma glucose 

7
/ 5 between 7.8 and I I. 1 mmol/L ( 140 and 200 mg/dL) 2 h after a 

11 
g Oral glucose load (Table 333-2). Individuals with IFG or !GT are 

in :bstantial risk for developing type 2 OM and cardiovascular disease 
e future, though they may not meet the criteria for OM. 

Table 333 2 C . . -._;,_· rrterra for the Oiai,:no,i, or Oiabctc, Mcllitu., 
' s ~~s or diabetes plus random blood glucose concentration 2: I I. I 

(200 mg/dL)" 
' Flllut or 

g plasma glucose 2: 7 .0 mmoVL ( 126 mg/dLf 
' l'i0,hlltJ or 

coic 101 r plasma glucose 2: I I. I mmoVL (200 mg/dL) during an om! glu-
lo die lh.c •ranee test< 
, ~cc or ~nequivocaJ hyperglycemia and acute metabolic decompen­
~ nicna should be confinned by repeat testing on a different day. 

~"defined . ~" defined as wnhout regard to time since the last meal. 
ltw lhoutd as no calonc mtake for at least 8 h. 

-,~ 11 be performed using a glucose load con1aming the equivalent of 75 g 
~ ,.~di sol,ed in water; not recommended for routine clinical use. 

from Amen= D1obc:1es Aswc1a11on, 2000. 

1.1.l Uia htl r,, \l t llitu, 2111 
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C 
~ 10 
cu 
a. 
0 
:§ ., 
a: 5 

FPG (mg/dl) 

2-h PG (mg/dl) 

HbA1c (%) 

A 

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

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

3.4- 4.8- 5.0- 5.2· 5.3· 5.5- 5.7- 6.0- 6.7- 9.5-

FIGURE 333-2 Rela1ionship or diabe1es-spec11ic complication and glucose 
tolerance. This figure shows the incidence or retmopathy in Pima Indians as a 
runction or the ras1ing plasma glucose (FPG). the 2-h plasma glucose after a 
75-g oral glucose challenge (2hPG), or glycated hemoglobin (HbA le). Note 
that the incidence of retinopathy greatly increases at a fastmg plasma glucose 
> 116 mg/dL, or a 2-h plasma glucose of 185 mg/dL, or a HbA le >6.0%. 
(Convenlional units are used in the figure.) (From American Diabetes Associ­
atio11: Cli11ical Practice Gttide/ines, 2000, as adapted from McCance et al: 
BMJ 308:/323, 1994) 

The revised criteria for the diagnosis of DM emphasize the FPG 
as the most reliable and convenient test for diagnosing OM in asymp­
tomatic individuals. A random plasma glucose concentration ~ 11.1 
mmol/L (200 mg/dL) accompanied by classic symptoms of DM (poly­
uria, polydipsia, weight loss) is sufficient for the diagnosis of DM 
(Table 333-2). Oral glucose tolerance testing, although still a valid 
mechanism for diagnosing DM, is not recommended as part of routine 
screening. 

Some investigators have advocated the hemoglobin Ale (HbAlc) 
as a diagnostic test for DM. Though there is a strong correlation be­
tween elevations in the plasma glucose and the HbAlc (discussed be­
low), the relationship between the FPG and the HbAlc in individuals 
with normal glucose tolerance or mild glucose intolerance is fess clear. 
and the test is not universally standardized or available. 

The diagnosis of OM has profound implications for an individual 
from both a medical and financial standpoint. Tiius, the health care 
provider must be certain that these criteria are completely satisfied 
before assigning the diagnosis of OM to an individual. The revised 
criteria also allow for the diagnosis of OM to be withdrawn in situa­
tions where the FPG no longer exceeds these criteria. Abnormalities 
on s~r~enin_g test~ for diabetes should be repeated before making a 
defiruuve diagnosis of OM, unless acute metabolic derangements or a 
markedly elevated plasma glucose are present (Table 333-2). 

SCREE ING Widespread use of the FPG as a screening test 
for type 2 OM is strongly encouraged because: (I) a large number of 
individuals who meet the current criteria for OM are unaware that they 
have the disorder, (2) epidemiologic studies suggest that type 2 DM 
may be present for up to a decade before diagnosis, and (3) as many 
as 50% of individuals with type 2 DM have one or more diabetes­
specific complications at the time of their diagnosi,. The E~pert Com­
miuee suggeMs screening all individuals > 45 years every 3 years and 
screening asymptomatic individuals with add11ional risk factors (Table 
333-3) at an earlier age. In contrast 10 type 2 OM, it i~ rare for an 
individual to have a long a.symptomatic period of h) perglycemia pnor 
to the diagnosis of type I DM. A number of immunologic marker, 
for type I OM are becoming a,·ailable (discu,,ed below), but 1hc1r 
use is curr~ntly db_couraged_ pe_n~ing the 1den1ilica11on of clinicall) 
beneficial mtervenllons for md1v1duah at high ri,k for developmg 
type I DM. 
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fic Rim has a much lower rate (in Japan and China,incidence is
‘. 3/100,000 per year) of type | DM; Northern Europeandthe United

jes share an intermediate rate (8 to 17/100,000 per year). Muchof
Sta increased risk of type 1 DM is believedtoreflect the frequency of
vik HLA alleles among ethnic groups in different geographic
jocalions- : 5 a ee ‘ 6a oa

The prevalence of type 2 DM and its harbinger, impaired glucose
esac (IGT),is highest in certain Pacific islands, intermediate in
counties such as India and the United States, and relatively low in
gussia and China. This variability is likely due to both genetic and
gqvironmental factors. There is also considerable variation in DM

valence among different ethnic populations within a given country,
in 1998, approximately 16 million individuals in the United States

met the diagnostic criteria for DM. This represents ~6% ofthe pop-
ylation. About 800,000 individuals in the United States develop DM
each year. The vast majority of these (>90%) have type 2 DM. The
jumber of people with DM increases with the age of the population,
ringing from an incidence of ~1.5% in individuals from 20 to 39
years to ~20% of individuals >75 years. The incidence of DM is
similar in men and women throughout most age ranges butis slightly

ter in men >60 years. The prevalence of DM is approximately
twofold greater in African Americans, Hispanic Americans, and Native
Americans than in non-Hispanic whites, and the onset of type 2 DM
occurs, on average, at an earlier age in the former groupsthan in the
non-Hispanic white population, The incidence of type 2 DM in these
elhnic groups is rapidly increasing. The reasons for these differences
ue not yet clear,

DIAGNOSIS

Revised criteria for diagnosing DM have been issued by consensus
panels of experts from the National Diabetes Data Group and the
World Health Organization (Table 333-2). The revised criteria reflect
new epidemiologic and metabolic evidence and are based on the fol-
lowing premises: (1) the spectrum of fasting plasma glucose (FPG)
and the response to an oral glucose load varies in normal individuals,
and (2) DM defined as the level of glycemia at which diabetes-specific
complications are noted and not on thelevel of glucose tolerance from
4population-based viewpoint. For example, the prevalenceofretinop-
ahy in Native Americans (Pima Indian population) beginsto increase
4a FPG > 6.4 mmol/L (116 mg/dL) (Fig. 333-2).

Glucose tolerance is classified into three categories based on the
FPG: (1) FPG < 6,1 mmol/L. (110 mg/dL) is considered normal; (2)
PPG = 6,1 mmol/L (110 mg/dL.) but < 7.0 mmol/L (126 mg/dL)is
‘fined as IFG: and (3) FPG = 7.0 mmol/L (126 mg/dL) warrants the
diagnosis of DM, IFG is a new diagnostic category defined by the
Expert Committee on the Diagnosis and Classification of Diabetes
wells, It is analogous to IGT, which is defined as plasma glucose
els between 7.8 and 11.1 mmol/L (140 and 200 mg/dL) 2 h aftera
oral glucose load (Table 333-2). Individuals with IFG or IGT are

‘substantial risk for developing type 2 DM and cardiovascular disease
future, though they may not meetthe criteria for DM.

 
Tab \ :HAL2 Criteria for the Diagnosis of Diabetes Mellitus  ’

§ ¢
Ymptoms of diabetes plus random blood glucose concentration =I

ML. (200 me/dLy
‘rE or

“tng plasma glucose =7.0 mmol/L (126 mg/dL)”
" Two. or

hour plasma glucose =1].1 mmol/L (200 mg/dL) during an oral glu-
the Olerance test

Ace of unequivocal hyperglycemia and acute metabolic decompen-
these criteria should be confirmed by repeat testing on a different day.

‘ I ,

Fang eee 48 without regard to time since the last meal.
Te tet char #8 0 caloric intake for at least 8 by,
Whya, Performed using a glucose load containing the equivalent of Heiy 4 Lae

“Ung. A Blucose dissolved in water, not recommended for routineclinical use.
from American Diabetes Association, 2000.
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FPG (mg/dL)  70- 89- 99- 97- 100- 105- 109- 116- 136- 226-

2-h PG (mg/dL) 38- 94- 106- 116- 126- 198- 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 333-2 Relationship of diabetes-specific complication and glucose
tolerance. This figure shows the incidence ofretinopathy in Pima Indians as a
function of the fasting plasma glucose (FPG), the 2-h plasma glucose after a
75-g oral glucose challenge (2hPG), or glycated hemoglobin (HbAIc). Note
that the incidence of retinopathy greatly increases at a fasting plasma glucose
>116 mg/dL, or a 2-h plasma glucose of 185 mg/dL, or a HbAle >6.0%.
(Conventional units are used in the figure.) (From American Diabetes Associ-
ation: Clinical Practice Guidelines, 2000, as adapted from McCanceef al:
BMJ 308:1323, 1994)

The revised criteria for the diagnosis of DM emphasize the FPG
as the most reliable and convenienttest for diagnosing DM in asymp-
tomatic individuals. A random plasma glucose concentration =11.1
mmol/L (200 mg/dL) accompanied by classic symptoms of DM (poly-
uria, polydipsia, weight loss) is sufficient for the diagnosis of DM
(Table 333-2), Oral glucose tolerance testing, although still a valid
mechanism for diagnosing DM,is not recommendedaspart of routine
screening.

Someinvestigators have advocated the hemoglobin Alc (HbA]c)
as a diagnostic test for DM. Thoughthereis a strong correlation be-
tween elevations in the plasma glucose and the HbAIc (discussed be-
low), the relationship between the FPG and the HbA Ic in individuals
with normal glucose tolerance or mild glucose intoleranceis less clear,
and the test is not universally standardized or available.

The diagnosis of DM has profound implications for an individual
from both a medical and financial standpoint, Thus, the health care
provider must be certain that these criteria are completely satisfied
before assigning the diagnosis of DM to an individual. The revised
criteria also allow for the diagnosis of DM to be withdrawnin situa-
tions where the FPG no longer exceeds these criteria. Abnormalities
on screening tests for diabetes should be repeated before making a
definitive diagnosis of DM,unless acute metabolic derangementsor a
markedly elevated plasma glucose are present (Table 333-2),

SCREENING Widespread use of the FPG asa screeningtest
for type 2 DM is strongly encouraged because; (1) a large number of
individuals who meet the currentcriteria for DM are unawarethat they
have the disorder, (2) epidemiologic studies suggest that type 2 DM
may be present for up to a decade before diagnosis, and (3) as many
as 50% of individuals with type 2 DM have one or more diabetes-
specific complicationsat the timeof their diagnosis, The Expert Com-
mittee suggests screening all individuals >45 years every 3 years and
screening asymptomatic individuals with additional risk factors (Table
333-3) at an earlier age. [In contrast to type 2 DM, it is rare for an
individual to have a long asymptomatic period of hyperglycemiaprior
to the diagnosis of type | DM. A number of immunologic markers
for type 1 DM are becoming available (discussed below), but their
use is currently discouraged pending the identification of clinically
beneficial interventions for individuals at high isk for developing
type | DM.
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Tahlc .u.1.J Ri,k !'actor, ror T~pe 2 Diahek, \lellitu, 

• Family h1-t,>f') of diabetes (i.e .. parent or ,ibhng wnh t)pe 2 diabctc,l 
• Obe"t~ (1 e. ii':W'l Je\lrcd rod) "eight or 8\11 .,. n k&Jm1) 

• Age .?45 years 
• Rac~/ethnicit~ (e.g .. Afncan Amencan. H,span,c American, :,:,ui,c Amer• 

,can. A\lan Amcncan. Paulic hlander) 
• Pr-c,iou,h 1dent1ticd lFG or lGT 
• Hl\tOI')· of G0\1 or deh,ef) of bab) over 9 lbs 
• H)pcnen,ion (blood pre,~urc ii': 140/90 mm Hg) 
• HOL chole,tcrol lc,cl :s0.90 mmol/L (35 mg/dL) and/or a triglyceride lc,cl 

-.,2.82 mmol/L (250 mg/dL) 
• Polycy,11c ovary ,yndromc 

~OlT BMI. bod) ma\\ mde.: IFG. unpaired fasung glucose; !GT, impaired gluco,e 
tolerance; GDM. ges1a11onal d1abc1,- mcl111us: HDL. high-dcnsll) hpoprotcm. 
SOl RC'r.: Adapted from Amencan Diabetes Association. 2000. 

INSULIN I.HOSYNTHESIS, SECRETION. 
A D ACTION 

BIOSYNTHESIS Insulin is produced in the beta cells of the 
pancreatic isleb. It i, initially synthesized as a single-chain 86-amino­
acid precur..or polypeptide. preproinsulin. Subsequent proteolytic pro­
cessing remo\'eS the aminoterrninal signal peptide. giving ri,e to proin­
suhn. Proin,ulin ts structurally related to insulin-like growth factors I 
and II. which bind weakly to the insulin receptor (Chap. 327). Cleav­
age of an internal 31-residue fragment from proinsulin generates the 
C peptide and the A (21 amino acids) and B (30 ammo acids) chains 
of insulin. which arc connected by disulfide bonds. The mature insulm 
molecule and C peptide are stored together and cosecreted from se­
cretory granules in the beta cells. Because the C peptide is less sus­
ceptible than ins ulin to hepatic degradation, it is a useful a marker of 
insulin secretion and allows discrimination of endogenous and exog­
enous sources of insulin in the evaluation of hypoglycemia (Chap. 
334). Human insulin is now produced by recombinant DNA technol­
ogy; structural alterations at one or more residues are useful for mod­
ifying its physical and pharrnacologic characteristics (see below). 

SECRETION Glucose is the key regulator of insulin secre tion 
by the pancreatic beta cell, although amino acids. ketones. various 
nutrients. gastrointestinal peptides, and neurotransmitters also influ­
ence insulin secretion. Glucose levels >3.9 mmol/L (70 mg/dL) stim­
ulate insulin synthesis. primarily by enhancing protein translation and 
proccssmg. a. well as inducing insulin secretion. Glucose stimulates 
insulin secretion through a series of regulatory steps that begin wtth 
tran,pon into the beta cell by the GLUT2 glucose transpon er (Fig. 
333-3). Glucose phosphorylation by glucokinase is the rate-limiting 
step that control\ glucose-regulated insulin secretion. 

Funher metabolism of glucose-6-phosphate via glycolysis gener­
ates ATP. which inhibits the activity of an ATP-sensitive K · channel. 
This channel is a complex of two separate proteins. one of which is 
the receptor for cenain oral hypoglycemics (e.g .. sulfonylureas, meg­
litinides); the other subunit is an inwardly rectifying K · channel pro­
tein. Inhibition of this K • channel induces beta cell membrane depo­
larization, opening of voltage-dependent calcium channels (leading 10 

an influx of calcium}, and stimulation of insulin secretion. Careful 
studies of insulin secretory profiles reveal pulsatile pattern of hormone 
release, with small secretory bursts occurring about every IO min. 
superimposed upon greater amplitude oscillations of about 80 to 150 
min. Meals or other major , 1imuli of insulin secretion induce large 
(four- 10 fivefold increase vcr..us baseline) bursts of 1m,ultn secretion 
that usually last for 2 to 3 h before returning to baseline. DcrJngements 
in thc,e nom1al secretory patterns are one of the earliest signs of beta 
cell dysfunction m 0\1 (see below). 

ACTIO\ Once insulin is secreted into the ponal vein, ~50"< I\ 

removed and degraded by the liver. Une,tracted insulin enters the 
S}stemic c1rcula11on and binds to its receptor in target sties. TI1e insulin 
receptor belongs to the tyrosine kinase class of membrane-bound re­
ceptor.. (Chap. 327). Insulin binding to the receptor stimulates intrinsic 
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FIGURE 333-3 Diabetes and abnormalities in gluco,e-~umulated insulin se­
cretion. Glucose and other nutrients regula1e msuhn sccrc11on by 1he pancreatic 
beta cell. Glucose,~ transponed by the GLUT2 glucose tran,poner. subsequent 
glucose metabolism by the beta cell alters ion channel acti"IY, leading to in­

sulin secretion. The SUR receptor ts the binding site for oral hypoglycemic 
agents. Mutations in the events or proteins underlined arc a cause of maturity 
onset diabetes of the young (MODY) or other form\ of diabcte~. SUR. sulfo­
nylure.1 receptor. ATP. adenosine triphosphate: ADP. adcnosine d1phosphate. 
(Adapted from Lowe, 1998.) 

tyrosine kinase activity. leading to receptor autophosphorylation and 
the recruitment of intracellular signaling molecules. such as insulin 
receptor substrates (IRS) I and 2 (Fig. 333-4). These and other adaptor 
proteins initiate a complex cascade of phosphorylation and dephos­
phorylation reactions. ultimately resulting in the widespread metabolic 
and mitogenic effects of insulin. As an example. activation of the 
phosphatidylinositol-3'-kinase (Pl-3 kinase) pathway stimulates trans­
location of glucose transponers (e.g .. GLUT4) to the cell surface, an 
event that is crucial for glucose uptake by skeletal muscle and fat. 
Activation of other insulin receptor signaling pathways induces gly­
cogen synthesis. protein synthesis, lipogenesis, and regulation of var­
ious genes in insulin-responsive cells. 

Glucose homeostasis reflects a precise balance between hepatic 
glucose production and peripheral glucose uptake and utilization. In­
sulin is the most imponant regulator of this metabolic equilibrium. but 
the effects of other pathways including neural input, metabolic signals. 
and honnones (e.g .. glucagon) result in integrated control of glucose 
supply and utilization (Chap. 334; Fig. 334-1 ). In the fasting state. low 
insulin levels promote hepatic gluconeogenesis and glycogenolysis to 
prevent hypoglycemia. Low insulin levels decrease glycogen synthe­
,b, reduce glucose uptake in insulin-sensitive ti"ues. and promote 
mobilization of stored precursors. Reduced insulin levcb are also per­
missive in allowing glucagon to stimulate glycogenolysis and gluco­
neogene,is by the liver and renal medulla. These processes are of 
critical imponance to ensure an adequate glucose supply for the brain. 
Postprandially, a large glucose load elicit, a ri,e in insu lin and fall in 
gluc;1gon, leading to a reversal of these processes. The major ponion 
of postprandial glucose is utili1ed by ske letal muscle. Other tissues. 
most notably the brain, utilize glucose in an 111,ulin-mdependent 
fashion. 

P \THOGE ESIS 

TYPE 1 D~I T)'pe IA 0\1 de,elops a.s J result ol the syner­
gistic effects of genetic, environmental, and immunologic factor.. that 
ultimately destroy the pancreatic beta cells. The temporal development 
oft) pe I A Ol\l is ,ho" n schematically as a function of beta cell m~ 
m Fig. 333-5. Individuals \\ uh a genetic su,cep11b1lity have nom1al 
beta cell mass at birth but begm to lose beta cells ,econdaJ') to auto-
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Table 333-3) Risk Factors for Type 2 Diabetes Mellitus 

Family history of diabetes (1.¢.. parent or sibling with type 2 diabetes)
Obesity(i.c., =20% desired body weight or BMI = 27 kg/m?)
Age 245 years
Race/ethnicity(¢.g.. African American, Hispanic American, Native Amer:ican, Asian American, Pacific Islander)
Previously identified [FG or IGT
History of GDM or delivery of baby over 9 Ibs
Hypertension(blood pressure = 140/90 mm Hg)
HDLcholesterol level =0.90 mmol/L (35 mg/dL) and/or a triglyceride level
=2.82 mmol/L (250 mg/dL)

* Polycystic ovary syndrome

see@
 

NOTE: BMI, body mass index; IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; GDM, gestational diabetes mellitus; HDL. high-density lipoprotein,
SOURCE: Adapted from American Diabetes Association, 2000,

INSULIN BIOSYNTHESIS, SECRETION,
AND ACTION

BIOSYNTHESIS Insulin is produced in the beta cells of the
pancreatic islets. It is initially synthesized as a single-chain 86-amino-
acid precursor polypeptide, preproinsulin. Subsequentproteolytic pro-
cessing removes the aminotenminal signal peptide, giving rise to proin-
sulin. Proinsulin is structurally related to insulin-like growth factorsI
and Il, which bind weakly to the insulin receptor (Chap. 327). Cleav-
age of an internal 31-residue fragment from proinsulin generates the
C peptide and the A (21 amino acids) and B (30 aminoacids) chains
of insulin, which are connected by disulfide bonds. The mature insulin
molecule and C peptide are stored together and cosecreted from se-
cretory granules in the beta cells. Because the C peptide is less sus-
ceptible than insulin to hepatic degradation,it is a useful a marker of
insulin secretion and allows discrimination of endogenous and exog-
enous sources of insulin in the evaluation of hypoglycemia (Chap.
334). Humaninsulin is now produced by recombinant DNA technol-
ogy; structural alterations at one or more residues are useful for mod-
ifying its physical and pharmacologic characteristics (see below),

SECRETION Glucoseis the key regulator of insulin secretion
by the pancreatic beta cell, although amino acids, ketones, various
nutrients, gastrointestinal peptides, and neurotransmitters also influ-
ence insulin secretion. Glucose levels >3.9 mmol/L (70 mg/dL) stim-
ulate insulin synthesis, primarily by enhancing protein translation and
processing, as well as inducing insulin secretion. Glucose stimulates
insulin secretion through a series of regulatory steps that begin with
transport into the beta cell by the GLUT2 glucose transporter (Fig.
333-3). Glucose phosphorylation by glucokinase is the rate-limiting
step that controls glucose-regulated insulin secretion.

Further metabolism of glucose-6-phosphate via glycolysis gener-
ates ATP, which inhibits the activity of an ATP-sensitive K* channel.
This channel is a complex of two separate proteins, one of whichis
the receptor for certain oral hypoglycemics(e.g., sulfonylureas, meg-
litinides); the other subunit is an inwardly rectifying K* channel pro-
tein, Inhibition of this K* channel induces beta cell membrane depo-
larization, opening of voltage-dependentcalcium channels (leading to
an influx of calcium), and stimulation of insulin secretion, Careful

studies of insulin secretory profiles reveal pulsatile pattern of hormone
release, with small secretory bursts occurring about every 10 min,
superimposed upon greater amplitude oscillations of about 80 to 150
min, Meals or other major stimuli of insulin secretion induce large
(four- to fivefold increase versus baseline) bursts of insulin secretion
that usually last for 2 to 3 h before returning to baseline. Derangements
in these normal secretory paltems are one ofthe earliest signs of beta
cell dysfunction in DM (see below).

ACTION Once insulin is secreted into the portal vein, ~50%is
removed and degraded by the liver. Unextracted insulin enters the
systemic circulation and bindsto its receptorin target sites. The insulin
receptor belongs to the tyrosine kinase class of membrane-bound re-
ceptors (Chap. 327). Insulin binding to the receptorstimulatesintrinsic
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FIGURE333-3 Diabetes and abnormalities in glucose-stimulated insulin se-
cretion, Glucose and other nutrients regulate insulin secretion by the pancreatic
beta cell. Glucose is transported by the GLUT2glucose transporter; subsequent
glucose metabolism by the beta cell alters ion channel activity, leading to in-
sulin secretion. The SUR receptor is the binding site for oral hypoglycemic
agents. Mutations in the events or proteins underlined are a cause of maturity
onset diabetes of the young (MODY)or other forms of diabetes. SUR. sulfo-
nylurea receptor, ATP, adenosine tnphosphate; ADP, adenosine diphosphate.
(Adapted from Lowe, 1998.)

tyrosine kinase activity, leading to receptor autophosphorylation and
the recruitment of intracellular signaling molecules, such as insulin
receptor substrates (IRS) 1 and 2 (Fig. 333-4). These and other adaptor
proteins initiate a complex cascade of phosphorylation and dephos-
phorylation reactions, ultimately resulting in the widespread metabolic
and mitogenic effects of insulin. As an example, activation of the
phosphatidylinositol-3'-kinase (PI-3 kinase) pathway stimulates trans-
location of glucose transporters (¢.g., GLUT4)to the cell surface, an
event that is crucial for glucose uptake by skeletal muscle and fat.
Activation of other insulin receptor signaling pathways induces gly-
cogensynthesis, protein synthesis, lipogenesis, and regulation of var-
ious genesin insulin-responsive cells.

Glucose homeostasis reflects a precise balance between hepatic
glucose production and peripheral glucose uptake andutilization. In-
sulin is the most important regulatorofthis metabolic equilibrium,but
the effects ofother pathways including neural input, metabolic signals,
and hormones (e.g., glucagon) result in integrated control of glucose
supply and utilization (Chap. 334; Fig. 334-1). In the fasting state, low
insulin levels promote hepatic gluconeogenesis and glycogenolysis to
prevent hypoglycemia. Low insulin levels decrease glycogen synthe-
sis, reduce glucose uptake in insulin-sensitive tissues, and promote
mobilization of stored precursors. Reduced insulin levels are also per-
missive in allowing glucagon to stimulate glycogenolysis and gluco-
neogenesis by the liver and renal medulla, These processes are of
critical importance to ensure an adequate glucose supply for the brain.
Postprandially, a large glucose loadelicits a rise in insulin and fall in
glucagon,leading to a reversal of these processes. The major portion
of postprandial glucoseis utilized by skeletal muscle. Othertissues,
most notably the brain, utilize glucose in an insulin-independentfashion.

PATHOGENESIS

TYPE 1 DM Type 1A DMdevelops as a result of the syner-
gistic effects of genetic, environmental, and immunologic factors that
ultimately destroy the pancreatic beta cells. The temporal development
of type 1A DM is shown schematically as a function of beta cell mass
in Fig, 333-5. Individuals with a genetic susceptibility have normal
beta cell massat birth but begin to lose beta cells secondary to auto-
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type IA DM, a "honeymoon" phase may ensue 
dwine which time glycemic control is 
achie~ed with modest doses of insulin or, 
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FIGURE 333-4 lmulin signal 1ransduc1ion pathway. The insulin receptor has intrinsic tyrosine lcinase 
activity and imeracts with insulin receptor substrates (IRS and She) proteins. A number of "docking" 
proteins bind lo these cellular proteins and initiate the melabolic actions of insulin [GrB-2. SOS. SHP-2, 
p65. pl 10, and phosphoinositol phosphate 3-kinase (Pl 3-kinase)]. Insulin increase, glucose transpon 
through Pl 3-kinase, which promotes the translocation of intracellular vesicles contairung GLUT4 glucose 
transponcr to the plasma mcmbrnne. (Adapted from Lowe, 1998; \lirkamaki et al, 1999) 

tion from residual beta cells disappears as the autoimmune process 
destroys the remaining beta cells, and the individual becomes com­
pletely insulin deficient. 

~ GE~ETIC C ONSIDERA TIO'IIS The genetic contributions to 
~ lypC IA DM involve multiple genes. The development of the dis­
ease appears 10 require inheritance of a sufficient complement of genes 
to confer susceptibility to the disorder. The concordance of type I A 
D~I in identical twins ranges between 30 and 70%, indicating that 
addmonaJ modifying factors must be involved in determining whether 
diabetes develops. The major susceptibility gene for type I A DM is 
located in the HLA region on chromosome 6. Polymorphisms in the 
HlA complex appear 10 account for 40 to 50% of the genetic risk of 
de1eloping type IA DM. This region contains genes that encode the 
class 11 MHC molecules, which present antigen to helper T cells and 
ihlll are involved in initiating the immune response (Chaps. 305, 306. 
307). The ability of class II MHC molecules to present antigen is 
dependent on the amino acid composition of their antigen-binding 
!11ts. Amino acid substitutions may influence the specificity of the 
llllmune response by altering the binding affinity of differenl antigens 
for the class U molecules. 

Most individuals with type IA OM have the HLA DR3 and/or 
DR4 haplotypc. Refinements in genotyping of HLA loci have shown 
ihat ihc haplo1ypes DQA J •030 I, DQB l •0302 and DQA 1 •50 I, 
DQBi•o201 have the strongest association with type IA DM. These 
haplotypes are present in 40% of children wilh type lA DM as com­

Jl4red 10 2% of the normal U.S. population. 
In addition to MHC class JI associations, al least 17 different ge­

Dctic loci may contribute susceptibility 10 type I A DM. For example, 
: )morphisms in the promoter region of the insulin gene appear to 

OUni for ~ JO% of 1he predisposi1ion to type IA DM. Genes that 
~er pro1ec1ion against the development of the disease also exisl. 
~c;;mple, the haplotype DQAl • 0 102, OQB 1 •_o6_02 _is_ present. in 
~ lhe U.S. population but is extremely rare m md1v1duals wuh 
'Pc IA DM (< I%). 

Po!Allbough type l A DM is clearly associated with certain predis­
lc~g genotypes, most individuals with these haplotypes do nol de­
~c diabetes. In addition, most individuals with type IA DM do not 

a fi~t-degree relative with this disorder. Nevertheless, the 

risk of developing type I A DM for relatives of individuals with the 
disease is considerably higher compared to the risk for the general 
population. ■ 

Autoimmune Factors Although other islet cell types [alpha 
cells (glucagon-producing), delta cells (somatostatin-producing) or PP 
cells (pancreatic polypeptide-producing)) are functionally and embry­
ologically similar to beta cells and express most of the same proteins 
as beta cells, they are inexplicably spared from the autoimmune pro­
cess. Pathologically. the pancreatic islets are infiltrated with lympho­
cytes (in a process termed ins11/iris). After all beta cells are destroyed, 
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FIGURE 333-S Temporal model for development of l)pe I diabete, Indi­
vidual\ \\1th a genetic predi>pos11ion are ewosed 10 an immunologic trigger 
that initiates an autoimmune process. resullmg in a gradual decline in beta cell 
mass. The down\\ ard slope of the beta cell mas~ varie, among ind1v1duJb. Tim 
progressive impairment in insulin relea,e re,ulls m diabetes "hen ~80'1< of 
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1 or 2 years after the onset of diabetes and is a~,ociatcd "1th reduced insulin 
requirements. (Adapted from Medical Management o/1)/>e I Dwhetes. 3d ed. 
JS Styler (td). Alexandria, \ A. American Di<lbttes AssocicJIIOn 1998) 
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GENETIC CONSIDERATIONS The genetic contributions to
¢ type LA DM involve multiple genes. The developmentofthe dis-
case appears to require inheritance ofa sufficient complementofgenes
lo confer susceptibility to the disorder, The concordance of type 1A
DM in identical twins ranges between 30 and 70%,indicating that
additional modifying factors must be involved in determining whether
diabetes develops. The major susceptibility gene for type 1A DM is
located in the HLA region on chromosome 6. Polymorphisms in the
HLA complex appear to account for 40 to 50% of the genetic risk of
developing type LA DM. This region contains genesthat encode the
class IT MHC molecules, which present antigen to helper T cells and
thus are involved in initiating the immune response (Chaps. 305, 306,
401). The ability of class II MHC molecules to present antigen is
dependent on the amino acid composition of their antigen-binding
‘tts. Amino acid substitutions may influence the specificity of the
inmune response by altering the binding affinity of different antigens
forthe class IT molecules.

Most individuals with type 1A DM have the HLA DR3 and/or
+ haplotype. Refinements in genotyping of HLA loci have shown
| the haplotypes. DQAI*0301, DQB1*0302 and DQA1*S501,

(2810201 have the strongest association with type 1A DM. These
‘plotypes are present in 40% of children with type [A DM as com-

Pared to 2% of the normal U.S. population.
|h addition to MHCclassIf associations,at least 17 different ge-

thes may contribute susceptibility to type 1A DM. For example,
eeeen in the promoter region of the insulin gene appearfo
Coney °r ~10% of the predisposition to type 14 DM. Genes ba
Boron against the developmentof the disease also exist.
2% ofnee: the haplotype DQA1*0102, DQB1*0602 is. presenti
he | e US. population but is extremely rare in individuals with
Ao (<1%), ar.

inget type [A DM is clearly associated with certain pre
topdiane most individuals with thesehaplotypes 90 nit ee
hive ‘dbetes. In addition, most individuals with type 1A DM do not

* first-degree relative with this disorder. Nevertheless, the
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Insulin signal transduction pathway. The insulin receptor has intrinsic tyrosine kinase
activity and interacts with insulin receptor substrates (IRS and She) proteins. A number of “docking”
proteins bind to these cellular proteins and initiate the metabolic actions of insulin [GrB-2, SOS, SHP-2,
p65, p110, and phosphoinositol phosphate 3-kinase (PI 3-kinase)]. Insulin increases glucose transport
through PI 3-kinase, which promotes the translocationofintracellular vesicles containing GLUT4glucose
transporter to the plasma membrane. (Adaptedfrom Lowe, 1998; Virkamakiet al, 1999)

risk of developing type 1A DM forrelatives of individuals with the
disease is considerably higher compared to the risk for the general
population.

Autoimmune Factors Although other islet cell types [alpha
cells (glucagon-producing),delta cells (somatostatin-producing) or PP
cells (pancreatic polypeptide-producing)) are functionally and embry-
ologically similar to beta cells and express most of the same proteins
as beta cells, they are inexplicably spared from the autoimmune pro-
cess. Pathologically, the pancreatic islets are infiltrated with lympho-
cytes (in a process termed insulitis). After all beta cells are destroyed,

Immunologic
trigger

Immunologic abnormalities

Genetic
predisposition Progressive impairment

of insulin release
Overt diabetes+ 

 
 

 
"Honeymoon"

period

No diabetes {
aa ae Diabetes|

Betacellmass(%ofmax)
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FIGURE333-5 Temporal model for development oftype 1 diabetes. Indi-
viduals with a genetic predisposition are exposed to an immunologic tngger
thatinitiates an autoimmune process, resulting in a gradual decline in beta cell
mass. The downward slope ofthe beta cell mass varies amongindividuals. This
progressive impairmentin insulin release results in diabetes when ~S8O0%of
the betacell mass is destroyed. A “honeymoon” phase maybe seenin the first
1 or 2 years after the onset of diabetes and is associated with reduced insulin
requirements. (Adapted from Medical Management of Type | Diabetes, 3d ed,
JS Skyler (ed). Alexandria, VA, American Diabetes Association, 1998)
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1he 111namma1ory proce,, abates. 1hc isleLs become atrophic. and im­
munologic marl..cr. d1'appcar. Studies of the in,uliti\ and autoimmune 
proce" 111 human, and animal models of type I A OM (NOD mou,e 
and BB rat) ha,c 1dcntitied the following abnonnali1ie, in ho1h the 
humoral and cellular arms of the immune system: (I) l\let cell auto­
antibodie,: (2) acli\Jtcd lymphocyte, in the i,let,. pcnpancrcat1c 
lymph node,. and ,y,temic circulation: (3) T lymphocytes that prolif­
erate when ,timulated with i,let proteins: and (4) relea,e of cytokinc, 
within the in,uli11,. Beta cells seem 10 be panicularly su~ccptiblc to 
the toxic effect of ,ome cytol..ines (tumor necrosis factor er, interferon 
y, and interleukin I). The precise mechanisms of beta cell death are 
not l..nown but may involve formation of nitric oxide metabolites, 
apoptosis. and direct CDS+ T cell cytotoxicity. Islet autoan1ihoclies 
are not thought to be involved in the destructive process. a, these 
antibodies do not generally react with the cell surface of islet cells and 
are not capable of transferring diabetes mellitus to animals. 

Pancreatic islet molecules targeted by the autoimmune process in­
clude insulin, glutamic acid decarboxylase (GAD; the b1osynthe11c en­
zyme for the neurotransminer GABA). ICA-512/IA-2 (homology with 
tyrosine phosphatases), and phogrin (insulin secretory granule pro­
tein). Other less clearly defined autoantigens include an islet gangli­
oside and carboxypeptidase H. With the exception of insulin, none of 
the autoantigens are beta cell specific. which raises the question of 
how the beta cells are selecti\'ely destroyed. Current theories favor 
initiation of an autoimmune process directed at one beta cell molecule, 
which then spreads to other islet molecules as the immune process 
destroys beta cells and creates a series of secondary autoantigens. The 
beta cells of individuals who develop type IA OM do not differ from 
beta cells of nom1al individuals, since transplanted islets are destroyed 
by a recurrence of the autoimmune process of type I A OM. 

Immunologic Markers Islet cell au1oantibodies (JCAs) are a 
composite of several different antibodies directed at pancreatic islet 
molecules such as GAD, insulin, IA-2/ICA5 I 2, and an islet ganglio­
side and serve as a marker of the autoimmune process of type I A OM. 
Testing for ICAs can be useful in classifying the type of OM as type 
IA and in identifying nondiabetic individuals at risk for developing 
type IA OM. ICAs are present in the majority of individuals (>75%) 
diagnosed with new-onset type IA DM. in a significant minority of 
individuals with newly diagnosed type 2 OM, and occasionally in 
md1viduals w11h GDM (< 5%). ICAs are present in 3 to 4% of fir.t­
degree relatives of individuals with type I A OM. In conjunction with 
impaired insulin secretion on intravenous glucose tolerance testing, 
they predict a >50% nsk of developing type IA OM within 5 years. 
Without this impairment in insulin secretion. the presence of ICAs 
predict.s a 5-year risk of < 25%. Based on these data, the risk of a first­
degree relative developing type IA OM is relatively low, and even 
ICA-positive mdividuals are not destined to develop diabetes. At 
present, the ICAs are used predominantly as a research tool and not 
in clinical practice, in pan because of the 1echnically demanding nature 
of the assay but also because no treatments have been proven to pre­
vent the occurrence or progression of type I A OM. 

Environmental Factors Numerous environmental event s have 
been proposed to trigger the autoimmune process in genetically sus­
ceptible individuals; however, none have been conclusively linked to 
diabetes. Identitica1ion of an environmental trigger has been difficult 
because the event may precede the onset of OM by several years (Fig. 
333-5). Pu1a11ve environmental triggers include viruses (coxsack,e and 
rubella most prominently), early exposure to bovine milk prote1m. and 
ni1rosourea compounds. Epidemiologic studies ha\'e noted an associ­
ation between bovine mill,. mtake and type IA OM; studies are ongoing 
10 imcstiga1e a possible relationship bet\,een exposure to bo\'ine m,11.. 
and the autoimmune process of type IA OM. 

Pre, cntion or T) pe IA 0.\1 A number or mtervenuon, have 
su~i;c,sfully delayed or pre\ented diabetes in animal models. Some 
inter\'enuon, have targeted the immune system d1rec1ly (11nmuno,up­
pression, selective T cell subset deletion, induc11on of immunologic 

tulcrancc to islet proteins). whereas others have prevented islet cell 
death by blocking cytotoxic cytokines or increasing islet resistance to 
the destructive process. Though results 111 animal models are promis­
mg. most of these interventions have not been successful in preventing 
type I A OM in humans. Clinical tnals of several interventions are 
underway in the United States and Europe. The Diabetes Prevention 
Trial-type I is being conducted 10 determine whether administering 
insulin to individuals at high risk for developing type IA OM can 
induce immune tolerance and alter the autoimmune process of type 
IADM. 

TYPE 2 OM Type 2 DM is a heterogeneous disorder with a 
complc., ellology that develops 111 response to genetic and environ­
mental innuences. Central to the development ot type 2 OM are insulin 
resistance and abnormal insulin secretion. Although controversy re­
mains regarding the primary defect. most studies suppon the view that 
insul in ,esistance precedes insulin secretory defcch. 

~ (;~.,vm· Co'lsrnF.RA 1rn,s Type 2 OM has a strong ge­
(2 netic component. Although the major genes that predispose to this 
disorder have yet to be identified, ii is c lear that the d1sea~e is poly­
genie and multifactorial. Various gene11c loci contribute to suscepti­
bility. and environmental factors (such as nutrition and physical activ­
ity) funher modulate phenotypic expression of the disease. The 
concordance of type 2 OM in identical twins is between 70 and 90%. 
Individuals with a parent with type 2 OM have an increased risk of 
diabetes; if both parents have type 2 OM. the nsk in offspnng may 
reach 40%. Insulin resistance. as demonstrated by reduced glucose 
u1iliza1ion in skeletal muscle. is p=ent m many nondiabetic. first­
degree relatives of individuals \\ ith type 2 OM. However. definition 
of the genetic abnormalities of type 2 OM remains a challenge because 
the genetic defect in insulin secretion or action may not manifest itself 
unless an environmental event or another genetic defect. such as obe­
sity. is superimposed. 

The identi fication of individuals with mutations in various mole­
cules involved in insulin action (e.g., the insulin receptor and enzymes 
involved in glucose homeostasis) has been useful for characterizing 
key steps in insulin action. However. mutations in these molecules 
account for a very small fract ion of type 2 OM. Likewise, genetic 
defects in proteins involved in insulin secretion have not been found 
in moM individuals with type 2 OM. Genome-wide scanning for mu­
tations or polymorphisms associated with type 2 OM is being used in 
an effon 10 identify genes associated with type 2 OM. ■ 

Pathophysiology Type 2 OM is characterized by three patho­
phys1ologic abnonnalities: impaired insulin secretion, peripheral in­
sulin resistance, and excessive hepatic glucose production. Obesity, 
panicularly visceral or central. is very common m 1ype 2 OM. Insulin 
resiMance associated with obesity augments the geneucally detemiined 
insulin resistance of type 2 OM. Adipocytes secrete a number of bio­
logic products (leptin, tumor necrosis factor a. free fatty acids) that 
modulate processes such as insulin secre11on, insulin action. and body 
weight and may contribute to the insulin resbtance. In the early stages 
of the disorder, glucose tolerance remain, normal, despite insulin re­
sistance, because the pancreatic beta cells compensate by increasing 
insul in output. As insulin resistance and compensatory hyperinsuli­
nemia progress, the pancreatic islets become unable 10 sustain the hy­
perinwlinemic stale. IGT, marked by elevations in postprandial glu­
cose, then develops. A funher decline in insulin secretion and an 
mcrease 111 hepatic glucose production lead to oven diabetes with fast­
ing hyperglycemia. Ultimately, beta cell failure may en,ue. 

Meta bolic Abnormalities • Insulin rtsista11ce This is caused 
~) the decreased ability of insulin to act effecti\ely on peripheral 1arget 
t1s,ues (especially muscle and li\'er) and is a prominent feature of 1ype 
2 OM. This resistance is relall\e, since supernormal levels of circu­
lating insuhn will normalize the pl:i!>ma glucose. Insulin dose-response 
curves exhibit a rightward shift, indicating reduced ,ens111v11y, and a 
reduced ma~imal response, ind1ca11ng an overall decrea.-.e m maxunum 
glucose uuluation (30 to 60% lo\\er than normal ind1v1duals). Resis­
tance to the action of insulin impair:, glucose uulization by msuhn-

MPI EXHIBIT 1109 PAGE 18



r 
11\e ossues and increases hepa11c glucose outpul botl f' 

""'' . . - 1 e ,ects 
etlflinbUling 10 1he h) pcrglycem1a of diabetes. Increased hepai,c glu-

ouipul pre. dominantly accoun1s for increased FPG I I 1 co..t · eve s. " 1creas 
Jl<."Ttased penpheral glucose u~age re.\ults in postprandial hypergly-

13 In skeleial muscle. there 1s a greater impainnent 111110 'd • 
ctnl · • • . . nox1 at1ve 
~iJCOSC usage (glycog~n fom1a11011) than 111 oxidative glucose mctab-
oiislll through glycolys1s. Glucose usage in insulin-independenl hssues 

OI decreased m type 2 OM. 
11 n · I I I f · 'file precise mo ecu ar mcc 1a111sm o insulin resistance in t 2 
D'I has )Cl to be elucidated. Insulin receptor levels and tyrosine ~~:e 
sci'' II) in skelc1al musck are reduc~d, but these alterations are most 
hlel) secondary to hypcnnsuhnernia and are not a primary defect. 
nierefore. post~eptor def~cts arc believed to play the predominant 
role 111 insulin resistance (Fig. 333-4). Polymorphisms in IRS-I . h I . may 
be associa~ed ~II g_ ucose intolerance. raising the possibility that 
polymorph1~ms m vanous post receptor molecules may combine 10 cre­
aie an insuhn-res1stant state. 

A curre_nt focus for. the pathogenesis of insulin resistance focuses 
00 1 Pl-3 kmase s1gnahng defect. which causes reduced translocation 
of GLIJT4 to the plasma membrane. among other abnomialities. Of 
note, not all insulin signal transduction pathways are resistant to the 
effects of insulin (e.g., those controlling cell growth and differentia­
tion). Consequently, hyperinsulinemia may actually increase the in­
sulin action through these pathways. 

Another emerging theory proposes that elevated levels of free fatty 
acids.acornmo~ feature of ?besity, may contribute to the pathogenesis 
of iype 2 DM m several different ways. Free fatty acids can impair 
glucose utilization in skeletal muscle. promote glucose production by 
the lirer, and impair beta cell function. 

Impaired insulin secretion Insulin secretion and sensitivity are 
imerrelated (Fig. 333-6). In type 2 OM, insulin secretion initially in­
cruses in response to insulin resisiance in order to maintain nomial 
~ucose tolerance. Initially, the insulin secretory defect is mild and 
selectively involves glucose-stimulated insulin secretion. The response 
IO other nonglucose secretagogues. such as arginine, is preserved. 
Erentually, the insulin secretory defect progresses to a state of grossly 
inadequa1e insulin secretion. Some endogenous insulin production 
continues, but the amount secreted is Jess than the amount secreted by 
normal individuals at the same plasma glucose concentration. 

The reason(s) for the decline in insulin secretory capacity in type 
2 OM is unclear. Despite the assumption that a second genetic de­
fect-superimposed upon insulin resistance-leads to beta cell fail­
ure, imense genetic investigation has so far excluded mutations in islet 
i:indidate genes. Islet amyloid polypeptide or amylin is cosecreted by 
lhebeta cell and likely fomis the amyloid librillar deposit found in the 
ijlets of individuals with longstanding type 2 OM. Whether such islet 
llllyloid deposits are a primary or secondary event is not known. The 
metabolic environment may also impact islet function negatively. For 
c:3111p1e, chronic hyperglycemia paradoxically impairs islet function 
{ glucose toxicity") and leads to a worsening of hyperglycemia. Im­
provement in glycemic control is often associated with improved islet 
function. In addition, elevation of free fatty acid levels ("lipotoxicity") 
also ~orscns islet function. 

1 
Increased hepatic glucose productio11 The liver mai~tains 

~asma glucose during periods of fasting through glycogenolys1~ and 

1 
UConeogenesis using substrates derived from skeletal muscle and fat 

alanme, lactate, glycerol and fatty acids). Insulin promotes the stor-
age of I ' • In g ucosc as hepatic glycogen and suppresses gluconeogenes1s. 
~:'PC 2 ~M. insulin resistance in the liver arise~ from the ~ailurc_ of 
b llnsulmem1a 10 suppress gluconeogenesis, which re;ults 111 fas1111g 
:~lycemia and decreased glucose storage b~ the Ii ver in the post­
~ al sta~c. Increased hepatic glucose production occurs early 111 the 
lbno of_ ~iabetes, though likely after the on;et of msuhn secretory 

i:a~ties ~d insulin resistance in skeletal muscle. . . . . 
i,._ ulin Reststance Syndromes It is likely that the insulin res1s­
--c cod'· lllia n Ilion comprises a ;pectrum of disorders, with hyperglyce-
f II representing one of the most readily diagnosed features. Syndrome 

a tcnn USed to describe a constellation of metabolic derangements 
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FIGURE 333-6 Metabolic changes during the dcvclopmcnl of type 2 dia­
betes. A. The mean plasma insulin and insulin-media1ed glucose up1ake during 
an oral glucose 1olcrancc 1es1 (OGTI). B. The mean plasma glucose during an 
OGTI. On lhe x-axis arc groups of: control individuals. obese individuals. 
obe,e and glucose intolcram individuals, obese individuals wi1h diabetes and 
high insulin, and obese individullls wilh diabe1es and low insulin. (From RA 
DeFron:o: Lilly lec111re. The tri111111-irate: Bera-all, muscle, li>'er· A collusion 
respo11si/J/efor NIDDM. Diaberes 37:667, 1998. ll'ilh permission.) 

that includes insulin resistance, hypertension, dyslipidemia, central or 
visceral obesity. endothelial dysfunction, and accelerated cardiovas­
cular disease. Epidemiologic evidence supports hyperinsutinemia as a 
marker for coronary artery disease risk, though an etiologic role has 
not been demonstrated. 

A number of fonns of severe insulin resistance may be associated 
with a phenotype similar to that in type 2 OM or IGT (Table 333-1). 
Aca111hosis 11igrica11s and signs of hyperandrogenism (hirsutism, acne, 
and oligomenorrhea) are common physical features. In addition to rare 
genetic syndromes seen in early childhood, two distinct syndromes of 
severe insulin resistance have been described in adults: (1) type A, 

which affects young women and is characterized by severe hyperin­
sulinemia, obesity, and features of hyperandrogenisrn; and (2) type B, 
which affects middle-aged women and is characterized by severe hy­
perinsulinemia, features of hyperandrogenism, and autoimmune di • 
orders. Individuals with the type A insulin re;istance syndrome have 
an undefined defect in the insulin signaling pathway; individuals with 
the type B insulin resistance syndrome have autoanllbodie; directed 
at the insulin receptor. These receptor au1oan11bodie ma) block in­
sulin binding or may stimulate the insulin receptor, leading to inter­
mittent hypoglycemia. 

Polycystic 01·ary syndrome (PCOS) is a common di;order that af­
fects premenopausal women and is characterized b) chronic anovu­
lation and hyperandrogenism. Insulin re i tance i, seen in a s1gniticant 
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easitive tissues AY ooers hepatic glucose Output—both effects
p(ibUlin to the hyperglycemia of diabetes. Increased hepatic glu-
Pe output predominantly accounts for increased FPG levels, whereas
© ereased peripheral glucose usage results in postprandial hypergly-

mia. In skeletal muscle, there isa greaterimpairment in nonoxidative
ease usage (glycogen formation) than M oxidative glucose metab-

fist through glycolysis. Glucose usage in insulin-independenttissues
nat decreased in type 2 DM. '

* The precise molecular mechanism of insulin resistance in type 2
pMhas yet t© be elucidated. Insulin receptor levels and tyrosine kinase
gctivily in skeletal muscle are reduced, but these alterations are most
iikely secondary to hyperinsulinemia and are not a primary defect.
Therefore, postreceptor defects are believed to play the predominant
role in insulin resistance (Fig. 333-4). Polymorphisms in IRS-| may
pe associated with glucose intolerance, raising the possibility that

jymorphisms in various postreceptor molecules may combineto cre-
ate an insulin-resistantstate,

A current focus for the pathogenesis ofinsulin resistance focuses
on a PI-3 kinase signaling defect, which causes reduced translocation
of GLUT4 to the plasma membrane, among other abnormalities, Of
pote, not all insulin signal transduction pathways are resistant to the
effects of insulin (e.g., those controlling cell growth and differentia-
tion). Consequently, hyperinsulinemia may actually increase the in-
sulin action through these pathways.

Another emerging theory proposesthatelevated levels of free fatty
acids, acommon feature ofobesity, may contribute to the pathogenesis
of type 2 DM in several different ways. Free fatty acids can impair
glucose utilization in skeletal muscle, promote glucose production by
the liver, and impair beta cell function.

Impaired insulin secretion Insulin secretion and sensitivity are
interrelated (Fig. 333-6), In type 2 DM,insulin secretion initially in-
creases in response (o insulin resistance in order to maintain normal
glucose tolerance. Initially, the insulin secretory defect is mild and
selectively involves glucose-stimulated insulin secretion. The response
lo other nonglucose secretagogues. such as arginine, is preserved.
Eventually, the insulin secretory defect progressesto a state of grossly
inadequate insulin secretion, Some endogenous insulin production
continues, but the amountsecretedis less than the amount secreted by
nommal individuals at the same plasma glucose concentration.

The reason(s) for the decline in insulin secretory capacity in type
2 DMis unclear. Despite the assumption that a second genetic de-
‘ect—superimposed upon insulin resistance—leads to betacell fail-
ure,intense genetic investigation has so far excluded mutationsin islet
candidate genes. Islet amyloid polypeptide or amylin is cosecreted by
the beta cell and likely formsthe amyloid fibrillar deposit foundin the
islets of individuals with longstanding type 2 DM. Whethersuchislet
amyloid deposits are a primary or secondary eventis not known. The
Metabolic environment may also impactislet function negatively. For
‘xample, chronic hyperglycemia paradoxically impairs islet function
glucose toxicity”) and leads to a worsening of hyperglycemia. Im-
Provement in glycemic control is often associated with improvedislet
function, In addition, elevation offree fatty acid levels (“lipotoxicity”)

‘0 Worsens islet function. a
Increased hepatic glucose production The liver maintains

Plasma glucose during periods of fasting through glycogenolysis and
Econeogenesis using substrates derived from skeletal muscle and fat
Me 7 lactate, glycerol, and fatty acids). Insulin promotes the 4

glucose as hepatic glycogen and suppresses gluconeogenesis.
‘pe 2 DM,insulin resistance in the liver arises fromthe failure of
enisulinemia lo suppress gluconeogenesis, which results in fasting
“Petelycemia and decreased glucose storage by the liver in the post-
en Slate. Increased hepatic glucose production occurs ear!ly inthe
hanrnct diabetes, though likely after the onset of insulin secretory

alities and insulin resistance in skeletal muscle.
ulin Resistance Syndromes Itis likely thatthe insulin resis-

itestion comprises a spectrumof disorders, with hyperglyce-
Kis eeeeating one ofthe mostreadily diagnosed features. Syndrome

"mM used to describe a constellation of metabolic derangements
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FIGURE333-6 Metabolic changes during the development of type 2 dia-
betes. A. The mean plasmainsulin and insulin-mediated glucose uptake during
an oral glucose tolerance test (OGTT). 8. The mean plasma glucose during an
OGTT. On the x-axis are groups of: control individuals, obese individuals,
Obese and glucose intolerant individuals, obese individuals with diabetes and
high insulin, and obese individuals with diabetes and low insulin. (From RA
DeFronzo:Lilly lecture. The triumvirate: Beta-cell, muscle, liver: A collusion
responsible for NIDDM, Diabetes 37:667, 1998, with permission.)

that includes insulin resistance, hypertension, dyslipidemia, central or
visceral obesity, endothelial dysfunction, and accelerated cardiovas-
cular disease. Epidemiologic evidence supports hyperinsulinemia as a
marker for coronary artery disease risk, though an etiologic role has
not been demonstrated.

A numberofforms of severe insulin resistance may be associated
with a phenotype similar to that in type 2 DM or IGT (Table 333-1).
Acanthesis nigricans and signs. of hyperandrogenism (hirsutism, acne,
and oligomenorrhea) are common physical features. In addition to rare
genetic syndromes seen in early childhood, two distinct syndromes of
severe insulin resistance have been described in adults: (1) type A,
which affects young women and is characterized by severe hyperin-
sulinemia, obesity, and features of hyperandrogenism; and (2) type B,
which affects middle-aged women and is characterized by severe hy-
perinsulinemia, features of hyperandrogenism, and autoimmunedis-
orders, 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 mayblock in-
sulin binding or may stimulate the insulin receptor, leading to inter-
mittent hypoglycemia.

Polyeystic ovary syndrome (PCOS) is a common disorder that af-
fects premenopausal women and is characterized by chronic anovu-
lation and hyperandrogenism. Insulin resistanceis seen in a significant

MPI EXHIBIT 1109 PAGE 19



2116 \Ill Fndocrinuloi:) and \letoboli, m important in identifying critical steps in the control of pancreatic beta 
cell function. 

,ubset of women wtth PCOS. and the disorder substantially increases 
the nsk for type 2 OM, mdependent of the effects of obesity. Both 
metfom1in and thiazolidinediones may attenuate hyperin,ulinemia. 
ameliorate hyperandrogenism. and induce ovulation. but are not ap­
proved for thi~ indication. 

Pre, ention Because type 2 OM is preceded by a period of !GT. 
a number of life-style modifications and phannacologic agents have 
been suggested to prevent or delay its onset. Individuals with a strong 
family history or those at high risk for developing OM should be 
strongly encouraged to maintain a nonnal body mass index and to 
engage in regular physical activity. Beyond this general advice. how­
ever, there are no ~pecific interventions proven to prevent type 2 OM. 
Clinical trials of variou~ interventions in individuals with IGT or early 
OM are underway in the United States and worldwide. 

MODY: GENETICALLY DEFINED, 
MO OGENIC FORMS OF 
DIABETES MELLITUS 
Several monogenic forms of OM have recently been identified. MODY 
comprises a phenotypically and genetically heterogeneous subtype of 
OM. Onset of the disease typically occurs between the ages of IO and 
25. Five different variants of MODY, due to mutations in genes en­
coding islet cell transcription factors or glucokinase (Fig. 333-3), have 
been identified so far. and all are transmitted as autosomal dominant 
disorders (Table 333-1 ). MODY 2, the most common variant, is caused 
by mutations in the glucokinase gene. Glucokinase catalyzes the for­
mation of glucose-6-phosphate from glucose, a reaction that is impor­
tant for glucose sensing by the beta cells and for glucose utilization 
by the liver. As a result of glucokinase mutations, higher glucose levels 
are required to e licit insulin secretory responses, thus altering the set 
point for insulin secretion. MODY I. MODY 3, and MODY 5 are 
caused by mutations in the hepatocyte nuclear transcription factors 
HNF-4a, HNF-la, and HNF-1/3, respectively. As their names imply, 
these transcription factors are expressed in the liver but also in other 
tissues, including the pancreatic islets. The mechanisms by which such 
mutations lead to OM is not well understood, but it is likely that these 
factors affect is let development or the transcription of genes that are 
important in stimulating insulin secretion. MODY 4 is a rare variant 
caused by mutations in the insul in promoter factor ()PF- I), which is 
a transcription factor that regulates both pancreatic development and 
insul in gene transcription. Homozygous inactivating mutations lead to 
pancreatic agenesis, whereas heterozygous mutations result in early­
onset OM. Studies of populations with type 2 OM suggest that mu­
tations in the glucokinase gene and various islet cell transcription fac­
tors do not account for ordinary type 2 OM. Nevertheless, e lucidation 
of the molecular genetics underlying these rare forms of OM has been 

COMPLICATIONS OF OM 
ACUTE COMPLICATIONS Diabetic ketoacidosis (OKA) 

and nonketotic hyperosmolar state (NKHS) are acute complicauons of 
diabetes. OKA is seen primarily in mdividuals with type I DM, and 
NKHS is seen in individuals with type 2 OM. Both disorders are as­
sociated wnh absolute or relative insulin deficiency, volume depletion. 
and altered mental Matus. DKA and NKHS exist along a continuum 
of hyperglycemia. with or without ketosis. The metabolic similarities 
and differences in OKA and NKHS are highlighted in Table 333-4. 
Both disorders are associated with potentially serious complications if 
not promptly diagnosed and treated. 

DIABETIC KETOACIDOSIS Clinical Features The symp­
toms and physical signs of OKA are listed in Table 333-5. OKA may 
be the initial symptom complex that leads to a diagnosis of type I 
OM. but more frequently it occurs in individuals with established di­
abetrs. Nausea anc! vomiting are often prominent, and their presence 
in an individual with diabetes warrants laboratory evaluation for DKA. 
Abdominal pain may be severe and sometimes suggests acute pancre­
atitis or ruptured viscous. Hyperglycemia leads to glucosuria, volume 
depletion, tachycardia. and possibly hypotension. Kussmaul respira­
tions and an acetone odor on the patient's breath (both secondary to 
metabolic acidosis) are classic signs of the disorder. Lethargy and 
central nervous system depression may evolve into coma with severe 
OKA. Cerebral edema. an extremely serious complication of OKA, is 
seen most frequently in children. Signs of infection. which may pre­
cipitate OKA, should be sought on physical examination. even in the 
absence of fever. 

Pathophysiology DKA results from insul in deficiency com­
bined with counterregulatory hom1one excess (glucagon, catechol­
amines, cortisol, and growth hormone). Both insulin defic iency and 
glucagon excess, in particular, are necessary for OKA to develop. The 
hyperglycemia of DKA results from increased hepatic glucose pro­
duction (gluconeogenesis and glycogenolysis) and impaired peripheral 
glucose utilization. The decreased ratio of insulin to glucagon pro­
motes gluconeogenesis. glycogenolysis, and ketone body formation in 
the liver. as well as increasing substrate delivery from fat and muscle 
(free fany acids. amino acids) 10 the liver. 

The combination of insulin deficiency and hyperglycemia reduces 
the hepatic level of fructose-2,6-phosphate, which airers the activity 
o f phosphofructokinase and fructose-1 ,6-bisphosphatase. Glucagon 
excess decreases the activity of pyruvate kinase, whereas insulin de­
ficiency increases the activity of phosphoenolpyruvate carboxykinase. 
These hepatic changes shift the handling of pyruvate toward glucose 
synthesis and away from glycolysis. Glycogenolysis is promoted by 
the increased levels of g lucagon and catecholamines in the face of low 

insulin levels. Insulin deficiency a lso reduces 

Table 333-4 LaboratorJ Value, in Diabetic Ketoacido,is {l)Ki\ ) and 11,onkclotic 
H_)Pero~molar State, (NKHS) (Representati>e Range; al Prc,enlalion) 

Levels of the GLUT4 glucose transporter. 
which impairs glucose uptake into skeletal 
muscle and fat and reduces intracellular glu­
cose metabolism (Fig. 333-4). 

Glucose.• mmol/L (mg/dL) 
Sodium, meq/L 
Potassium,• meq/L 
Magne~mm• 
Chloride" 
Phosphate" 
Creal mine, µmol/L (mg/dL) 
O,mol:ilil), mOsm/mL 
Plasma ke1oneS" 
Serum bicarbonale;• meq/L 
Anerial pH 
Artenal P, 0 _, mmHg 
Amon ga(Y' (:-la - (Cl > HCO,J], meq/L 

• UU'gc changc.s occu.r during 1rca1mcnt of DK.A 

OKA 

16.7-33.3 (300- 600) 
125- 135 

Normal 10 f • 
Normal• 
Normal 

i 
Slightly l 
300-320 
++++ 

< 15 meq/L 
6.8-7.3 
20-30 

l 

NKIIS 

33.3-66.6 (600- 1200) 
135- 145 
Nom1al 
Nom1al 
Nonnal 
1'ormal 

Moderately l 
330-380 

+/­
Normal to slighll) 

>7.3 
Normal 

Nom1al to ~lightly j 

• Although pl.a,ma lever. may be normal or high at presentation. total-body ,tores arc usually depicted. 

Ketosis results from a marked increase in 
free fany acid release from adipocytes. with a 
resulting shift toward ketone body synthesis in 
the liver. Reduced insulin levels, in combina­
tion with elevations in catecholamines and 
growth honnone, lead to an increase in lipol­
ysis and release of free fatty acids. Normally, 
these free fany acids are converted to triglyc­
erides or very low density lipoprotems (VLDL) 
in the liver, but in DKA, hypcrglucagonemia 
alters hepatic metabolism 10 fa,or ketone body 
formation, through activation of the enzyme 
cami11ne palmitoyhransfe~e I. This enzyme 
is crucial for regulatmg fany acid tr~port 11110 
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5 \lanife,talions of Oiabelic Keloacidosi, 
bltJ.I.I:_::•::..,_..,:_------------------!!---° 
plorn; 

S1111 a,11om1ung 
\ aUSl . 
nur-1/pOI) una 
t,dominal pain . 

-~ _, mental funcl ,on 
,\lttrcu th 
slt0(1JICSS of brea 
, ,1aung c,ent> . . 

flt' P equate ,nsultn admm1Mrat 1011 
~ uon_(P_ neumoma/UTVgas­
'"'tc . ) uoen1enus/scps1s 
nf tion (cerebral, coronary, 
1 ;nteric. peripheral) 
[)nlg, (cocaine) 

,-,,TE: UTI, unn3J")' tract mfccllon. 

Physical findings 
Tachycardia 
Dry mucous membranes/reduced 
skin turgor 

Dehydration/ hypotcnsion 
Tachypnea / Kussmaul respira­

uons/rcsp1ra1ory distress 
Abdominal tenderness (may re­
semble acute pancrca1i1is or sur­
gical abdomen) 

Fever 
Lethargy /ob1undation / cerebral 
edema / possibly coma 

!ht mitochondria. where beta oxidation and conversion to ketone bod-
oocurs. At physiologic pH, ketone bodies exist as ketoacids. which 

,es neutralized by bicarbonate As bicarbonate stores are depleted, 
:abolic acidosis ensues. Increased lactic acid production also con­
tributes 1o the acidosis. The increased free fatty acids result in in­
crrascd triglyceride production and increased hepatic production of 
VWL. VLDL clearance is abo reduced because lhe activity of insulin­
sensitive lipoprotein lipase is decrea~ed. Hypenriglyceridemia may be 
sc1ere enough to cause pancreatitis. 

DKA can be precipitated by inadequate levels of plasma insulin 
ror a variety of reasons (Table 333-5). Most commonly, OKA is pre­
opitated when relatively insufficient insulin is available when insulin 
requiremenlS increase. as might occur during a concurrent illness. Fail­
ure 10 augment insulin therapy appropriately by the patient or health 
care team compounds the problem. Occasional ly, complete omission 
o[ insulin by the patient or health care team (in a hospitalized patient 
•ith type I OM) precipitates OKA. Patients using insulin infusion 
de1ices with shon-acting insulin have a greater potential for OKA, 
since even a brief interruption in insulin delivery (e.g., mechanical 
malfunction) quickly leads to insulin deficiency. 

Laboratory Abnormalities and Diagnosis The timely diagno­
lll o[DKA is crucial and allows for prompt initiation of therapy. OKA 
is characterized by hyperglycemia, ketosis, and metabolic acidosis (in­
cteascd anion gap) along with a number of secondary metabolic de­
rangemenlS (Table 333-4 )). Serum bicarbonate is frequently < I 0 
mmoVL, and anerial pH ranges between 6.8 and 7.3, depending on 
!he severity of the acidosis. Despite a total-body potassium deficit, the 
serum potassium at presentation is typically at the high end of the 
normal range or mildly elevated, secondary to the acidosis. Total-body 
!!Ores of sodium, chloride, phosphorous, and magnesi~m are al~o re­
duced in DKA, but are not accurately reflected by their levels m the 
serum. Elevated blood urea nitrogen (BUN) and serum crea1inine lev­
rls reflect intravascular volume depletion. Interference from aceto­
ietlate may falsely elevate the serum creatinine measurement. Leu­
kocyiosis, hypenriglyceridemia, and hyperlipoproteine"?ia a~e 
commonly found as well. Hyperamylasemia may suggest a _diagno~1s 
of l)ancreatitis, especially when accompanied by abdominal pam. 
However, in DKA the amylase is usually of salivary origin and thus 
ij 

001 diagnostic of pancreatitis. 
The measured serum sodium is reduced as a consequence of the 

b)]lcrglycemia (1.6 meq (1.6 mmol/L) reduction in serum sodium for 
~ 100 mg/dL (5.6 mmol/L) rise in the serum glucose]. A normal 
ICrum SOdium in the setting of OKA indicates a more profound water 
~ficu. (n ·:conventional" units, the calculated serum osmolality (2 X 
8~ SOd_ium + serum potassium) + plasma glucose (mg/dL)/18 + 
~"ll2.SJ is mildly to moderately elevated, though 10 a lesser degree 

lhat found in NKHS hyperosmolar slate (see below). . 
a.~~ DKA, the ketone body, {3-hydroxybutyrate, is syn1J1es1zed at a 
'-ld. old greater rate than acetoacetate; however, the l~tter ket~ne 
~ ts Preferentially detected by a commonly used k_e10~1s detecuon 
f IUaJcnt (nitr?~russide). Serum ketones are present at s1gm~can1 lev~ls 

ly ll0s111ve at serum dilution of I :8 or greater). The nnroprusside 
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tablet. or stick. is oflen used to detect urine ketones: cenain medica­
tions such as captopril or penicillamine may cause false-positive re­
actions. Serum or plasma assays for {3-hydroxybutyrate more accu­
rately reflect the true ketone body level. 

The metabolic derangements of OKA exist along a spectrum. be· 
ginning with mild acidosis with moderate hyperglycemia evolving into 
more severe findings. The degree of acidosis and hyperglycemia do 
not necessarily correlate closely. as a variety of factors determine the 
level of hyperglycemia (oral intake, urinary glucose loss). Ketonemia 
is a consistent finding in OKA and distinguishes it from simple hy­
perglycemia. 

riLl TREATMENT The management o~ OKA is outlined in_ Tab!e 
~ 333-6. After initiating intravenous Hutd replacement and msulm 
therapy, the agent or event that precipitated the episode of OKA should 
be sought and aggressively treated. If the patient is vomiting or has 
altered mental status, a nasogastric tube should be insened to prevent 
aspiration of gastric contents. Central to successful treatment of OKA 
is careful patient monitoring and frequent reassessment to ensure that 
the patient and the metabolic derangements are improving. A compre­
hensive flow sheet should record chronologic changes in vital signs, 
Huid intake and output. and laboratory values as a function of insulin 
administered. 

After the initial bolus of normal saline. replacement of the sodium 
and free water deficit is carried out over the neict 24 h (fluid deficit is 
often 3 to 5 L). When hemodynamic stability and adequate urine out­
put are achieved. intravenous H uids should be switched to 0.45% saline 
at a rate of 200 to 300 mL/h, depending on the calculated volume 
deficit. The change to 0.45% saline helps reduce the trend toward 
hyperchloremia later in the course of OKA. Alternatively. initial use 
of lactated Ringer's intravenous solution may reduce the hyperchlo­
remia that commonly occurs with normal saline. 

A bolus of intravenous or intramuscular insulin (10 to 20 units) 
should be administered immediately (Table 333-6)), and subsequent 
treatment should provide continuous and adequate levels of circulating 
insulin . Intravenous administration is preferred. because it assures 

T"bte JJJ-6 Management or Diabetic Ketoacidosi~ 

I. Confim1 diagnosis ( f plasma glucose, positive senim ketones, mernbolic 
acidosis). 

2. Admit to hospital; intensive-care scning may be necessary for frequent 
monitoring or if pH < 7.00 or unconscious. 

3. Assess: Serum elec1roly1cs (K· . Na•. Mg2•. Cl . bicarbonate, phosphate) 
Acid-base status-pl!, HCO, , Pco, 
Renal func tion (creatinine. urine ou1pu1) 

4. Replace fluids: 2- 3 L 0.9% saline over fir;t 1-3 h (5-10 mL/kg per hour): 
subsequently. 0.45% saline at 150-300 mL/h; change 10 5'¼ glucose and 
0.45% saline at 100-200 mL/h when plasma glucose reaches 14 mmoVL 
(250 mg/dL). 

5. Administer regular insulin: 10-20 units IV or IM. then 5-10 uni1s/h by 
conlinuous IV infusion: increase 2- to 10-fold 1f no response by 2-4 h. 

6. Assess palient: What precipitated the episode (noncompliance, inrection, 
trauma, infarc1ion, cocaine)? lnitiate appropriate workup for precipi1a11ng 
event [cultures. che,1 x-ray, electrocardiogram (ECG)] 

7. Measure capillary glucose every 1-2 h: measure clec1roly1cs (cspec1ally 
K , bicllrbonate, phospha1e) and anion gap every 4 h for fin.I 24 h. 

8. Monitor blood pressure, pulse, respirations. mental s1ams. fluid intake and 
output every 1- 4 h. 

9. Replace K : 10 mcq/h when plasma K < 5.5 meq/L. ECG nonnal, unne 
flow. and nonnal creatinine documented; admmi\ter 40-80 meq/h \\hen 
plasma K• < 3.5 meq/L or if bicarbonate 1s given. 

10. Continue above until patient 1s stable; gluco~e goal is 8.3-13.9 mmoVL 
(150-250 mg/dL). until acidosis 1s re,ol1ed. Jn,uhn infu'1on may be de­
creased 10 1-4 unit,/h. 

11. Admimster intennediate or long-actmg m,uhn a, ,oon as pa11cn1 1s eatmg. 
Allow for overlap m msulin mfusion and subcu1aneou, m,ulin inJc,11on. 

SOLRCE: Adapted from M Sperling. 111 fli,rapy for Dw~tt< l/e//11111 and R,/.,,rJ Dn­
ord,rs, 1998. 
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rapid distribution and allows adjustment of the infusion rate as the 
patient responds to therapy. Intravenous insulin should be con1tnued 
until the acidosis resolves and the patient is metabolically \table. As 
the acidosis and insulin resistance associated with DKA resolve, the 
insulin infusion rate can be decreased (to I to 4 umts/h). Intermediate 
or long-acting insulin. in combination with subcutaneous regular in­
sulin, should be administered as soon as the patient resumes eating. as 
this fac1lt1atcs transition to an outpatient insulin regimen and reduces 
length of hospit:11 sta). It is crucial to continue the insulin infusion 
until adequate insulin levels are achieved by the subcutaneous route. 
Even relatively brief periods of inadequate insulin adminimation in 
this transition phase may allow for DKA relapse. 

Hyperglycemia usually improves at a rate of 4.2 to 5.6 mmol/L 
(75 to 100 mg/dL per hour) as a result of insulin-mediated glucose 
disposal. reduced hepatic glucose release, and rehydration. The latter 
reduces catecholamines, increases urinary glucose loss. and c:xpand~ 
the intravascular volume. The decline in the plasma g lucose within the 
first I to 2 h may be more rapid and is mostly related 10 volume 
expansion. When the plasma glucose reaches 13.9 mmol/L (250 mg/ 
dL). glucose should be added to the 0.45% saline infusion to maintain 
the plasma glucose in the I I.I to 13.9 rnmoVL (200 to 250 mg/dL) 
range, and the insulin infusion should be continued. Ketoacidosis be­
gins to resolve as insulin reduces lipolysis, increases peripheral ketone 
body use, suppresses hepatic ketone body formation, and promotes 
bicarbonate regeneration. However. the acidosis and ketosis resolve at 
a slower rate than does the hyperglycemia. As ketoacidosis improve~. 
,8-hydroxybutyrate is converted to acetoacetate. Ketone body levels 
may appear to increase if measured by laboratory assays that use the 
nitroprusside reaction. which only detects acetoacetate and acetone 
levels. The improvement in acidosis and anion gap, a result of bicar­
bonate regeneration and decline in ketone bodies. is reflected by a rise 
in the serum bicarbonate level and the arterial pH. Depending on the 
rise of serum chloride, the anion gap (but not bicarbonate) will nor­
malize. A hyperchloremic acidosis [serum bicarbonate of 15 to 18 
mmol/L (15 to 18 meq/L)] often follows successful treatment and is 
minimized by the use of hypotonic intravenous solutions. This grad­
ually resolves as the kidney regenerates bicarbonate and excretes chlo­
ride. 

Potassium stores are depleted in DKA [estimated deficit 3 to 5 
rnmol/kg (3 to 5 meq/kg)], but the serum potassium may be normal 
or even elevated at the time of presentation. During treatment with 
insulin and fluids, various factors contribute to the development of 
hypokalemia. These include insulin-mediated potassium transport into 
cells. resolution of the acidosis (which also promotes potassium entry 
into cells), and urinary loss of potassium salts of organic acids. Thus, 
potassium repletion should commence as soon as adequate urine out­
put and a normal scrum potassium are documented. If the initial scrum 
potassium level is elevated, then potassium repletion ~hould be de­
layed until the potassium falls into the normal range. Inclusion of 20 
to 40 meq of potassium in each liter of intravenous fluid is reasonable, 
but additional potassium supplements may also be required. To reduce 
the amount of chloride administered, potassium phosphate or acetate 
can be substituted for the chloride salt. The goal is 10 maintain the 
scrum potassium >3.5 mmol/L (3.5 meq/L). 

Despite a bicarbonate deficit, bicarbonate replacement is not usu­
aJly necessary or advisable. In fact, theoretical arguments suggest that 
bicarbonate administration and rapid reversal of acidosis may impair 
cardiac function. impair tissue oxygenation, and promole hypokale­
mia. The results of most clinical trials do not support the routine use 
of bicarbonate replacement. In the presence of severe acidosis (arterial 
pH < 7.0 or hypotension unresponsive to fluid resuscitation). some 
physicians administer bicarbonate [50 to 150 mmol/L (meq/L) of so­
dium bicarbonate in 250 ml of 0.45% saJine over I to 2 h until the 
scrum bicarbonate rises to approximately 10 mmol/L (meq/L)J. Hy­
pophospha1em1a may result from increased glucose usage, but random­
ized cli111caJ trials have not demonstrated that phosphate replacement 

is beneficial in OKA. If the serum phosphate is < 0.32 mmol/L (1.0 
mg/di). then phosphate supplement should be considered and the se­
rum calcium monitored. I lypomagncsemia may develop during DKA 
therapy and ma) also require supplementation. 

With appropriate therapy. the mortality of DKA is low ( <5%) and 
1s related more to the underlying or precipllating event, such as infec­
tion or myocardial infarction. The major nonmetaboltc complication 
of DKA therapy is cerebral edema, which most often develops in chil­
dren as DKA is resolving. The etiology and optimal therapy force­
rebral edema are not well established, but overreplacement of free 
water should be avoided. Venous thrombosh and adult respiratory 
distress syndrome occasionally complicate DKA. 

Following successful treatment of DKA, the physician and patient 
should review the sequence of events that led to OKA to prevent future 
recurrences. Foremost is patient education about the symptoms of 
DKA. its precipitating factors, and the management of diabetes during 
a concurrent illness. During illness or when oral intake is compro­
mised, patienls should: (I) frequently measure the capi llary blood glu­
cose; (2) measure urinary ketones when the serum glucose > 16.5 
mmol/L (300 mg/dL); (3) drink fluids 10 maintain hydration: (4) con­
tinue or increase insulin: and (5) seek medical attention if dehydration. 
persistent vomiting. or uncontrolled hyperglycemia develop. In this 
way. early OKA can be detected and treated appropriately on an out­
patient basis. 

NONKETOTIC HYPEROSMOLAR STATE Clinical Fea­
tures NKHS is most commonly seen in elderly individuals with type 
2 DM. Its most prominent features include pol) uria: orthostatic hy­
potension; and a variety of neurologic symptoms that include altered 
mental status. lethargy, obtundation, seizure, and possibly coma. The 
prototypical patient is a mildly diabetic, elderly individual with a sev­
eral week history of polyuria. weight loss, and diminished oral intake 
that culminates in mental confusion, lethargy, or coma. The physical 
examination reflects profound dehydration and hyperosmolality and 
reveals hypotension, tachycardia, and altered mental status. Notably 
absent are symptoms of nausea, vomiting. and abdominal pain and the 
Kussmaul respirations characteristic of DKA. NKHS is often precip­
itated by a serious, concurrent illness such as myocardial infarction or 
stroke. Seps is, pneumonia, and other serious infections are frequent 
precipitants and should be sought thoroughly. In addition. a debilitat­
ing condition (prior stroke or dementia) or social situation t11at com­
promises water intake may contribute to the development of the dis­
order. Finally. the development of NKHS can be associated with the 
use of certain medications (tl1iazide diuretics, glucocort1coids, phenytoin). 

Pathophysiology Insulin deficiency and inadequate fluid intake 
arc the underlying causes of NKHS. Insulin deficiency increases he­
patic glucose production (through glycogenolysis and gluconeogene­
sis) and impairs glucose utiliLation in skeletal muscle (see above dis­
cussion under DKA). Hyperglycemia induces an osmotic diuresis that 
leads to profound intravascular volume depletion, which is exacer­
bated by inadequale fluid replacement. The absence of ketosis in 
NKHS is not completely understood. Presumably, the insulin defi­
ciency is only relative and less severe than in DKA. Lower levels of 
counterregulatory hormones and free fatty acids have been found in 
NKIIS than in DKA in some studies. It is also possible that the liver 
is less capable of ketone body synthesis or that the insulin/glucagon 
ratio does 1101 favor ketogenesis. 

Laboratory Abnormalities and Diagnosis The laboratory fea­
tures in NKHS are summarized in Table 333-4. Most notable are the 
marked hyperglycemia [plasma glucose may be > 55.5 mmol/L (1000 
mg/dL)l, hyperosmolaltty (> 350 mosmol/L), and prerenal azotemia. 
The measured serum sodium may be normal or slightly low despite 
the marked hyperglycemia. The corrected serum sodium is usually 
increased [add 1.6 meq 10 measured sodium for each 5.6 mmoVL (100 
mg/dL) nse in the serum glucose]. In contrast to DKA. acidosis and 
ketonemia are absent or mild. A small anion gap metabolic acidosis 
may be present secondary 10 increased lactic acid. Moderate kctonuna. 
1f present, 1s secondary 10 stanation. 
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TREAT'1E:\T Volume depletion and hyperglycemia are 
j prominent features of_both NKHS and OKA. Consequently, ther-

of these disorders involves seve_ral . shared elements (Table 
1\-t,). In both disorders. ca~eful _m~mto~ng of the patient •s fluid 
J. laboratory values. and insulin infusion rate is crucial. Under­
s1JtU5• r precipitating problems should be aggressively sought and 
Ii1:~o In NKHS, the volume ~epletion. free water deficit, and hy­
crt olality are greater than in OKA. The patient with NKHS is 
::; older, more likely to _have m: ntal ~tat us chan~es, and thus more 
bJ.elyto have a hfe-thr~atening precipitating event with accompanying 

orbidities. Even with proper treatment. NKHS has a substantially 
~;tier mortality than OKA (up ~o _5_0% in some clinical series). 
• Fluid replacement should in111ally stabilize the hernodynamic 

staros of the patient (_I to 3 L of 0.9% normal saline over the first 2 to 

3 h), Because the fluid defic~t in NKHS 1s accumulated over a period 
of days to weeks. the rapidity of reversal_ of the hyperosmolar state 
must balance the need for free water repletion and the observation that 

100 
rapid a reversal may worsen neurologic function. If the serum 

sodium is > 150m_mol/L_ 05~ meq(I-). 0.45% saline should be used. 
After hemodynam1c stability 1s achieved, the intravenous fluid admin­
istration is directed at reversing the free water deficit using hypotonic 
fluids (0.45% saline initially then 5% dextrose in water, D5W). The 
calculated free water deficit (which averages 9 to IO L) should be 
itrersed over the next I to 2 days (infusion rates of 200 to 300 mL/h 
of hypotonic solution). Potassium repletion is usually necessary and 
should be dictated by repeated measurements of the serum potassium. 
In patients taldng diuretics, the potassium deficit can be quite large 
and may be accompanied by magnesium deficiency. Hypophospha­
trn1ia may occur during therapy and can be improved by using KP04 

and beginning nutrition. 
As in OKA, rehydration and volume expansion lower the plasma 

elucose initially, but insulin is eventually required. In NKHS, patients 
~rod 10 be more sensitive to insulin than in OKA and dose requirements 
uc not usually as large. A reasonable regimen for NKHS begins with 
an intravenous insulin bolus of 5 to IO units followed by intravenous 
insulin at a constant infusion rate (3 to 7 units/h). As in OKA, glucose 
should be added to intravenous fluid when the plasma glucose falls to 
13.9 mmol/L (250 mg/dL), and the insulin infusion rate should be 
decreased to I to 2 units/h. The insulin infusion should be continued 
until the patient has resumed eating and can be transferred to a sub­
cutaneous insulin regimen. The patient should be discharged from the 
oospital on insulin, though some patients can later undergo a trial of 
oral glucose-lowering agents. 

CHRONIC COMPLICATIONS The chronic complications 
0fDM affect many organ systems and are responsible for the majority 
of morbidity and mortality associated with the disease. Chronic com­
plications can be divided into vascular and nonvascular complications 
ITable 333-7). The vascular complications of OM are further subdi­
vided into microvascular (retinopathy, neuropathy, nephropathy) and 
lllaCrovascular complications (coronary artery disease, peripheral vas­
cular disease, cerebrovascular disease). Nonvascularcomplications in­
clude problems such as gastroparesis, sexual dysfunction, and skin 
changes. This division is rather arbitrary since it is likely that multiple 
P3lhogenic processes are involved in all forms of complications. 

The risk of chronic complications increases as a function of the ~- . Uon of hyperglycemia; they usually become apparent m the sec-
~ decade of hyperglycemia. Since type 2 OM may have a long 
~"lllptomatic period of hyperglycemia, many individuals with type 2 
· l~ave complications at the time of diagnosis. 

r e microvascular complications of both type I and type 2 OM 
esu!t f · 1· . I % . rom ~hronic hyperglycemia. Randomiz~d, prospective c 1mca 
lilie lrlvolv111g large numbers of individuals with type I or type 2 OM 
ttrnia COnclus1vely demonstrated that a reduction in chrome hypergly­
~ _Prevents or reduces retinopathy, neuropathy, and nephropathy. 
,,__ incompletely defined factors also modulate the development of 
"""Phc · · · d" ·d ,,,. allons. For example despite longstanding OM, some m 1v1 · ~-v d , . er evelop nephropathy or retinopathy. Many of these pauenrs 
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Table 333-7 Chronic Complications or Diabetes ~1cllitu~ 

Microvascular 
Eye disea5e 

Retinopathy (nonproliferative/ 
proliferahve) 

Macular edema 
Ca1arac1S 
Glaucoma 

Ncuropa1hy 
Sensory and mo1or (mono­
and polyneuropalhy) 

Autonomic 
Nephropathy 

Macrovascular 
Coronary artery disease 
Peripheral vascular disease 
Cerebrovascular disea~e 

Other 
Gas1rointes1inal (gastroparesis, 
diarrhea) 

Genilourinary (uropathy/sexual 
dysfunction) 

Derrnatologic 

have glycemic control that is indistinguishable from those who de­
velop microvascular complications. Because of these observations, it 
is suspected that a genetic susceptibility for developing particular com­
plications exists. However, the genetic loci responsible for these sus­
ceptibilities have not yet been identified. 

Evidence implicating a causative role for chronic hyperglycemia 
in the development of macrovascular complications is Jess conclusive, 
but some results suggest a role for chronic hyperglycemia in the de­
velopment of macrovascular disease. For example, coronary heart dis­
ease 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 HbA le. Other factors (dys­
lipidemia and hypertension) also play important roles in macrovascular 
complications. 

MECHANISMS OF COMPLICATIONS Although chronic 
hyperglycemia is an important etiologic factor leading to complica­
tions of OM, the mechanism(s) by which it leads to such diverse cel­
lular and organ dysfunction is unknown. Three major theories, which 
are not mutually exclusive, have been proposed to explain how hy­
perglycemia might lead to the chronic complications of OM (Fig. 
333-7). 

One hypothesis is that increased intracellular glucose leads to the 
formation of advanced glycosylation end products (AGEs) via the 
nonenzymatic glycosylaton of cellular proteins. Nooenzymatic gly­
cosylation results from the interaction of glucose with amino groups 
on proteins. AGEs have been shown to cross-link proteins (e.g., col­
lagen, extracellular matrix proteins), accelerate atherosclerosis, pro­
mote glomerular dysfunction, reduce nitric oxide synthesis, induce en­
dothelial dysfunction, and alter extracellular matrix composition and 
structure. The serum level of AGEs correlates with the level of gly­
cemia, and these products accumulate as glomerular filtration rate de­
clines. 

A second hypothesis proposed to explain how chronic hypergly­
cemia leads to complications of OM is based on the observation that 
hyperglycemia increases glucose metabolism via the sorbitol pathway. 
Intracellular glucose is predominantly metabolized by phosphorylation 
and subsequent glycolysis, but when intracellular glucose is increased, 
some glucose is converted to sorbitol by the enzyme aldose reductase. 
Increased sorbitol concentrations affect several aspects of cellular 
physiology (decreased myoinositol, altered redox potential) and may 
lead to cellular dysfunction. However, testing of this theory in humans, 
using aldose reductase inhibitors, has not demonstrated beneficial ef­
fects on clinical endpoints of retinopathy, neuropathy, or nephropathy. 

A third hypothesis proposes that hyperglycemia increases tbe for­
mation of diacylglycerol leading to activation of certain isoforms of 
protein kinase C (PKC), which, in rum, affect a variety of cellular 
events that lead to OM-related complications. For example, PKC ac­
tivation by glucose alters the transcription of genes for fibronectin, 
type IV collagen, contrac1ile proteins, and extracellular matrix proteins 
in endothelial cells and neurons in vitro. Growth factors appear to play 
an in1portant role in OM-related complications. Vascular endothelial 
growth factor (VEGF) is increased locally in diabetic proliferative ret-
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a REATMENT Volume depletion and hyperglycemia are
| & ominent features ofboth NKHS and DKA. Consequently, ther-
= of these disorders involves several shared elements (Table

» both disorders, careful monitoring of the patient's fluid
poratory values, and insulin infusion rate is crucial, Under-

» of precipitating problems should be aggressively sought and
ee In NKHS, the volume depletion, free water deficit, and hy-
real gmolality are greater than in DKA. The patient with NKHS is
oy older. more likely to have mental status changes,and thus more
ey to have a life-threatening precipitating event with accompanying
soaorbidties. Even with proper treatment, NKHShas a substantially
hiahet mortality than DKA (up to 50% in someclinical series).

* Fluid replacement should initially stabilize the hemodynamic
qatus of the patient (1 to 3 L of 0,9% normalsaline overthefirst 2 to
7h), Because the fluid deficit in NKHSis accumulated overa period
% days to weeks, the rapidity of reversal of the hyperosmolar state
ust balance the need for free water repletion and the observation that
too rapid a reversal may worsen neurologic function. If the serum
codivm is >150mmol/L (150 meq/L). 0.45% saline should be used.
After hemodynamie stability is achieved, the intravenous fluid admin-
istration is directed. at reversing the free water deficit using hypotonic
quids (0.45% saline initially then 5% dextrose in water, D;W). The

||calculated free water deficit (which averages 9 to 10 L) should be
] reversed over the next | to 2 days (infusion rates of 200 to 300 mL/h

of hypotonic solution). Potassium repletion is usually necessary and
chould be dictated by repeated measurementsofthe serum potassium.
In patients taking diuretics, the potassium deficit can be quite large
and may be accompanied by magnesium deficiency. Hypophospha-
mia may occur during therapy and can be improved by using KPO,
and beginning nutrition.

As in DKA, rehydration and volume expansion lower the plasma
glucose initially, but insulin is eventually required. In NKHS, patients
tend to be more sensitive to insulin than in DKA anddose requirements
ae not usually as large. A reasonable regimen for NKHSbegins with
a intravenousinsulin bolus of 5 to 10 units followed by intravenous
insulin at a constant infusion rate (3 to 7 units/h). As in DKA,glucose
should be added to intravenous fluid when the plasma glucosefalls to
139 mmol/L (250 mg/dL), and the insulin infusion rate should be
decreased to 1 to 2 units/h. The insulin infusion should be continued
until the patient has resumed eating and can be transferred to a sub-
cutaneous insulin regimen. The patient should be discharged from the
hospital on insulin, though somepatients can later undergoatrial of
oral glucose-lowering agents.
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CHRONIC COMPLICATIONS The chronic complications

of DM affect many organ systems and are responsible for the majority
of morbidity and mortality associated with the disease. Chronic com-
plications can be divided into vascular and nonvascular complications
(Table 333-7). The vascular complications of DM are further subdi-
\ided into microvascular (retinopathy, neuropathy, nephropathy) and
macrovascular complications (coronary artery disease, peripheral vas-
‘ular disease, cerebrovascular disease), Nonvascular complicationsin-
‘lide problems such as gastroparesis, sexual dysfunction, and skin
“lnges, This division is rather arbitrary since it is likely that multiple
Fathogenic processes are involved in all forms of complications.
ae. tisk of chronic complications increases as a function of the
eae of hyperglycemia; they usually become apparentin the sec-
‘. Scade of hyperglycemia, Since type 2 DM may have a long

mptomatic period of hyperglycemia, many individuals withtype 2
“p_€ complications at the time of diagnosis.

© microvascular complications of both type | and type 2 DM
ons chronic hyperglycemia. Randomized, prospective clinical
cee large numbers of individuals with type 1 or type 2 DM
ie Helusively demonstrated that a reduction in chronic hypergly-

f Plevents or reduces retinopathy, neuropathy, and nephropathy.
* incompletely defined factors also modulate the developmentof
beons. For example, despite longstanding DM, someindivid-

“Vet develop nephropathyorretinopathy. Many ofthese patients

"eeu

V
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Table 333-7 Chronic Complications of Diabetes Mellitus

Macrovascular

Coronary artery disease
Peripheral vascular disease
Cerebrovascular disease

Microvascular

Eye disease
Retinopathy (nonproliferative/
proliferative)

Macular edema Other
Cataracts Gastrointestinal (gastroparesis,
Glaucoma diarrhea)

Neuropathy Genitourinary (uropathy/sexual
Sensory and motor (mono- dysfunction)

and polyneuropathy) Dermatologic
Autonomic

Nephropathy 

have glycemic control that is indistinguishable from those who de-
velop microvascular complications. Because of these observations,it
is suspectedthat a genetic susceptibility for developing particular com-
plications exists. However, the genetic loci responsible for these sus-
ceptibilities have not yet been identified.

Evidence implicating a causative role for chronic hyperglycemia
in the development of macrovascular complicationsis less conclusive,
but someresults suggest a role for chronic hyperglycemia in the de-
velopment of macrovascular disease. For example. coronary heart dis-
ease 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 HbAIc. Otherfactors (dys-
lipidemia and hypertension) also play importantroles in macrovascular
complications.

MECHANISMS OF COMPLICATIONS=Although chronic
hyperglycemia is an importantetiologic factor leading to complica-
tions of DM, the mechanism(s) by whichit leads to such diverse cel-
lular and organ dysfunction is unknown. Three majortheories, which
are not mutually exclusive, have been proposed to explain how hy-
perglycemia might lead to the chronic complications of DM (Fig.
333-7).

One hypothesis is that increased intracellular glucose leads to the
formation of advanced glycosylation end products (AGEs) via the
nonenzymatic glycosylaton of cellular proteins. Nonenzymatic gly-
cosylation results from the interaction of glucose with amino groups
on proteins. AGEs have been shown to cross-link proteins (e.g. col-
lagen, extracellular matrix proteins), accelerate atherosclerosis, pro-
mote glomerular dysfunction, reducenitric oxide synthesis, induce en-
dothelial dysfunction, and alter extracellular matrix composition and
structure. The serum level of AGEs correlates with the level of gly-
cemia, and these products accumulate as glomerularfiltration rate de-
clines.

A second hypothesis proposed to explain how chronic hypergly-
cemia leads to complications of DM is based on the observation that
hyperglycemiaincreases glucose metabolismvia the sorbitol pathway.
Intracellular glucose is predominantly metabolized by phosphorylation
and subsequent glycolysis, but whenintracellular glucose is increased,
some glucose is converted to sorbitol by the enzyme aldose reductase.
Increased sorbitol concentrations affect several aspects of cellular
physiology (decreased myoinositol, altered redox potential) and may
lead to cellular dysfunction, However,testing of this theory in humans,
using aldose reductase inhibitors, has not demonstrated beneficial ef-
fects on clinical endpoints of retinopathy, neuropathy, or nephropathy.

A third hypothesis proposes that hyperglycemia increases the for-
mation of diacylglycerol leading to activation of certain isoforms of
protein kinase C (PKC), which, in turn, affect a variety of cellular
events that lead to DM-related complications. For example, PKC ac-
tivation by glucose alters the transcription of genes for fibronectin,
type IV collagen,contractile proteins, and extracellular matrix proteins
in endothelial cells and neurons in vitro. Growth factors appear to play
an important role in DM-related complications. Vascular endothelial
growth factor (VEGF)is increased locally in diabetic proliferative ret-
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Hyperglycemia 

without significant microvascular or neuro­
logic complication~ of DM as compared Lo in­
dividuals who received standard therapy. This 

...--------t t Intracellular Glucose i--------, 
translates into an additional 5. 1 years of hfe 
expectancy for ind1v1duals in the intensive di­
abetes management group. The benefit of the 
improved glycem1c control during the DCCT 
per,isted even after the study concluded and 
glycemic control wor,ened. 

Altered 
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The benefits of an improvement in gly­
cemic control occurred over the entire range 
of HbA le values (Fig. 333-8). suggesting that 
al any JlbA I c level. an improvement in gly­
cemic control is beneficial. Therefore, there is 
no threshold beneath which the HbA lc can be 
reduceJ and the complications of DM pre­
vented. The c linical implication o f this finding 
b that the goa l of therapy is to achieve an 
1-lbA I c level as close to nonnal as possible, 
without subjecting the patient to excessive risk 
of hypoglycemia. 

FIGURE 333-7 Possible molecular mechanisms of diabetes-related complications. AGfa. advanced 
glycation end products: PKC. protein kinase C: DAG. diac) !glycerol: cPLA2• phosphohpase A,; Na,K­
ATPase, sodium-potassium ATPase. 

Considerable debate has emerged as to 
whether the DCCT findings are applicable to 
individuals with t) pe 2 DM. in whom insulin 

inopathy and decreases afte r laser photocoagulation. Transfonning 
growth factor /3 (TGF-/3) is increased in diabetic nephropathy and 
appears to stimulate basement membrane production of collagen and 
fibronectin by mesangial cells. Other growth factors. such as platelet­
derived gr0\\ th factor, epidennal growth factor, ins ulin-like growth 
factor I, growth honnone, basic fibroblast growth factor. and even 
insulin, have been suggested to play a role in OM-related complica­
tions. 

Although hyperglycemia serves as the initial trigger for compli­
cations of diabetes, it is still unknown whether the same pathophysi­
ologic proces\es are operative in all complications or whether certain 
processes predommate in certain organs. Finally, oxidative stress and 
free radical genera tion, as a consequence of the hyperglycemia, may 
also promote the development of complications. 

GL YCEMIC C ONTROL AND COMPLICATIO S The 
Diabetes Control and Complications Trial (DCCT) provided definitive 
proof that reduc11on m chronic hyperglycemia can prevent many of 
the early complications of type I DM. This large multicenter clinical 
IriaI randomized over 1400 individuals with type I DM to e ither in­
tensive or conventional diabetes management, and then eval uated the 
development of retmopathy, nephropathy, and neuropalhy. Ind ividuals 
in the mtensive diabetes management group received multiple admin­
istrations of in,ulin each day a long with intense educational, p,ycho­
logical, and medical support. Individuals in the convent ional diabete, 
management group received twice daily insulin injection, and quar­
terly nutritional, educational, and c linical evaluation. The goal in the 
fonner group was nonnoglycemia; the goal in the la11e r group was 
prevention of symptoms of diabetes. Individuals m the intensive dia­
betes management group achieved a sub,tantial ly lower I lbA I c (7.2%) 
than individuals in the conventional diabetes management group 
(HbA le o f 9.0%). 

Results from the DCCT demonstrated that improvement of gly­
cemic control reduced nonproliferative and proliferative re tinopathy 
(471/t reduction), microalbuminuria (39% reduction), c linical nephrop­
athy (54% reduction), and neuropalhy (60% reduction). Improved gly­
cemic control also slowed the progression of early diabetic compli­
car..ions. There wa, a nonsignificant trend in reduction of 
macrovascular events. The results of the DCCT predicted that ind1v1d­
uals in the mtensive diabetes management group would gam 7.7 ad­
dlllonal yean. of \lght, 5.8 additional years free from end-stage renal 
di,ea,e (ESRD), and 5.6 years free from lm1 er extremll) amputations. 
Jf all compllca11ons of DM were combined, individuals in the in1en,ive 
diabete, management group would eApenence 15.3 more year, of h fe 

resistance, hyperinsulinemia. and obesity pre­
dominate. Concerns have been raised that therapies associated with 
weight gain and additional insulin therapy may worsen underlying 
insulin resistance and hyperinsulinem ia. Despite these concerns, most 
available data support extrapolation of the results of the DCCT to 
individuals with type 2 DM. 

The United Kingdom Prospective Diabetes Study (UKPDS) stud­
ied the course of > 5000 individuals with type 2 DM for > 10 years. 
This complex and important study utilized multiple treatment regi­
mens and monitored the effect of intensive glycemic control and risk 
factor treatment on the development of diabetic complications. Newly 
diagnosed individua ls with type 2 DM were randomized 10 ( I) inten­
s ive management us ing var ious combinations of insulin. a sulfonyl­
urea. or metfonnin; or (2) conventional therapy using dict.iry modifi­
cation and pham1acotherapy with the goal of symptom prevention. Ln 
addition, individuals were randomly assigned to different antihyper­
tcnsive regimens. Individuals in the intensive treatment ann achieved 
an llbA le of 7.0%. compared to a 7.9% HbA lc in the standard treat­
ment group. The UKPDS demon, trated that each percentage point 
reduction in llbA le was associated with a 35% reduction in micro­
vascular complicatio ns. a 25% reduction in OM-related deaths. and a 
7% reduction in all-cause morta lity. As in the DCCT. there was a 
contmuous re lationship between glycemic control and development of 
complications. Altho ugh there was no statistically significant effect of 
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FIG RF: 333-8 Relation~h,p of glycemic control and d1abc1e, durnllon 10 
dmbcuc reunopathy. The progres,,on of re1111opalhy in individuals in the D1-
abc1es Conlrol and Complicauon, Trial 1s graphed a, a func1ion of the length 
of follow-up with different curve, for d1ffercn1 llbAlc vnlue,. 1AJc1pttdfrom 
Th~ Dwbtter Co11trol a,u/ Complicar,011~ Trial Rtseard, Group, DtuMlfl ,U 
9()/i, 1995/ 
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FIGURE 333-7 Possible molecular mechanisms of diabetes-related complications. AGEs, advanced
glycation end products; PKC, protein kinase C; DAG,diacylglycerol; cPLA,, phospholipase A,; Na,K-
ATPase, sodium-potassium ATPase.

inopathy and decreases after laser photocoagulation. Transforming
growth factor 8 (TGF-f) is increased in diabetic nephropathy and
appears to stimulate basement membrane production of collagen and
fibronectin by mesangialcells. Other growth factors, such as platelet-
derived growth factor, epidermal growth factor, insulin-like growth
factor |, growth hormone, basic fibroblast growth factor, and even
insulin, have been suggested to play a role in DM-related complica-
tions.

Although hyperglycemia serves as the initial trigger for compli-
cations of diabetes, it is still unknown whether the same pathophysi-
ologic processes are operative in all complications or whether certain
processes predominatein certain organs. Finally, oxidative stress and
free radical generation, as a consequence of the hyperglycemia, may
also promote the development of complications.

GLYCEMIC CONTROL AND COMPLICATIONS The

Diabetes Control and Complications Trial (DCCT)provided definitive
proof that reduction in chronic hyperglycemia can prevent many of
the early complications of type | DM. This large multicenter clinical
trial randomized over 1400 individuals with type | DM to either in-
tensive or conventional diabetes management, and then evaluated the
developmentofretinopathy, nephropathy, and neuropathy. Individuals
in the intensive diabetes managementgroup received multiple admin-
istrations of insulin each day along with intense educational, psycho-
logical, and medical support. Individuals in the conventional diabetes
management group received twice daily insulin injections and quar-
terly nutritional, educational, and clinical evaluation. The goal in the
former group was normoglycemia; the goal in the latler group was
prevention of symptomsofdiabetes. Individuals in the intensive dia-
betes management group achieved a substantially lower HbA Ic (7.2%)
than individuals in the conventional diabetes management group
(HbA le of 9.0%).

Results from the DCCT demonstrated that improvement of gly-
cemic control reduced nonproliferative and proliferative retinopathy
(47% reduction), microalbuminuria (39% reduction),clinical nephrop-
athy (54% reduction), and neuropathy (60% reduction), Improved gly-
cemic control also slowed the progression of early diabetic compli-
cations. There was a nonsignificant trend in reduction of
macrovascular events. The results of the DCCTpredictedthat individ-
uals in the intensive diabetes management group would gain 7.7 ad-
ditional years of sight, 5.8 additional years free from end-stage renal
disease (ESRD), and 5.6 years free from lower extremity amputations.
If all complications of DM were combined, individuals in the intensive
diabetes management group would experience 15.3 more years oflife

PKCactivation

Altered gene
expression 

without significant microvascular or neuro-
logic complications of DMas comparedto in-
dividuals who received standard therapy, This
translates into an additional 5.1 years oflife
expectancy for individuals in the intensive di-
abetes management group. The benefit of the
improved glycemic control during the DCCT
persisted even after the study concluded and
glycemic control worsened.

The benefits of an improvement in gly-
cemic control occurred over the entire range
of HbA |e values (Fig. 333-8), suggesting that
at any HbAlc level, an improvementin gly-
cemic control is beneficial. Therefore, there is
no threshold beneath which the HbAlc can be

reduced and the complications of DM_pre-
vented. The clinical implication ofthis finding
is that the goal of therapy is to achieve an
HbAle level as close to normal as possible,
without subjecting the patient to excessive risk
of hypoglycemia.

Considerable debate has emerged as to
whether the DCCT findings are applicable to
individuals with type 2 DM. in whom insulin
resistance, hyperinsulinemia, and obesity pre-

dominate. Concerns have been raised that therapies associated with
weight gain and additional insulin therapy may worsen underlying
insulin resistance and hyperinsulinemia. Despite these concerns, most
available data support extrapolation of the results of the DCCT to
individuals with type 2 DM.

The United Kingdom Prospective Diabetes Study (UKPDS)stud-
ied the course of >5000 individuals with type 2 DM for >10 years.
This complex and important study utilized multiple treatment regi-
mens and monitored the effect of intensive glycemic control and risk
factor treatment on the developmentof diabetic complications. Newly
diagnosed individuals with type 2 DM were randomized to (1) inten-
sive management using various combinations of insulin, a sulfonyl-
urea, or metformin; or (2) conventional therapy using dietary modifi-
cation and pharmacotherapy with the goal of symptom prevention.In
addition, individuals were randomly assigned to different antihyper-
tensive regimens, Individuals in the intensive treatment arm achieved
an HbA Le of 7.0%, compared to a 7.9% HbA Ic in the standard treat-
ment group. The UKPDS demonstrated that each percentage point
reduction in HbAle was associated with a 35% reduction in micro-
vascular complications, a 25%reduction in DM-related deaths, and a
7% reduction in all-cause mortality. As in the DCCT, there was a
continuous relationship between glycemic control and developmentof
complications, Although there was nostatistically significant effect of

Growth
factors
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FIGURE 333-8 Relationship of glycemic control and diabetes duration to
diabetic retinopathy, The progression of retinopathy in individuals in the Di-
abetes Control and Complications Trial is graphed as a function ofthe length
of follow-upwith different curves for different HbAlc values. (Adapted from
The Diabetes Control and Complications Trial Research Group, Diabetes 44:
968, 1995)
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•c control on c:mliova~cular complications 11 
11~nu . • " 1ere was a 16% 

f • ucuon in fatal ~d no~fatal m) ocardial rnfarctions. 
itd O e of the maJ0r findmgs of the UKPDS was tlie ob . n . servau on that 

blood pressure control s1gmficant ly reduced both ..tJlCt . . macro- and 
nUcro' :iscular complications. In fact. the beneficial effects of blood 

_ control were greater than the beneficial ef'cct f 1 . 
.."'5SU" . , , s o g yce1111c 
~uol. Lo"_e_r~ng blood pressure to moderate_ goals ( 144/82 mm Hg) 
[Cd¢ the nsk of DM-r~lated death. stroke, m1crovascular end points. 

opath)', and heart fai lure (mk reductions between 32 a d 56,,,) 
,tUO . I d'd n ·10 , 
llnP(O'ed gl)'cem1c contro I not con~lus ively reduce (nor worsen) 
ciitlio"ascul'.11' morta lity but was associated with improvement with 
hPop(Otein ns_k profil<:s. such as reduced triglycerides and increased 

h-density hpoprotem (HDL). 
h1g . . . h . . 

Similar reducuons 111 t. e nsks of retrnopathy and nephropathy 
~ere also seen m a sma(l tnal_ of lean Japanese individuals with type 
1 D~I randomized to either mtens1ve glycemic control or standard 
dlel1IPY with insulin (Kuman1oto study). These results demonstrate the 
rffecrivene s of improved glycemic contro l in individuals of different 
ethnicity with a presumabl~• different etiology of DM (i.e .. phenotyp­
icallY different from those m the DCCT and UKPDS). 

The findings of the DCCT. UKPDS, and Kumamoto study support 
Ille idea that chronic hyperglycemia p lays a causative role in the patho­
eencsisof diabetic microvascular complications. These landmark stud­
~ prove the value of metabolic control and emphasize the importance 
of (1) intensive glycemic control in all forn1s of DM, and (2) early 
diagnosis and strict blood pressure control in type 2 DM. 

OPHTHALMOLOGIC COMPLICATIONS OF DIABETES 
MELLITUS DM is the leading cause of blindness between the ages 
of 20 and 74 in the United States. The gravity of this problem is 
highlighted by the finding that individuals with DM are 25 times more 
bl;ely to become legally blind than individuals without DM. Blindness 
is primarily the result of progressive diabetic retinopathy and clinically 
significant macular edema. Diabetic retinopathy is classified into two 
stages: nonproliferative and proliferative. Nonproliferative diabetic 
rtlinopathy usually appears late in the fi rst decade or early in the 
second decade of the disease and is marked by re tinal vascular micro­
aneurysms. blot hemorrhages, and cotton wool spots (see Plate IV-
15). Mild nonproliferative retinopathy progresses to more extensive 
disease, characterized by changes in venous vessel caliber. intraretinal 
microvascular abnonnalities, and more numerous microaneurysms and 
hcmormages. The pathophysiologic mech anisms invoked in nonpro­
hlerative retinopathy include loss o f retinal pericytes, increased retinal 
~ascular permeability, altera tions in retinal blood now, and abnonnal 
rctma) microvasculature, all of which lead to re tinal ischemia. 

The appearance of neovascularization in response to retinal hy­
poxia is the hallmark of proliferative diabetic retinopathy. These 
newly formed vessels may appear at the optic nerve and/or macula 
and rupture easily, leading to vitreous hemorrhage, fi bros is, and ulti­
mately retinal detachment. Not all in dividuals with nonproliferative 
retinopathy develop proliferative retinopathy, but the more severe the 
nonproliferative disease, the greater the chance of evolution to prolif­
erauve retinopathy within 5 years. This creates a clear opportunity for 
early detection and treatment of diabe tic retinopathy (discussed be­
low). In contrast, clinically signifrca111 macular edema may_ appear 
~hen only nonproliferative re tinopathy is present . Fluorescem angi­
ilgraphy is often useful to detect macular edema, which is associated 
~nh a 25% chance of moderate visual loss over the next 3 years. 

d 
Duration of DM and degree of glycemic control are the best pre-

lctors f •, · · 11h • 0 the ~evelopment of retinopathy. Nonproh1era11ve re11nop-
y 15 found m almost all individuals w ho have had DM for >20 

~;~ (25% incidence with 5 years, and 80% inci~l~nce with_ 15 years 
u )pc 1 DM). Although there is gene tic suscep11bil1ty for retmop~thy, 
,.confers less influence o n the development of retinopathy than e ither 
•11: du · 

rauon of DM or the degree of glycemic control. 

J ~ TREAT\tEl\T The most effective therapy for diabetic reti­
,. nopathy is prevention. Intensive glycemic control will greatly de­
") lhe d · · . d' 'd cvelopment or slow the progression of retmopathy in m ,vi · 

.I.I.I t>iaheies \lolli1u, 2121 

uals with ei ther type I or type 2 DM. Paradoxically. during the first 6 
to 12 months of improved glycemic control. established diabetic ret­
mopathy may trnnsiently worsen. Fortunately. this progression is 
t~rnporary, and in the long term, improved glycemic control is asso­
ciated with less diabetic retinopathy. Individuals with known retinop­
athy shoul~ ~ c?nsidered candidates for prophylactic photocoagula­
llon when in1tiat111g intensive therapy. Once advanced retinopathy is 
present. improved glycemic control imparts less benefit. though ade­
quate ophthalmologic care can prevent most blindness. 
. Equally as important as glycemic control are regular, comprehen­

si_ve eye examinations for all indiv iduals with DM. Most diabetic eye 
disease can be s uccessfully treated if detected early. Routine, nondi­
lated eye examinations by the primary care provider or diabetes spe­
cialist are inadequate to detect diabetic eye disease properly. The treat­
ment of diabetic eye disease requires an ophthalmologist experienced 
in these disorders. Laser photocoagulation is very successful in pre­
serving vision. Proliferative retinopathy is usually treated with pan­
retinal laser photocoagulation. whereas macular edema is treated with 
focal laser photocoagulation. Although exercise has not been conclu­
sively shown to worsen proliferative diabetic retinopathy, most oph­
thalmologists advise individuals with advanced diabetic eye disease to 
limit physical activities associated with repeated Valsalva maneuvers. 
Aspirin therapy (650 mg/d) does not appear to influence the natural 
history of diabetic retinopathy. but studies of other antiplatelet agents 
are under way. 

RENAL COMPLICATIONS OF DIABETES MELLITUS 
Diabetic nephropathy is the leading cause of ESRD in the United 
States and a leading cause of OM-related morbidity and mortality. 
Proteinuria in individuals with DM is associated with markedly re­
duced survival and increased risk of cardiovascular disease. Individ­
uals with diabetic nephropathy almost always have diabetic retinop­
athy also. 

Like other microvascular complications . the pathogenesis of dia­
betic nephropathy is re lated to chronic hyperglycemia (Fig. 334-7). 
The mechanisms by which chronic hyperglycemia leads to ESRD, 
though incompletely defined. involve the following: interaction of sol­
uble fac tors (growth factors, angiotensin II, endothelin. AGEs). he­
modynamic alterations in the renal microcirculation (glomerular hy­
perfiltration, increased glomerular capillary pressure). and structural 
changes in the glomerulus (increased extracellular matrix, basement 
membrane thickening. mesangial expansion. fibrosis). Some of these 
effects may be mediated through angiotensin receptors. Smoking ac­
celerates the decl ine in renal function. 

The natural history of diabe tic nephropathy is shown schematically 
in Fig. 333-9 and is characterized by a fai rly predictable pattern of 
events. Although this sequence of events was defined for individuaJs 
with type I DM. a similar pattem is al50 likely in type 2 DM. Glo­
merular hyperfus ion and renal hypertrophy occur in the first years after 
the onset of DM and are renected by an increased glomerular fi ltration 
rate (GFR). During the fi rst 5 years of DM, thickening of the glomer­
ular basement membrane, glomerular hypertrophy. and mesangiaJ vol­
ume expansion occur as the GFR returns to normal. After 5 to 10 years 
of type I DM, -40% of individuals begin to excrete small an1oums 
of albumin in the urine (microalbuminuria). Microal/m111i1111ria is de­
fined as 30 to 300 mg/d in a 24-h collection or 30 to 300 µ.g/mg 
crcatinine in a spot collection. The appearance of microalbuminuria 
(incipient nephropathy) in I) pe I DM is a very important predictor of 
progression to oven prote inuria (> 300 mg/d). Blood pres,ure may rise 
s lightly at this point but usually remains in the nonnal range. Once 
overt proteinuria is present, there i\ a steady decline in GFR, and 
-50% of individuals reach ESRD in 7 to 10 years. The earl) patho­
logic changes and albumin e"cre11on abnonnaliues are re~er,1ble ,~1th 
norn1alization of plasma gluco,e. llowe,er. once nephropathy be­
comes overt. the pathologic ch,rnge, are likely irreversible. 

TI1e nephropath) that de, elops m I) pe 2 DM diflers from that of 
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Many mdividuals with type I or type 2 OM 
develop hypertension. Numerous studies in 
both type I and type 2 OM demonstrate the ef­
fectiveness of strict blood pressure control in 
reducing albumin excretion and slowing the de­
cline in renal functton. Blood pressure should 
be maintained at < 130/85 mmHg in diabetic 

type I OM in the following respects: (I) microalbuminuria or overt 
nephropathy may be present when type 2 DM is diagnosed, reflecting 
its long asymptomatic period; (2) hypertension more commonly ac­
companies microalbuminuria or overt nephropathy in type 2 OM: and 
(3) microalbuminuria may be less predictive of progression to overt 
nephropathy in type 2 OM. Finally, it should be noted that albuminuria 
in type 2 OM may be secondary to factors unrelated to OM, such as 
hypertension. congestive heart failure. prostate disease, or infection. 

Other renal problems may also occur in individuals with OM. Type 
IV renal tubular acidosis (hyporeninemic hypoaldosteronism) occurs 
in many individuals with OM. These individuals develop a propensity 
to hyperkalemia. which may be exacerbated by medications [especially 
angiotensin-converting enzyme (ACE) inhjbitorsj. Patients with OM 
are predisposed to radiocontrast-induced nephrotoxicity. Individuals 
with OM undergoing radiographic procedures with contrast dye should 
be well hydrated before and after dye exposure. and the serum creat­
irune should be monitored for several days following the procedure. 

fjj] TREA T~1Et'\1 The optimal therapy for diabetic nephropathy 
~ is prevention. As part of comprehensive diabetes care, microal­
buminuria should be detected at an early stage when effective therapies 
can be instituted. The recommended strategy for detecting microal­
buminuria is outlined in Fig. 333-10. Interventions effective in slowing 
progression from microalbuminuria to overt nephropathy include: ( I ) 
near normilizauon of glycemia. (2) strict blood pressure control, and 
(3) admmistration of ACE inhibitors. 

Improved glycemic control reduces the rate at which microalbu­
minuria appears and progresses in both type I and type 2 OM. How­
ever, once overt nephropathy exists, it is unclear whether improved 
glycemic control will slow progression of renal disease. During the 
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(spot or timed collection) 
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flGURE 333-10 Screening for microalbuminuna. (Adap1edfrom DtFronzo 
RA, m Therapy for DiabtleJ Melli111s and Re/aud Disorders. /998/ 

individuals without proteinuria. A slightly 
lower blood pressure ( 120/80) should be targeted for individuals with 
microalbuminuria or overt nephropathy. Treatment of hypertension is 
discussed below. 

ACE inhibitors reduce the progression of overt nephropathy in 
individuals with type I or type 2 OM and should be prescribed in 
individuals with type I or type 2 OM and microalbuminuria. After 2 
to 3 months of therapy, measurement of proteinuria should be repeated 
and the drug dose increased until either the a lbuminuria disappears or 
the maximum dose is reached. If an ACE inhibitor has an unacceptable 
side-effect profile (hyperkalemia. cough. and renal insufficiency). an­
giotensin II receptor blockers and calcium channel blockers 
(phenylalkylamine class) are alternatives. However, their efficacy in 
slowing the fall in glomerular filtration rate is not proven. Blood pres­
sure control with any agent is extremely important. but a drug-specific 
benefit in diabetic nephropathy, independent of blood pressure control, 
has been shown only for ACE inhibitors. 

A consensus panel of the American Diabetes Association (ADA) 
suggests modest restriction of protein intake in diabetic individuals 
with microalbuminuria (0.8 g/kg per day, which is the adult Recom­
mended Daily Allowance, and about 10% of the daily caloric intake). 
Protein intake should be restricted further in individuals with oven 
diabetic nephropathy (0.6 g/kg per day), though conclusive proof of 
the efficacy of protein restriction is lacking. 

Nephrology consultation should be considered after the diagnosis 
of early nephropathy. Once oven nephropathy ensues. the likelihood 
of ESRD is very high. As compared to nondiabetic individuals, he­
modialysis in patients with OM is associated with more frequent com­
plications, such as hypotension (autonomic neuropathy, loss of reflex 
tachycardia), more difficult vascular acce~s, and accelerated progres­
sion of rctinopathy. Survival after the onset of ESRD is shorter in the 
diabetic population compared to nondiabetics with similar clinical fea­
tures. Atherosclerosis is the leading cause of death in diabetic individ­
uals on dialysis, and hyperlipidemia should be aggressively treated. 
Renal transplantation from a living-related donor is the preferred ther­
apy but require!> chronic immunosuppression. Combined pancreas-kid­
ney transplant offers the promise of normoglycemia but requires sub­
stantial expenise. 

NEUROPATHY AND DIABETES MELLITUS Diabetic 
neuropa thy occurs in approximately 50% of individuals with long­
standing type I and type 2 DM. It may manifest as polyneuropathy, 
mononeuropathy, and/or autonomic neuropathy. As with o ther com­
plications of OM, the development of neuropathy correlates with the 
duration of diabetes and glycemic control. Because the clinical features 
of diabetic neuropathy are similar to those of other neuropathies, the 
diagnosis of diabetic neuropathy should be made only after other pos­
sible etiologies are excluded (Chap. 378). 

Polyneuropathy/Mononeuropathy The most common fonn of 
diabetic neuropathy is distal symmetric polyne11ropa1/ry. It most fre­
quently presents with distal sensory loss. Hyperesthesia, parathes1a. 
and pain also occur. Any combination of these symptoms may develop 
as neuropathy progresses. Physical examination reveals sensory loss. 
loss of ankle reflexes, and abnormal position sense. Parethesia is char­
acteristically perceived as a sen,ation of numbness. tingling, ~harp-
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FIGURE 333-9 Time course of developmentof diabetic nephropathy. The relationship of time from
onset of diabetes, the glomerular filtration rate (GFR), and the serum creatinine are shown. (Adapted
fram DeFronzo RA, in Therapy for Diabetes Mellitus and Related Disorders, 1998)

type 1 DM in the following respects: (1) microalbuminuriaor overt
nephropathy may be present when type 2 DM is diagnosed, reflecting
its long asymptomatic period; (2) hypertension more commonly ac-
companies microalbuminuria or overt nephropathy in type 2 DM; and
(3) microalbuminuria may be less predictive of progression to overt
nephropathy in type 2 DM, Finally,it should be noted that albuminuria
in type 2 DM maybe secondary to factors unrelated to DM, such as
hypertension, congestive heart failure, prostate disease, or infection.

Other renal problems mayalso occurin individuals with DM. Type
IV renal tubular acidosis (hyporeninemic hypoaldosteronism) occurs
in many individuals with DM. These individuals develop a propensity
to hyperkalemia, which may be exacerbated by medications [especially
angiotensin-converting enzyme (ACE) inhibitors]. Patients with DM
aré predisposed to radiocontrast-induced nephrotoxicity. Individuals
with DM undergoing radiographic procedures with contrast dye should
be well hydrated before and after dye exposure, and the serum creat-
inine should be monitored for several days following the procedure.

TREATMENT The optimal therapy for diabetic nephropathy
is prevention. As part of comprehensive diabetes care, microal-

buminuria should be detected at an early stage when effective therapies
can be instituted. The recommended strategy for detecting microal-
buminuriais outlined in Fig. 333-10. Interventions effective in slowing
progression from microalbuminuria to overt nephropathy include: (1)
near normalization of glycemia, (2) strict blood pressure control, and
(3) administration of ACE inhibitors.

Improved glycemic control reduces the rate at which microalbu-
minuria appears and progresses in both type | and type 2 DM. How-
ever, once overt nephropathy exists, it is unclear whether improved
glycemic control will slow progression of renal disease. During the
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FIGURE 333-10 Screening for microalbuminuria. (Adaptedfrom DeFronzo
RA, in Therapy for Diabetes Mellitus and Related Disorders, 1998)

 

fectiveness of strict blood pressure control in
reducing albumin excretion and slowing the de-
cline in renal function, Blood pressure should
be maintained at <130/85 mmHg in diabetic
individuals without proteinuria, A_ slightly

lower blood pressure (120/80) should be targeted for individuals with
microalbuminuria or overt nephropathy. Treatment of hypertension is
discussed below.

ACEinhibitors reduce the progression of overt nephropathy in
individuals with type 1 or type 2 DM and should’ be prescribed in
individuals with type 1 or type 2 DM and microalbuminuria. After 2
to 3 months of therapy, measurementof proteinuria should be repeated
and the drug dose increased until either the albuminuria disappears or
the maximum dose is reached.If an ACEinhibitor has an unacceptable
side-effect profile (hyperkalemia, cough, and renal insufficiency), an-
giotensin Il receptor blockers and calcium channel blockers
(phenylalkylamine class) are alternatives. However, their efficacy in
slowingthe fall in glomerular filtration rate is not proven. Blood pres-
sure control with any agent is extremely important, but a drug-specific
benefit in diabetic nephropathy, independent of blood pressure control,
has been shown only for ACE inhibitors.

A consensus panel of the American Diabetes Association (ADA)
suggests modest restriction of protein intake in diabetic individuals
with microalbuminuria (0.8 g/kg per day, which is the adult Recom-
mended Daily Allowance, and about 10% of the daily caloric intake).
Protein intake should be restricted further in individuals with overt

diabetic nephropathy (0.6 g/kg per day), though conclusive proof of
the efficacy of protein restriction is lacking.

Nephrology consultation should be considered after the diagnosis
of early nephropathy. Once overt nephropathy ensues, the likelihood
of ESRDis very high. As compared to nondiabetic individuals, he-
modialysis in patients with DM is associated with more frequent com-
plications, such as hypotension (autonomic neuropathy,loss ofreflex
tachycardia), more difficult vascular access, and accelerated progres-
sion of retinopathy. Survival after the onset of ESRD is shorterin the
diabetic population compared to nondiabetics with similar clinical fea-
tures, Atherosclerosis is the leading cause of death in diabetic individ-
uals on dialysis, and hyperlipidemia should be aggressively treated.
Renaltransplantation from a living-related donoris the preferred ther-
apy but requires chronic immunosuppression, Combined pancreas-kid-
ney transplant offers the promise of normoglycemia but requires sub-
stantial expertise.

NEUROPATHY AND DIABETES MELLITUS_Diabetic

neuropathy occurs in approximately 50% of individuals with long-
standing type | and type 2 DM.It may manifest as polyneuropathy,
mononeuropathy, and/or autonomic neuropathy. As with other com-
plications of DM,the development of neuropathy correlates with the
duration ofdiabetes and glycemic contro!. Becausethe clinical features
of diabetic neuropathy are similar to those of other neuropathies, the
diagnosis of diabetic neuropathy should be made only after other pos-
sible etiologies are excluded (Chap. 378).

Polyneuropathy/Mononeuropathy The most common formof
diabetic neuropathy is distal symmetric polyneuropathy. lt most fre-
quently presents with distal sensory loss. Hyperesthesia, parathesia,
and pain also occur. Any combination of these symptoms may develop
as neuropathy progresses. Physical examination reveals sensory loss,
loss of ankle reflexes, and abnormal position sense. Parethesia is char-
acteristically perceived as a sensation of numbness, tingling. sharp-
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, or burning that beg~ns m the feet and spreads pro\lmally. Neu­
ot> ~ic pain develops 111 some _of these individuals, occasionally 
f\~--eded by improvement.'" their gl)cemic control. Pam typically I 
~i,es the Jower ei-1rem111es. 1s usually present al rest, and worsens 

ht Both an acute (last mg < 12 months) and a chronic form of 
atni£· . h I bed · · · 

.UJ l>iabetc, \lelliru, 2123 

significant side effects. Nonpharmacologic maneuvers (adequate salt 
intake, avoidance of dehydration and diuretics. and lower extremity 
suppon hose) may offer some benefit. 

f I diabetic neuropat y 1ave en escnbed. As diabetic neurop-
J'l'° u . b .d 

1 
progresses. the pam su s1 es and eventually disappears. and a 

ath . h I . . . 
• f\ deficit m t e ower extrcm111es persists. 

<tll--'
0

' d' I I . d Dia/letic polyra 1c1~ o~at 1y ts a syn rome characterized by severe 
disabling pai~ in the d1stnbu11on of one or more nerve roots. lL may 
I( accompanied by motor weakness. lntercostal or tnmcal radiculop­
thi causes pain over the thorax or abdomen. lnvolvemenl of the lum­

~-pJexu or femoral nerve may cause pain in_ the thigh or hip and 
may be associated with muscle weakne~s m ~he hip flex ors or extensors 
(diabetic an,yotrophy). Fonunately, d1abet1c polyradiculopathies are 
uiuall)' self-limited and resolve over 6 to 12 months. 

Mono11e11ropa1hy (dysfunction of i\olated cranial or peripheral 
11(1'e5) is less common than polyneuropathy in DM and presents with 
pain and motor weakness in the distribution of a single nerve. A vas­
cular etiology is favored. but the pathogenesis is unknown. Lnvolve­
ment of the third cranial nerve is most common and is heralded by 
chplopia. Physical examination reveals ptosis and opthalmoplegia with 
normal papillary constriction to light. Sometimes cranial nerves JV. 
VI. or VH (Bell's palsy) are affected. Peripheral mononeuropathies or 
simultaneous involvement of more than one nerve (mononeuropathy 
multiplex) may also occur. 

Autonomic 'europathy Individuals with long-standing type J 

or2 DM may develop signs of autonomic dysfunction involving the 
cholinergic. noradrenergic. and peptidergic (peptides such as pancre-
atic polypeptide. substance P. etc.) systems. OM-related autonomic 
neuropathy can involve multiple systems. including: the cardiovas­
cular. gastrointestinal, genitourinary, sudomotor, and metabolic sys­
ltll\S. Autonomic neuropathies affecting the cardiovascular system 
cause a resting tachycardia and onhostatic hypotension. Reports of 
sudden death have also been allributed to autonomic neuropathy. Gas­
troparesis and bladder-emptying abnormalities are also likely related 
10 the autonomic neuropathy seen in OM (discussed below). Hyper­
hidrosis of the upper extremities and anhidrosis of the lower extrem­
ities result from sympathetic nervous system dysfunction. Anhidrosis 
of the feet can promote dry skin with cracking, which increases the 
rilk of skin ulceration. Autonomic neuropathy may reduce counter­
regulatory hormone release, leading to an inability to sense hypogly­
cemia appropriately (hypoglycemia 1111aware11ess; Chap. 334 ). thereby 
subJecting the patient to the risk of severe hypoglycemia and compli­
caung effons to improve glycemic control. 

~ T~EATMENT Treatment of diabetic neuropathy is less than 
~atrsfactory. Improved glycemic control should be pursued and 

~ill improve nerve conduction velocity, but the symptoms of diabetic 
neuropathy may not necessarily improve. Efforts to improve glycemic 
COntrol may be confounded by autonomic neuropathy and hypogly­
ctmia unawareness. Avoidance of neurotoxins (alcohol), supplcmen­
~100 with vitamins for possible deficiencies (812, B6, folate; Chap. 
SJ, 30d symptomatic treatment arc the mainstays of therapy. Aldose 

~uctasc inhibitors do not currently offer significant symptomatic re­
ief._Loss of sensation in the foot places the patient at risk for ulceration 

andlll its sequelae; consequently prevention of such problems is of para-
0Unt. , ' · · 

~I - unponance. Smee the pain of acute d1abe11c neuropathy may 
ii ie over the first year, analgesics may be discontinued a~ progres­
,;e neu~onal damage from DM occurs. Chron ic, painful diabetic ncu­
li!JJalhy is difficult to treat but may respond to tricyclic antidepressams 
inti::ryline, desipramine, nortriptyline). gab~pentin, nonsteroidal 
fl!Jrf . '.1"1matory agents (avoid in renal dysfunct 1011), and other agents 
Pain ;,tine, phenytoin, carbamazepine, capsaicin cream). Referral to a 

1'lit anagement center may be necessary. 
~ rapy_ of orthostatic hypotension secondary to autonomic neu­
t-Ort, Y 15 difficult. A variety of agents have limited 5uccess (fludro­

lone, midodrine. clonidine, octreotide, and yohimbine) but have 

GASTROI TESTINAUGE ITOURINARY DYSFUNC-
TION Long-standing type I and 2 OM may affect the motility and 
function of gastrointestinal (GI) and genitourinary systems. The most 
prominent GI symptoms are delayed gastric emptying (gastroparesis) 
and altered small- and large-bowel motility (constipation or diarrhea). 
Gastroparesis may present with symptoms of anorexia, nausea, vom­
iting, early satiety, and abdominal bloating. Nuclear medicine scintig­
raphy after ingest ion of a radiolabeled meal is the best study to doc­
ument delayed gastric emptying. but noninvasive "breath tests" 
following ingestion of a radiolabeled meal are under development. 
Though parasympathetic dysfunction secondary to chronic hypergly­
cemia is imponant in the development of gastroparesis, hyperglycemia 
itself also impairs gastric emptying. Nocturnal diarrhea. alternating 
with constipation, is a common feature of OM-related GI autonomic 
neuropathy. In type I DM. these symptoms should also prompt eval­
uation for celiac sprue because of its increased frequency. Esophageal 
dysfunction in long-standing OM is common but usually asympto­
matic. 

Diabetic autonomic neuropathy may lead to genitourinary dys­
function including cystopathy. 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 (Chap. 48). As 
bladder contractility worsens, bladder capacity and the postvoid resid­
ual increase, leading to symptoms of urinary hesitancy. decreased 
voiding frequency, incontinence, and recurrent urinary tract infections. 
Diagnost ic 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. 
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. 

~ TREATMENT Current treatments for these complicauons of 
OM are inadequate. Improved glycemic control should be a pri­

mary goal. as some aspects (neuropathy, gastric function) may im­
prove as near-norn1oglycemia is achieved. Smaller, more frequent 
meals that are easier to digest (liquid) and low in fat and fiber may 
minimize symptoms of gastroparesis. Cisapride ( 10 to 20 mg before 
each meal) is probably the most effective medication but has been 
removed from use in the U.S. market except under special circum­
stances. Other agents with some efficacy include dopamine agonists 
(metoclopramide, 5 to JO mg. and domperidone. 10 to 20 mg. before 
each meal) and bethanechol (10 to 20 mg before each meal). Eryth­
romycin interacts with the motilin receptor and may promote gastric 
emptying. Diabetic diarrhea in the absence of bacterial overgrowth is 
treated symptomatically with loperamide but may respond to clonidine 
at higher doses (0.6 mg lid) or octreotide (50 to 75 µg tid subcura­
neously). Treatment of bacterial overgrowth with antibiotics 1s some­
times useful (Chap. 286). 

Diabetic cystopathy should be treated with timed voiding or elf­
catherization. Medications (bethanechol) are inconsi tently effective. 
The drug of choice for erectile dysfunction is sildenafil. bur the efficacy 
in individuals with OM is ,lightly lower than m the nond1abe11c pop­
ulation (Chap. 51 ). Sexual dysfunction 111 women may be improved 
with use of vaginal lubricant~. treatment of \ aginal infections. and 
systemic or local estrogen replacement. 

CARDIOVA C LAR MORBIDITY ANU ~IORTALI I'\ 
Cardiovascular di,em.e is increased in rndi\ 1dual, "11h t) pe I or t) pc 
2 D I. The Framingham I lean Study n:vealed a marked rncrca,e m 
several card10\ a~cular d1wa,e, m D\I 111clud111g pc:npheral \ a,cular 
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disease. congestive heart failure. coronat} artcr} disease. myocardial 
infarct10n. and sudden death (ml,. increase from one- to fivefold). The 
American Heart Associa1ion rccenlly designa1ed DM as a major risk 
factor for cardio,·ascular disease (same ca1cgory as smol,.ing, hyper­
tension. and hypcrlipidemia). Because of the extremel) high frequency 
of underlying cardiovascular disease in individuals wi1h diabe1es (es­
pecially in type 2 DM). evidence of atherosclcrotic vascular di\ease 
should be sought in the individual w11h diabetes who has symptoms 
suggestive of cardiac ischemia, peripheral or carolid arterial disease. 
a resting electrocardiogram indicative of prior infarc1ion. plans 10 ini­
tiate an exercise program. proteinuria. or two 01hcr cardiac risk facto~ 
(ADA recommendations). The absence of chest pain ("silent ische­
mia'') is common in individuals with diabetes. and a thorough cardiac 
evaluallon is indicated in individuals undergoing major surgical pro­
cedures. 

The increase in morbidity and mortality appears to relate to the 
synergism of hyperglycemia with other cardiovascular risk fac1ors. For 
example, after controlling for all known cardiovascular risk factors, 
type 2 DM increases the cardiovascular death rate by twofold in men 
and fourfold in women. Risk factors for macrovascular disease in di­
abetic individuals include dyslipidemia, hypertension. obesity. re­
duced phys ical activity, and cigarette smoking. Additional risk factors 
specific to the diabetic population include microalbuminuria. gross 
proteinuria, an e levation in serum creatinine. and altered platelet func­
tion. Insulin resistance, as reflected by elevated serum insulin levels, 
is associated with an increased risk of cardiovascular complications in 
individuals with and without DM. Individuals with insulin resistance 
and type 2 DM have elevated levels of plasminogen activator inhibi­
tors (especially PAI-I) and fibrinogen, which enhances the coagulation 
process and impairs fibrinolysis. thus favoring the development of 
thrombosis. 

Despi1e proof that improved glycemic control reduces microvas­
cular complications in DM, it is possible that macrovascular compli­
cations may be unaffected or even worsened by such therapy. Con­
cerns about the anabolic and atherogenic potential of insulin remain, 
since in nondiabetic individuals, higher serum insulin levels (indica­
tive of insulin resistance) are associated wi1h a greater risk of cardio­
vascular morbidity and mortality. In the DCCT, the number of cardio­
vascular events did not differ between the standard and inte nsively 
treated groups. However, the duration of DM in these individuals was 
relatively short, and the total number of events was very low. An 
improvement in the lipid profile of individuals in the intensive group 
(lower total and low-density lipoprotein (LDL) cholesterol, lower tri­
glycerides] suggested that intensive therapy may reduce the risk of 
cardiovascular morbidity and mortality associated with DM. In the 
UKPDS, improved glycemic control did not conclusively reduce car­
diovascular mortality. Importantly, treatment with insulin and the sul­
fonylureas did not appear to increase the risk of cardiovascular disease 
in individuals with type 2 DM, refuting prior claims about the ather­
ogenic potentia.l of these agents. 

1n addition to coronary artery disease, cerebrovascular disease is 
increased in individuals with DM (threefold increase in stroke). Indi­
viduals with DM have an increased incidence of congestive heart fai l­
ure (diabetic cardiomyopathy). The etiology of this abnom1ali1y is 
probably multifactorial and includes factors such as myocardial ische­
rnia from atherosclerosis, hypenension. and myocardial cell dysfunc­
tion secondary to chronic hyperglycemia. 

iRJ TREA T\tE/'l,'T In general, the treatment of coronary disease is 
~ no different in the diabetic individual (Chap. 244), though overall 
prognosis after myocardial infarction is worse in the diabetic popula-
11on. Revascularization procedures for coronary artery disease, includ­
ing percutaneous transluminal coronary angioplasty (PTCA) and cor­
onary artery bypass grafting (CABG), are less efficacious in the 
diabetic individual. Initial success rates of PTCA in diabetic individ­
uals are similar 10 those in the nondiabetic population, but diabetic 

pallenLs have higher ra1es of restenosis and lower long-term patency 
and sur,ival rales. Penopcr.11ivc mortality from CABG is not altered 
m DM. but hoth short- and long-term survival are reduced. Recent 
tnals indicate that diabe1ic individuals with multi vessel coronary anery 
disease or who recently suffered a Q-wave myocardial infarction have 
belier long-tcnn survival with CABG than PTCA. 

Resulls of Mudies inves1iga1mg the effect of intensive diabetes 
management on survival rates and cardiovascular events after myo­
cardial infarcllon have heen conflicting. In the face of conflicting da1a, 
the ADA h,1s emphasized the importance of glyccmic control and ag­
gressive cardiovascular risk modification in all individuals with OM. 
Despite paM trepidation about using beta blockers in individuals who 
have diabetes, these agents clearly benefit diabetic patients after myo­
cardial infarction. analogous to the benefit m nondiabetic individuals. 
ACE inhibitors may also be particularly beneficial in reducing mor­
tality after myocardial infarclion in patients with DM. 

Antiplatelet therapy reduces cardiovascular events in individuals 
with DM who have coronary artery disease. Current recommendations 
by the ADA suggest the use of aspirin as secondary prevention of 
additional coronary even1s. Although data demonstrating efficacy in 
primary prevention of coronary evenls are lacking. anliplatelet therapy 
should be considered. especially in diabetic ind1v1duals with other cor­
onary risk factors such as hypertension, smoking. or hyperlipidemia. 
The aspirin dose (8 1 to 325 mg) is the same as that in nondiabetic 
individuals. Aspirin therapy does not have detrimental effects on renal 
function or hypertension, nor does it influence the course of diabetic 
relinopathy or maculopathy. 

Cardiovascular Risk Factors • Dyslipidemia Individuals with 
DM may have several forms of dyslipidemia (Chap. 344). Because of 
the additive cardiovascular risk of hyperglycemia and hyperlipidemia, 
lipid abnormalities should be aggressively detected and treated as part 
of comprehensive diabetes care (Fig. 333-1 1). The most common pat­
tern of dyslipidemia is hypertriglyceridemia and reduced HDL cho­
lesterol levels. DM itself does not increase levels of LDL, but the small 
dense LDL particles found in type 2 DM are more atherogenic because 
they are more easily glycated and susceptible to oxidation. 

According to guidelines of the ADA and the American Heart As­
sociation, the lipid profile in diabetic individuals withou1 cardiovas­
cular disease (primary prevention) should be: LDL < 3.4 mmol/L ( 130 
mg/dL): HDL > 0.9 mmol/L (35 mg/dL) in men and > 1.2 mmol/L 

Dysllpldemla In Diabetes 1----~ 

Medical nutritional therapy, increased physical activity 

HMGCoA 
reductase inhibitort 

Fibrlc Goal: 
acid derivative; LDL < 100 mg/dl 

Goals: 
HDL > 35 mg/dl 
Triglycerides < 200 mg/dl 

Improve 
glycemic control 
HMGCoA 
reductase inhib11ort 

Consider fibric 
acid derivative 

Goals: 
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Triglycerides < 200 mg/dl 
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FIGURE 333-11 Dyslipidemia management in diabetes. '"Triglyceride, 111-

creased bul < 400 mg/dL. tSecond line treatmeni: ti bric acid denvauve or bile 
acid-binding resin. :j:Ahemalive tre:11ment: high dose HMG CoA reductase 
mhibi1or. The level of HDL m women should be 10 mg/di higher. 
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disease, congestive heart failure, coronary artery disease. myocardial
infarction, and sudden death (risk increase from one- to fivefold), The

American Heart Association recently designated DMas a majorrisk
factor for cardiovascular disease (same category as smoking, hyper-
tension, and hyperlipidemia), Because ofthe extremely high frequency
of underlying cardiovascular disease in individuals with diabetes (es-
pecially in type 2 DM), evidence of atherosclerotic vascular disease
should be sought in the individual with diabetes who has symptoms
suggestive of cardiac ischemia, peripheral or carotid arterial disease,
a resting electrocardiogramindicative of prior infarction, plans to ini-
tiate an exercise program, proteinuria, or two othercardiac risk factors
(ADA recommendations). The absence of chest pain (“silent ische-
mia”) is commonin individuals with diabetes, and a thorough cardiac
evaluation is indicated in individuals undergoing major surgical pro-
cedures.

The increase in morbidity and mortality appears to relate to the
synergism of hyperglycemia with other cardiovascular risk factors, For
example, after controlling for all known cardiovascular risk factors,
type 2 DM increasesthe cardiovascular death rate by twofold in men
and fourfold in women. Risk factors for macrovascular disease in di-

abetic individuals include dyslipidemia, hypertension, obesity, re-
duced physical activity, and cigarette smoking. Additional risk factors
specific to the diabetic population include microalbuminuria, gross
proteinuria, an elevation in serum creatinine, and altered platelet func-
tion. Insulin resistance, as reflected by elevated serum insulin levels,
is associated with an increased risk of cardiovascular complicationsin
individuals with and without DM.Individuals with insulin resistance

and type 2 DM have elevated levels of plasminogen activator inhibi-
tors (especially PAI-1) and fibrinogen, which enhances the coagulation
process and impairs fibrinolysis, thus favoring the development of
thrombosis.

Despite proof that improved glycemic control reduces microvas-
cular complications in DM,it is possible that macrovascular compli-
cations may be unaffected or even worsened by such therapy. Con-
cerns about the anabolic and atherogenic potential of insulin remain,
since in nondiabetic individuals, higher serum insulin levels (indica-
tive of insulin resistance) are associated with a greater risk of cardio-
vascular morbidity and mortality. In the DCCT, the number of cardio-
vascular events did not differ between the standard and intensively
treated groups. However, the duration of DM in these individuals was
relatively short, and the total number of events was very low, An
improvementin the lipid profile of individuals in the intensive group
[lower total and low-density lipoprotein (LDL) cholesterol, lowertri-
glycerides] suggested that intensive therapy may reduce the risk of
cardiovascular morbidity and mortality associated with DM,In the
UKPDS,improved glycemic control did not conclusively reduce car-
diovascular mortality. Importantly, treatment with insulin and the sul-
fonylureas did not appear to increase the risk of cardiovascular disease
in individuals with type 2 DM,refuting prior claims about the ather-
ogenic potential of these agents.

In addition to coronary artery disease, cerebrovascular disease is
increased in individuals with DM (threefold increase in stroke), Indi-
viduals with DM havean increased incidence of congestive heart fail-
ure (diabetic cardiomyopathy). The etiology of this abnormality is
probably multifactorial and includes factors such as myocardial ische-
mia from atherosclerosis, hypertension, and myocardial cell dysfunc-
tion secondary to chronic hyperglycemia.

Ry TREATMENT| In general, the treatmentof coronary disease isno different in the diabetic individual (Chap. 244), though overall
prognosis after myocardial infarction is worse in the diabetic popula-
tion. Revascularization procedures for coronary artery disease, includ-
ing percutaneous transluminal coronary angioplasty (PTCA) and cor-
onary artery bypass grafting (CABG), are less efficacious in the
diabetic individual. Initial success rates of PTCA in diabetic individ-

uals are similar to those in the nondiabetic population, but diabetic

patients have higher rates of restenosis and lower long-term patency
and survival rates. Perioperative mortality from CABGis not altered
in DM, but both short- and long-term survival are reduced. Recent
trials indicate that diabetic individuals with multivessel coronary artery
disease or who recently suffered a Q-wave myocardial infarction have
better long-term survival with CABG than PTCA,

Results of studies investigating the effect of intensive diabetes
Management on survival rates and cardiovascular events after myo-
cardial infarction have been conflicting. In the face of conflicting data,
the ADA has emphasized the importance of glycemic control and ag-
gressive cardiovascular risk modification in all individuals with DM.
Despite past trepidation about using beta blockers in individuals who
have diabetes, these agents clearly benefit diabetic patients after myo-
cardial infarction, analogous to the benefit in nondiabetic individuals.
ACEinhibitors may also be particularly beneficial in reducing mor-
tality after myocardial infarction in patients with DM.

Antiplatelet therapy reduces cardiovascular events in individuals
with DM whohave coronary artery disease. Current recommendations
by the ADA suggest the use ofaspirin as secondary prevention of
additional coronary events. Although data demonstrating efficacy in
primary prevention of coronary events are lacking.antiplatelet therapy
should be considered, especially in diabetic individuals with other cor-
onary tisk factors such as hypertension, smoking, or hyperlipidemia,
The aspirin dose (81 to 325 mg) is the same as that in nondiabetic
individuals. Aspirin therapy does not have detrimental effects on renal
function or hypertension, nor does it influence the course of diabetic
retinopathy or maculopathy.

Cardiovascular Risk Factors * Dyslipidemia Individuals with
DM mayhave several forms of dyslipidemia (Chap. 344). Because of
the additive cardiovascular risk of hyperglycemia and hyperlipidemia,
lipid abnormalities should be aggressively detected andtreated as part
of comprehensive diabetes care (Fig. 333-11). The most commonpat-
tern of dyslipidemia is hypertriglyceridemia and reduced HDL cho-
lesterol levels. DM itselfdoes not increase levels of LDL, butthe small

dense LDLparticles found in type 2 DM are more atherogenic because
they are more easily glycated and susceptible to oxidation.

According to guidelines of the ADA and the American Heart As-
sociation,the lipid profile in diabetic individuals. without cardiovas-
cular disease (primary prevention) should be: LDL < 3.4 mmol/L (130
mg/dL); HDL > 0.9 mmol/L (35 mg/dL) in men and >1.2 mmol/L

Dyslipidemia in Diabetes

t Triglycerides t Triglycerides*
+ HDL 4 HDL

tLOL

Improve
glycemic control
HMG CoA
reductase inhibitort

t Triglycerides* || ~

Considerfibric
acid derivative

Goals: Goals:
HDL > 35 mg/dL
Triglycerides < 200 mg/dL|,

LDL < 100 mg/dL
Triglycerides < 200 mg/dL
HDL > 35 mg/dL

 
FIGURE 333-11 Dyslipidemia management in diabetes. *Triglycerides in-
creased but <400 mg/dL, tSecondline treatment: fibric acid derivative or bile
acid—binding resin, }Altemative treatment: high dose HMG CoA reductase
inhibitor. The level of HDL in women should be 10 mg/dl higher.
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45 rng/dL) in ~v?men: an_d triglycerides < 2.3 mmol/L (200 mg/dL). 
~ diabetic ind1v1duals with cardiovascular dise_ase, the LDL goal is 
(. 2_6 mrnol/L (_100 ~ g/dL). Because of the risk of cardiovascular 
dise.JSl: in drabeuc md1v!du~I~. many _authorities_ recommend that op­
lJlllal lipid levels for all indt\ 1duals with OM (with or without cardio­
ascular d15ease) should be: LDL < 2.6 mmol/L ( I 00 mg/dL) HDL 

1 
1.15 mmol/L (45 mg/dL) in men and> 1.41 mmol/L (55 ~g/dL) 

;, 110111en: and triglycerides < 2.3 mmol/L (200 mg/dL). The ADA 
~imends dietary modification in diabetic individuals without car­
dJovascular disease and a LDL cholesterol of 2.6 to 3.3 mmol/L ( 100 

10 )29 mg/dL). lf mulllple cardiovascular risk factors are present. the 
oal should be a LDL < 2.6 mmol/L ( I 00 mg/dL) even without known 

g d. 

11.1 lliabcl(-s \l.:..cl.;..lt..:.lu..:., _________________ 2_1_2_5 

nists (clonidine, me1hyldopa). and vasodilators (minoxidil. hydrala­
zi ne). OM-related considerations include the following: 

I. 

2. 

a-Adrenergic blockers slightly improve insulin resistance and 
positively impact the lipid profile, whereas beta blockers and thia­
zide diuretics can increase insulin res istance. negatively impacl 
the lipid profile, and slightly increase the risk of developing type 
2 diabetes. 
Bela blockers. often questioned because of the potential masking 
of hypog lycemic symploms, are effective agents and hypog ly­
cemic events arc rare when cardioselec1ive (/31) agents are used. 
Central adrenergic antagonists and vasodila1ors are lipid- and glu-

cardiovascular 1sease. 
Almost all studies of diabetic dyslipidemia have been performed 

in individuals with type 2 DM because of the greater frequency of 
drslipidemia in t11is form of diabetes. Intervenlional s tudies have 
shown that the beneficial e ffects of LDL reduction are similar in the 
diabetic and nondiabetic populations. Large prospective trials of pri­
mary and secondary intervention for coronary hean disease 
hal'e included a small number of individuals with 1ype 2 OM. 
and subset analyses have consistently found that reductions in LDL 
reduce cardiovascular events and morbidity in individuals with 
DM. Most clinical trials used HMG CoA reduc1ase inhibitors, although 
a nbric acid derivative was also beneficial in one trial. No prospec­
u1·e srudies have addressed similar questions in individuals with 
1ype I OM. 

Based on the guidelines provided by the ADA and the American 
Hean Association, the order of priorities in the treatment of hyperlip­
Jdeoua is: ( I ) lower the LDL cholesterol, (2) raise the HDL cholesterol, 
and (3) decrease the trig lycerides. A treatment strategy depends on the 
pattern of lipoprotein abnormalities (Fig. 333-11 ). Initial therapy for 
all forms of dyslipidemia should include dietary changes, as well as 
lhe same life-style modifications recommended in the nondiabetic pop­
ulation (smoking cessation, control of blood pressure, weight loss, 
increased physical activity). The dietary recommendations for individ­
uals with OM are similar to those advocated by the National Choles-
1erol Education Program (Chap. 344) and include an increase in mono­
unsarura1ed fat and carbohydrates and a reduction in saturated fa ts and 
choles1erol. Though viewed as important, the response to dietary al­
lerations is often modest [ <0.6-mmol/L ( < 25-mg/dL) reduction in the 
LDL]. Improvement in glycemic contro l will lower triglycerides and 
have a modest beneficial effect on raising HDL. Mos t medications that 
improve glycemic control are useful in lowering triglycerides and may 
Ilise 1hc HDL slightly. Though fibric acid derivatives have some ef­
ficacy and are well tolerated, nico1inic acid may worsen glycemic con-
~ol and increase insulin resistance; 1hus, niacin is relatively contra-
1ndica1ed in diabetic patients on oral glucose-lowering agents. As 
noted above, HMG CoA reductase inhibitors have proven benefi t in 
~lienis with DM, even with modest elevations in LDL. Combina­
bon therapy with an HMG CoA reductase inhibitor and fi bric acid 
derivative may be useful but increases the possibility of myosi1is. Bile 
~ id- binding resins should not be used if hypertriglyceridemia is 
Pl'esen1. 

Hypertension Hypertension can accelerate other complications 
of ~M. panicularly cardiovascular disease and nephropathy. Hyper­
~ion therapy should first emphasue life-style modifications such as 
~c1gh1 J • • • Kn oss, exercise, stress management, and sodium res1nc11on 

3. 

4. 

5. 

cose-neutral. 
Sympathetic inhibitors and a-adrenergic blockers may be asso­
ciated wilh orthostatic hypo1ension in lhe diabetic individual with 
autonomic neuropathy. 
Calcium channel blockers are glucose- and lipid-neutral. and some 
evidence suggests that they reduce cardiovascular morbidity and 
monality in type 2 DM. particularly in elderly patients with sys­
tolic hypertension. 

lf microalbuminuria or overt albuminuria is present, the optimal 
antihypertensive agent is an ACE inhibitor. If albumin excretion is 
normal, then an ACE inhibitor or other antihypertensive agent may be 
used. Low-dose diuretics and beta blockers are sometimes preferred 
as initial agents because of their clear efficacy in the nondiabetic pop­
ulation. Since hypertension is often difficult to control with a single 
agent (especially in type 2 DM), multiple an1ihypertens ive agents are 
usually required when blood pressure goals ( < 130/85 mmHg) are not 
achieved. In this setting. long-acting calcium channel antagonists 
should be considered as additional, or second-line. agents. as these 
drugs appear to provide protection against cardiovascular events. ACE 
inhibitors are contraindicated in pregnant diabetic patients and those 
anticipating pregnancy. Because of the high prevalence of athero­
sclerotic disease in individuals with DM, the possibility of renovas­
cular hypertension should be considered when the blood pressure is 
no1 readily controlled. 

LOWER EXTREMITY COMPLICATIONS DM is the 
leading cause of nontrauma1ic lower ex1remity amputation in 1he 
United Slates. Foot ulcers and infections are also a major source of 
morbidity in individuals with DM. The reasons for the increased in­
cidence of these disorders in DM are complex and involve the inter­
action of several pathogenic factors: neuropathy. abnormal foot bio­
mechanics. peripheral vascular disease, and poor wound healing. The 
peripheral sensory neuropat11y interferes with normal protective mech­
anisms and allows 1he patient 10 sustain major or repeated minor 
trauma to lhe foot , often without knowledge of the injury. Disordered 
proprioception causes abnormal weight bearing while wal.kmg and 
subsequent fomia1ion of callus or ulceration. Motor and sensory neu­
ropathy leads to abnonnal foot muscle mechanics and 10 s trnctural 
changes in the foot (hammer 1oe, claw toe defonni1y, prominent meta­
tarsal heads). Autonomic neuropa1hy results in anhidrosis and altered 
superficial blood flow in Lhe fool, which promote drying of the skin 
and fi ssure formation. Peripheral vascu lar disease and poor wound 
healing impede resolution of minor breaks in lhe sk in, allowing them 
10 enlarge and 10 become i11fec1ed. ad ap. 35). Antihypertensive agents shou ld be selected based on the 

of :tag:s _ and disadvantages of 1he 1herapeu1ic a~enl_ i~ the contexl 
COie- ind,v~d~al patient's risk factor profile. ACE inhlbllors are g lu­
risk ~d hp1d-neutral and thus positively impact the card10:ascu~ar 
lane P ofile. For example, cap1opril actually improves ins ul111 rests­
of e, r~duces LDL s lightly, and increases HDL slightly. In one study 
Of :;:d,a~1ic individuals, the ACE inhibitor ramipril reduced the ri~k 
block clopmg type 2 DM. Other effective agents include a-adrenerg,c 
1,.. ers (prazocin, 1erazosin, doxazosin), calcium channe l blockers, 
"<Q bloc• I . 'd d' . fb)dr r.ers (_both /3

1 
selective and nonselec1ive), t 11az1 : 1ure t1cs 

Ochlorothialide and its derivatives), central adrenerg1c antago-

Approximmely 15% of individuals with DM de\'elop a fool ulcer. 
,md a significant subset of those individuals will at some time undergo 
ampu1a1ion ( 14 to 24% risk with 1hat ulcer or sub~eque nt ulceration). 
Risk factors for foot ulcers or ampu1a1ion include: male ,e.,. diabetes 
> 10 years' duration, peripheral neuropathy. abnonnal s1ruc1ure of foot 
(bon) abnonnali1ies, callus. thickened nails), peripheral \ ascular dis­
ease, smoking. and hiMOJ') o f pre, ious ulcer or ampu1a11on. Glyl·emrc 
control is also a risk factor- each 2'1 increase 111 the I lhA I c mcrea,e\ 
1hc risk of a 101, er e,1rem1t) ulcer b) 1.6 lime, and the ri,k of lower 
ex1rem11y ampuration b) 1.5 1,mes. 
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l'l< l ·1 RI..\ f\11 \ I The op11mal therapy for foot ukcr, and am­
~ putat1on, 1, prc,cntion through 1dent1fica1ion 111 h1gh•ri,I.: pa­
tient\. education of the patient. and mstllut1on of mca,urc, to prevent 
ulcerJlion. High-ml.. patients ,hould be identified during the routmc 
loot exammat1on pcrfom1cd on all patients \\ith Di\-1 (sec "On!!oing 
Aspects of Comprehensive Diabetes Care:· below). P,1t1cnt education 
,hould emphasi1e: ( 1) careful ,election of foot\\ear. (:!.) da1I) 111spcc­
tion of the feet to detect early signs of poor-littmg foot\\car or minor 
trauma. (3) daily foot hygiene to keep the skin clean and moi,t. (-1) 

avoidance of self-treatment of foot abnormalitie, and high-ri,k behav­
ior (e.g .. \\alking barefoot), and (5) prompt consultation" 1th a health 
care provider 1f an abnormality arises. Patients at tugh risk for ulcer­
ation or amputation may benefit from evaluation by a foot care spe­
ciali,1. Interventions directed at risk factor modification mclude or­
thotic shoes and devices. callus management, nail care. anu 
prophylactic measures to reduce increased skin pressu1 e from abnor­
mal bony architecture. Attention to other risk factor, for vascular dis­
ease (smoking. dyslipidemia, hypcnension) and improwd glyccmic 
control are also imponant. 

Despite preventive measures. foot ulcera11on and infection are 
common and represent a potentially serious problem. Due to the mul­
tifactorial pathogenesis of lower extremity ulcers. management of 
these lesions must be multidisciplinary and often demands expcnise 
m onhopedics, vascular surgery. endocrinology. podiatry. and infec­
tious diseases. The plantar surface of the foot 1s the most common site 
of ulceration. Cellulitis ,, ithout ulceration is also frequent and should 
be treated with antibiotics that provide broad-spectrum coverage, in­
cludmg anaerobes (see below). 

An mfected ulcer is a clinical diagnosis. since superficial c ulture 
of any ulceration will likely find multiple possible bacterial pathogens. 
The infection surroundmg the foot ulcer is often the result of multiple 
organisms {gram-positive and -negative cocci and anaerobes). and gas 
gangrene may develop in the absence of clostridial infection. Cultures 
taken from the debrided ulce r base or from purulent drainage arc most 
helpful. Wound depth should be dc1em1ined by inspection and probing 
with a blunt-tipped sterile instrument. Plain radiographs of the foot 
should be performed to assess the possibility of o,teomyclitis in 
chronic ulcers that have not responded to therapy. Nuclear medicine 
bone scans may be helpful, but overlying subcutaneous mfec tion is 
often difficult 10 distmgu1sh from osteomyelius. Indium-labeled while 
cell studies are more u,eful in determining if the mfection involves 
bony structures or only soft tissue, but they are technically demand mg. 
Magnetic resonance imaging of the foot may be the most specific 
modality, al though distinguishing bony destruction due to osteomye­
lllls from destruction secondary to Charcot anhropathy is difficult. If 
surgical debridement 1s necessary. bone biop,y and culture usually 
provide the answer. 

Osteomyelit1s is best treated by a combination of prolonged anti­
biotics and debridement of infected bone. The poss1hlc contribution 
of vascular insufficiency should be considered in all pmients. Nonin­
vasive blood-flow studies are often unre liable in DM, and angiography 
may be required, rccogm,:ing the risk o f contrast-induced nephrotox­
ic ity. Peripheral vascular bypass procedures arc ofte n e ffective in pro­
moting wound resolution and in decreasing the need for amputation 
of the ischemic limb. 

A growmg number of possible treatments for diabetic foot ulcers 
ex1,1. but the) have )Ct to demon>1rate clear efficacy 111 prospective, 
controlled trials. A recent consensus statement from the ADA 1dent1-
tied six interventions "1th demonstrated efficacy 111 diabetic foot 
wounds: (I) off-loading, (2) debridement. (3) wound dressings, (-1) 

appropriate use of an11b1ot1cs. (5) rernsculari,ation. and (6) limited 
amputation. Off-loachng 1s the complete avoidance of weight bearing 
on the ulcer, "h1ch removes the mechanical trauma that retards wound 
healing. Bed rest and a variety of onhotic de, ices l11rnt \\eight be:mng 
on wounds or pressure po1111s. Surgical debridement of neuropathic 
\\ound, 1, 1mponan1 and effective. but clear efficacy ot other modal-

1tu:, tor wound cleanmg (enzymes. ,oaking. whirlpooh) is lacking. 
D1c\\111g, promote wound healing by creating a moist environment 
and protecting the \\ound. Antiseptic agent, and topical antibiotics 
,houtd he avoided. Referral for ph) ,ic.:al ther.ipy. onhotic evaluation. 
and rehabilitation may be useful once the infection 1s controlled. 

Mild or non-limb-threatening mfcction, can be treated w1th oral 
an11b1ot1c, (ccphalosponn. clmdamycin. amoxicillin/clavulanate. and 
nuornqu111olones). surgical debridement of necrotic ti,sue, local 
wound care (avoidance of \\eight bearing over the ulcer). and close 
,urvc1llancc for progre,sion uf mfccuon. l\1ore severe ulcers may re­
quire intravenous antibiotics a, well as bed rest and local wound care. 
Ur!!Cnt \urgical dcbridement may be required. lntravenou, ant1b1011cs 
,hould provide broad-spectrum covera!?C directed toward Staphy/o. 
corc11s a11re11f. streptococci. gram-negative aerobes. and anaerobic 
bactena. Initial antimicrobial regunens include cefotetan. anip1cilhn/ 
,ulbac.:tam, or the combination nl clindamycin and a fiuoroquinolone. 
Severe infection,. or infections that do not improve after 48 h of an­
tibiotic therapy require expansion of antimicrobial therapy to treat 
mcthicillin resistant S. aweus (e.g .. vancomycin) and Pse11domonas 
aeruKinosa. If the infection surrounding the ulcer is not 1mprovmg 
with intravenous antibiotics, reas\C\Smcnt of antibiotic coverage and 
reconsideration of the need for surgical debridement or revasculari­
ntion are md1cated. With chmcal improvement. oral antibiotics and 
local wound care can be continued on an outpatient basis with close 
follow-up. As infection improves. a comprehensive assessment of 
modifiable risk factors for foot ulceration should be performed and 
should involve health professionals with expenise in podiatry, 
onhotics, vascular surgery. and onhopedics. 

New information about wound biology has led to a number of new 
technologies (e.g .. liv ing sk.in equivalents and growth factors such as 
basic fibroblast growth factor) that may prove useful. Recombinant 
plate let-derived growth factor has some benefit and complements the 
basic therapies of off-loading, debridement. and antibiotics. Hyper­
baric oxygen has been used. but rigorous proof of efficacy is lacking. 

INFECTIONS Individuals with DM exhibit a greater frequency 
and severity of infection. The reasons for this increase include incom­
plete ly defined abno1maJities in cell-mediated immunity and phago­
cyte function associated with hyperglycemia. as well as diminished 
vascularization secondary to long-Manding diabetes. Hyperglycemia 
likely aids the colonization and growth of a variety of organisms (Can­
dida and other fungal species). Many common mfections are more 
frequent and severe in the diabetic population. ,~hereas several rare 
infections are seen almost exclu,ively in the d iabetic population. Ex­
amples of this latter category includes rhinocerebral mucormycosis 
and malignant otitis extema, which is usually secondary to P. aeru· 
1:i11osll infection in the soft tissue surrounding the e'\.temal auditory 
canal. Malignant oti tis extema begin, with pain and discharge and may 
progre\S rapidly to osteomyelitis and menmgills. These infections 
should be sought. in panicular, in patients presenting with , KIIS. 

Pneumonia, unnary tract infections. and skin and soft ti,,ue infec­
tions arc all more common in the d1abet1c population. In general. the 
organi,ms that cause pulmonary infections are similar to those found 
in the nondiabetic popula tion; however, gram-negative organisms. S. 
mIre11s, and Myco/Jacteri11111 111/,arnlosis arc more frequent pathogens. 
Urinary tract infections (either lower tract or pyelonephritis) are the 
re,ult of common bacterial agent, such as Escherrd1ill coli. though 
several yeast species (Candidll and foru/op.1is Rlllbrnlll) are com· 
monly observed. Complicauons or urinary tract mfecuon, include em­
ph}scmatous pyelonephrius and cmphy,ematous cystitis. Bacteriuna 
occur, frequently m mdiv1duals \~llh diabc11c cystopathy. Suscep11bil­
ity to furunculos1s. superficial cand1dal mfections and vulvovaginitis 
is 111creased. Poor glycemic control 1, a common· denorn111ator ~m in­
div 1duals \\ 1th these inrection,. Diabetic 111dividuals have an 111creased 
rah: of colonizauon of S a11re11.1 111 the skin told, and narcs. Diatxu.: 
patients also ha,e a greater ml,. of [Xhtoperat1ve wound 111fcct1ons. 

DE R\I\TOLOGIC \l\'\ IF ES I \ T IO'\ 1111: most com-
mon ,t..m manifestations of D\I arc prutrJcted ,,ound healing and ,1..Jn 
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TREATMENT The optimal therapy for foot ulcers and am-
putations is prevention through identification of high-risk pa-

tients. education ofthe patient, and institution of measures to prevent
ulceration. High-risk patients should be identified during the routine
foot examination performed on all patients with DM (see “Ongoing
Aspects of Comprehensive Diabetes Care,” below). Patient education
should emphasize: (1) careful selection of footwear, (2) daily inspec-
tion 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 ofself-treatment of foot abnormalities and high-risk behay-
ior (e.g., walking barefoot), and (5) prompt consultation with a health
care provider if an abnormalityarises. Patients at high risk for ulcer-
ation or amputation may benefit from evaluation by a foot care spe-
cialist. Interventions directed at risk factor modification include or-

thotic shoes and devices, callus management, nail care. and
prophylactic measures to reduce increased skin pressure from abnor-
mal bony architecture. Attention to other risk factors for vascular dis-
ease (smoking, dyslipidemia, hypertension) and improved glycemic
control are also important.

Despite preventive measures, foot ulceration and infection are
common and represent a potentially serious problem, Due to the mul-
tifactorial pathogenesis of lower extremity ulcers, management of
these lesions must be multidisciplinary and often demands expertise
in orthopedics, vascular surgery, endocrinology, podiatry. and infec-
tious diseases. The plantar surface ofthe foot is the most commonsite
of ulceration. Cellulitis without ulceration is also frequent and should
be treated with antibiotics that provide broad-spectrum coverage, in-
cluding anaerobes (see below).

An infected ulcer is a clinical diagnosis, since superficial culture
of any ulceration will likely find muluple possible bacterial pathogens.
The infection surrounding the foot ulceris often the result of multiple
organisms (gram-positive and -negative cocci and anaerobes), and gas
gangrene may develop in the absenceof clostridial infection. Cultures
taken from the debrided ulcer base or from purulentdrainage are most
helpful. Wound depth should be determined by inspection and probing
with a blunt-tipped sterile instrument. Plain radiographs of the foot
should be performed to assess the possibility of osteomyelitis in
chronic ulcers that have not responded to therapy. Nuclear medicine
bone scans may be helpful, but overlying subcutaneous infection is
often difficult to distinguish from osteomyelitis. Indium-labeled white
cell studies are more useful in determining if the infection involves
bonystructures or only soft tissue, but they are technically demanding.
Magnetic resonance imaging of the foot may be the most specific
modality, although distinguishing bony destruction due to osteomye-
litis from destruction secondary to Charcot arthropathyis difficult. If
surgical debridement is necessary, bone biopsy and culture usually
provide the answer.

Osteomyelitis is best treated by a combination of prolonged anti-
bioties and debridement of infected bone. The possible contribution
of vascular insufficiency should be considered in all patients. Nonin-
vasive blood-flow studies are often unreliable in DM,and angiography
may be required, recognizing the risk of contrast-induced nephrotox-
icity, Peripheral vascular bypass procedures are often effective in pro-
moting wound resolution and in decreasing the need for amputation
ofthe ischemic limb.

A growing number ofpossible treatments for diabetic foot ulcers
exist, but they have yet to demonstrate clear efficacy in prospective,
controlled trials. A recent consensus statement from the ADA identi-

fied six interventions with demonstrated efficacy in diabetic foot
wounds; (1) off-loading, (2) debndement, (3) wound dressings, (4)
appropriate use of antibiotics, (5) revascularization, and (6) limited
amputation. Off-loading is the complete avoidance of weight bearing
on the ulcer, which removes the mechanical trauma that retards wound

healing, Bed rest anda variety of orthotic devices limit weight bearing
on wounds or pressure points. Surgical debridement of neuropathic
wounds is important and effective, but clear efficacy of other modal-

ities for wound cleaning (enzymes, soaking. whirlpools) is lacking,
Dressings promote wound healing by creating a moist environment
and protecting the wound. Antiseptic agents and topical antibiotics
should be avoided. Referral for physical therapy, orthotic evaluation,
andrehabilitation may be useful once the infection is controlled.

Mild or non-limb-threatening infections can be treated with oral
antibiotics (cephalosporin, clindamycin, amoxicillin/clavulanate, and
fluoroquinolones). 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 re-
quire intravenous antibiotics as well as bed rest and local woundcare,
Urgent surgical debridement may be required. Intravenous antibiotics
should provide broad-spectrum coverage directed toward Staphylo-
coccus aureus, streptococci, gram-negative aerobes, and anaerobic
bacteria. Initial antimicrobial regimens include cefotetan, ampicillin/
sulbactam, or the combination of clindamycin and a fluoroquinolone.
Severe infections, or infections that do not improve after 48 h of an-
libiotic therapy, require expansion of antimicrobial therapy to treat
methicillin-resistant 8. aurews (e.g., vancomycin) and Pseudomonas
aeruginosa, Wf the infection surrounding the ulcer is not improving
with intravenous antibiotics, reassessment of antibiotic coverage and
reconsideration of the need for surgical debridement or revasculani-
zation are indicated. With clinical improvement, oral antibiotics and
local wound care can be continued on an outpatient basis with close
follow-up. As infection improves, a comprehensive assessment of
modifiable risk factors for foot ulceration should be performed and
should involve health professionals with expertise in podiatry,
orthotics, vascular surgery, and orthopedics.

Newinformation about wound biologyhas led to a number of new
technologies (e.g., living skin equivalents and growth factors such as
basic fibroblast growth factor) that may prove useful. Recombinant
platelet-derived growth factor has some benefit and complements the
basic therapies of off-loading, debridement, and antibiotics. Hyper-
baric oxygen has been used, but rigorous proofofefficacy is lacking.

INFECTIONS Individuals with DM exhibit a greater frequency
and severity of infection. The reasons for this increase include incom-
pletely defined abnormalities in cell-mediated immunity and phago-
cyte function associated with hyperglycemia, as well as diminished
vascularization secondary to long-standing diabetes. Hyperglycemia
likely aids the colonization and growth ofa variety oforganisms (Can-
dida and other fungal species). Many commoninfections are more
frequent and severe in the diabetic population, whereas several rare
infections are seen almost exclusively in the diabetic population. Ex-
amples of this latter category includes rhinocerebral mucormycosis
and malignant otitis externa, which is usually secondary to P. aeru-
ginosa infection in the soft tissue surrounding the external auditory
canal, Malignantotitis externa begins with pain and discharge and may
progress rapidly to osteomyelitis and meningitis. These infections
should be sought,in particular, in patients presenting with NKHS.

Pneumonia, urinary tract infections, and skin and soft tissue infee-
lions are all more common in the diabetic population, In general, the
organisms that cause pulmonary infections are similar to those found
in the nondiabetic population; however, gram-negative organisms,S.
aureus, and Mycobacterium tuberculosis are more frequent pathogens.
Urinarytract infections (either lower tract or pyelonephritis) are the
result of common bacterial agents such as Escherichia coli, though
several yeast species (Candida and Torulopsis glabrata) are com-
monly observed. Complications ofurinary tract infections include em-
physematous pyelonephritis and emphysematous cystitis, Bacteriuria
occurs frequently in individuals with diabetic cystopathy. Susceptibil-
ity to furunculosis, superficial candidal infections, and vulvovaginitis
is increased. Poor glycemic control is a common denominator in in-
dividuals with these infections. Diabetic individuals have an increased
rate of colonization of S. aureus in the skin folds and nares. Diabetic
patients also have a greater risk of postoperative wound infections.

DERMATOLOGIC MANIFESTATIONS The most com-
mon skin manifestations of DMare protracted wound healing and skin
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on,. Diahctic dcnnopalh). ~omctimes tenned pigmemed JIil'· 
P~°'r.1

11 "d I . • k .. be . 
1 ,pules. or 1a ,c11c , ·111 , po1,. g1m as an erythematou<, area 

n.1'1ae:i," into an area 01: circular h) ~rp1gmenta1ion. These lc,ion, 
_.Juli rroni minor mechanical trauma 111 the preti bial region and arc 
~-tt c'Onmion in elder!) men " uh 01\1. Bullous disea.,es (,hallow 
:"ttJlion, or cro,1ons in the prc1ib1al region) are also \een. Necro-

ll ,,md1ca dwhe11comm " a rare disorder of OM that predomi "1'"s ,,. . • 
11,111th 31Jects young 110111~11 wuh l)pe I OM. neuropath). and rcll-

~)- It usual!) heg111, 111 the prct1b1al region as an crythematous 
~orpapules that gradual!) enlarge. darken. and develop irregular 
~ins. "1th a1roph1~ ~cnlCI", and central ulceration. The) ma) be 
rm1ru1. Acantho.m 111grrca11.1 (hy~rp1gmen'.ed velvety plaque, seen 
ro thc neck or extensor surfaces) 1s someumes a feature of severe 
in,uhn resistance and accompanymg diabetes. Generalized or local-

ed ~ranuloma 0111111/are (ery 1hemato11s plaques on the extremities or 
:~nl) and scleredema (areas of ,kin thickening on the back or neck 

11 ihe site of previous superficial infections) are more common in the 
diabetic popu lation. Lipoarrophy and lipohyperrrophy can occur at in­
sulin injection sites but are unusual with the use of human insulin. 
xcrosis and pruritus are common and are relieved by skin moisturizers. 

_____ Approach to the Patient _____ _ 

D~I and its complications produce a wide range of symptoms and 
gm,; tho~ ~ondary to acute hyperglycemia may occur at any stage 
ci the disease, whereas those related to chronic complications begin 
!Dappearduring the second decade of hyperglycemia. Individuals with 
JICllOUsly undetected type 2 OM may present with chronic compli­
~ns of DM at the time of diagnosis. The history and physical ex­
lllllllation should assess for symptoms or signs of acute hyperglycemia 
IOd should screen fo r the chrome complicat ions and conditions asso­
oaied with DM. 

History A complete medical history should be obtained with 
1pCC1al emphasis on OM-relevant aspects such as weight, fami ly his­
llll) of DM and its complications, risk factors for cardiovascular dis­
ease, prior medical condition;, exercise, smoking, and ethanol use. 
Symptoms of hyperglycemia include polyuria, polydipsia, weight loss, 
Wlgue, weakness, blurry vision, frequent superficial infections (vag­
wus, fungal skin infection,), and slow healing of skin lesions after 
minor trauma. Metabolic derangements relate mostly Lo hyperglycemia 
101mo1ic diure is, reduced glucose entry into muscle) and to the cat­
ibohc state of the patient (urinary loss of glucose and calorics, muscle 
breal.do11n due to protem degradation and decreased protein syn1hc-
1U). Blurred vision results from changes in the water content of the 
lens and resolve\ as the h} perglycem1a is controlled. 

In a pa11en1 wuh established OM, the initial assessment should 
Ibo include special emphasis on prior diabetes care, including the type 
ofl/irrapy, prior HbA le Jeveb. self-monitoring blood glucose results, 
frequency of hypoglycemia, presence of OM-speci fic complication~, 
llld assessment of the patient ·s knowledge about diabetes. T~c ~h~omc 
COrnphcations may afll ict several organ ,ys1ems, and an md1v1dual 
P.llent may e1thibit some all or none of the symptoms related to the 
~rnplications of DM (se~ above). Jn addition. the presence of DM­
clatcd comorbidities should be sought (cardiovascular disease, hy­

(lenension, dyslipidemia). 
PhJsicat Examination In addition 10 a complete physical ex­

llnination, special anention should be given to DM-rclevanl aspec~'> 
~ as weight or body mass index, re1inal examination, o~h~st~ll.c 
~ Pressure. foot examina1ion, peripheral pulses, and msuhn lllJCC· 

II" Ille,. Careful exarnmation of the l01,er extremities shout~ seek 
~ . of penpheral neuropathy. ~alluses. superficial funga_l mfe~­
lllil • llaJI di-case, and foot deforrniues (such as h3'.11me~ or claw toes 
\tf Cb..rco1 foot) in order 10 idenufy sites of potenual skin ulcerauon. 
~ "°I} \Cn,auon ( 128-M Hz 1unmg fork al the base of the great toe) 
¢ ability to !><:n\C touch with a monofilament (5:07. ~0-g mono­
'i OIJ arc u-.eful 10 detect moderately adl'anced d1abeuc neuropa­
~lllce dental disea\e is more frequent in OM, the teeth and gum, 

al\O be exan11ned. 
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Cl.issifkation of DM in an Individual Patient The ellology of 
diabetes in an individual with new-onset disease can usually be as­
'lgned on the basis of clinical criteria. Individuals "'11h ty,pe I 0\11 
tend to have the following characteristics: (I) onset of di,ea,e prior to 
age 30: (2) lean body habitus; (3) requirement of insulin as the initial 
therapy: (4> propensity to develop ketoacidosis: and (5) an incrca.,ed 
risk of other au1oin1mune disorders such as autoimmune 1hyroid dis­
ease. adrenal insufficiency, pernicious anemia, and vuiligo. In contrast. 
individuals with type 2 DM often exhibit the follo"'ing features: ( I) 
develop diabetes after the age of 30: (2) are usually obese (80% are 
obese, but elderly individuals may be lean): (3) may not require insulin 
therapy initially; and (4) may have associated condllions such as in­
sulin resistance. hypertension, cardiovascular disease, dyslipidemia, or 
polycystic ovary syndrome. In type 2 OM, insulin resistance is often 
associated with abdominal obesity (as opposed 10 hip and thigh obe­
sity) and hypcrtriglyceridemia. Although most individual, diagnosed 
wi1h type 2 OM are older. the age of diagno is appears 10 be declining 
in some ethnic groups, and there is a marked increase among over­
weight teenagers. On 1hc other hand, some individuals (< I 0%) with 
the pheno1ypic appearance of type 2 OM do not have absolute insulin 
deficiency but have autoimmune markers suggestive of type I OM. 
Thus. despite the revised classification of OM. it is remains difficult 
to categorize some patients unequivocally. Individuals "'ho deviate 
from the clinical profile of type I and type 2 DM, or who have other 
associated defects such as deafness, pancreatic exocrine disea.se. and 
other endocrine disorders, should be cla~sified accordingly (Table 
333-1 ). 

Laboratory Assessment The laboratory assessment should first 
de1errnine whether the patient meets the diagnostic criteria for DM 
(Table 333-2) and should then assess the degree of glycemic control 
(HbA I c. discussed below). Jn addition to 1he standard laboratory eval­
uation, the patienl should be screened for OM-associa1cd conditions 
(e.g., 111icroalbuminuria. dyslipidemia, 1hyroid dysfunction). lndivid­
uab al high risk for cardiovascular disease should be screened for 
asymptomatic coronary artery disease by appropriate cardiac stn:ss 
1es1ing. when indicmed. 

TI1e classification of the type of OM does not usually require lab­
oratory assessments. Serum insulin or C-peptide measurements do not 
clearly distinguish type I from type 2 OM at the time of diabetes onset: 
:1 low C-peptide level merely confinm a patient\ need for insulin. 
Conversely. many individuals with new-onset type I DM retain some 
C-peptide production. Measurement of islet cell an1ibod1e, at the time 
of diabetes onsel may be useful if the type of DM is not clear bal>ed 
on the characteristics discussed above, but this knowledge does not 
usually alter therapy. which is based primarily on empirical metabolic 
features. 

LONG-TERM TREA TME T 

OVERALL PRI CIPLES The goals of therapy for type I or 
type 2 DM :ire to: ( I) eliminate symptoms rcl:11ed 10 hyperglycemia, 
(2) reduce or elimim1tc !he long-1em1 microvascular and macrova,cular 
co111plica1ions of DM, mid (3) allow the patient 10 acl11cvc a, no11nal 
a life-slylc a, possible. To reach these goal,, the ph) ,ic1an ,hould 
ident ify a target lei el of gl)cemic control for e,1ch p,11icn1, provide 1hc 
pa11en1 wuh the educa1ional and pharmacologic rcsour<·e, ne,e...,,ir) to 
reach this level. and monitor/treat 0/\ I-related comphca11om. > mp-
10111, of diabetes u,ually resol\ e 1, hen the pla,mj glu,u,e " 11 I 
mmol/L (200 mg/dL). and 1hus most D:-1 ire.ument 10<:u,..-, on a,hll'\ • 
ing the second and third goal,. 

The care or an mdl\ 1dual "ith euher I} pc I or I} pe ~ 0 \1 require, 
a mult1d1'c1phnary 1eam. Central 10 the ,ucce" ol this 1.:am are the 
pat1enl \ par1i,ipa11011. 111pu1. and en1hu,ia,111. allot "lu•h are ~"en11.1l 
for op11111al d1ahe1e, m,tnagement. \lemtxr, ot the h~.1hh l'are 1~.1111 
111dudc 1he pnm,1ry care pro, ider and/or 1he eml1xnnuluN1,1 ur dta• 
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betologist. a cenified diabetes educator. and a nutririonist. In addition. 
\\ hen rhe complications of DM arise. subspcciahsts (including neu­
rologists. nephrologists, vascular surgeons, cardiologists. ophthalmol­
ogists. and podiarriMs) with experience in OM-related complicarions 
are essential. 

A number of names are sometimes applied 10 different approachc\ 
to diabetes care. such as intensive insulin therapy. intensive glycemic 
control. and "tight control."" The current chapter. however. will use the 
term co111prehe11si1·e diabetes care to emphasize rhe fact that optimal 
diabetes therapy involves more than plasma glucose management. 
Though glycemic control is central to optimal diabetes therapy, com­
prehensive diaberes care of both type I and type 2 DM should abo 
detect and manage OM-specific complications and modify risk fac1ors 
for DM-associa1ed diseases. 

In addition to assessing the physical aspects of rhc pa1ien1 wi1h 
DM, the physician and members of the diabetes management learn 
should consider social, family. financial, cultural, and employmenl­
related issues lhal may have an impact on diabetes care. With 1his 
information. the physician can work with the patient and his or her 
family to establish therapeutic goals and design a comprehensive and 
feasible plan for optimal diabetes care. 

EDUCATlON OF THE PATIENT ABOUT DM, NUTRI­
TION, AND EXERCISE Patient panicipation is an essential com­
ponent of comprehensive diabetes care. The patient with type I or type 
2 OM should receive education about nutri1ion, exercise, care of dia­
betes during illness, and medications to lower the plasma glucose. 
Along with improved compliance. patient education allows individuals 
with DM to assume greater responsibility for their care. Patient edu­
cation should be viewed as a continuing process with regular visi1s for 
reinforcement; it should 1101 be a process that is completed after one 
or two visits to a nurse educator or nutritionist. 

Diabetes Education The diabetes educator is a health care pro­
fessional (nurse, dietician, or pharmacist) with specialized patient ed­
ucation skills who is cenified in diabetes education (indicating dem­
onstrated skills in diabetes knowledge and educat ion and certification 
by the American Association of Diabetes Educators). The educator is 
a vital member of the comprehensive diabetes care program and ed­
ucates the patient about a number of issues imponant for optimal di­
abetes care, including self-monitoring of blood glucose; urine ketone 
monitoring (type I DM); insulin administration; guidelines for dia­
betes management during illnesses; management of hypoglycemia; 
foot and skin care; diabetes management before, during, and after ex­
ercise; and risk factor-modifying activities. 

Nutrit ion Medical 1111tritio11 therapy (MNT) is a lerm used by 
the ADA to describe lhe optimal coordination of caloric intake wi1h 
other aspects of diabetes therapy (insulin, exercise, weight loss). I lis­
torically, nutrition has imposed restrictive, complicated regimens on 
the patient. Current practices have greatly changed, !hough many pa­
tienls and health care providers slill view the diabetic diel as mono­
Ii thic and static. For example, modem MNT now includes foods wi1h 
sucrose and seeks to modify other risk factors such as hyperlipidemia 
and hypertension rather 1han focusing exclusively on weight loss in 
individuals with type 2 DM. Like other aspects of DM lherapy, MNT 
must be adjusted to meet the goals of the individual patient. Fun her­
more, MNT education is an imponan1 component of comprehensive 
diabetes care and should be reinforced by regular pa1ien1 education. In 
general, 1he components of op1imal MNT are similar for individuals 
with rype I or type 2 DM (Table 333-8). 

The goal of MNT in the individual with 1ype I OM is to coordinale 
and match the caloric intake, both temporally and quantitatively, with 
the appropriate amount of insulin . .MNT in type I DM and self-mon­
itoring of blood glucose must be integrated to define the optimal in­
sulin regimen. MNT mu,t be flexible enough to allow for e.>.ercise, 
and the insulin regimen must allow for deviations in caloric in1ake. 
An imponant component of MNT in 1ype I DM is 10 minimize the 
weigh1 gain often associated with intensive diabetes managemen1. 

• Prolcm 10 provide -10-20"1< ofkcaVd ( 10% for those with nephropa1hy) 
• Sa1uratcd fat 10 provide < 1oq. ofkcal/d ( 7'7c for those with elevated LDL) 
• Polyunsa1ura1ed fat to provide :S 10'", of kcal 
• Remaining calories to be divided IM,tween carbohydra1e and monounsa1u­

rated fat, based on medical needs and personal 1olerance 
• Use of caloric swee1eners. including sucrose. 1, accep1able. Sugars must be 

accounted for so that the in,ulin demand they create is matched to available 
m,ulon 

• Fiber (20 35 g/d) and sodium (S3000 mg/d) levels as recommended for 
lhe general healthy populauon 

• Cholcsrerol mrake sJOO mg/d 
• The same precautions regarding alcohol use in the general population also 

apply to individuals with diabe1es. In addition, alcohol may increase risk 
for hypoglycemia and therefore should be laken with food. 

NOTE: LDL. low-density lipopro1cm. 
SOURCT' Ad,1p1cd from Farkas-Hirsch. 1998. 

The goals of .MNT in type 2 DM are slightly diffe rent and address 
1he greatly increased prevalence of cardiovascular risk faclors (hyper­
tension. dyslipidemia, obesity) and disease in this population. The ma­
jority of lhese individuals are obese, and weight loss is still strongly 
encouraged and should remain an imponanl goal. Medical treatment 
of obesity is a rapidly evolving area and is discussed in Chap. 77. 
Hypocaloric diets and modest weight loss often result in rapid and 
dramatic glucose lowering in individuals with new-onset type 2 DM. 
Nevenheless. numerous studies document that long-term weight loss 
is uncommon. Therefore. current MNT for type 2 DM should empha­
size modest caloric reduction, increased physical activity. and reduc­
tion of hyperlipidemia and hypenension. Increased consumption of 
soluble, dietary fiber may improve glycemic control in individuals 
with type 2 DM. 

Exercise Exercise is an integral component of comprehensive 
diabetes care that can have multiple positive benefits (cardiovascular 
benefits, reduced blood pressure. maintenance of muscle mass. reduc­
tion in body fat, weight loss, elc.). For individuals with type I or type 
2 DM. exercise is also useful for lowering plasma glucose (during and 
following exercise) and increasing insulin sensitivity. 

Despite its benefits, exercise presents several challenges for indi­
viduals with DM because they lack the normal glucoregula1ory mech­
anisms. Skeletal muscle is a major site for metabolic fuel consump1ion 
in the resting stale, and the increased muscle activity during vigorous. 
aerobic exercise greatly increases fuel requirements. Individuals with 
type I DM are prone to either hyperglycemia or hypoglycemia during 
exercise, depending on the preexercise plasma glucose. the circulating 
insulin level. and the level of exercise-induced catecholamines. 1f the 
insulin level is too low, the rise in catecholamines may increase the 
plasma glucose excessively, promote ketone body format ion, and pos­
sibly lead to ketoacidosis. Conversely, if the circulating insulin level 
is excessive. this re lative hyperinsulinemia may reduce hepatic glucose 
production (decreased glycogenolysis, decreased gluconeogenesis) 
and increase glucose enlry into muscle, leading to hypog lycemia. 

To avoid exercise-related hyper- or hypoglycemia. individuals 
wi1h type I DM should: (I) monitor blood glucose before. during, and 
after exercise; (2) delay exercise if blood g lucose is> 14 mmol/L (250 
mg/dl), <5.5 mmol/L ( 100 mg/dl), or if ketones are present; (3) eat 
a meal I 10 3 h before exercise and take supplemenlal carbohydrate 
feedings at leas! every 30 min during vigorous or prolonged exercise; 
( 4) decrease insulin doses (based on previous experience) before e1t­
ercise and inject insulin into a nonexercising area; and (5) learn indi­
vidual glucose responses to different types of exercise and increase 
food intake for up to 24 h after exercise, depending on in1ensi1y and 
duration of exercise. In individuals with type 2 DM. exercise-related 
hypoglycemia is less common but can occur in individuals taking ei­
ther insulin or sulfonylureas. 

Because asymptomatic cardio\ascular disease appears at a younger 
age 111 both type I and type 2 DM, formal exercise tolerance testing 
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t,c "arrantcd in diabetic individuals with any of the following· 
~ ~35 years. long-~•an_ding type I DM _(>20 to 25 years· duration): 
If_ ·ascular comphcat1ons of OM (retmopathy. microalbuminuria 
JJJ~"f\)I . h I I . . pephropathy). penp era vase~ ar disease. other risk factors of cor-
" artel)' disease. or autonomic neuropathy. Untreated proliferative 
~ I. . d . rt1i~•h> is a re at1ve contram 1cat1on to vigorous exerci~e. since 

s ma)' Jead 10 vitreous hemorrhage or retinal detachment. 
i!ll MO ITORING THE LEVEL OF GL YCEMIC CON-' . . 
fR0L Optimal morntonng of_ glycemic control involves plasma 
£1UCoSC measurements by the patient and an assessment of long-temi 
~uol by 1he phys1c1an (measurement of HbAlc and review of the 
riuent's self-measurements_ of ~lasma glucose). These measurements 
J1C complementary: the patient s measurements provide a picture of 
<b(lll•term glycemic control. whereas the HbA le reflects average gly­
~" control over the previous 2 to 3 months. Integration of both 
measurements provides an accurate assessment of the glycemic cont rol 
achieved. 

Self-Monitoring of Blood Glucose Self-monitoring of blood 
e1ucose (SMBG) is the standard of care in diabetes management and 
ill<Jws the pat ient to monitor his or her blood glucose at any time. ln 
S\!BG. a small drop of blood and an easily detectable enzymatic re­
lCIJOO allow measurement of the capillary plasma glucose. By com­
ooung glucose measurements witJ1 diet history. medication changes, 
md exercise history. the physician and patient can improve the treat­
ment program. 

The frequency of SMBG measurements must be individualized 
md adapted to address the goals of diabetes care as defined by the 
jlllient and the healtJ1 care provider. Individuals with type I DM 
should routinely measure their plasma glucose four to eight times per 
ibytoestimate and select mealtime boluses of short-acting insulin and 
llmodify long-acting insulin doses. Most individuals with type 2 DM 
l!ljUire less frequent monitoring. though the optinlal frequency of 
S\IBG has not been clearly defined. Individuals with type 2 OM who 
arr on oral medications should utilize SMBG as a means of assessing 
die efficacy of their medication and diet. Since plasma glucose levels 
ffuctuare less in these individuals, one to two SMBG measurements 
~day (or fewer) may be sufficient. Individuals with type 2 DM who 
mon insulin should utilize SMBG more frequent ly than those on oral 
~nts. 

T110 devices for continuous blood glucose monitoring have been 
Rfflltly approved by the U.S. Food and Drug Administration (FDA). 
The Glucowatch uses iontophoresis 10 assess glucose in interstitial 
liud. v.hereas the Minimed device uses an indwelling subcutaneous 
atheter to monitor interstitial fluid glucose. Both devices utilize im-
11:ibilized glucose oxidase to generate electrons in response to chang­
mg_glucose levels. Though clinical experience with these devices is 
lunned. they perform well in cl inical trials and appear to provide useful 
lbon-term information about the pallems of glucose changes as well 
11111 enhanced ability to detect hypoglycemic episodes. 

Although urine glucose testing does not provide an accurate as­
ltlsmem of glycemic control, urine ketones are a sensitive indicator 
" early diabetic ketoacidosis and should be measured in individuals 
~llh type I DM when the plasma glucose is consistently 16.7 mmol/ 
~mg/d~); during a concurrent illness; or with symptoms such as 

a, vom111ng, or abdominal pain. 
d ¾essment of Long-Term Glycemic Control Measurement of 
~~ hemoglobin is the standard method for assessing long-term 
,.tenuc control. When plasma glucose is consistently elevated, tl1~re 
~~ase in nonenzymatic glycation of hemoglobin; this altera_uon 
~tl....thc glycemic his1ory over the previous 2 10 3 months, smce 

"'.'"''Yles have an average life span of 120 days. There are numer­
~~~dtory methods for measuring the various forms of glycated 
•-. lobin, and these have significant interassay variations. Because 
~Ille i\J~nor specificity and reliability, the HbA I c assay perfom1ed 
~ high.performance liquid chromatography (HPLC) method has 

!he standard reference method for most glycated hemoglobin 
~lllents. Since glycated hemoglobin measurements are usually 

10 Prior measurements, it is essenlial for the assay results to 
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be comparable. Depending on the assay methodology for HbAlc, he­
moglobinopathies. hemolytic anemia. and uremia may interfere with 
the llbA le result. 

Glycated hemoglobin or HbAlc should be measured in all indi­
viduals with DM during thei r initial evaluation and as part of their 
comprehensive diabetes care. As the primary predictor of long-term 
complications of DM, the HbA le should mirror. to a certain extent, 
the short-term measurements of SMBG. These two measurements are 
complementary in that recent intercurrent illnesses may impact the 
SMBG measurements but not the HbA I c. Likewise, postprandial and 
nocturnal hyperglycemia may not be detected by the SMBG of fasting 
and preprandial capillary plasma glucose but will be reflected in the 
HbA lc. When measured by HPLC, the HbAlc approximates the fol­
lowing mean plasma glucose values: an HbA le of 6% is 6.6 mmol/L 
(120 mg/dL), 7% is 8.3 mmol/L (150 mg/dL). 8% is 10.0 mmol/L 
(180 mg/dL), etc. [A I% rise in the HbAlc translates into a 1.7-mmol/ 
L (30 mg/dL) increase in the mean glucose.] The degree of glycation 
of other proteins, such as albumin, has been used as an alternative 
indicator of glycemic control when the HbA le is inaccurate (hemolytic 
anemia, hemoglobinopathies). The fructosamine assay (using albumin) 
is an example of an alternative measurement of glycemic control and 
reflects the glycemic status over the 2 to 4 prior weeks. Current con­
sensus statements do not favor the use of alternative assays of glycemic 
control, as there are no studies to indicate whether such assays accu­
rately predict the complications of OM. 

~ TREATMENT Establishment of a Target Level of Gly-
cemic Control Because the complications of DM are related to 

glycemic control, normoglycemia or near normoglycemia is the de­
sired, but often elusive, goal for most patients. However, normalization 
of the plasma glucose for long periods of time is extremely difficult, 
as demonstrated by the DCCf. Regardless of the level of hypergly­
cemia, improvement in glycemic control will lower the risk of diabetes 
complications (Fig. 333-8). 

The target for glycemic control (as reflected by the HbAlc) must 
be individualized, and the health care provider should establish the 
goals of therapy in consultation with the patient after considering a 
number of medical. social, and life-style issues. Some important fac­
tors to consider include the patient's age, ability to understand and 
implement a complex treatment regimen, presence and severity of 
complications of diabetes, abil ity to recognize hypoglycemic symp­
toms, presence of other medical conditions or treatments that might 
alter the response to therapy, li fe-style and occupation (e.g., possible 
consequences of experiencing hypoglycemia on the job), and level of 
support available from family and friends. 

The ADA has established suggested glycemic goals based on the 
premise that glycemic control predicts development of OM-related 
complications. In general, the target HbAlc should be <7.0% (Table 
333-9). Other consensus groups (such as the Veterans Administration) 
have suggested llbA lc goals that take into account the patient's life 
expectancy at the time of diagnosis and the presence of microvascular 
complications. Such recommendations strive to balance the financial 
and personal costs of glycemic therapy with anticipated benefits (re­
duced health care costs, reduced morbidity). One limitation 10 mis 
approach is that the onset of hyperglycemia in type 2 OM is difficult 
10 ascertain and likely predates the diagnosis. Furthermore, though the 
life expectancy can be predicted for a patient population, the physician 
must treat an individual patient; consequently. the target HbA le mu,t 
be individualized to accommodate these other considerations. 

Type 1 Diabetes Mellitus • General aspects Comprehensive 
diabetes care should be instituted in all individuals with type I OM 
and should involve auention to nutrition, exerci,e, and risl.. factor man­
agement in addition to insulin administration. The ADA recomm.:n­
dations for fast ing and bedtime glycemic goal, and llbAlc targeb are 
summarized in Table 333-9. The goal is to design and implement in­
sulin regimens that mimic ph)siologic insulin ,ecreuon. Becau~e m-
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Ind.-

Average preprand,al gluco,e. 
mmol/L (mg/dL) 

Average bedtime gluco,e. 
11111101/L (mg/dL) 

HbA lc. % 

,ormal Range 

< 5.5 (100) 

< 6. 1 ( 110) 

<6 

Goal 

4.4-6.7 (RO 120) 

5.5-7.8 (100- 1-10) 

<7 

quence of human inwlin. Animal insulin (beef 
or pork) is no longer used. Human insulin has 

\ddilionnl Action Sug,:,e~tetl been formulated with distinctive phannacoki~ 

< 4.4 (KO) 
or 

> 7.8 (140) 

< 5.5 (100) 
OI 

> 8.8 (160) 

>8 

• lnc~ values arc for whole blood mca~urcmcn1i;;, and home glucose.monuoring devices may repon either whole blood 
or plasma glucose ,·alue,. Plasma glucos, ,alucs arc I 0- I 5'< higher 1han whole blood values. Tite upper hmll of 1hc 
HbAlc reference range i~ 6.0ct- (mean 5.0".f. with a caandanJ de,rntion ofO.S'Z). Thc'iic goals musl Ix md1viduahzcd 
for ~ach pallcnt and mu,t consider the pauenfs age and other medical cond111ons. 

netics to mimic physiologic insulin secretion 
(Table 333-1 1 ). In the United States, all insulin 
is formulated as U- 100 ( I 00 units/mL). 
whereas in some other countries it is available 
in other units (e.g., U-40 = 40 un its/mL). One 
shon-acling in,ulin formulation. lispro, is an 
insulin analogue in which the 28th and 29th 
amino acids (lysine and proline) on the insulin 
B chain have been reversed by recombinant 
DNA technology. This insulin analogue has 
full biologic activity but less tendency toward 
subcutaneous aggregation. resulting in more 
rapid absorption and onset of action and a 
shorter dura1ion of action. These c haracteristics 

SOURCE: Adap1cd from American D1abe1c, AssoctaltOll, 2000. 

dividuals wi1h type I DM lack endogenous insulin production, admin­
istration of basal. e>.ogenous insulin is essential for regulating glyco­
gen breakdown, gluconeogenesis. lipolysi~. and ketogenesis. Like­
wise, postprandial insulin replacement should be appropriate for the 
carbohydrate intake and promote normal glucose utiliza1ion and stor­
age. 

Intensive management Intensive diabetes management is de­
fined by the ADA as " ... a mode of treatment for the person with 
DM that has the goal of achieving euglycemia or near-normal glycemia 
using all available resources to accomplish this goal." These resources 
include thorough and continuing patient education. comprehensive re­
cording of plasma glucose measurements and nutrition intake by the 
patient., and a variable insulin regimen that matches glucose intake and 
insulin dose. Insulin regimens usually include multiple-component in­
sulin regimens, multiple daily injections (MDI), or insulin infusion 
devices (all discussed below). 

The benefits of intensive diabetes management and improved gly­
cemic control include a reduction in the microvascular complicalions 
of DM and a possible delay or reduction in the macrovascular com­
plications of DM. From a psychological standpoint, the patient expe­
riences greater control over his or her diabetes and often notes an 
improved sense of well-being, greater flex ibi lity in the liming and 
content of meals, and the capability to alter insulin dosing with exer­
cise. In addition, intensive diabetes management in pregnancy reduces 
fetal malforma1ion and morbidity. ln1ensive diabetes management is 
also strongly encouraged in newly diagnosed patients wi1h type I DM 
because it may prolong the period ofC-pep1ide produclion, which may 
result in better glycemic control and a reduced risk of serious hypo­
glycemia. 

Although intensive management confers impressive benefi ts, it is 
also accompanied by s ignificant personal and financial costs and is 
therefore not appropriate for all individuals. It requires a combination 
of dedication, persistence, and motivation on the pan of the patient, 
as well as medical, educational, nursing, nutritional, and psychological 
expertise on the pan of the diabetes management 1ean1. Circumstances 
in which intensive diabetes management should be strongly considered 
are listed in Table 333-10. 

fll s11li11 preparations Current insulin preparations are genera1cd 
by recombinant DNA technology and consisl of the amino acid se-

Table JJJ-10 lndicalion, for Intcn,he Diabctc, \1anaJ.lcmcnt 

• Otherwise heahhy aduhs with ei1her type I or type 2 diabe1es (selec1ed 
adole-,cenls and older children) 

• Purposeful, therapeutic a11emp1 10 avoid or lessen microvascular compli-
ca1ions 

• All pregnanl women with diabetes; all women wi1h diabe1es who are plan-
ning pregnancy 

• Managemenl of labile diabetes 
• Availability of heahh care professionals w,lh appropriate expertise 
• Patiems who have had kidney 1ramplan1a11on for diabe1ic nephropathy 

SOURCE. Adap1ed from Farkru,-Horsch, 1998. 
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are particularly advantageous for allowing entrainment of insulin in­
jection and action to rising plasma glucose levels following meals. 
although improvement in HbA I c values have not been found consist­
ently. The shorter duration of action also appears 10 be associated with 
a decreased number of hypoglycemic episodes, primarily because the 
decay of lispro action corresponds better to the decline in plasma glu­
cose after a meal. Insulin glargine is a long-acting biosynthetic human 
insulin that differs from normal insulin in that asparagine is replaced 
by glycine at amino acid 21. and two arginine residues are added to 
1he C-terminus of the B chain. Compared 10 NPH insulin, the onset of 
insulin glargine action is later, the duration of action is longer 
(-24 h). and there is no pronounced peak. A lower incidence of hy­
poglycemia, especially at night. was reported in one trial with insulin 
glargine when compared to NPH insulin. Since glargine has only re­
cent ly approved, clinical experience is limited. Additional insulin an­
alogues are currently under development. 

Basal insu lin requirements are provided by intermediate (NPH or 
lente) or long-acting (ultralente or glargine) insulin formulations. 
These are usually combined with short-acting insulin in an attempt to 
mimic physiologic insulin release with meals. Although mixing of 
in1ermedia1e and short-acting insulin formulations is common practice, 
this mixing may alter the insulin absorption profile (especially those 
of short-acting insulins). For example, the absorption of regular insulin 
is delayed when mixed for even short periods of time ( < 5 min) with 
lente or ultralente insulin, but not when mixed with NPH insulin. Lis­
pro absorption is delayed by mixing with NPH but not ultralente. In­
sulin glargine should not be mixed with other insulins. The miscib1ltty 
of human regular and NPI I insulin allows for the production of com­
bination insulins that contain 75% NPII and 25% regular (75/25). 70% 
NPH and 30% regular (70/30), or equal mix tures of NPH and regular. 
These combinations of insulin are more convenient for the patient but 
prevent adjus1men1 of only one component of the insulin formulation. 
The alteration in insulin absorption when the patient mixes different 
insulin formulation should not discourage the patient from mixing in­
sulin. However, the following guidelines should be followed: ( I) mix 
the different insulin formulations in the syringe immediately before 
injection (inject within 2 min afte r mixing); (2) if possible, do not 
store insulin as a mixture; and (3) follow the same routine in terms ol 
insulin mixing and administration to standardize the physiologic re­
sponse 10 injected insulin. 

Insulin regimens Representations of the various insulin regi• 
mens that may be utilized in type I DM are illustrated in Fig. 333- 12 
Allhough the insulin profiles are depicted as "smooth." symmetric 
curves, there is considerable patient-to-patient variation in the peaJ. 
and duration. In all regimens, long-acting insulins ( 'PH, lente, ultra 
lente, or glargine insulin) supply basal insulin, whereas prandial in 
sulin is provided by ei1her regular or lispro insulin. Lispro should b< 
injected just before a meal; regular insulin is given 30 to 45 min prio 
to a meal. 

A shortcoming of current insulin regimens is that injected insult 
immediately enters the systemic circulation, whereas endogenous 111 
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Table 333-9 Ideal Goals for Glycemic Control 

 Index Normal Range Goal Additional Action Suggested

Average preprandial glucose, <5.5 (100) 4.4-6,.7 (80-120) <4,4 (BO)
mmol/L (mg/dL) or

>7.8 (140)

Average bedtime glucose, <6.1L (110) 5.5-7.8 (100-140) =5.5 (100)
mmol/L (mg/dL) or

>8.8 (160)

HbA le, % <6 <7 >8 

“ These values are for whole blood measurements, and home glucose-monitoring devices may report either whole blood
or plasma glucose values. Plasma glucose values are 10~15% higher than whole blood values, The upperlimit of the
HbA le reference range is 6.0% (mean 5.0%, with a standard deviation of 0.5%). These poals must be individualized

quence of human insulin. Animal insulin (beef
or pork) is no longer used. Human insulin has
been formulated with distinctive pharmacoki-
netics lo mimic physiologic insulin secretion
(Table 333-11). In the United States, all insulin
is formulated as U-100 (100  units/mL),
whereas in some other countriesit is available
in other units (e.g., U-40 = 40 units/mL). One
short-acting insulin formulation, lispro, is an
insulin analogue in which the 28th and 29th
amino acids (lysine and proline) on the insulin
B chain have been reversed by recombinant
DNAtechnology. This insulin analogue has
full biologic activity but less tendency toward

for each patient and must consider the patient's age and other medical conditions.
SOURCE: Adapted from American Diabetes Association, 2000.

dividuals with type | DM lack endogenousinsulin production, admin-
istration of basal, exogenousinsulin is essential for regulating glyco-
gen breakdown, gluconeogenesis, lipolysis, and ketogenesis. Like-
wise, postprandial insulin replacement should be appropriate for the
carbohydrate intake and promote normal glucose utilization and stor-
age.

Intensive management Intensive diabetes management is de-
fined by the ADA as “. . . a mode of treatment for the person with
DMthat has the goalof achieving euglycemia or near-normal glycemia
using all available resources to accomplish this goal.” These resources
include thorough and continuing patient education, comprehensivere-
cording of plasma glucose measurements and nutrition intake by the
patient, and a variable insulin regimen that matches glucose intake and
insulin dose. Insulin regimens usually include multiple-componentin-
sulin regimens, multiple daily injections (MDI), or insulin infusion
devices (all discussed below).

The benefits of intensive diabetes management and improved gly-
cemic control include a reduction in the microvascular complications
of DM and a possible delay or reduction in the macrovascular com-
plications of DM. From a psychological standpoint, the patient expe-
nences greater control over his or her diabetes and often notes an
improved sense of well-being, greater flexibility in the timing and
content of meals, and the capability to alter insulin dosing with exer-
cise. In addition, intensive diabetes managementin pregnancy reduces
fetal malformation and morbidity. Intensive diabetes managementis
also strongly encouraged in newly diagnosed patients with type | DM
becauseit may prolong the period of C-peptide production, which may
resull in better glycemic contro] and a reduced risk of serious hypo-
glycemia.

Althoughintensive management confers impressive benefits, it is
also accompanied by significant personal and financial costs and is
therefore not appropriate for all individuals. It requires a combination
of dedication, persistence, and motivation on the part of the patient,
as well as medical, educational, nursing, nutritional, and psychological
expertise on the part of the diabetes management team. Circumstances
in which intensive diabetes managementshould be strongly considered
are listed in Table 333-10.

Insulin preparations Current insulin preparations are generated
by recombinant DNAtechnology and consist of the amino acid se-

Table 333-10 Indications for Intensive Diabetes Management 

© Otherwise healthy adults with cither type | or type 2 diabetes (selected
adolescents and older children)

* Purposeful, therapeutic attempt to avoid or lessen microvascular compli-
cations

* All pregnant women with diabetes; all women with diabetes who are plan-
ning pregnancy

* Managementoflabile diabetes
Availability of health care professionals with appropriate expertise

® Patients who have had kidney transplantation for diabetic nephropathy 

SOURCE: Adapted from Parkas-Hirsch, 1998,
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subcutaneous aggregation. resulting in more
rapid absorption and onset of action and a
shorter duration of action. These characteristics

are particularly advantageous for allowing entrainmentof insulin in-
jection and action to rising plasma glucose levels following meals,
although improvement in HbAlc values have not been found consist-
ently. The shorter duration of action also appearsto be associated with
a decreased number of hypoglycemic episodes, primarily because the
decayof lispro action correspondsbetter to the decline in plasma glu-
cose after a meal. Insulin glargine is a long-acting biosynthetic human
insulin that differs from normal insulin in that asparagine is replaced
by glycine at amino acid 21, and two arginine residues are added to
the C-terminus ofthe B chain. Compared to NPHinsulin, the onset of
insulin glargine action is later, the duration of action is longer
(~24 h), and there is no pronounced peak. A lower incidence of hy-
poglycemia, especially al night, was reported in one trial with insulin
glargine when compared to NPH insulin. Since glargine has only re-
cently approved, clinical experience is limited. Additional insulin an-
aloguesare currently under development.

Basal insulin requirements are provided by intermediate (NPH or
lente) or long-acting (ultralente or glargine) insulin formulations.
These are usually combined with short-acting insulin in an attempt to
mimic physiologic insulin release with meals, Although mixing of
intermediate and short-acting insulin formulations is commonpractice,
this mixing may alter the insulin absorption profile (especially those
of short-acting insulins), For example, the absorption of regular insulin
is delayed when mixed for even short periods of time (<5 min) with
lente or ultralente insulin, but not when mixed with NPHinsulin. Lis-

pro absorption is delayed by mixing with NPH butnot ultralente. In-
sulin glargine should not be mixed with otherinsulins. The miscibility
of human regular and NPH insulin allows for the production of com-
bination insulins that contain 75% NPH and 25% regular (75/25), 70%
NPHand 30% regular (70/30), or equal mixtures of NPH and regular.
These combinations of insulin are more convenientfor the patient but
prevent adjustmentof only one componentofthe insulin formulation.
The alteration in insulin absorption when the patient mixes different
insulin formulation should not discourage the patient from mixing in-
sulin, However, the following guidelines should be followed: (1) mix
the different insulin formulations in the syringe immediately before
injection (inject within 2 min after mixing); (2) if possible, do not
store insulin as a mixture; and (3) follow the same routine in terms of
insulin mixing and administration to standardize the physiologic re-
sponse to injected insulin,

Insulin regimens Representations of the various insulin regt-
mens that may be utilized in type | DM areillustrated in Fig. 333-12
Although the insulin profiles are depicted as “smooth,” symmetric
curves, there is considerable patient-to-patient variation in the peal
and duration, In all regimens, long-acting insulins (NPH, lente,ultra
lente, or glargine insulin) supply basal insulin, whereas prandial in
sulin is provided by either regular or lispro insulin, Lispro should bi
injected just before a meal; regularinsulin is given 30 to 45 min prio
to a meal.

A shortcoming ofcurrent insulin regimens is that injected insult
immediately enters the systemic circulation, whereas endogenous i
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_,,,n ,s secreted into
1
_ thedmpon_al v~in. Table J .'3-11 Pharmncokinctics or f115ulin l'rcpnration5 

SU' us. e,ogenous insu m a _1ms1~a11_on 
1lt s the liver 10 subphys1olog1c 111-

eq,osefe,els. No insulin regimen repro-

Time of Action 

sn1,n . 1· 
dJICCS the precise ,~s~ 

1
111 sHecretory paht-

ltlll of the panc~t1c 1s et. owe~
1
er, I e 

roost physiolog1~ ,:eg1mens en ta1 more 

Preparation 

Shon-acting 
Lispro 
Regular 

uenl insulin mJecllons. greater rch­
freq on short-acting insulin. and more I111ermedia1e-acting 
~nt capillary plasma glucose mea- NPH 
suitments. In general, individuals with Lente 

Long-acting 
Ultralente 
Glargine 

Combinations 

Onscl, h 

< 0.25 
0.5-1.0 

2-4 
3-4 

6- 10 
4 

Peak, h Effective Duration, h Maximum Duration, h 

0.5- 1.5 3-4 4-6 
2-3 3-6 6-8 

6-10 10-16 14-18 
6- 12 12-18 16-20 

10-16 18-20 20- 24 
24 >24 

QJ>C I OM requir~ 0.5 to . 1.0 U/kg _per 
diY of insuh~ d1v_1ded ~nto m~lllple 
doses- Initial msuhn-dosmg regunens 
siJoUld be conservative; approximately 
40 10 50% of the insulin should be given 

15 t,asaJ insulin. A single daily injection 
of insulin is not appropriate therapy in 
QJlC I OM. 

75/25-75% NPH, 25% regular 
70/30-70% NPH, 30% regular 
50/50-50% NPH, 50% regular 

0.5-1 
0.5- 1 
0.5-1 

Dual 10-16 14-18 
Dual 10-16 14-18 
Dual 10-16 14-18 

One commonly used regimen con­
SISIS of twice-daily injections of an in­
amnediate insulin (NPH or lenre) mixed 

0 Glargine has minimal peak activity. 
SOURCE: Adapted from JS Skyler, in Th,rapyfor Diabetes Mtlli11i.rand Related Disorders. 1998 

•ilh a short-acting insulin before the morning and evening meal 
(fig.333- 12A). Such regimens usually prescribe two-thirds of the total 
daily insulin dose in the morning (with about two-thirds given as in-
1tnnedia1e-acting insulin and one-third as short-acting) and one-third 
before the evening meal (with approximately one-half given as inter­
mcdiate-acling insulin and one-half as short-acting). The drawback to 
l1JCb a regimen is that it enforces a rigid schedule on the patient, in 
ltlmS of daily activity and the content and timing of meals. Although 
us simple and effective at avoiding severe hyperglycemia, it does not 
generate near-normal glycemic control in most individuals with type 
I DM. Moreover, if the patient's meal pattern or content varies or if 
physical activity is increased, hyperglycemia or hypoglycemia may 
resulr. Moving the intermediate insulin from before the evening meal 
IO bedtime may avoid nocturnal hypoglycemia and provide more in­
sulin as glucose levels rise in the early morning (so-called dawn phe­
nomenon). The insulin dose in such regimens should be adjusted based 
ooSMBG results with the following general assumptions: (I) the fast­
mg glucose is primarily determined by the prior evening intermediate­
acting insulin; (2) the pre-lunch glucose is a function of the morning 
lbon-ac1ing insulin; (3) the pre-supper glucose is a function of the 
IDOnting intermediate-acting ins ulin; and (4) the bedtime glucose is a 
~ion of the pre-supper, short-acting insulin. 

M~Jtiple-component insulin regimens refer to the combination of 
basal IIISulin; preprandial short-acting insulin; and changes in short­
tung insulin doses 10 accommodate the results of frequent SMBG, 
IIIIJcipated food intake, and physical activity. Sometimes also referred 
:~m~lti~le daily injections, such regimens offer the patie~t 1:1aximal 

bihty 1n terms of life-style and the best chance for achieving near 

normoglycemia. One such regimen, shown in Fig. 333-12B, consists 
of a basal insulin with ultralente twice a day and preprandial Lispro. 
The lispro dose is based on individualized algorithms that integrate 
the preprandial glucose and the anticipated carbohydrate intake. An 
aJternative multiple-component insulin regimen consists of bedtime 
intermediate insulin, a small dose of intermediate insulin at breakfast 
(20 to 30% of bedtime dose), and preprandial short-acting insulin. 
There are numerous variations of these regimens that can be optimized 
for individual patients. Frequent SMBG (four to 8 times per day) is 
absolutely essential for these types of insulin regimens. 

Continuous subcutaneous insulin infusion (CSU) is another mul­
tiple-component insulin regimen (Fig. 333-12C). Sophisticated insulin 
infusion devices a re now available that can accurately deliver small 
doses of insulin (microliters per hour). For example, multiple basal 
infusion rates can be programmed to: ( I) accommodate nocturnal ver­
sus daytime basal insulin requirement, (2) alter infusion rate during 
periods of exercise. or (3) select different waveforms of insulin infu­
sion. A preprandial insulin ("bolus") is delivered by the insulin infu­
sion device based on instructions from the palient , which follow in­
dividualized algorithms that account for preprandial plasma glucose 
and anticipated carbohydrate intake. These devices require a health 
professional with considerable experience with insulin infusion de­
vices and very frequent patient interactions with the diabetes manage­
ment team. Insulin infusion devices present unique challenges, such 
as infection at the infusion s ite, unexplained hyperglycemia because 
the infusion set becomes obstructed, or diabetic ketoacidosis if the 
pump becomes disconnected. Since most physic ians use lispro insulin 
in CSII, the extremely short half-life of this insulin quickly leads 10 

1 
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~l~ 333·12 Representative insulin regimens for the treatment of dia­
-._ ~ .'ach P_ancl, lhc y-axis shows 1he amounl of insulin effect and l~e X· 

~ C-Ont, the lime of day. B, breakfast; L, lunch; s_, supix:r. H~. ~ -dt,".'e; 
•-.:.. nuous subcutaneous insulin infusion. The ume of msulm m1ec11on 
o.. n "'•th bo h . 1· °"'t a vcn1cal arrow. The 1ypc of insulin is no1ed n ve enc msu on 
'-r1 ~-'Ilic 1njec11on of 1wo shots of intermediate-acting insulin (NPI I or 
, : ihon-acung msulm {lispro or regular). O~ly one f~rmulaiion_ of 

g •iuuJ,n IS used. B: A mul Liple-componcnl msulm regimen consist-

ing of 1wo shots of ultralente each day 10 pro, ide ba al 111sul111 CO\'er,1gc ,md 
three sho1s of Lispro 10 provide glycemic co\'crage for ca h meal. The ultrnlente 
doses are usually 1010 12 h apart. C: In ulin adm111i,trat1on b) m\uhn mfu,ion 
device is shown with 1he basal msuhn and J bolu~ lllJCCl!on at each me,11. The 
basal insulm ra1e is decreased during the e, ening and mcrea,ed hghth prior 
10 lhe patient awakenmg m 1he mommg. (Adc1p1etl Jrvm fntt•n\lrf o;.,h 1 M 1d . ' es anageme/11, • ed, R Farfol-J/1r5d1 led) Aln1111Jr111, \ \ , .~mrriwn D1tt• 
bttes ASSO(latio11, 1998) 
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ecreted into the portal vein. Table 333-11

 

Pharmacokinetics of Insulin Preparations

 
  

 

 

  

ull eeiois insulin administration ——
sn the liver to subphysiologic in- ime of Ac : ——
i Jevels. Noinsulin regimen repro- Preparation Onset, h Peak, h Effective Duration, h Maximum Duration,
aah the precise insulin secretory pat- Sdting
<4 of the pancreatic islet, However,the Licpra Sais agtinsy 435 is

xt physiologic regimens entail more Regular 5-10) ras 3-6 6-8
a gent insulin injections. greater ris|——_—$—__—_____ nes : aia 2S _ is -
- on short-acting insulin, and more —_Intermediate-acting
squat capillary plasma glucose mea- NPH 2-4 6-10 10- 16 ie
gurements. In general, individuals with , bene : 3-4 6-12 {= 18 2s 6-20 -
wpe | DM require 0.5 to. 1.0 U/kg per ittacdind
day of insulin divided into multiple Uftratente 6-10 10-16 18-20 20-24
oses. Initial insulin-dosing regimens Glargine 4 = 24 >24
should be conservative; approximately = i
410 50% of the insulin should be given|Combinations
gs basal insulin. A single daily injection 75/25-75% NPH, 25% regular 0.5-1 Dual 10-16 oe: :

‘culin is not appropriate therapy in 70/30—70% NPH, 30% regular 0.5-1 Dual 10-16 |aheprelia See EPSP z 50/S0-50% NPH, 50% regular 0.5~1 Dual 10-16 14-18
iype 1 DM.

One commonly used regimen con-
gists of twice-daily injections of an in-
iemediate insulin (NPH or lente) mixed
with a short-acting insulin before the morming and evening meal
(Fig. 333-12A). Such regimensusually prescribe two-thirds ofthe total
daily insulin dose in the morning (with about two-thirds given as in-
emediate-acting insulin and one-third as short-acting) and one-third
before the evening meal (with approximately one-half given as inter-
mediate-acting insulin and one-half as short-acting). The drawback to
such a regimen is that it enforces a rigid schedule on the patient, in
tems of daily activity and the content and timing of meals. Although
lis simple and effective at avoiding severe hyperglycemia,it does not
generate near-normal glycemic control in most individuals with type
1 DM. Moreover, if the patient’s meal pattern or content varies orif
physical activity is increased, hyperglycemia or hypoglycemia may
result. Moving the intermediate insulin from before the evening meal
0 bedtime may avoid nocturnal hypoglycemia and provide more in-
ulin as glucose levels rise in the early morning (so-called dawn phe-
homenon). The insulin dose in such regimensshould be adjusted based
on SMBGresults with the following general assumptions:(1) the fast-
ingglucose is primarily determinedbythe prior eveningintermediate-
“ting insulin; (2) the pre-lunch glucoseis a function of the morning
thor-acting insulin; (3) the pre-supper glucose is a function of the
Toning intermediate-acting insulin; and (4) the bedtime glucoseis a
imction of the pre-supper, short-acting insulin.

Multiple-componentinsulin regimensrefer to the combination of
al insulin; preprandial short-acting insulin; and changes in short-

“tg insulin doses to accommodatethe results of frequent SMBG,
nefood intake, and physical activity. Sometimesalso referred

*nultiple daily injections, such regimensofferthe patient maximal
“bility in termsoflife-style and the best chancefor achieving near
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THE 333.12 Representative insulin regimens for the treatmentofdia-
uy" CHCh panel, the y-axis shows the amountofinsulin effect and the x-
{y 'S the time of day. B, breakfast; L, lunch; S, supper; HS, bedtime;
: eos subcutaneous insulin infusion. The time of insulin injection
ve A “ih a vertical arrow, The type ofinsulin is noted above each insulin
tay * 16 Injection of two shots of intermediate-acting insulin (NPHor
“o, “Mo"-acting insulin (lispro or regular). Only one formulation ofUNE ingle : : ban ed ‘ pauee

€ insulin is used. B; A multiple-component insulin regimen consist-
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* Glargine has minimalpeak activity.
SOURCE: Adapted from JS Skyler, in Therapy for Diabetes Mellitus and Related Disorders, 1998

normoglycemia. One such regimen, shown in Fig. 333-128, consists
of a basal insulin with ultralente twice a day and preprandial lispro.
The lispro dose is based on individualized algorithms that integrate
the preprandial glucose and the anticipated carbohydrate intake. An
alternative multiple-component insulin regimen consists of bedtime
intermediate insulin, a small dose of intermediate insulin at breakfast

(20 to 30% of bedtime dose), and preprandial short-acting insulin.
There are numerous variations of these regimensthat can be optimized
for individual patients. Frequent SMBG(four to 8 times per day) is
absolutely essential for these types of insulin regimens.

Continuous subcutaneous insulin infusion (CSIL) is another mul-

tiple-componentinsulin regimen (Fig, 333-12C). Sophisticated insulin
infusion devices are now available that can accurately deliver small
doses of insulin (microliters per hour). For example, multiple basal
infusion rates can be programmedto: (1) accommodate nocturnal ver-
sus daytime basal insulin requirement, (2) alter infusion rate during
periods ofexercise, or (3) select different waveformsof insulin infu-
sion. A preprandial insulin (“bolus”) is delivered by the insulin infu-
sion device based on instructions from the patient, which follow in-
dividualized algorithms that account for preprandial plasma glucose
and anticipated carbohydrate intake. These devices require a health
professional with considerable experience with insulin infusion de-
vices and very frequent patient interactions with the diabetes manage-
ment team. Insulin infusion devices present unique challenges, such
as infection at the infusionsite, unexplained hyperglycemia because
the infusion set becomes obstructed, or diabetic ketoacidosis if the
pump becomes disconnected. Since most physicians use lispro insulin
in CSII, the extremely short half-life of this insulin quickly leads to

Morning Afterncon Evening Night

  
3 Lispro Lispro __Lispro g Bolus Bolus Bolus

5 ee 3 yh) 1) Basal Infusion1tT . lt MmmH/TB L Ss HS B B L s HS 8

B Meals Cc Meals

ing of two shots of ultralente each day to provide basal insulin coverage and
three shots of Lispro to provide glycemic coverage for each meal. Theultralente
doses are usually 10 to 12 h apart. C: Insulin administration by insulin infusion
device is shown with the basal insulin and a bolus injection at each meal. The
basal insulin rate is decreased during the evening and increased slightly prior
to the patient awakening in the moming. (Adapted fram Intensive Diube lex
Management, 2d ed, R. Farkas-Hirsch (ed). Alevandria, VA, Amerivan Dia-
betes Association, 1998)
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msuhn deficiency if the delivery system is interrupted. Essential to the 
safe use of infusion devices is thorough patient education about pum p 
function and frequent SMBG. 

T)'pe 2 Diabetes Mellitus • Gtneral aspects The goals of ther­
apy for type 2 DM are s1m1lar 10 those in type I : improved glycemic 
control with near normalization of the HbA I c. While glycemic control 
tends lo dominate the management of type I DM, the care of individ­
uals with type 2 DM must also include allenlion to the treatment of 
conditions associated with type 2 DM (obesity, hypertension. dysli­
pidem1a. cardiovascular disease) and detection/management of DM­
related complications (Fig. 333-13). OM-specific complications may 
be present in up to 20 to 50% of individuals with newly diagnosed 
type 2 DM. Reduction in cardiovascular risk is of paramount impor­
tance as this is the leading cause of mortality in these individuals. 

Diabetes management should begin with MNT (discussed above). 
An exercise regimen to increase insulin sensitivity and promote weight 
loss should also be instituted. After MNT and increased physical ac­
tivity have been instituted, glycemic control should be reassessed: if 
the patient's glycemic target is not achieved after3 to 4 weeks ofMNT, 
pharmacologic therapy is indicated. Pharmacologic approaches to the 
management of type 2 DM include botb oral glucose-lowering agents 
and insulin; most physicians and patients prefer oral glucose-lowering 
agents as the initial choice. Any therapy that improves glycemic con­
trol reduces "glucose toxicity" to the islet cells and improves endog­
enous insulin secretion. 

Glucose-lowering agents Recent advances in the therapy of type 
2 OM have generated considerable enthusiasm for oral glucose-low­
ering agents that target different pathophysiologic processes in type 2 
DM. Based on their mechanisms of action, oral glucose-lowering 
agents are subdivided into agents that increase insulin secretion, reduce 
glucose production, or increase insulin sens1uv11y (Table 
333-12). Oral glucose-lowering agents (with the exception of a-glu­
cosidase inhibitors) are ineffective in type I DM and should not be 
used for glucose management of severely ill individuals with type 2 
DM. Insulin is sometimes the initial glucose-lowering agent. 

INSULIN SECRETAGOGUES Insulin secretagogues stimulate in­
sulin secretion by interacting with the ATP-sensitive potassium chan­
nel on the beta cell (Fig. 333-1). These drugs are most effective in 
individuals with type 2 OM of relatively recent onset ( <5 years), who 
have endogenous insulin production and tend to be obese. At maxi­
mum doses, first-generation sulfonylureas are similar in potency 10 

second-generation agents but have a longer half-life, a greater inci­
dence of hypoglycemia, and more frequent drug interactions (Table 
333-13). Thus, second-generation sulfonylureas are generally pre­
ferred. An advantage to a more rapid onset of action is belier coverage 
of the postprandial glucose rise, but the shorter half-life of such agents 
requires more than once-a-day dosing. Sulfonylureas reduce both fast­
ing and postprandial glucose and should be initiated at low doses and 
increased at 1- to 2-week intervals based on SMBG. In general, sul­
fonylureas increase insulin acutely and thus should be taken shortly 
before a meal; with chronic therapy, though, the insulin release is more 
sustained. Replaglinide is not a sulfonylurea but also interacts with the 

Management of Type 2 diabetes 

Glycemic control 
• D1eVLifestyle 
• Exercise 
• Medication 

Treat associated 
conditions 
• Hyperlip1demia 
• Hypertension 
• Obesity 
• Coronary Heart 
Disease 

Screen for/or manage 
complications of diabetos 
• Retinopathy 
• Cardiovascular Disease 
• Nephropathy 
• Neuropathy 
• Other Compllcahons 

FIGURE JJJ-13 EsM:ntial clcmcnls m comprehensive diabc1cs cure of 1ypc 
2 diabc1c,. 

ATP-sensitive potassium channel. Because of its short half-life, it is 
usually given with or immediately before each meal to reduce meal­
related glucose e,ccursions. 

Insulin secretagogues are well tolerated in general. All of these 
agents. however, have the potential to cause profound and persistent 
hypoglycemia, especially m elderly individuals. Hypoglycemia is usu­
ally related to delayed meals, increased physical activity. alcohol in­
take, or renal insufficiency. Individuals who ingest an overdose of 
these agents develop prolonged and senous hypoglycemia and should 
be monitored closely in the hospital (Chap. 334). Most sulfonylureas 
are metabolized in the liver to compounds that are cleared by the l<id­
ney. Thus, their use in individuals with significant hepatic or renal 
dysfunction is not advisable. Weight gain, a common side effect of 
sulfonylurea therapy, results from the increased insulin levels and im­
provem..:nt in glycemic control. Some sulfonylureas have significant 
drug interactions with other medications such as alcohol, warfarin, 
aspirin, ketoconazole, a-glucosidase inhibitors, and fluconazole. De­
spite prior concerns that use of sulfonylureas might increase cardio­
vascular risk. recent trials have refuted this claim. 

BIGUANIDES Metformin is representative of this class of agents. 
It reduces hepatic glucose production through an undefined mechanism 
and may improve peripheral glucose utilization slightly (Table 
333-12). Metformin reduces fasting plasma glucose and insulin levels, 
improves the lipid profile, and promotes modest weight loss. The ini­
tial starting dose of 500 mg once or twice a day can be increased to 
850 mg lid or 1000 mg bid. Because of its relatively slow onset of 
action and gastrointestinal symptoms with higher doses. the dose 
should be escalated every 2 to 3 weeks based on SMBG measurements. 
The major toxicity of metformin, lactic acidosis, can be prevented by 
careful patient selection. Metformin should not be used in patients with 
renal insufficiency [serum creatinine > 133 µmol/L ( 1.5 mg/dL) in 
men or > 124 µ.mol/L (I .4 mg/dL) in women, with adjustments for 
age], any form of acidosis, congestive heart failure, liver disease, or 
severe hypoxia. Metformin should be discontinued in patients who are 
seriously ill, in patients who can take nothing orally, and in those 
receiving radiographic contrast material. insulin should be used until 
metformin can be restarted. Though well tolerated in general, some 
individuals develop gastrointestinal side effects (diarrhea, anorexia, 
nausea, and meta11ic taste) that can be minimized by gradual dose 
escalation. Because the drug is metabolized in the liver, it should not 
be used in patjents with liver disease or heavy ethanol intake. 

a -GLUCOSIDASE INHIBTrORS a-Glucosidase inhibitors (acarbose 
and miglitol) reduce postprandial hyperglycemia by delaying glucose 
absorption; they do not affect glucose utilization or insulin secretion 
(Table 333-12). Posrprandial hyperglycemia, secondary to impaired 
hepatic and peripheral glucose disposal, contributes significantly to tbe 
hyperglycemic state in type 2 DM. These drugs, ta.ken just before each 
meal, reduce glucose absorption by inhibiting the enzyme that cleaves 
oligosaccharides into simple sugars in the intestinal lumen. Therapy 
should be initiated at a low dose (25 mg of acarbose or miglitol) with 
the evening meal and may be increased to a maximal dose over weeks 
to months (50 to 100 mg for acarbose or 50 mg for miglitol with each 
meal). The major side effects (diarrhea, flatulence, abdominal disten­
tion) are related to increased delivery of oligosaccharides to the large 
bowel and can be reduced somewhat by gradual upward dose titration. 
a-Glucosidase inhibitors may increase levels of sulfonylureas and in­
crease the incidence of hypoglycemia. Simultaneous treatment with 
bile acid resins and antacids should be avoided. These agents should 
not be used in individuals with mflammatory bowel disease, gastro­
paresis, or a serum creatinine > 177 µ.mol/L (2.0 mg/dL). This class 
of agents is not as potent as other oral agents in lo-wering the HbAlc 
but is unique in that it reduces the postprandial glucose nse even in 

individuals with type I OM. 
TillAZOLIDINEDIONES Thiazolidinediones represent a new class 

of agents that reduce insulin resistance. These drugs bind to a nuclear 
receptor (pero;,.1some proliferator-activated receptor, PPAR--y) that 
regulates gene transcription. The PPAR--y receptor is found at highest 
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insulin deficiency if the delivery system is interrupted. Essential to the
safe use of infusion devices is thorough patient education about pump
function and frequent SMBG.

Type 2 Diabetes Mellitus * General aspects The goals of ther-
apy for type 2 DM are similar to those in type |: improved glycemic
contro! with near normalization of the HbA lc. While glycemic control
tends to dominate the management oftype 1 DM,the care of individ-
uals with type 2 DM mustalso include attention to the treatment of
conditions associated with type 2 DM (obesity, hypertension, dysli-
pidemia, cardiovascular disease) and detection/management of DM-
related complications (Fig. 333-13). DM-specific complications may
be present in up to 20 to 50% of individuals with newly diagnosed
type 2 DM.Reduction in cardiovascular risk is of paramount impor-
tance as this is the leading cause of mortality in these individuals,

Diabetes management should begin with MNT (discussed above),
An exercise regimen to increase insulin sensitivity and promote weight
loss should also be instituted, After MNT and increased physical ac-
tivity have been instituted, glycemic control should be reassessed; if
the patient's glycemic target is not achieved after 3 to 4 weeks of MNT,
pharmacologic therapy is indicated. Pharmacologic approaches to the
managementof type 2 DM include both oral glucose-lowering agents
andinsulin; most physicians and patients prefer oral glucose-lowering
agents as the initial choice. Any therapy that improves glycemic con-
trol reduces “glucose toxicity”to the islet cells and improves endog-
enous insulin secretion.

Glucose-lowering agents Recent advances in the therapy of type
2 DMhave generated considerable enthusiasm for oral glucose-low-
ering agents that target different pathophysiologic processes in type 2
DM. Based on their mechanisms of action, oral glucose-lowering
agents are subdividedinto agents that increase insulin secretion, reduce
glucose production, or increase insulin sensitivity (Table
333-12), Oral glucose-lowering agents (with the exception of a-glu-
cosidase inhibitors) are ineffective in type | DM and should not be
used for glucose managementof severely ill individuals with type 2
DM.Insulin is sometimesthe initial glucose-lowering agent.

INSULIN SECRETAGOGUES Insulin secretagogues stimulate in-
sulin secretion by interacting with the ATP-sensitive potassium chan-
nel on the beta cell (Fig. 333-1). These drugs are most effective in
individuals with type 2 DM ofrelatively recent onset (<5 years), who
have endogenousinsulin production and tend to be obese. At maxi-
mum doses, first-generation sulfonylureas are similar in potency to
second-generation agents but have a longerhalf-life, a greater inci-
dence of hypoglycemia, and more frequent drug interactions (Table
333-13). Thus, second-generation sulfonylureas are generally pre-
ferred. An advantage to a more rapid onset of action is better coverage
of the postprandial glucoserise, but the shorter half-life of such agents
requires more than once-a-day dosing. Sulfonylureas reduce both fast-
ing and postprandial glucose and should be initiated at low doses and
increased at 1- to 2-week intervals based on SMBG.In general, sul-
fonylureas increase insulin acutely and thus should be taken shortly
before a meal; with chronic therapy, though,the insulin release is more
sustained, Replaglinide is not a sulfonylurea but also interacts with the

Screen for/or manage
complications of diabetes

* Retinopathy
* Cardiovascular Disease |
* Nephropathy }
* Neuropathy
* Other Complications

Treat associated
conditions

* Hyperlipidemia
* Hypertension
* Obesity
* Coronary Heart |Disease

Glycemic control
* Diet/Lifestyle
* Exercise
* Medication———

FIGURE 333-13 Essential elements in comprehensive diabetes care of type2 diabetes,

 

ATP-sensitive potassium channel. Because of its short half-life,it is
usually given with or immediately before each meal to reduce meal-
related glucose excursions.

Insulin secretagogues are well tolerated in general. All of these
agents, however, have the potential to cause profound and persistent
hypoglycemia,especially in elderly individuals. Hypoglycemia is usu-
ally related to delayed meals, increased physical activity, alcoholin-
take, or renal insufficiency. Individuals who ingest an overdose of
these agents develop prolonged and serious hypoglycemia and should
be monitored closely in the hospital (Chap. 334). Most sulfonylureas
are metabolizedin the liver to compounds that are cleared by the kid-
ney. Thus, their use in individuals with significant hepatic or renal
dysfunction is not advisable. Weight gain, a commonside effect of
sulfonylurea therapy, results from the increased insulin levels and im-
provement in glycemic control. Some sulfonylureas have significant
drug interactions with other medications such as alcohol, warfarin,
aspirin, ketoconazole, a-glucosidase inhibitors, and fluconazole. De-
spite prior concerns that use of sulfonylureas might increase cardio-
vascular risk. recent trials have refuted this claim.

BIGUANIDES Metformin is representative ofthis class of agents,
It reduces hepatic glucose production through an undefined mechanism
and may improve peripheral glucose utilization slightly (Table
333-12). Metformin reduces fasting plasma glucose andinsulinlevels,
improvesthe lipid profile, and promotes modest weightloss. Theini-
tial starting dose of 500 mg once or twice a day can be increased to
850 mg tid or 1000 mg bid. Because ofits relatively slow onset of
action and gastrointestinal symptoms with higher doses, the dose
should be escalated every 2 to 3 weeks based on SMBG measurements.
The majortoxicity of metformin, lactic acidosis, can be prevented by
careful patient selection. Metformin should notbe usedin patients with
renal insufficiency [serum creatinine >133 pmol/L (1.5 mg/dL) in
men or >124 pmol/L (1.4 mg/dL) in women, with adjustments for
age], any form of acidosis, congestive heart failure, liver disease, or
severe hypoxia. Metformin should be discontinued in patients whoare
seriously ill, in patients who can take nothing orally, and in those
receiving radiographic contrast material, Insulin should be used until
metformin can be restarted. Though well tolerated in general, some
individuals develop gastrointestinal side effects (diarrhea, anorexia,
nausea, and metallic taste) that can be minimized by gradual dose
escalation. Because the drug is metabolized in the liver, it should not
be used in patients with liver disease or heavy ethanolintake.

a-GLUCOSIDASE INHIBITORS —a-Glucosidase inhibitors (acarbose
and miglitol) reduce postprandial hyperglycemia by delaying glucose
absorption; they do notaffect glucose utilization or insulin secretion
(Table 333-12), Postprandial hyperglycemia, secondary to impaired
hepatic and peripheral glucose disposal, contributes significantly to the
hyperglycemicstate in type 2 DM. These drugs,taken just before each
meal, reduce glucose absorption by inhibiting the enzyme that cleaves
oligosaccharides into simple sugars in the intestinal lumen. Therapy
should be initiated at a low dose (25 mg ofacarbose or miglitol) with
the evening meal and may be increased to a maximal dose over weeks
to months (50 to 100 mg for acarbose or 50 mgfor miglitol with each
meal). The major side effects (diarrhea, flatulence, abdominaldisten-
tion) are related to increased delivery of oligosaccharidestothelarge
bowel and can be reduced somewhat by gradual upward dose titration.
a-Glucosidase inhibitors may increase levels of sulfonylureas and in-
crease the incidence of hypoglycemia. Simultaneous treatment with
bile acid resins and antacids should be avoided, These agents should
not be used in individuals with inflammatory bowel disease, gastro-
paresis, or a serum creatinine >177 pmol/L (2.0 mg/dL). This class
of agents is not as potent as other oral agents in lowering the HbAI¢
but is unique in that it reduces the postprandial glucose rise even in
individuals with type 1 DM.

THIAZOLIDINEDIONES—Thiazolidinediones represent a new class
of agents that reduceinsulin resistance. These drugs bind to a nuclear
receptor (peroxisomeproliferator-activated receptor, PPAR-y) thal
regulates gene transcription. The PPAR-y receptoris found at highest
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Mechanism 
Anticipated 

of Action Examples 
Reduction Agent-Specific Agent-Specific 

Disadvantages in HbAlc, % Advantages Contraindications 

insuhn secreta- f Insulin 1-2 

~es 
Sulfonylureas See Table 333-13 

Mtglitinide Re paglinide 

----
B1guanides ! Hepatic glucose 

production, 
Metfonnin 1-2 

weight loss, f 
glucose utilization 

Lower fasting 
blood glucose 

Shon onset of ac-
lion, lower post-
prandial glucose 

Weight loss, im-
proved lipid pro-
file. no hypogly-
cemia 

Hypoglycemia 
weight gain. hy­
perinsulinemia 

Hypoglycemia 

Lactic acidosis, 
diarrhea, nausea, 
possible increased 
cardiovascular 
monality 

Renal/liver disease 

Liver disease 

Serum creatinine 
>1.5 mg/dL 
(men), > I .4 mg/ 
dL {women), ra­
diographic con­
trast studies, 
seriously ill pa­
tients, acidosis 

wlucosidase in­
lullltOrs 

! Glucose absorp­
tion 

Acarbose. migli10I 0.5- 1.0 No risk of hypo­
glycemia 

GI Harulence, f 
liver function 
tests 

Liver/renal disease 

]biazolidinediones 

Medical nutrition 
lhenpy and phys­
ical activil}' 

! Insulin resis­
tance, t glucose 
utilization 

! Insulin resis­
tance 

Rosiglitazone, 
pioglitazone 

Low-calorie, low­
fat diet, exercise 

lmls in adipocytes but is expressed at lower levels in many other 
msulin-scnsitive tissues. Agonists of this receptor promote adipocyte 
<hlferentiation and may reduce insulin res istance in skeletal muscle 
iooirectly. Thiazolidinediones reduce the fasting p lasma glucose by 
anproving peripheral glucose utilization and insulin sens itivity (Table 
333-12). Circulating insulin levels decrease with use of the thiazoli­
dincdiones, indicating a reduction in insulin resistance. Allhough di­
llCI comparisons are not available, the two currently available thia­
rolidinediones appear to have similar efficacy; the therapeutic range 
forpioglitazone is 15 to 45 mg/din a s ingle daily dose and for ros ig­
titazone is 2 to 8 mg/d-once a day at lower doses and bid at higher 

I~- ~ e abi_lity of thiazolidinediones t? inf! ~en~e other features of 
lhe msuf111 resistance syndrome is under mvesttgat1on. 

The prototype of this class of drugs, troglitazone, was withdrawn 

T<bit 333-13 Characteri\lics of \ ocnl~ that Increase lm ulin Secretion -----=-==:.:.:.::=.::...:.::"~-----------
r....;. liamt 

Approved Dally Duration or 
Dosage Range, mg Action, h Clearance ----!QJ/Oriylurca 

Fini generation 
Clilorpropamide 100-500 > 48 Renal 
Totazamide 100-1000 12- 24 Hepatic, renal 
Tolbutamide 500-3000 6- 12 Hepatic 

~ generation 
24 Hepatic, renal imepiridc 1- 8 

G!ipilJdc 2.5-40 12- 18 Hepatic 
Gup1zide 5- 10 24 Hepatic J1~1Cnded release) 

)buride 1.25-20 12-24 Hepatic, renal 
Gilbundc 0.75-12 12-24 Hepatic, renal 

~:onizcd) 

~ 0.5- 16 2-6 Hepatic 

~ 
~ from Zimmennan. 1998. 

1-2 

1-2 

! Insulin and sul­
fonylurea require­
ments. ! triglyc­
erides 

Other health bene­
fits 

Frequent hepatic 
monitoring for 
idiosyncratic hep­
a1ocellular injury 
(see text) 

Compliance diffi. 
cult, long-1em1 
success low 

Liver disease, 
congestive heart 
failure 

from the U.S. market after reports of hepatotoxiciry and an associa1ion 
with an idiosyncratic liver reaction that sometimes led to hepatic fail­
ure. The two other thiazolidinediones, rosigl itazone and pioglitazone, 
thus far do not appear to induce the liver abnormalities seen with 
troglitazone. However, long-term experience with the newer agents is 
limited. Consequently, the FDA recommends measurement of liver 
function tests prior to initiating therapy with a thiazolidinedione and 
at regular intervals (every two months for the first year and then pe­
riodically). The thiazolidinediones raise LDL and HDL s lightly and 
lower triglycerides by IO to 15%, bu! the clinical significance of these 
changes is not known. Thiazolidinediones are associated with minor 
weight gain (I to 2 kg), a small reduction in the hematocrit, and a mild 
increase in plasma volume. Cardiac function is not affected, but the 
incidence of peripheral edema is increased. They are contraindicated 
in patients with liver disease or congestive heart fai lure (class Ill or 
IV). Thiazolidinediones have been shown to induce ovulation in pre­
menopausal women with polycys tic ovary syndrome (see '·Insulin Re­
sistance Syndromes," above). Women should be warned about the risk 
of pregnancy, since the safety of thiazolidinediones in pregnancy is 
not established. 

INSULIN THERAPY IN TYPE 2 DM Modest doses of insulin are 
quite efficacious in controlling hyperglycemia in newly diagnosed type 
2 DM. Insulin should be considered as the initial therapy in type 2 
DM, particularly in lean individuals or those with severe weight loss, 
in individuals with underlying renal or hepatic disease that precludes 
oral glucose-lowering agents, or in individuals who are hospitalized 
or acutely ill. Insulin therapy is ultimately required b) a substantial 
number of individuals with type 2 DM because of the progressive 
nature of the disorder and the relative insulin deficienc) that develop~ 
in patients with long-standing diabetes. 

Because endogenous insulin secretion continues and is capable of 
providing some coverage of meallime caloric intale, insulin is usu.tll) 
initiated in a sing le dose of intem1edia1e-acting insulin (0.3 to 0.4 U/ 
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qable .
Anticipated

iery Suseaus Reduction Agent-Specific Agent-Specific ‘Tie
ples in HbAle, % Advantages Disadvantages Contraindications

soln secret f Insulin 1-2
gous
sulfonylureas See Table 333-13 Lowerfasting Hypoglycemia Renal/liver disease

blood glucose weight gain, hy-
perinsulinemia

Meelitinide Repaglinide Short onset of ac- Hypoglycemia Liverdisease
tion, lower post-
prandial glucose

Riguanides | Hepatic glucose Metformin 1-2 Weightloss, im- Lactic acidosis, Serum creatinine
prodiiction, proved lipid pro- diarrhea, nausea, >1.5 mg/dL
weightloss, | file, no hypogly- possible increased (men), >1.4 mg/
glucose utilization cemia cardiovascular dL (women), ra-

mortality diographic con-
trast studies,
seriously ill pa-
tients, acidosis

w-Glucosidase in- | Glucose absorp- Acarbose, miglitol 0.5-1.0 Norisk of hypo- GIflatulence, f Liver/renal disease
hibitors tion glycemia liver functiontests

Thiazolidinediones | Insulin resis- Rosiglitazone, 1-2 { Insulin and sul- Frequent hepatic Liver disease,
tance, f glucose pioglitazone fonylurea require- monitoring for congestive heart
utilization ments, | triglyc- idiosyncratic hep- failure

erides atocellular injury
(see text)

Medical nutrition { Insulin resis- Low-calorie, low- 1-2 Otherhealth bene- Compliance diffi-
therapy and phys- tance fat diet, exercise fits cult, long-term
ical activity success low

 
levels in adipocytes but is expressed at lower levels in many other
nsulin-sensitive tissues, Agonists of this receptor promote adipocyte
differentiation and may reduce insulin resistance in skeletal muscle
directly. Thiazolidinediones reduce the fasting plasma glucose by
improving peripheral glucose utilization and insulin sensitivity (Table
333-12). Circulating insulin levels decrease with use of the thiazoli-
dnediones, indicating a reduction in insulin resistance. Although di-
®t comparisons are not available, the two currently available thia-
tolidinediones appear to have similar efficacy; the therapeutic range

kg Pioglitazone is 15 to 45 mg/d in a single daily dose andforrosig-
ltwzone is 2 to 8 mg/d—oncea day at lower doses and bid at higher
|The ability of thiazolidinediones to influence other features of

Nsulin resistance syndromeis underinvestigation.
The Prototype of this class of drugs, troglitazone, was withdrawn

 
 

Table 333.13 Characteristics of Agents that Increase Insulin Secretion
A ed Dail, Duration of

aName DaacgeKengh, =f Action, h Clearance
‘dlonylutea

i generation
Chlorpropamide 100-500 >48 Renal
Tolazamide 100-1000 12-24 Hepatic,renal
Tolbutamide 500-3000 6-12 Hepatic
“nd generation .

Glimepiride 1-8 24 Hepatic, renal
lipizide 2,5-40 12-18 Hepatic
inzide 5-10 24 Hepatic
“tended rel

Gyby nue) 125-20 12-24 Hepatic, renal
“lyburide 0.75-12 12-24 Hepatic, renal

\,‘ micronized) :inide

"setinide 05-16 2-6 Hepatic
he

Adapted from Zimmerman, 1998.

from the U.S. market after reports of hepatotoxicity and an association
with an idiosyncratic liver reaction that sometimesled to hepatic fail-
ure. The two other thiazolidinediones, rosiglitazone and pioglitazone,
thus far do not appear to induce the liver abnormalities seen with
troglitazone. However, long-term experience with the newer agents is
limited. Consequently, the FDA recommends measurement of liver
function tests prior to initiating therapy with a thiazolidinedione and
at regular intervals (every two monthsfor the first year and then pe-
riodically), The thiazolidinediones raise LDL and HDLslightly and
lowertriglycerides by 10 to 15%, but the clinical significance of these
changes is not known. Thiazolidinediones are associated with minor
weightgain (1 to 2 kg), a small reduction in the hematocrit, and a mild
increase in plasma volume. Cardiac functionis not affected, but the
incidence of peripheral edemais increased. They are contraindicated
in patients with liver disease or congestive heart failure (class [I or
IV). Thiazolidinediones have been shown to induce ovulation in pre-
menopausal women with polycystic ovary syndrome (see “Insulin Re-
sistance Syndromes,” above), Women should be warned aboutthe risk
of pregnancy, since the safety of thiazolidinediones in pregnancy is
notestablished.

INSULIN THERAPY IN TYPE 2 DM Modest doses ofinsulin are

quite efficacious in controlling hyperglycemia in newly diagnosed type
2 DM.Insulin should be considered as the initial therapy in type 2
DM,particularly in Jean individuals or those with severe weight loss,
in individuals with underlying renal or hepatic disease that precludes
oral glucose-lowering agents, or in individuals who are hospitalized
or acutely ill. Insulin therapy is ullimately required by a substantial
number of individuals with type 2 DM because of the progressive
nature of the disorder and the relative insulin deficiency that develops
in patients with long-standing diabetes.

Because endogenous insulin secretion continues and is capable of
providing some coverage of mealtime caloric intake, insulin is usually
initiated in a single dose of intermediate-acting insulin (0.3 wo 0.4 U/
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kg per day). given either before breakfast or just before bedtime (or 
ultralente at bedtime). Since fa...ting hyperglycemia and increased he­
patic glucose production are prominent features of type 2 DM. bedtime 
insulin is more effectl\e in clinical trials than a single dose of morning 
insulin. Some physicians prefer a relatively low, fixed starting dose of 
intermediate-acting insulin ( - 15 to 20 units in the morning and 5 to 
10 units at bedtime) to avoid hypoglycemia. The insulin dose may 
then be adjusted in I 0% increments as dictated by SMBG results. Both 
morning and bedtime intennediate insulin may be used in combination 
with oral glucose-lowering agents (biguanides. a-glucosidase inhibi­
tors. or thiazolidinediones). 

CHOICE OF INmAL GLUCOSE-LOWERING AGENT Though insu­
lin is an effective primary therapy for type 2 DM. most patients and 
physicians currently prefer oral glucose-lowering drugs as the initial 
pharn1acologic approach. The level of hyperglycemia should inOuence 
the initial choice of therapy. Assuming m.uimal benefit of MNT and 
increased physical activity has been realized. patients with mild to 
moderate hyperglycemia [fasting plasma glucose< 11 .1 to 13.9 rnmol/ 
L (200 to 250 mg/dL)) often respond well 10 a single oral glucose­
lowering agent. Patients w ith more severe hyperglycemia [fasting 
plasma glucose > 13.9 mmol/L (250 mg/dL)) may respond partially 
but are unlikely to achieve normoglycemia with oral monotherapy. 
Nevertheless, many physicians prefer a stepwise approach that starts 
with a s ingle agent and adds a second agent to achieve the glycemic 
target (see "Combination Therapy," below). Some physicians begin 
insulin in individuals with severe hyperglycemia [fasting plasma glu­
cose > 13.9 to 16.7 mmol/L (250 to 300 mg/dL)] . This approach is 
based on the rationale that more rapid glycemic control will reduce 
"glucose toxicity·• 10 the islet cells, improve endogenous insulin se­
cretion, and possibly allow oral glucose-lowering agents to be more 
effective. If this occurs, the insulin may be discontinued. 

Insulin secretagogues, biguanides, a-glucos idase inhibitors, thia­
zolidinediones, and insulin are approved for monotherapy of type 2 
DM. A lthough each c lass of oral glucose-lowering agents has unique 
advantages and disadvantages. certain generalizations apply : ( I) in­
sulin secretagogues, biguanides, and thiazolidinediones improve gly­
cemic control 10 a similar degree ( I to 2% reduction in HbA I c) and 
are more effective than a -glucosidase inhibitors; (2) assuming a sim­
ilar degree of glycemic improvement, no clinical advantage to one 
class of drugs has been demonstrated, and any therapy that improves 
glycemic control is beneficial; (3) insulin secretagogues and a-glu­
cosidase inhibitors begin to lower the plasma glucose immediately, 
whereas the g lucose-lowering effects of the biguanides and thiazoli­
dinediones are delayed by several weeks to months; (4) not all agents 
a re effective in all individuals with type 2 DM (primary failure); (5) 
biguanides, a-glucosidase inhibitors, and thiazolidinediones do not di­
rectly cause hypoglycemia; and (6) most individuab will eventually 
require treatment with more than one class of oral glucose-lowering 
agents, re necting the progressive nature o f type 2 DM. 

Considerable clinical experience exists with sulfonylureas and 
metformin because they have been avai lable for several decades. II is 
assumed tha t the a-glucosidase inhibitors and thiazolidinediones, 
which are newer classes of oral g lucose-lowering drugs, wi ll reduce 
OM-related complications by improving glycemic control , although 
long-tern1 data are not yet available. The thiazolidinediones are theo­
retically attractive because they target a fundamental abnormality in 
type 2 OM, namely insulin resistance. However, these agents are cur­
rently more costly than others and require liver function monitoring. 

A reasonable treatment algorithm for initial therapy proposes e i­
ther a sulfony lurea or metformin as initial therapy because of their 
efficacy, known side-effect profile, and relatively low cost (Fig. 
333-14). Metformin has the advantage that it promotes mild weight 
loss, lowers insulin levels, improves the lipid profile s lightly, and may 
have a lower secondary failure rate. I lowever, there is no difference 
in response rate or degree of glycemic control when me1fom1in and 
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a-Glucosidase· Thiazolidined1ones· 
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FIGURE 333-14 Glycemic managemenl of type 2 diabetes. See text for dis­
cussion. •See text about use as monolherapy. The broken line indicales 1h31 
biguanides or insulin secre1agogues, bu1 nol a glucosidase inhibitors or thia­
zolidinediones, are preferred for ini1ial therapy. 

sulfonylureas are compared in randomized. prospective clinical trials. 
Based on SMBG results and the HbA l c, the dose of e ither the sulfo­
nylurea or metformin should be increased until the glycemic target is 
achieved. a-Glucosidase inhibitors and thiazolidinediones are alter­
native. initial agents (Fig. 333-1 4). 

When used as monotherapy, approximately one-third of individ­
uals will reach their target glycemic goal with either a sulfonylurea or 
metfonnin. Approximately 25% of individuals will no t respond to sul­
fonylureas or metformin; under these circumstances. the drug usually 
should be discontinued. Some individuals respond to one agent but 
not the other. The remaining individuals treated with either sulfonyl­
ureas or metformin alone will exhibit some improvement in g lycemic 
control but will not achieve their g lycemic target and should be con­
sidered for combination therapy. 

COMBINATION THERAPY \V/Tfl GLUCOSE-LOWERING AGENTS A 
number of combinations of therapeutic agents are successful in type 2 
DM, and the dosing of agents in combination is the same as when the 
agents are used alone. Because mechanisms of action of the first and 
second agents are diffe rent. the effect on glycemic control is usually 
additive. Commonly used regimens include: (I) insulin secre tagogue 
with me1fom1in or thiazolidinedione. (2) sulfonylurea with a-glucos­
idase inhibitor, and (3) insulin with metforn1in or thiazolidinedione. 
The combination of met form in and a thiazolidinedione is also effective 
and complementary. If adequate control is not achieved with two oral 
agents, bedtime insulin or a third oral agent may be added stepwise. 
I lowever, long-term experience with any triple combination is lacking, 
and experience w ith two-drug combinations is relatively limited. 

Insulin becomes required as type 2 DM enters the phase of relative 
insulin defic iency (as seen in long-standing DM) and is signaled by 
inadequate glycemic control on one or two oral glucose-lowering 
agents. Insulin can be used in combination with any of the oral agents 
in patients who fail Lo reach the glyccmic target. For exan1ple, a single 
dose of intermediate-acting insulin al bedtime is effective in combi· 
nation with metformin. As endogenous insulin production falls further. 
multiple injections of intern1ediate-acting and short-acting insulin reg· 
imens are necessary to control postprandial glucose excursions. These 
combination regimens arc identical to the intermediate- and short-act· 
ing combina tion regimens discussed above for type I DM. Since the 
hyperglycemia of type 2 DM tends to be more "stable," these regimens 
can be increased in 10% increments every 2 to 3 days using SMBG 
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kg per day), given cither before breakfast or just before bedtime (or
ultralente at bedtime). Since fasting hyperglycemia and increased he-
patic glucose production are prominentfeatures of type 2 DM, bedtime
insulin is more effective in clinical trials than a single dose of moming
insulin. Some physicians prefer a relatively low, fixed starting dose of
intermediate-acting insulin (~15 to 20 units in the morning and 5 to
10 units at bedtime) to avoid hypoglycemia. The insulin dose may
then be adjusted in 10% increments as dictated by SMBGresults. Both
moming and bedtime intermediate insulin may be used in combination
with oral glucose-lowering agents (biguanides, a-glucosidase inhibi-
tors, or thiazolidinediones).

CHOICE OF INITIAL GLUCOSE-LOWERING AGENT Though insu-
lin is an effective primary therapy for type 2 DM, most patients and
physicians currently prefer oral glucose-lowering drugs as the initial
pharmacologic approach. Thelevel of hyperglycemia should influence
the initial choice of therapy. Assuming maximal benefit of MNT and
increased physical activity has been realized, patients with mild to
moderate hyperglycemia [fasting plasma glucose <1 1.1 to 13.9 mmol/
L (200 to 250 mg/dL)] often respond well to a single oral glucose-
lowering agent. Patients with more severe hyperglycemia [fasting
plasma glucose >13.9 mmol/L (250 mg/dL)] may respond partially
but are unlikely to achieve normoglycemia with oral monotherapy.
Nevertheless, many physicians prefer a stepwise approach that starts
with a single agent and adds a second agentto achieve the glycemic
target (see “Combination Therapy.” below). Some physicians begin
insulin in individuals with severe hyperglycemia [fasting plasma glu-
cose >13.9 to 16.7 mmol/L (250 to 300 mg/dL)]. This approach is
based on the rationale that more rapid glycemic control will reduce
“glucose toxicity” to the islet cells. improve endogenous insulin se-
cretion, and possibly allow oral glucose-lowering agents to be more
effective. If this occurs, the insulin may be discontinued.

Insulin secretagogues, biguanides, a-glucosidase inhibitors, thia-
zolidinediones, and insulin are approved for monotherapy of type 2
DM. Although each class of oral glucose-lowering agents has unique
advantages and disadvantages, certain generalizations apply: (1) in-
sulin secretagogues, biguanides, and thiazolidinediones improve gly-
cemic control to a similar degree (1 to 2% reduction in HbAIc) and
are more effective than a-glucosidase inhibitors; (2) assuming a sim-
ilar degree of glycemic improvement, no clinical advantage to one
class of drugs has been demonstrated, and any therapy that improves
glycemic control is beneficial; (3) insulin secretagogues and a-glu-
cosidase inhibitors begin to lower the plasma glucose immediately,
whereas the glucose-lowering effects of the biguanides and thiazoli-
dinediones are delayed by several weeks to months;(4) not all agents
are effective in all individuals with type 2 DM (primary failure); (5)
biguanides, a-glucosidase inhibitors, and thiazolidinediones do notdi-
rectly cause hypoglycemia; and (6) most individuals will eventually
require treatment with more than one class of oral glucose-lowering
agents, reflecting the progressive nature of type 2 DM.

Considerable clinical experience exists with sulfonylureas and
metformin because they have been available for several decades.It is
assumed that the a-glucosidase inhibitors and thiazolidinediones,
which are newerclasses of oral glucose-lowering drugs, will reduce
DM-related complications by improving glycemic control, although
long-term data are not yet available, The thiazolidinedionesare theo-
retically attractive because they target a fundamental abnormality in
type 2 DM, namely insulin resistance, However, these agents are cur-
rently more costly than others and require liver function monitoring.

A reasonable treatmentalgorithm for initial therapy proposes ei-
ther a sulfonylurea or metformin as initial therapy because of their
efficacy, known side-effect profile, and relatively low cost (Fig.
333-14). Metformin has the advantagethat it promotes mild weight
loss, lowers insulin levels, improvesthe lipid profile slightly, and may
have a lower secondary failure rate. However, there is no difference
in response rate or degree of glycemic control when metformin and
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a-Glucosidase*
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FIGURE 333-14 Glycemic managementoftype 2 diabetes, See text for dis-
cussion, *See text about use as monotherapy. The broken line indicates that
biguanides or insulin secretagogues, but not & glucosidase inhibitors or thia-
zolidinediones, are preferred for initial therapy.

sulfonylureas are compared in randomized, prospective clinicaltrials.
Based on SMBGresults and the HbA Ic, the dose ofeither the sulfo-

nylurea or metformin should be increased until the glycemic targetis
achieved. a-Glucosidase inhibitors and thiazolidinediones are alter-

native, initial agents (Fig. 333-14).
When used as monotherapy, approximately one-third of individ-

uals will reach their target glycemic goal with either a sulfonylurea or
metformin. Approximately 25% of individuals will not respond to sul-
fonylureas or metformin; under these circumstances, the drug usually
should be discontinued. Some individuals respond to one agent but
not the other. The remaining individuals treated with either sulfonyl-
ureas or metformin alone will exhibit some improvementin glycemic
control but will not achieve their glycemic target and should be con-
sidered for combination therapy,

COMBINATION THERAPY WITH GLUCOSE-LOWERING AGENTS A

number of combinationsof therapeutic agents are successful in type 2
DM,and the dosing of agents in combination is the same as when the
agents are used alone. Because mechanisms ofaction of the first and
second agents are different, the effect on glycemic controlis usually
additive. Commonly used regimens include: (1) insulin secrelagogue
with metformin or thiazolidinedione, (2) sulfonylurea with a-glucos-
idase inhibitor, and (3) insulin with metformin or thiazolidinedione.
The combination of metformin anda thiazolidinedioneis also effective
and complementary. Lf adequate control is not achieved with twooral
agents, bedtime insulin or a third oral agent may be added stepwise.
However, long-term experience with any triple combinationis lacking,
and experience with two-drug combinationsis relatively limited.

Insulin becomes required as type 2 DM enters the phaseofrelative
insulin deficiency (as seen in long-standing DM) and is signaled by
inadequate glycemic control on one or two oral glucose-lowering
agents. Insulin can be used in combination with any ofthe oral agents
in patients who fail to reach the glycemic target. For example,a single
dose of intermediate-acting insulin at bedtime is effective in combi-
nation with metformin, As endogenousinsulin production falls further.
multiple injections of intermediate-acting and short-acting insulin reg-
imens are necessary to control postprandial glucose excursions. These
combination regimens are identical to the intermediate- and short-act-
ing combination regimensdiscussed above for type 1 DM. Since the
hyperglycemiaoftype 2 DM tendsto be more“stable,” these regimens
can be increased in 10% increments every 2 to 3 days using SMBG
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_ The daily in~ulin dose required can become quite large 
rt'ul~ nits/kg per day) as endogenous insulin production fall~ and 
ti 10. • u sistance persists. Individuals who require > I unit/kg per day 

IJIUl re . . 1· h Id be . ~ intennediate-acting msu tn s ~u . . co~s1dered for combination 
of , with metformm or a 1h1azohdmed1one. The addi tion of a 
tbCf'Pi.dinedione can reduce insulin requirements in some individuals 
th1al

01
.,,,, 2 OM, while maintaining or even improving glycemic 

l

~~t . . 
)Jlten ive diabetes management (Ta_ble 333-_ I 0) 1s a treatment op-
in type 2 patients who cannot achieve optimal glycemic control 

: aie capable of implementing such regimens. A recent study from 
Veterans Administration found that intensive diabetes management 

the not associated with a greater degree of side effects (hypoglycemia, 
15 

icllt gain) than standard insulin therapy. The effect of higher insulin 
::ds associated with intens(ve diabetes management on the prognosis 
(diseases commonly associated with type 2 DM (cardiovascular dis­

~isc. hypertension) is sti ll debated. In selected patients with type 2 
D~f. insulin pumps improve glyccmic control and are well tolerated. 

Emerging Therapies Whole pancreas transplantation (conven­
uonally perfom1ed concomitantly with a renal transplant) may nor­
malize glucose tolerance and is an important therapeutic option in type 
1 diabetes. though it requires substantial expenise and is associated 
~ith the side effects of immunosuppression. Pancreatic islet trans­
plantation has been plagued by limitations in pancreatic islet isolation 
and graft survival. but recent advances in specific immunomodulation 
ha1e greatly improved the results. Islet transplantation is an area of 
active clinical investigation. 

Advances in molecular biology and new insights into normal 
mechanisms of glucose homeostasis have led lo a number of emerging 
therapies for diabetes and its complications. For example, glucagon­
li.ke peptide 1, a potent insulin secretagogue, may be efficacious in 
type 2 DM. lnhaled insulin and additional insulin analogues are in 
advanced stages of clinical trials. Aminoguanidine, an inhibitor of the 
formation of advanced glycosylation end products, and inhibitors of 
protein kinase C may reduce the complications of DM. Closed-loop 
pumps that infuse the appropriate amount of insulin in response to 
changing glucose levels are potentially feasible now that continuous 
glucose-monitoring technology has been developed. 

COMPLICATIONS OF THERAPY 
FOR DIABETES MELLITUS 
As with any therapy, the benefits of effons directed towards glycemic 
~ontrol must be weighed against the risks of treatment. Side effects of 
intensive treatment include an increased frequency of serious hypo­
glycemia, weight gain, increased economic costs, and greater demands 
~ the patient. In the DCCT, quality of life was very similar in the 
intensive therapy and standard therapy groups. The most serious com­
plication of therapy for DM is hypoglycemia (Chap. 334). Weight gain 
OCcurs with most (insulin, insulin secretagogues, thia1:olidinediones) 
but not all (metformin and a-glucosidase inhibitors) therapies that im­
prove g]ycemic control due 10 the anabolic effects of insulin and the 
rcd_uction in glucosuria. ln the DCCT, individuals with the greatest 
weight gain exhibited increases in LDL cholesterol and triglycerides 
~ ~ell as increases in blood pressure (both systolic and diastolic) 
sun1lar to th · · d' · · 2 OM d . 1· . ose seen m m 1v1duals with type an msu m res1s-
~an~. These effects could increase the risk of cardiovascular disease 
1
~ Intensively managed patients. As discussed previously, improved 
~i~~mic_cont~ol is sometimes accompanied by a transient worsening 

abcuc retmopathy or neuropathy. 

gfA
1

G80ING ASPECTS OF COMPREHENSIVE 
ETES CARE 

Them b'd• 
gi, or I ily and monality of OM-related complications can be 
bi'atly reduced by timely and consistent surveillance procedures (Ta-

c 333-14). These screening procedures are indicated for all individ-

.I.I.I Diahe1.., \lellilu, 

Table JJJ-1~ Guideline~ for Ongoing "1cdical Care 
for Patient~" ith Diabete~ 

• Self-monitoring of blood gluco~e (individualized frequency) 
• HbA I c testing (2-4 times/year) 
• Patient education in diabetes management (annual) 
• Medical nutrition therapy and education (annual) 
• Eye examination (annual) 
• Foot examination ( 1- 2 times/year by physician: daily by patient) 
• Screening for diabetic nephropathy (annual; see Fig. 333-13) 
• Blood pressure measurement (quanerly) 
• Lipid profile (annual) 
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uals with DM, but numerous studies have documented that most in­
dividuals with diabetes do not receive comprehensive diabeles care. 
Screening for dyslipidemia and hypertension should be performed an­
nually. ln addition 10 routine health maintenance, individuals with di­
abetes should also receive the pneumococcal and tetanus vaccines (at 
recommended intervals) and the influenza vaccine (annually). 

An annual comprehensive eye examination should be performed 
by a qualified optometrist or ophthalmologist. If abnormalities are de­
tected, further evaluation and treatment require an ophthalmologist 
skilled in diabetes-related eye disease. Because many individuals with 
type 2 DM have had asymptomatic diabetes for several years before 
diagnosis, a consensus panel from the ADA recommends the following 
ophtl1almologic examination schedule: ( I) individuals with onset of 
DM at <29 years should have an initial eye examination witllin 3 to 
5 years of diagnosis, (2) individuals with onset of DM at >30 years 
should have an initial eye examination at the time of diabetes diag­
nosis, and (3) women with DM who are contemplating pregnancy 
should have an eye examination prior to conception and during the 
fi rst trimester. 

An annual foot examination should: (1) assess blood flow, sensa­
tion. and nail care; (2) look for the presence of foot deformities such 
as hammer or claw toes and Charcot foot; and (3) identify sites of 
potential ulceration. Calluses and nail deformities should be treated by 
a podiatrist; the patient should be discouraged from self-care of even 
minor foot problems. 

An annual microalbuminuria measurement is advised in individ­
uals with type I or type 2 DM and no protein on a routine urinalysis 
(Fig. 333-10). lf the urinalysis detects proteinuria, the amount of pro­
tein should be quantified by standard urine protein measurements. If 
the urinalysis was negative for protein in the past, microalbuminuria 
should be the annual screening examination. Routine urine protein 
measurements do not detect low levels of albumin excretion. Screening 
should commence 5 years after the onset of type I DM and at the time 
of onset of type 2 DM. 

SPECIAL CO SIDERATIONS 
IN DIABETES MELLITUS 

PSYCHOSOCIAL ASPECTS As with any chronic, debilitat­
ing disease, the individual with DM faces a series of chal lenges that 
affect all aspects of daily life. The individual with DM must accept 
that he or she may develop complications related to DM. Even with 
considerable effort, nom1oglycemia can be an elusive goal, and solu­
tions to worsening glycemic control may not be easily identifiable. 
The patient should view him- or herself as an essential member of the 
diabetes care team and not as someone who is cared for b) the diabetes 
team. Emotional stress may provoke a change in behavior so that in­
dividuals no longer adhere to a dietary, exercise, or therapeutic regi­
men. This can lead to the appearance of either hyper- or h) poglycemia. 
Depression and eating disorders (in women) are more common in in­
div iduals with type I or type 2 DM (Chap. 78). 

MA AGEME T IN T IIE HO PITALIZED PATIENT 
Virtually all medical and surgical subspecialt ies may be im olved tn MPI EXHIBIT 1109 PAGE 39
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the care of hospi1ali1ed patients with diabetes. General ancslhe,ia. wr­
gcl'). and concurrent illness raise the levels of coun1erregula1ory hor­
mones (con1sol. gro\\lh hormone. catecholamines. and glucagon). and 
infection ma} lead 10 1ransien1 insulin resiMance. These factor, in­
crease in,ulin requirements by increasing glucose production and im­
pairing glucose utilization and thus may wor,cn glycem1c control. On 
the other hand. the concurrent illness or surgical procedure may pre­
vent the patient ,,i1h OM from eating normally and may promote hy­
poglycemia. Glyccmic control should be assessed (wilh llbA le) and. 
1f feas ible. should be optimized prior to surgery. Electrolytes, renal 
function. and intravascular volume status should be assessed as well. 
The e'\tremely high prevalence of asymptomallc cardiovascular dis­
ease in individuals with OM (especially in type 2 OM) may require 
preoperJI ive cardiovascular evalua11on. 

The goals of diabetes management during hospitalization arc 
avoidance of hypoglycemia, optimization of glycemic control, and 
transition back to the ourpatienl diabetes treatment regimen. A11en1ion 
to each stage in this process requires integrating information regarding 
the plasma glucose. diabetes 1rea1men1 regimen. and clinical s1a1us of 
the pallenl. For example. some surgical procedures utilizing local an­
esthesia or epidural anesthesia may have minimal effects on glycemic 
control. If the patient is eating soon after the procedure and there is 
no disruption of the patient ·s regular meal plans. I hen glycemic control 
is usually maintained. 

The physician caring for an individual with diabetes in the peri­
operalive period. during Limes of infection or serious physical illness, 
or simply when fasting for a diagnostic procedure must monitor the 
plasma g lucose vigilan1ly, adjust the diabetes Lrealment regimen, and 
provide glucose infusion as needed. Several different 1rea1men1 regi­
mens (intravenous or subcutaneous insulin regimens) can be employed 
succes,fully. Individuals with type I OM require continued insulin 
adminis1ra1ion to maintain the levels of c irculating insulin necessary 
Lo prevent OKA. Prolongation of a surg ical procedure or delay in the 
recovery room is not uncommon and may resull in periods of insulin 
deficiency. Even relatively brief periods without insulin may lead 10 
mild OKA. Individuals with type I OM who are undergoing general 
anesthesia and surgery. or who are seriou~ly ill , should receive con­
tinuous insulin, either through an intravenous irn,ulin infusion or by 
subcutaneous administration of a reduced dose of long-acting insulin. 
Shon-acting insulin alone is insufficient. 

individuals w11h type 2 OM can be managed with either insul in 
rnfu,ion or a reduced dose of subcutaneous insulin. Oral glucose-low­
ering agents are d1scon1inued at the lime a combined insulin/glucose 
tnfus1on is started. OrJI agents , uch a, s uJfonylureas. me1formin, acar­
bo!>C, and th1azolidmed1ones are not useful in regulating the plasma 
glucose m clinical situation, where the insulin requirement\ and glu­
cose intake are changing rapidly. Moreover, these oral agents may be 
dangerous if the patient is fasting (e.g., hypoglycemia with sulfonyl­
ureas). Metformm should be withheld when radiographic comr.iM me­
dia will be given or 1f severe congestive hean fa il ure. ac1dosi,, or 
declining renal function is present. 

Insulin infusions can effectively control plasma glucose in the peri­
operative period and when the patient is unable 10 Lake anything by 
mouth. TI1e absorption of subcutaneous insulin ma} be variable in such 
si1ua11011, because of changes in blood now. The physician must con­
sider carefully the clinical selling in which an insulin infusion wi ll be 
utiliLed, including whether adequate ancillary personnel are avai lable 
to monuor the plasma glucose frequently and whether they can adJUSI 
the inwlin infu,ion rate, either based on an algorithm or m comulla11on 
with the phyMc1an. The inilla.l rate for an insulin infusion may range 
from 0.5 Lo 5 units/h, depending on the degree of insulin resistance 
and the clin1cal s11ua1ion. Based on hourly capillary g lucose measure­
ments, the imulin mfusion rate 1, adjus1ed to mam1ain the plasma 
gluco,e "ithin the desired range (5.6 LO I I.I mmol/L (100 10 200 mg/ 
dL)] . Gluco,e infusion, initiated al the time the patient begins tas11ng 

should be adjusted 10 deliver 1he equivalent of 50 10 150 ml of D,W/ 
h until the patient is reliably 1akmg nutrition orally. The msulin infu­
'1011 can be lcmporarily d1scon11nued if h}poglycem1a occurs and may 
he resumed at a lower mfusion rate once the plasma glucose exceeds 
5.6 mmol/L (100 mg/dL). 

Insulin mfusion is the preferred method for managing patienlS '-"llh 
type I 0\11 m the periopera11ve period or when ,enous concurrent 
illness is prcsenl. Individuals with type 2 0\11 can be managed w11h 
an msulin infusion, but subcutaneous insulin in reduced doses can be 
used effec11,cly as well. If the diagnos11c or ,urgical procedure is brief 
and perfonned under local or regional anesthesia. a reduced dose of 
subcutaneous, long-acting insulin may suffice. This approach faci li-
1a1es 1he 1ran,i1ion back to the long-acting insulin after lhe procedure. 
The dose of long-acting insulm should be reduced by 30 Lo 40%. and 
shon-acting insulin is ellher held or. likewise. reduced by 30 Lo 40%. 
Glucose should be infused 10 prevent hypoglycemia. 

Total Pa renteral Nut r ition (Sec Chap. 76) Total pare nte ral nu-
1ri1ion (TPN) greally increases msulin n:quiremenls. In addition, in­
dividuals 1101 previously known Lo have OM may become hypergly­
cem1c during TPN and require insulin treatment. Intravenous insulin 
infusion is the preferred treatment for hyperglycemia. and rapid 1i1ra-
1ion 10 the required insulin dose is done most efficiently using a sep­
arate insulin infusion. After 1he total in,ulin dose has been determined, 
in, ulin may be added directly 10 the TPN solution. Often. individuals 
receiving either TPN or enteral nutrition receive their caloric loads 
continuously and not at "meal limes": consequently. ,ubculaneous in­
sulin regimens must be adjus ted. 

GLUCOCORTICOIDS Glucoconicoids increase insulin reS1S-
1ance. decrease glucose util ization. increase hepatic glucose produc­
tion, and impair insulin secre tion. These changes lead LO a worsening 
of glycemic control in individuals with OM and may precipitate dia­
betes in other individuals ("steroid-ind uced diabetes"). The effects of 
glucoconicoids on glucose homeostasis are dose-related, usually re­
versible, and most pronounced in the postprandial period. lf the fasting 
plasma glucose is near the nonnal range, oral d iabetes agents (sulfo­
nylureas and acarbose) may be sufficient 10 reduce hyperg lycemia. If 
the fasting plasma glucose > 11.1 mmol/L (200 mg/dL), oral agenlS 
are usually not efficacious and insulin therapy is required. Shon -acting 
insulin may be required to s upplement long-acting insu lin in order 10 
control postprandial glucose excursions. 

REPRODUCTIVE ISSUES Reproductive capacity in either 
men or women with OM appears 10 be nom1al. Menstrual cycles may 
be associated with alterations in glycemic control in women with OM. 
Pregnancy is associated with marked insulin resistance; the increased 
insulin requircmen1s often p recipitate OM and lead 10 the diagnosis of 
G DM. Glucose. which al high levels is a 1era1ogen to the developing 
fetus, readily cros,es the placenta. but insulin doe, not. Thus, hyper­
glycemia or hypoglycemia from the maternal circulat ion may stimulate 
msuhn secretion in the fetus. The anabolic and growth effects of in­
sulin may resull in macrosomia. GDM complicates approximately 4% 
of pregnancies in the United Stales. The incidence of GDM is greatly 
mcreased III cenam ethnic groups, including African Americaru, and 
1 lispanic Americans, consistent with a similar incrc~ed risk of 1ype 
2 OM. Current recommendmions advise screening for g lucose in10l­
crnnce between weeh 24 and 28 of pregnancy in women with high 
risk for GDM (2:25 years; obesuy; fami ly history of OM; member of 
an ethnic group such as I l ispanic Amencan, Native American. Asian 
American, African American. or Pacific hlunder). Therapy for GDM 
is similar to that for individuals with pregnancy-associated diabetes 
and involve, MNT and insulin, if hyperglycemia persists. Oral glu­
cose-lo" ering agents have 1101 been approved for use dunng preg­
nancy. With current prac1ices, the morbidll} and monalily of the 
mother w11h GDM and the fetus are no different from those in the 
nondiabelic population. individuals who develop GDM are al marl..ed 
mcrca.,ed nsk for developing t;pe 2 0 \1 in the fu1un: and should be 
screened periodically_ for 0\1. After deli,el')·, glucose homeosta.,is 
,hould be rea.ssessed m the mother. Mo,1 mdividuah with GDM reven 
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10 00nnal glucose tolerance, but some will continue to have oven 
diabetes or impairment of glucose tolerance. In addition, children of 
"omen with GOM a~pear to be_ at risk for obesity and glucose intol­
erance and have an mcreased nsk of diabetes beginning in the later 
stages of adole~ce~ce._ . . 

Pregnancy m md1v1duals with known OM requires meticulous 
planning and adherence lo strict treatment regimens. intensive diabetes 
management and normalization of the HbA I c are the standard of care 
for individ_uals with exi~ting OM :,vho are planning pregnancy. The 
crucial penod_ of glycem1c control 1s extremely early following fertil­
!Zllion. The nsk of fetal malformations is increased 4 to 10 times in 
individuals with uncontrolled OM at the lime of conception. The goals 
are normal plasm_a glucose during the preconception period and 
lhroUghout the penods of organ development in the fetus. 

LIPODYSTROPHIC DM (See also Chap. 354) Lipodystro­
phy, or the loss of subcutaneous fat tissue, may be generalized in 
certain genetic conditions such as leprechaunism. Generalized Jipo­
dystrophy is associated with severe insulin resistance and is often ac­
companied by acanthosis nigricans and d yslipidemia. Localized lipo­
dystrophy associated with insulin injections has been reduced consid­
erably by the use of human insulin. 

Protease Inhibitors and Lipodystrophy Protease inhibitors 
used in the treatment of HIV disease (Chap. 309) have been associated 
with a centripetal accumulation of fat (visceral and abdominal area), 
accumulation of fat in the dorsocervical region, loss of extremity fat, 
decreased insulin sensitivity (elevations of the fasting insulin level and 
reduced glucose tolerance on intravenous glucose tolerance testing), 
and dyslipidemia. Although many aspects of the physical appearance 
of these individuals resemble Cushing's syndrome, derangements in 
cortisol secretion have not been found consistently and do not appear 
10 account for this appearance. Although some individuals have IGT, 
diabetes is not a common feature. The possibility remains that this is 
~lated 10 H1V infection by some undefined mechanism, since some 
features of the syndrome were observed before the introduction of 
protease inhibitors. Therapy for H1V-related lipodystrophy is not well 
established. 
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