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933] OBESITY
Michael D. Jensen

ity is the most common nutritional disorder in the UniteOf,costing more that $100 billion per year in healthiest
expenses. Most physicians do Not receive specific training in the eval-
‘ation and management of obesity despite the fact thai more than
half the patients theyencounter are likely to be overweight or ohese.
Although progress has been made in understanding the pathophysi-
ology and treatment ofobesity, it nonetheless remainsa dificult disease
to treat, The safest and mosteffective treatment approaches (lifestyle
and behavior modification) are not those commonly employed by
physicians.

Definition

The National Institutes of Health/NHLBI report entitled “Clinical
Guidelines on the Identification, Evaluation and Treatment of
Overweight and Obesity” provides clear, scientifically based defini-
tions of overweight and obesity, Body mass index (BMI) is now the
recommended means to categorize weight relativeto height foradults.
Body mass index is calculated asweight (kg) divided by height squared
(m’). To calculate BMI using pounds andinches, the formula is mod-
ified as follows: weight (pounds)/height(inches)? x 703. The weight
classifications according to BMI are summarized in Table 233-1.
Individuals whe are overweight (BMI 25.0 to 29.9) may or may not
be overfat, Some men may be overweight becauseofincreased muscle
mass, which isa straightforward clinical judgment. Although in general
the risk ofdeveloping weight-related health problemsincreases with
a BMI greater than 25, the guidelines point out that intervention or
discussion of weight issues with the patient may not be necessary for
overweight adults who are entirely healthy and/or are not overfat. On
the other hand, some individuals in the BMI27 to 29,9 range develop
serious metabolic complications ofobesity that could be expected to
improve with weight loss. These individuals are candidates for more
aggressive treatment, including pharmacotherapyif needed.

The risk of comorbidities increases considerably once the BMI
increases above 30, the level at which obesity is diagnosed. Obesity
is divided into three classes, also depending upon BMI. Treatment
approaches maydiffer for those who are overweight andfordifferent
classes ofobesity. For example, current Food and Drug Administration
(FDA) guidelines indicate that pharmacotherapycan be adjuncttreat-
ment for any class of obesity, even if medical complications are not
present. Although some would argue that treating obese patients
without medical complications is a lowerpriority than treating those
with medical complications, familiarity with the guidelines is impor-
lant; supervisory agencies and third party payers use them to deter-
mine whois eligible for treatment benefits. Extreme obesity (BMI
>40) is one of the key features that would promptconsideration of a
patient for bariatric surgery when medical treatments have failed.
Patients with class 2 obesity (BMI 35.0 to 39.9) may be considered
lor bariatric surgery if medical treatments havefailed andif severe,
life-threatening complications are present,

The use of BMIto define overweight and obesity is an improve-
ment over previous ideal weight tables, which were based on
height/yeight percentiles of individuals applying for insurance. In
addition to using BMI, the NHLBI Guidelines recommendusing the
Waist circumferences as anotheroffice assessment tool that can help
with the treatment decision making process. A “large” waist cireum-
lerence (greater than 102.cm or 40 inches for men and greater than
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88cm or 35 inches for women) is considered an additional indica-
tion of risk for overweight and obesity. This measure is primarily
relevantto disease risk in overweight and class 1 obesity categories,
however. In. overweight individuals, a large waist circumference
changes therelative risk from “increased” (relative to someone with
a normal BMI) to “high,” In class | obesity, a large waist circumfer-
ence increases the risk of disease from “high” to “very high.” A large
waist circumference does notaffect disease risk in those persons with
class 2 or class 3 obesity,

Prevalence

The numberof overweight and obese adults in the United States
has increased dramatically over the past 20 years.It is estimated that
approximately 60% ofadult Americansareeitheroverweightor obese.
Approximately 60% of U.S. men and 51% of U.S. women are over-
weightor obese. It should be noted, however, that a preater percent-
age ofwomen are obese than men, whereas a largerpercentage ofmen
are overweight than women. There are substantial differences in the
prevalence of obesity by age, race, and socioeconomicstatus, The
prevalenceof obesity in adults tends torise steadily from ages 20 to
60 years but does notincrease and,in [act, begins to decrease in later
years. It has been estimated that almost 75% of men aged 60 to 69
years in the United States have a BMIofgreater than 25. Theincrease
in mean BMI with age may not be as muchofa threat to population
health as mightfirst be anticipated, Whileitis true that youngadults
with BMIs in the lowerpart of the normal range havethe lowest mor-
tality rates, this changes with age. The BMIassociated with the lowest
mortality rates is actually at or somewhat above 25kg/m’ for
those in their 60s and 70s. Clearly, weight recommendations for a
given individual depend on whether adverse health consequences
associated with obesity have developed.

The differences in overweight and obesity between Alrican-
Americans, Mexican-Americans, and European-Americans are not
subtle. African-American women and Mexican-Americans of both
sexes have the highestrates of overweight and obesity in the United
States. Wheninterpreting these data, however, itis important to keep
in mind that there is an inverse relaionship between socioeconomic
status andobesity, especially among women. Women in lowersocio-
economicclasses are much morelikely to be obese than thoseinhigher
socioeconomic classes. This association reduces, but does not elim-
inate, the racial differences in the prevalenceof obesity. Whether the
remaining racial differences in the prevalence ofobesity are due to
genetic, constitutional, or social factors not related to incomeis not
yet clear.

Etiology

In one sense,the etiology of obesity can be considered simplisti-
cally; if energy intake exceeds energy expenditure, and if lean body
mass remains stable, body fat must increase. Unfortunately, obesity
is a much more complex issue, There are significant genetic/const-
tutional susceptibility aspects to obesity that are heavily influenced
by environmentalfactors, Evidence from family studies and studies
of twins strongly supports the concept that within a given environ-
ment, a significant portion of the variation in weightis genetic. That
said, however, the tremendous increase in the prevalence of obesity
in the UnitedStates over thelast several decades can hardly beascnibed
to mass changes in human DNA.

GENETIC ASPECTS. Thereis strong evidence fora hereditary tendency
toward the regulation ofbody weight. Thesingle genedefects result-
ing in obesity include a number of classic genetic syndromes such as
Prader-Willi and Laurence-Moon-BiedL, Thereaderis referred to text-
books on genetic disorders fora completelistand description ofthese
conditions. More recently, extremely rare monogenicforms ofhuman
obesity due to mutations in the leptin gene andleptin receptor gene
have been described. Theresult is an actual or functional leptin defi-
ciency,muchlike that seen in ob/ob or db/db mice, the animal models
thatstimulatedthe discovery of leptin, There have also beenreportsa heritedformsofhuman obesity due to mutations ofgenes that

»pelite neuropeptide esis. Doubtless, reports ofsingle

muilonsasocateihanaobesity will continueloappeary
r, theoverwhelming malovity of cases of human obesi‘hecombinationofpolygenic susceptibility traits and
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tend to be fatter than those of nondiabetic mothers, ae Ae
diabetic mothers have a greater prevalence of ae whe ae i
5 to 19 years old, independentoftheir mother’ 0) ear a a
intrauterine exposure to the diabetic environmentak ee
increased risk ofdiabetes mellitus and obesity in the o spring. rtthe issue of the genes versus the environmentas regards obest yan
metabolic complications of obesity1s blurred in the intrauterine %
perinatal time intervals. One ofthe striking and worrisome mseof these metabolic effects is not only the long-term effects om theindividual's weight regulation and health, but the suggesuion that
these traits can be passed on to future generations,CONTRIBUTORS. Few wouldarguethat there have been
dramatic changes in the environment over the last 50 years. These
changes promoted a reduction in the amountof physicalactivity thatAmericans undertake. In addition, alterations in the food supply
have either increased or failed to allow the expected decrease in
energy intake that would be needed to match the reduced energy
expenditure. ;Food. A numberofenvironmentalfactors can influence food intake
(Table 233-2). Consuming energy-dense loods results in greater energy
intake, because many adults respondto the volumeof food taken in
rather than the energy contentoffood.This factor likely accounts for
the association between high-fat diets and excess body weight, many
high-fat foods are also energy dense. When humans consumediets
that are high in fat but low in energy density, energy intake is not
greater than would be expected based on the energy density of the
foods. Larger food portionsize has also been shownto increase food
intake. Given the trend in the United States to serve larger portions
of food and beverage, this could be a contributing variable toward
obesity, Foodvarietycanalso affect energy intake. An increasedvariety
of entrees, sweets, snacks, and carbohydrates in the diet is associated
with an increaseinbody fatness and food intake. In contrast, an increase
in variety of vegetables available does notresult in an increased food
intake and isnot associated with increased body fatness. Other factors
that may have broad population effects in the United States is the
reducedcosts of foodrelative to increased availability and palatabil-
ity of foods.

Several individual factors may also influence how the properties
of food affect energy intake. Individuals vary with respect to their
dietary restraint (the tendency to consciously limit food intake to
Seytheir feelings of hunger, or their disinhibition (thetendency to overeat opportunistically). {t has been proposed that
interindividual differences in these factors may modify how [ood
variety, portion size, and so on affect the eating profile. In additito the environmentalinfluences on food consumption, there are ka
the effects of the social context under which food is consumed and
the emotional state oftheindivi
staitified state of the individual. These effects are not yet well

can result in long-term, Bet
and the tendency to he susce

 

wity can e broadlyeeane
eredacta aedwork and the aetiy.TT -

nd spotls employ™ able that allow ONE 16 ealan ities include widelyasidual’s weightas Well ag
ed on ,‘ch they &?gage. Unfortunatelyi Weel -om’

canis enigA inexertectedtohave Apts.1

Qo ed rauon thaobesity and other health prob.
. development exercise regularly does notappear

Me ut ikely that a changeitt exercige
5 i¢ causil the increase in obesity,

a hh ea) activity is contributing to theercise component that |s
To the extent I “tr is likely the none*Oo ,

ise (fitnessci :
rise act! .

Noneneten ing:ities of daily V 5giture bas’

expended in nonexercise activ.
xing. measure the energy 1 ent physical activiitis difficult to vious that emp See systems in i

i h it set more au tins decreased ait Seeite data in this regard. One estj-ace, there and 1992, energy expenditureTReats that pe 50 kcal/day. The additional
at work decreasedBY oece that time have likely further reduced
changes in the wor pia ‘itt se, éemployment physical activily: exercise physical activity, the activi:

The pine! componentdifficult to measure. A paneobinesofdaily Nea eg. drive-through foodand banking,ec ators,Eatenbaie e-mail, on-line shopping) have been introducedinto
remote somenvironment. Each of these further reduces the energyDea xpend to get through the day. Again, there are fewST ch of a change has actually occurred,

assess how mu u | iSecanola in daily walking tps and an increase in dailyile tri ted,automobile trips has been documen : ; ;Perhaps because it is easier to assess, information as to how-dif-
ferences in sedentary activity (television watching, video games,and
computer use) relate to obesity 1s more readily available. Thereis
compelling evidence that more time spent in sedentary pursuits is
associated with an increased risk of overweightand obesity, Thestrik-
ing aspect to these studies is that the adverse effect of sedentary activ-
ities is independentofparticipation in traditional exercise activities.

Understanding the contributions of decreased work-related
physicalactivity, decreased activity of daily living, and increases in
sedentary behavior can help the physician working with thepatient
to uncoverpatterns that may relate to weight gain.

In summary, there are clearly dramatic changes in Western envi-
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nobesity. Since the discoveryof ene, ont Siaehie
ring of consanguineous parents, have been found to

a peo waileptin deficiency; they were hyperphagic and severel
veangenman leptin deficiency must be extremely rare, Some
ecprac MN genetic obesity (the db/db mouse andfa/fa rat) have
 nodels receptors, making them unresponsiveto leptin. These
wv ep’ Mjsed the possibility that human obesity, rather than
rat ion of leptin deficiency, is a state of leptin resistance
eaote human with a defective leptin receptor gene has
pons4. itappears that peeaeae to leptin receptor; signaling genetic abnormalities) is extremely ra ;es (or 8iecied aboutthe physiology ofleptin in bones
uch.ted in a diurnalfashion that appearsto be regulated by
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ped Seetially accountfor a large portion ofthe variability in
iat peeFy strongrelationship between percentage of bodyfat and
ie set concentrations. When bloodis collected under carefully
oral circumstances, there is a very strong relationship between
wo leptin concentrations and percentageof bodyfat (Fig. 233-1).
there is no difference in the relationship betweenleptin andper-
wniage of body fat between women and men. Thus,the assertion
dnt leptin resistance is present in women and in humanobesity is
wi logical; if the normalbiologic Tesponse to increased bodyfatis
messed leptin secretion, hyperleptinemia merely becomesadiffer-
aidefinition offatness/obesity. Only whendeficiencyis present does
isphysiology relate to the developmentofobesity.

low or absentleptin results in extreme hunger.Treating patients
wih congenitalleptin deficiency with physiologic doses of recombi-
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a remarkable reduction in excessive hunger
: I In contrast, treatmentof overweightpatients

with recombinant leptin did not show weight loss, despite achieving
peak serum leptin concentrations greater than 30 times basallevels,
In animals, leptin plays an important role in modulating the hypo-
thala mic-pituitary response to undernutrition and serves a protec-
tive function, Humanstudies are necessary to confirm this observation.
Several of the observedeffects of exogenousleptin in ob/ob mice were
hot observed in the single case of human leptin deficiency treated
with leptin. In summary, the discovery of leptin has been an impor-
tantadvancein understandingthe biology ofobesity; however, defects
in leptin secretion or inherited defects in leptin action do not appear
to be the cause of even a tiny fraction of haman obesity.

ENERGY INTAKE

nant leptin resulted in
andsignificantfat loss.

Muchhasbeen learned aboutthebiologicregulation offoodintake,
mostly from the study of animal models. There area series of periph-
eral “satiety” signals that act to inhibit further food intake at some
pointduring meal consumption. Someofthe signals reach the brain
via the vagus nerve and somevia the systemic circulation. Examples
of the proposed humoral factors modulating appetite are listed in
Table 233-3. Many of the compoundsare gut- or pancreas-derived
hormones (cholecystokinin, glucagon-like peptide 1, insulin, and
perhapsotherglucagon-related peptides or gut peptides) or peptides
(apolipoprotein A-IV, secreted with chylomicrons). The signals are
thoughtto be triggered both by mechanicalstimuli (e.g., the fullness
of the stomach)and by the presence of nutrients in the jejunum and
ileum. It has also been suggested that the drop in leptin concentra-
tions atnight may allow the evolution ofhunger the followingmorning.

The central nervous system regulation offood intake isalso better
understood. A series of neuropeptides and monoamines have been
identified that have either anabolic (increased food intake with or
without decreased energy expenditure) or catabolic (decreased food
intake with or without increased energy expenditure) properties. A
list of these compounds is provided in Table 233-4. Understanding

 

Table 233-3 ¢ SUGGESTEDBIOLOGICMODULATORS OF
FOOD INTAKE .

PERIPHERALSIGNAL  

 
 
 

Vagal ern vii (eyry oY
cholecystokinin == " tre il \|

‘ApolipoproteinA-TV CONTRET owl
Insulin — Y: t TORT] n=) ane
Glucagon-likepeptide 1 aiia |
Other glucagonrelated peptides (=)
Leptin Pe ae ee fF whealspon: rm.CLL TEPT ; dient onmam
oeeta,a cola|
oe 4 Ole vy mmc iin

_ . (-) inhibits foodintake._ es al; & stimulatesfoodintake, _
  

Table 233-4 » CENTRAL NERVOUSSYSTEM MO!
OF ENERGY BALANCE

 
MPI EXHIBIT 1129 PAGE 5

saspesiq(2U0nLINN



MPI EXHIBIT 1129 PAGE 6

 
1342.|Ghapter 233 Obes!)

i anor : i
the process of appetite regul inhibit or stimulate either anabolicmayallowthe disco

that will selectively
peutic agents tem pathways:or catabolic central nervous Sys
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diture of lyingstill at rest, awa "edae BMR fs measured after awakening but prt
ed, The resting metaboHaatSieastired before arising frombed.

tary adult Americans, the RMR represents the major por
expended during the day and may range
than 3000 keal/day, Most (approximately ©
related to the amountoflean tissue an individual has.

Notall components oflean tissue consume oxygen

consuming only approximately 3 kcal/kg/day.
Although the vast majority of RMR can be accountedfor by the

amountof lean tissue an individual has, there are also other, more
subtle, influences on RMR.Age, gender (women haveslightly lower
BMRs, even corrected for fat-free mass), and fat mass affect RMR.
Slight changes in metabolic rate or BMR are observed during the
menstrual cycle (luteal phase more than follicular phase). There is
also evidence that heritable or family factors do influence BMR,
accounting for as much as 10% of interindividual differences.

There are both obligatory and facultative components to RMR.
With an energy-restricted diet, significant reductions in BMRrelative
to the amountoffat-free mass occur, Reductions in the production
of triiodothyronine from thyroxineare thought to contribute to this
phenomenon. Likewise, during brief periods of overfeeding, it has
been found that RMR increases above that which would be expected
for the amountof lean tissue present.

_ It has been proposed thatindividuals with BMRs lowerthan pre-
dicted are atincreased risk of future weightgain. Published data suggest
thattherelative risk is small, and the clinical effort to identify such
patients is not warranted. Measurementof BMRis sometimes help-ful in the evaluation ofpatients whoinsist they are unable to (oBe
weight while following diets consisting of less than 1000 kcal/day,
Almost withoutfail, their BMR is substantially greater than their
reported food intake. This underscores the fact that most adultsoh 7 Sat : ;

notoriously unreliable in assessing their own food intake.
THERMIG EFFECT OF FOOD. Approxi! ‘FOOD. Approximately 10% of the
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relative rates. Visceral, or splanchnic bed, tissues account for approx-
imately 25% ofresting metabolic rate buta much smaller propornon
of body weight. The brain, which accounts for only a small percent
ofbody weight, accounts for almost 15% of RMR,Likewise, the heart
(approximately 7%) and kidneys (approximately 5 to 10%) account
for greater portions of resting energy needs than their relative con-
tribution to body mass. In contrast, resting muscle makes up 40 to
50% of lean tissue mass but accounts for only 25% of RMR. This
changes dramatically with exercise, however; muscle can accountfor
80 to 90% of energy expenditure during high-intensity exercise.
Adipose tissue is a minor contributor to daily energy expenditure,
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load, andthsese sedentary individuals Yerieseaeiat are quite low (sometimesoeoeents with apinhe threshold can be even lower in obese P 'ypean

diabetes. _related activities) is commonlycon-
Exercise (fitness- and sports ae sical activity thermogenesis.i main component of phy. ; i

Treeamount ofenergy can be expendedin relatively briefperiods in fit ©dividuals, most adults do not exercise at high levelscient duration to expenda large amount of energy. Thus,
aniCTssolely on “exercise” as the main componentaf
physical activity energy expenditure, it is important to consider the
energy costs of nonexercise activily. ; -Nonexercise activity thermogenesis (NEAT)is the caloric expense
ofperformingall activities other than exercise. Therange of observed
NEAT undercontrolled (metabolic chamber) conditions has been from
less than 100 up to approximately 800 kcal/day. There is probably a
muchwiderrangein free-living individuals. NEATts nota static com-
ponentof daily energy expenditure. It has been shown that NEAT
can increase in responseto increased food intake in an unconscious
manner, In fact, modulation of NEAT can bea significantfactorthat
acts to stabilize weight despite variations in food intake. Low levels
of NEAT have been reported to predict future weight gain in
some populations. There is virtually no information as to what the
regulatory systems are that stimulate or inhibit NEAT.

Secondary Causes of Obesity
MEDICATIONS. A growi

in some or most of th

oaches, i

“m toateweony for the underlying condition.
can explain their obesity. End

eyCauseofobesity, Thes ithalamic damage resulting in a
Mary surgery), insulin ;

weakness. Corre:
substantial logs atex
only asmall ‘ EPortion of . at. Insuli0 7 5

iethuseeae conscious pautinsuli
roidism is vineoes: The Weight pain

Me to fluid
e Tetention and resolvesnot cemen

adult lorhyperphapiad t. Unfortunately,
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Hg numberofmedications cause weight gan

patients have an underlying disease
Tinopathies are the mostcommon

on of Cushing’eybruising, and proximalmuscle
* syndrome commonly results itt

linear is a rare naeresent withot ly,y Preventspells ie Sathtewali me
associated with hypathy-

With grows ‘i pobypothalamirdameOrmone deficiency;
Wy lose excess weight with grow
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—733-5 ° PHARMACOLOGIC INFLUENCES IN WEIGHT
rab AND ALTERNATIVE THERAPIES
6A ALTERNATIVE TREATMENTS

WITH LESS OR NO WEIGHT
gg THAT MAY PROMOTE GAIN OR THAT PROMOTE

meput GAIN WEIGHT LOSS

we Neurologic Medicationsipsyere

sey sea aia risperadone,
tidepressan me quetiapine

a aereBae Buproprion, nefazodoneclic a’ ressants,
nti oxidase inhibitors

Antiepileptic drugs
Gabapentin, Neeases Topiramate, lamotriginecarbamazapine

Lithium :

steroid Hormones engute to Steroidormones

Hormonal contraceptives Barrier methods
Corticosteroids Nonsteroidal anti-

inflammatory dru
estalional steroids Weight loss ¥ =

Anti-Diabetes Agents Alternative Anti-Diabetes
Agents

Insulin Metformin
Sulfonylureas Acarbose, miglitol
Thiazolidinediones Orlistat, sibutramine

Antihistamines Decongestants, inhalers

Antihypertensive Agents eeantihypertensivents:

qa-and B-adrenergic receptor Angiotensin-converting
blockers enzymeinhibitors,

= calcium channel blockersHighly Active Antiretroviral
Therapy

Adapted from Wadden T. Svankard AJ, eds: HandbookofObesity Treatment.
Lj Aronne, 2002,p 385.
 

PSYCHOSOCIAL ASPECTS OF OBESITY. Sexual, physical, and emotional
abuse, especially in women,can result in long-term adverse conse-
quences that include obesity. The effects of the abuse tend to be most
profoundif it occurred in childhood and adolescence. These women
may be severely obese, suffer from chronic depression, and experi-
ence a number of psychosomatic symptoms, particularly chronic
gastrointestinal distress. Identifying these issues prior to initiation
of weight loss programsis important becausesuccessful weightloss
may actually aggravate the distress experienced by these women.In
addition, appropriate referral for psychiatric help may be needed
Priorto initiation of treatment for obesity.

Pathophysiology

METABOLIC COMPLICATIONS. The properties of excess adiposetissue
that contribute to the metabolic complications of obesity are now
better understood, A key observation was thata central orupper body
al distribution, more so thantotal fat mass,is predictive of the meta-
olic complications of obesity. It was also noted that obese individ-

uals with enlarged fatcells (adipocyte hypertrophy) were morelikely
‘suffer the metabolic complications than obese persons with normal-
Sized fatcells (adipocyte hyperplasia). In vitro studies showed that
'Polysis, which results in the release offatty acids and glycerol, is
Theereeulated in large adipocytes than in normal-sized adipocytes.th finding that upperbodyobesity is associated with adipocyte hyper-
ee and lower body obesity is associated with adipocyte hyper-
and a7vided a potential link between fatdistributiondifferences

adipose tissue function as regards its fuel export function. —
the er poseUissuereleaseoffree ae acids (FFAs) and glycerol into
of, tulationvia lipolysis provides the majority (inakineticsense)
ofdaeating lipid fuel. Lipolysis is capable ofproviding 50to 100%
by insulin needs, Adipose tissuelipolysis is regul:
Btowth peahibition) and catecholamines (stimulation), although

ormone and cortisol also can stimulate lipolysis to alesser
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extent. Upper body obesity is associated with several abnormalities
of adiposetissue lipolysis, most remarkably with higher FFA con-
centrations dueto excessrelease in the postabsorptive andpostprandial
periods. Abnormally high FFA concentrations can contribute to or
account for a numberof the metabolic complicationsof obesity.

insulin Resistance. The term insulin resistanceis typicallyused when
referring to the ability of insulin to promote glucose uptake, oxida-
tion, and storage as well as to inhibit the release of glucose into the
circulation. The primary site of insulin-stimulated glucose uptake,
oxidation,and storageis skeletal muscle. The principalsite ofglucose
production is the liver. Insulin resistance initially leads to hyperin-
sulinemia, a possible independent cardiovascularrisk factor, and may
eventually lead to the developmentoftype 2 diabetes mellitus.

Theability of insulin to stimulate glucose disposal in muscle (and
thus maintain normal glucose tolerance) and suppress plasma FFA
concentrations is reducedin cases of upper bodyobesity. High plasma
FFA concentrations can induceastate of insulin résistance both in
the muscle (glucose uptake) and in the liver (glucose release), inde-
pendentofobesity. Thus, abnormal regulation of adipose tissue FFA
export can potentially explain much of the insulin resistance with
respectto glucose metabolism. Although it has been suggested that
production of tumor necrosis factor—c (and other peptides) by fat
cells may play a role in the developmentof insulin resistance, there
is litle experimental evidence from human studies to support this
theory.

ist Cell Failure/ Type 2 Diabetes Mellitus. The developmentof type 2
diabetes requires defects in both insulin secretion and insulin action.
Manyobese individuals are insulin resistant, yet only asubset develop
diabetes mellitus. It follows that those who develop type 2 diabetes
develop pancreatic beta cell decompensation with subsequenthyper-
glycemia. Animal (rodent) studies have suggested that a process
referred to as “lipotoxicity” is involved in pancreatic B-cell failure. In
this model, increased FFAs are proposedto contribute to the insulin
secretory abnormalities seen in obesity and ultimately lead to beta
cell failure. Although FFAs have been shown to modulate insulin
secretion, it has not been demonstrated that FFA concentration has
long-term adverseeffect on islet B-cell function in humans. There are
anumberofimportantdifferences between rodent models ofdiabetes
and human diabetes that require consideration of other possibilities.
Another explanation for the developmentof B-cell failure in obesity
is the overproduction of islet amyloid polypeptide. This protein is
cosecreted with insulin and, becauseofits tertiary structure (which
is different in humans and rodents), can form toxic amyloid deposits
in B-cells. Amyloid deposits have been foundin the pancreatic islets
obtained at autopsy from patients with type 2 diabetes mellitus.

Hypertension. Blood pressure can be increasedby anumber ofmech-
anisms. Increased circulating blood volume, abnormal vasoconstric-
tion, decreasedvascular relaxation, and increased cardiac output may
all contribute to hypertension in obesity. The effect of hyperinsu-
linemia to increase renal sodium absorption has been proposed to
contribute to hypertension via increased circulating blood yolume-
Abnormalities ofvascular resistance mayalso contribute to the patho-
physiology of obesity-related hypertension. Under some experimen-
tal conditions,elevated FFAlevels have been foundto cause increased
vasoconstriction and reduced NO-mediated vasorelaxation, similar
to that seen in the metabolic syndrome.It has also been suggested
that there is an increased activity of the sympathetic nervous system
in someobesity phenotypes,and thatthis contributes to obesity-asso-
ciated hypertension. Thereareatleast two other issues related to the
hypertension ofobesity that deserve mention. Tumornecrosis factor-
o. (producedby adipocytes and preadipocytes) has been suggested to
contribute to elevated blood pressure, and angiotensinogen(also pro-
duced by adipocytes), a precursorof the vasoconstrictor angiotensin
II, is positively correlated to blood pressure in some studies.

. Upper-body obesity and type 2 diabetes mellitus
are associated with increased triglycerides, decreased high-density
lipoprotein (HDL) cholesterol, and a high proportion ofsmall, dense
low-density lipoprotein (LDL)particles. This dyslipidemia contributes
to the increased cardiovascular risk observed in the metabolic syn-
drome. Fastinghypertriglyceridemia is caused by increased hepatic
secretionofvery low density lipoprotein (VLDL). The elevated VLDL
secretoryrate may wellbe driven by increaseddelivery of FFAs to the
liver(see earlier),which increases triglyceride synthesis and subse-
quently VLDL apoB-100 secretion. Low HDLcholesterol and the
increase insmall, dense LDLparticles are likely an indirect conse-
quenceofelevatedtriglyceride-rich VLDL mediated via increased
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eeenalities polymorphisms in the genes for apolipo}ipi alities, Pol)in li soprotein B-100, and apolipoprovem A-I
E,Hpopreeinaneexpreson of increased triglycerides and
deeessdaon,Obeycane

ne of the most commonabno!

cystic ovarian syndrome (PCOS), which 1s sledseoge
saisandeetthobesityandoftenimproves wih; most commonly linked with o ya nprové :
ranksat and/or aie treatments that improve eeats
Thus, it is thought that the insulin resistancees ‘a
maytrigger the development of PCOSin susceptib e indivi ra a

Mild to moderate androgen overproduction ts a feature 8 pps
|} body obesity in women; however, in men obesity can be seth :

) ic hypogonadism. There have been some sugwith mild hypothalami i e
gestions that treatment of this central hypogonadism with exogenous
testosterone is beneficial, but this is not common practice. ;

Although estrogens are not elevated in obese rflaahapr
women, they remain somewhat above postmenopausal levels ino *
postmenopausal women. This may contribute to someofthe increase
prevalence of malignancies (see later).

COMPLICATIONS

ate some abnormalities of
bnormalities is poly-

d by mild hir-the endocrine system. O'
ycles,NutritionalDiseases

The excess body weight asso-
ciated with obesity is thought to be responsiblefor the increased preva-
lence of lower extremity degenerative joint disease seen in obese
patients. Extreme obesity can result in very premature degenerative
joint disease, and this may be especially difficult to treat surgically
given the greater stress on joint replacements. Severely obese indi-
viduals may also have severe problems with venousstasis, whichis
occasionally aggravated by right heartfailure (seelater).

Dhstructive Sieen Annea. Sleep apneais quite commonin severely
obesepatients, tending to be more commonin men generally and in
women with an upper body obese phenotype. Sleep apnea is most
likely explained by enlargementof upperairways softtissue, result-
ing in collapse of the upper airways with inspiration duringsleep.
The obstruction leads to apneas, with hypoxemia, hypercarbia, and
a stress response (high catecholamine and endothelin levels). The
frequent arousals to restore breathing result in poor sleep quality.
Sleep apneais associated with an increasedrisk of hypertension, and,
if sleep apnea is severe, it can lead to right heartfailure and sudden
death. A history of daytime hypersomnolence, loud snoring,restless
sleep, or morning headaches is suggestive of obstructive sleep apnea.

Cancer, The risk of breast cancer and endometrial cancer is

increased in obese women.It is thought that this may be due to the
increasedestrogen levels associated with obesity in postmenopausal
women. Obese men also have a higher rate of mortality with
cancers ofthe prostate and colon. The reasonsforthis association are
unknown.

Gastrointestinal Disorders. Gastroesophageal reflux disease
and gallstones are more prevalentin obese patients. Likewise, fatty
liver and nonalcoholic steatohepatitis is moré common in obese
patients. Nonalcoholic steatohepatitis can eventually progress to
cirrhosisand canbeafatal. Weight loss andinterventions that improve
insulin sensitivity appear to improvefatty li isit iver and nonalcosteatohepatitis. ze

Evaluation

In the office practice, obtaining an accur i i
allows calculation of BMI, and ender some SOIRcee
mentof the patient's waistcircumference can be useful in Heteeeaf
risk (see earlier), Accurate measure of blood pressure, which a
uea large blood pressure cuff,is important. Identification of th
ane health consequences of obesity should be a routine foffice evaluation of a patient whois overweight or obese Thepr a
aeJeiis és ea (HDL cholesterol <45 mp/dL.

: cholesterol <35 mg/dL for m i i>150 mg/dL), hypertension, glucose intoleranceldaberesae?

a sleep disorder evalAfter determining the | healthshea 8 the levelof health risk facing 1% @ Teview of the patient's lifestyle, ichigo
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Obesityrepresentsaritis seldomter
" based om genetic?viewed as_a chronic disease, Therefore_ conditionand is patty, long-term issue, muchlike treatme

ment imustbe cons ion, or dyslipidemia. Substantialweight lass
| oeIYcovert caloric restriction, butwithouta nproaeh

cancurébehavioral changes body fat is invariably regained
Pernianentlifestyle changes (eating andactivity behavior) can resuil
in permanent weight loss. . ; 'a Reducingeeintake is the mostefficient and effectivemeans
to lose weight. For example, creating a 500 kcal/day deficit via”
reduced food intake can allow the loss of 1 Ib of fat per week,
Althoughpossible, it is much more difficult to increase en
expenditure by 500 kcal/day through exercise. Higher levels of |
physical activity can prevent weight gain (or weightregain alter |
weight loss). Somepatients are able to change eating andactivity |
habits on their own given the proper information, whereas
othersrequirebehaviormodification interventions (formal orittfor-
mal) to help make these changes. In some instances, pharma- |
polbetiey or auEeybaieneeded for treatmentofobesity. Figure—« Shows how to Us i k
aHents, evaluate and manage overweight and obese
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AGURE 233-2 © Flow diagram for the evaluation and managementof
overweight and obesity. BMI = body mass index. (Adapted from the
NIH/NHLBI: Clinical Guidelines on the Identification, Evaluation and
Treatmentof Obesity in Adults: The Evidence Report, Obes Res
1998:6:51S-209),

   
  

cane of these diets is nobetter and sometirsults from the standard low-calorie dietcombined with behav=—
of uodification. The expensive laboratory monit required
talent low calorie diets withoutanimproved long-term outcome —

S questions as to the cost-to-benefit ratio of approach, ;
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PAYSICAL ACTIVITY, Long-term increasesinphysical activity are
necessary to prevent weight regain followittg successul w
Joss Unfortunately, many overweight and obesepatients are
Unfil, being unable to walk even | mile continuow Ibis
possible for most adults 1 burn large numbersofcalories, For
example, only approximately 100 keal are expendedby a7Okg
adult wallang } rile. Losing weight solely by increasingexercisi
is impractical for most patients, Increasing physical activitya5a
means of maintaining weight loss is an attainable goal for bapatients, however. i's -

Successful maintenance ofweightlossrequires thatdaily energy
expenditure be an average of 80 to 90% above RMR. This isacon—
siderable increase for most patients. For example, someonewith

an RMRof 1500 keal/day would need to expend aeactLy

 

 
 
 

 
 

 

 

1000 keal/day in physical activity to meetthis target. Acti
other than “exercise” are important means to achieve thisgoal

There areimportant health benefitsfrom regularphysical activ-—
ity overand above theeffects on weight. These includelowerrates"
of cardiovascular and all-cause mortality, independent ofweight. |
Theoptions for increasingphysicalactivity include exercise(sports ©or fitness pursuits) or usinglifestyle approaches. Both Sekar
can improvefitness and allow weightstability, although persuad-
ing obese patients to become more active is not easy, Physicians |
can begin by asking patients abouttheir current and pastactivity j
habits, as well as whatbarriers they seetoincreasingphysicalactiv-
ity. This accomplishes the goal of stimulating patients to think |
about the issue in a tactful manner. It can help to ask the patient
whatpersonal benefits they envision as result of increasing their
level ofactivity. Ifpatients agree to begina exercise/physicalactiv-
ity program,they will need to monitortheir activity and setreal-
istic goals for the amountof exercise they are going to achieve.

BEHAVIOR Patients who areunableto makechanges —
in eating activity habits on their own orwith informaloffice coun-
selingmay benefit from referral to abehavioraltherapist.Thegoals.
of behavior modification are to help patientsmodify their eating, ©
activity, and thinking habits that predispose to obesity. Thegoals
ofbehavioral therapy focuson achievingselectedresulisasregards _
eating and activity habits and focusingon specific pathways on
how to achieve the goals. These pathwaysmay include identify-
ing and removingbarriers to developing better eating or activity
habits. Small, incremental and consistent changes in behavior are:
encouraged, as opposed to large, inconsistent cha in behay-
ior. Self-monitoring of food andactivity is considered akeyfeature —
tosuccess, because most obese patients underestimate food intake
and averestimate exercise in the absence of objective measures.
Cognitive restructuring has been introducedasa waytohelp oyer-
come the thought processes that can leadto failure of a weight
managementprogram.Patients are taught to identify, challenge,
and correct self-defeating thoughts.

PHARMACOTHERAPY. A limitednumberofdrugsare currently avail-
able to help patients with weightloss. The disastrous experience
with fenfluramineand dexfenfluramine (pulmonaryhypertension
and cardiac valvular disease) has clearly dampened the enthusi-
asm ofmanyphysicians to prescribe weightloss drugs, evenunder
circumstances thatjustify theiruse: Notall overweight or obese
patients are candidates for pharmacologic treatment. Table 233—6
provides criteria to help select patients for pharmacologic treat-
ment. Because pharmacologic treatmentofobesity exposes patients
to somerisks and expense,it is reasonable to require an objective
benefit. A rational argumentcan be made thatpriority should be
given to those patients with one or more medical complications
or conditions that are likely to improve with weight loss.
Medications should notbe usedalone, butonly as a part ofacom-
prehensive program that includes diet, exercise, andbehaviormod-
ification. When prescribing antiobesitymedications,itisimportant
to set clear goals with respectto both weightloss and health ben-
efits. Just as with other classes of medications, continued use of
ineffective orsuboptimally effective drugsdoes notserve the patient.

CurrentMedications. The medications currently ayailable for long-
term useacteither through appetite reduction (e.g., sibutramine)
or via inhibitionofintestinal lipase (resulting in fat malabsorp-
tion), Phentermine,an appetite suppressant,is currently approved

for short-term (3 months) use. Because weightthatis lost with
Continued
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i Table 233-6=INDICATIONS FOR PHARMACOLOGIC —TREATMENT OFOBESITY
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tinued

should

Tl

"use ofbulk-forminglaxativese.g.,psyllium, methylcellulose) canreduce the side effects. It is notnieeeaty touseorlistat ifa non-— 
fat meal is beingconsumed. a ee

Both sibutramine andorlistat improve the results ofmedical
treatmentprograms thatincludediet, exercise, andbehaviormod-
ification.£51 Theaddition ofeither agentresults in almosttwice
as manypatientsachievinggoal weight loss(10% ofbodyweight).
There appears tobe noadditive effect ofsibutramineandorlistat.

SuccessofMedicalTherapy. [thasbeen estimatedthatmorethan
95% of patients embarking onself-dietsor faddiets fail to main-
tain a significant weightlossfor a period oftime that would have
meaningful health benefits. The published resultsof commercial
programs are not impressively better, mostly because of high
dropoutrates. In contrast, organized, scienti ly based weight
managementprograms thatemploybehaviormodificationinaddi-
tion todietary instruction,physicalactivity,and medications (when
indicated)canachieve impressiveresults, Although theseprogramstend to be more selective (accepting only motivated patients ji the
dropoutrates can be acceptable (<30%) and of those remaining
in the program a greater than 10% weight loss can be achieved
and maintained formore than 1 or2 years in 40 to 60%ofpatients,
These results are more impressive than those reportedwitholder,
less comprehensiveprograms, whereinalmos patientsregained -
all weightin less than 6 months, ——,ARUTRIC SURGERY. Surgical treatmentis indicatedfor
obese patients with severe medical complications that could |
expected to improve with successful weight loss.Patients witha
BMIof 35 10 40 with life-threatening complicationscanbecon-
sidered, but more typically patients with aBMI greater than 40and several complications are candidates for Surgery, assuming
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can improveorstabilizeor#oT ret ws roplasttroplasty, vertical d but are less effectivePT aneecm weight
roux-en-Ygastric bypass 1)©dure termed the partial
outrightsurgical failure. A pro ularin some areasbut is
aticobiliary bypasshas become Pop fatal vitamin and mineciated with sometimes severe, ever:

iencies. : | He}vettheresults of the rouxen-Y gastric ene seal
morbid obesity have been impressive. Approximately 90% ofwi, C defined above, with thispra edupatients achieve success, as dehne : 3 ote
The mortality (<1%) and morbidity (e.g., infection, was
cence)rates of this procedureare low in centers with exp
despite the high-risk population. Long-term follow-up isneed
to ensure adequate protein,calorie, vitamin, and mineralnutri-
tion, Supplemental vitamin Bj, iron, and calcium are routinely
added to standard multivitamins. Almostall of theweight Tossthat
occurs happens during the first 1 to 2 years. Long-term (>5 year) -
success ratesare outstandingingood programs.Virtuallyall patients
with successful weight loss experience a dramatic improvement
in the medical complications of obesity. For these reasons,
bariatric surgery has become an importanttool in the treatment
of severe, medically complicated obesity.

The dramatic increase in the prevalence of obesity
over thepastfewdecades stronglysuggests that preventative strate-
gies will become more important as time goes on. Public health
emacseeemphasize education have been almostuniformly

-cessiu! al preventing weight gain or producing weight loss.Public health strategies that Virtually ininoee beliseind eaeare
more successfulin this regard, ;
to address the problem of obesity,it is likely that its prevalenceand complications will be : ,
in the United States, 0V@F-increasing health burden
SSTS
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rhMaun’ with malignant pheochromocytoma, a- and B-adren-
ergic blockade with phenoxybenzamine and propranolol remains
the mainstay of management of the symptoms and signs of cate-
cholamine excess. If catecholamine elfects are not controlled, the
tyrosine hydroxylase inhibitor a.-methylparatyrosine can be effec-
tive at 0.25 to 1.0g fourtimesdaily.

Metastases tend to be slow-growing, and the natural history of
malignant pheochromocytoma is variable; the 5-year survival rate

CATECHOLAMINE DEFICIENCY DISEASE STATES

Loss ofeven both adrenal glands seldom producesa catecholamine
deficiencystate. In diabetic patients receivinginsulin, the usual counter
regulatory response to hypoglycemia involves the actions
of epinephrine and glucagontotrigger hepatic glyeogenolysis.In dia-
betic patients who also have autonomic neuropathy, deficient epi-
nephrine release during hypoglycemia coupled with deficient glucagon
responses mayresult in impairmentof the usual counter-regulatory
response to hypoglycemia and prolongits duration.

Several individuals have been describedwith hereditary deficiency
ofdopamine B-hydroxylase; such individuals have greatly diminished
or undetectable norepinephrineand epinephrinelevels in blood, urine,
and cerebrospinalfluid. The initial featuresofthis lifelong syndrome
include severe orthostatic hypotension, ptosis, nasal stuffiness,
hyperextensible joints, and retrograde ejaculation. The diagnosis is
made in patients with severe orthostatic hypotension,a plasma nor-
epinephrine/dopamineratio of less than 1, and undetectable plasma
dopamine f-hydroxylase enzymatic activity and immunoreactivity.
During sympathoadrenalactivation in these subjects, increments in
efferent sympathetic nervetraffic occur, butsympathetic axonsrelease
the precursor dopamine instead of norepinephrine, perhaps. com-
pounding the hypotension.

THE INCIDENTAL ADRENAL MASS (OR “INCIDENTALOMA”)

About 2% of all abdominal CT scans, as well as 9% of autopsies,
incidentally discover minimaladrenal gland abnormalities. Rarely do
these lesions require furtherattention.

Occasionally, the appearance of an adrenal mass on CT or MRI
scan is sufficiently characteristic for a firm diagnosis; an exampleis
adrenal myelolipoma, a benign accumulation of bone marrow ele-
ments in an otherwise normally functioning adrenal gland with a
characteristic fat-density image on CT or MRIscan. Myelolipoma
Tequires no treatment,

Ifan adrenalmass is larger than 4cm in span,its chance of malig-
nancy (especially adrenocortical carcinoma) increases, and such masses
should beresected unless they havea clearly benign appearance (such
as myelolipoma) on CT or MRIscan.In smallerlesions,adrenalcar-
cinomais unlikely unless other signs or symptomsofadrenocorticalhormone €xXCess are apparent. inpldeltalies smaller than 4 to
6m in span are monitored by periodic CT scanning. In subjects with
known metastatic carcinoma, adrenal abnormalities are likely to be
adrenalmetastases. In subjects with recent major abdominal trauma
adrenal abnormalities probably represent hemorrhage and should
resolve with time,

_ Because notall pheochromocytomas manifest h
easel babes with Eaten adrenal masses sicaldigoor pheochromocytoma with a 24-hour uri isailana sinaa urine collection for cate-

Virtually all patients with aldosterone-produci
have hypertension, although hypakalenia egrtcuneeae
Screeningfor primaryaldosteronism can he readily accomplishedwith
an ambulatory morning plasmaaldosterone concentration to lasma
renin mesintty ratio (PAC [ng/dL.]/PRA Ing/mL/hour] ratio), ArAc/
PRA ratio of greater than 20 and PAC greater than 15ng/dL. consti
cence pealitve screening test result, a tecmpan

ereas frank Cushing's disease is heralded bp saleeeign rcSOR preclinical Cushing's disease may Hnskate i aa
eeof hypercortisolism.In either case the diag vas
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otc . Changes in clinical features and long-term prog.Noshiro T, Shimizu K, WitteTeosieETaeth pheoc
eaeparimne stoperatively forat least 10 years, because of the small (approxi.

hkoflate tumor recurrence. '
P eeTEnated Recent progress in its REOOeN BrJ Anaesth
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agement has evolved aver the past 30 years.

Robert S. Sherwin

Diabetes mellitusisa chronic disorder characterized by the impaired
metabolism of glucose and other ene -yielding fuels as well as by
the late development of vascular an neuropathic complications.
Diabetes comprises of a group ofdisorders involving distinct patho-
genic mechanisms,for which hyperglycemia is the common denom-
HalDts Regardless ofits cause,the diseaseisassociated with a common
bbdefect, namely, insulin deficiency, which maybe total, partial,

ae aeeeviewed in the contextof coexisting insulin resist-
meninedodubsaaalinthemed
role in disease-related ampliconCeae
PetaeeTeecaters for Disease Control and
U.S, population) fulfilled the diMiion Americans (or nearly 6% ofthe

health care dollars and total puting for approximately 12% of U.5
Worldwide, diabetes affects nmescos'S exceeding 100 billion dollarsis projected ‘cts More than 13 es MILDCave
rateofgrowthafdpce lion cases byagugnBeoplethisauis ; . Unfortunately,

Seaediagnosisancl treaveloping nations, where bat
theUnited States, the seta ot both mortality andearly disability:

ageadults,ofend-stage renal ding cause ofblindness age
UO Diabetes in disease, andofnontartneneat
vascular disease two. Ibias Tisk of ca ac, cereh L vd herdmajor contributor to neg, <t~fold an rebral, and penpn
side, a growing badyhee Morbidity and fo oestettic setting Fe
senilatingcomplications ence SuggestsetaOnthe ba ‘oreave by the) meadiabetes (Fig, aer GfaaeSardlovascular risk. fa steatmentof fy canbe p
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AGURE 242-1 © Long-term complications of diabetes mellitus, (From Forbes
CD, Jackson WF: Color Atlas and Text of Clinical Medicine, 3rd ed.
London, Mosby, 2003, with permission.)

therapy is crucial; clinical outcomes dependcritically on early recog-
nition and treatmentof the disease.

Classification

The newly revised American Diabetes Association (ADA) classi-
fication scheme for diabetes mellitusis summarized in Table 242-1.
Clinical diabetes is divided into four general subclasses, including
(1) type 1, primarily caused by autoimmunepancreatic B-cell destruc-
ionand characterized by absolute insulin deficiency,(2) type2, char-
acterized by insulin resistance and relative insulin deficiency; (3)
other" specific types of diabetes, associated with identifiable clini-

«al conditions or syndromes; and (4) gestational diabetes mellitus.
Inaddition to these clinical categories, two “risk conditions"—impaired
slucose tolerance (IGT) and impairedfasting glucose (IFG)—have been

elined to describe metabolic states in between normal glucose home-
ee and overt diabetes. Both IGT and IFGsignificantly increase

€ future risk of developing diabetes mellitus, and in manycases are
part of the disease’s naturalhistory. It should also be noted here that
eee with any form of diabetes may require insulin therapy, for

reason, the previously used terms “insulin-dependent”(for type
died “Don-insulin-dependent” (for type 2) diabetes have been

inated, a"

VOUABETES MELLITUS. Patients with type1 diabetes mellitus have
Ope Noinsulin secretory capacity and de end on exogenous insulintoms re metabolic decompensation and death, Classically, symp-nonoPree abruptly (i.e., over days or weeks) in previously healthy,
di ne children or young adults; in older patients, however, the
ton,moet manifest more gradually. At the time of initial evalua-
Monly Sttype| diabetic patients are ill andsymptomatic, most comsloge. stenting with polyuria, polydipsia, polyphagia, andw ht
betes ig betpaents mayalso present with ketoacidosis. Type | ait
‘ten lastin19 have a prolonged asymptomatic aeMestroved pe Years), during which pAneney cells are gi uallyY an autoimmune auack influenced by HLA andother

litle or
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Table 242-1 = CLASSIFICATION OF DIABETES MELLITUS

ESTABLISHED DIABETES MELLITUS
|. Type 1 diabetes, formerly known as insulin-dependentdiabetes

melliwus (IDDM)or “juvenile-onset diabetes" (primarily due to B-
cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated

B. Idiopathic
II. Type 2 diabetes, formerly known as non-insulin-dependent diabetes

(NIDDM)or “adult-onset diabetes” (may range from predominantly
ingulin resistance with relative insulin deficiency to predominantly
secretory defect withinsulin resistance)

ill. Other specific types
A. Genetic defects of B-cell function (e.g., maturity-onset diabetes

of the young [MODY] types 1-6 and point mutations in
mitochondrial DNA)

B. Genetic defects in insulin action (e.g., type A insulin resistance,leprechaunism, RoberMendenhalloy rome,lipoatrophic
diabetes)

C. Disease of the exocrine pancreas (e.g., pancreatilis, trauma,
pancreatectomy, neoplasia, cystic fibrosis, hemochromatosis,
fibrocalculous pancreatopathy)

D, Endocrinopathies (e.g., acromegaly, Cushing's syndrome,
hyperthyroidism, pheochromocytoma,glucagonoma,
somatostinoma,aldosteronoma)

E. Drug- or chemical-induced (e.g., vacor, pentamidine,nicotinic
acid, glucocorticoids, thyroid hormone, diazoxide, f-adrenergic
agonists, thiazides, phenytoin, o-interferon)
Infections (e.g., congenital rubella, cytomegalovirus)

. Uncommon forms of immune-mediated diabetes (e.g., “stilf-
man* syndrome,anti-insulin receptor antibodies) -

H. Other geneticsyndromes (¢.g., Down sydrome,Klinefelters
syndrome, Turners syndrome, Wolfram’ sydrome, Friedrich’s
ataxia, Huntington's disease, Laurence-Moon-Bied! syndrome,
myotonic dystrophy, porphyria, Prader-Willi syndrome)

IV. Gestational diabetes mellitus

RISK CATEGORIES FOR DIABETES MELLITUS
1. Impaired fasting glucose (IFG)

Il, Impaired glucosetolerance (IGT) ‘ Peli = 4

oy.7

genetic factors, as well as by the environment(Fig. 242-2). In some
patients, an acuteillness may speed the transition from the preclin-
ical phase to clinical disease. Initially, most type 1 patients require
high-dose insulin therapy to restore a disordered metabolism.A so-
called “honeymoonperiod” (lasting weeks or months) may follow,
however, duringwhich small doses ofinsulin are needed dueto partial
recovery of B-cell function andreversal of the insulinresistance caused
by acuteillness. Thereafter, insulin secretory capacity is gradually
lost; this process may take several years. That type 1 diabetes is
an autoimmunedisease is supported byits association with specific
immuneresponse (HLA)genes and by the presence of autoantibod-
ies to islet cells and their constituents (e.g., insulin, glutamic acid
decarboxylase). Type 1 diabetes accounts for less than 10% ofcases
of diabetes in the United States.

TYPE 2 DIABETES MELLITUS. Type 2 accounts for over 90% ofcases of
clinical diabetes. Patients with type 2 disease retain some endoge-
nous insulin secretory capacity; however, their insulin levels are low
relative to theirambientglucose levelsand magnitudeofinsulinresist-
ance. Type 2 patients are not dependenton insulin for immediate sur-
vival, and ketosis rarely develops, except under conditions of great
physical stress, Nevertheless, manyofthese patients do require insulin
therapy for proper glycemic control. Although found with increas-
ing frequency in adolescents, type 2 diabetes is usually associated
with advancing age; most cases are diagnosed after age 45. Type 2
diabeteshas a high rate ofgenetic penetrance unrelated to HLA genes
andisassociated with a high-fatdiet, obesity, and/ora lack of phys-
icalactivity, The clinical features of type 2 diabetes can be quite insid-
ious;classic symptoms may be mild (fatigue, weakness, dizziness,
blurred vision, and other nonspecific complaints may dominate the
clinical picture)or maybetolerated for manyyears before apatient
aemens attention. Moreover, if the degree of hyperglycemia isinsufficientto produce symptoms, the diagnosis may be made only
ater developmentof vascular or neuropathic complications.A, SPECIRGTYPESOF QUABETES This category encompasses a wide
variety: ofdiabetic syndromesattributed to a specific disease, drug.
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FIGURE 242-2 * A summary of the sequence of events that lead to pancreatic
B-cell loss, and ultimately to the clinical appearanceoftype 1 diabetes.DKA = diabetic ketoacidosis.

or condition (see Table 242-1), Categories include genetic defects of
B-cell function or insulin action, diseases of the exocrine pancreas,
endocrinopathies, drug- or chemical-induced diabetes, infections, and
other immune-mediated and genetic syndromes associated with dia-
betes mellitus.

Maturity-onset diabetes of the young (MODY), formerly classi-
fied as a subtypeof type 2 diabetes, has now been more accurately
described as a consequence of genetic research. Clinically, patients
with MODYgenerally present in adolescence or young adulthood;
unlike patients with classic type2diabetes, they are usually nonobese,
normotensive, and normolipidemic at the time of diagnosis. MODY
is a heterogeneous disorder encompassing several monogenicdefects
of B-cell function, with autosomal dominant inheritance and pene-
trance exceeding 80%. Mutations at several genetic loci have been
identified, The most common form—MODY type 3—is associated
with a mutation of hepatocyte nuclear factor la (HNF-1a), a gene
transcription factor encoded on chromosome 12. MODY type2patients
share a mutation in the gene encoding glucokinase, the key enzyme
responsible for the phosphorylation of glucose within the cell and
the liver. A variety of glucokinase mutations have beenidentified in
different families, each capable of interfering with the transduction
of the glucose signal to the B cell, Other described forms of MODY
are shownin Table 242-2:the existence ofadditional forms of MODY

clusters with similar Clinica)ient
of patien ins unknownreset ; e remain i

is suggested by akeNad  pasis for Neeen) can provoke stress}
findings whose & _ burns,taut AGH of insulin antagonistic osf a 3 jc .Seitenet the byPOcol ). Although this may Tepresen;

ibealyclasiedet, al as d;

the unmasking © dshould therefore SOoe* should ate
be self-limited are i itaring illness ‘ be readily classified on clinbetes until the Pe most patients can |ifficult to classify becausemphasized that MTgubgroup ofppatients are at aiid BRED diabetes
ical grounds,asm common[0 both WF sauce TSG —they display aecally nonobese, nary of these Steela
Such Eebat ltile tendency for ketos'sever, nearly ahah gee
SaEraally respond . OreyMany of these patients appes,pa irc i int ; 4 i

willeventuallyresvingform of type | diabetes; others defy easyto Vea

categorization. urus. The term gestational diabetes melt}.cso“sore condition in women with peti Blucose
tus (GDM) oes reieg or is first detected during et gna Re Vomentoe cet ties prior to conception are not : assiie sie avinwith ea betes, GDM usually appears in the ee or thirdgestationa a “4 mancy-associated insulin antagonistic hormones
Eelsw eee ter delivery, glucose tolerance generally (but not
se) bili to normal. Within 5 to 10 years, naveeee 2 dia-
BeesMeveloes in nearly one half of women with Poh He osionally, pregnancycan precipitate type | diabetes as well. Asa whole,Pn ae U.S. pregnancies, producing approxi.GDM occurs in about 4% of U.S. preg) ; iciay Peately 135,000 cases per year; local prevalencerates mayrise as high
eee Although patients with GDM gen-14% in high-risk populations. wilerally presenehmild, asymptomatic hyperglycemia, rigorous treat-
ment is indicated to protect against hyperglycemia-associated fetal
morbidity and mortality. Insulin is often required.

Diagnosis and Screening

The diagnosis of diabetes mellitusis straightforward whenclassic
symptomsofpolyuria, polydipsia, and unexplained weightlossare
present. In these cases, a random plasma glucose measurementof
200 mg/dL orgreateris sufficient to clinch the diagnosis; confirma-
tory testing is unwarranted and may delay treatment. Although gly-
cosuria is strongly suggestive of diabetes, urine test results should
never be used exclusively to diagnose diabetes, since an alteredrenal
thresholdfor glucose can produce similar findings.If suspected dia-
betes is not confirmed through random glucose determination, addi-
tional diagnostic testing should be performed.

An8-hour (overnight) fasting plasma glucose measurementis most
cae diabetes is established if fasting glucose levels are

sme L or greater on two separate occasions. Alternatively, a 752
oral glucose tolerancetest (oGTT) ma beemploved. Th i abe performedafter : y be employed. The oGTT sho
7g ofankva nn overnightfast, using a glucose load containing
ieeele Me chOMGaetedissolvedin water; -hour postload glucose
important Hotea th nes confirm the presence of diabetes. Acanlest stage, this si rx oldbeule able 0 detect diabetes\inas
tions to ensure it should be performed under controlled condi-

w aecuracy. Common factors that nonspecifically
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' eoGTT inelude (1) carbohydrate restriction / -geveriorssy es rest or Severe inactivity, (3) sietlice ms stireloal fot
3days): eB thiazides, B-blockers, glucocorticoids, or phen Rah
(dren _and (6) anxiety from repeated needlesticks aun ve
(sm should not be performedin acutelyill patients, and ae
ihe® ihe eGTT should ideally stop smoking and consume nlikesst
ia inydrate diet for at least 3 days prior to testing. The eric
cata Diabetes Association criteria for the diagnosis of dlaberes

nc rusareshown below; in theabsence ofunequivocal hyperglycemia
acute metabolic decompensation, each criterion used should heI ‘

asfrmed by repeat testing on a separate occasion.U

- Classic symptoms of diabetes (polyuria, polydipsia, and {
1 Jained weight loss) PLUS randomglucose pontestutench

300me/dL or greater (211.1mmol/L) OR
Fasting (28-hour) plasma glucose concentratio fli or greater (2 7,.0mmol/L) OR Dok T29 mg/dL
}-hour postload glucose concentration of 200 mg/dL.‘i (211.1 mmol/L) during a 75g oGTT b/dL orgreater
recent years, increasing emphasis has been placed on two “1

waegories” for diabetes, IFG and IGT, Since both bsaaiineL mis we
ciated with an increased risk of developing diabetes and subsequent
yascular disease, all patients with IFG or IGT should betreated with
diet and exercise and should be screened annually for progression to
diabetes. The recent report of the NIH-funded Diabetes Prevention
program as well as studiesfrom Finland and China have demonstrated
that modest changes in life style sharply teduced the development
of type 2 diabetes in patients with IGT. Asdetailed earlier, diabetes
mellitusis established if fasting glucoselevels are 126 mg/dL or greater;
however, a fasting glucose concentration of LOO mg/dL, not 125 mg/dL,
has been designated as the upper limit of normal. While somewhat
arbitrary, this level was chosen becauseit approximates the level
above which acute-phase insulin secretion is suppressed in response
tointravenous glucose. More importantly, fasting glucose levels above
109 mg/dL are associated with an increased risk of developing dia-
betes. Patients with fastingglucose levels between 110 and 125 mg/dL
are classified as having IFG (Table 242-3), Because individuals with
IFG may exhibit severe postprandial hyperglycemia, a 75g oGTT
should be performed in all such patients to rule out diabetes.
During the 75g oGTT, 2-hour postload glucose concentrations of
200mg/dL or greater are diagnostic ofdiabetes, whereas patients with
levels between 140 and 199 mg/dL are defined as having IGT. Table
242-3 summarizes the diagnosis of IFG, IGT, and overt diabetes
mellitus.

Because patients with diabetes may harbor the disease for many
years before syinptoms are appreciated, the ADA has endorsed the
screening of “high-risk”individuals at 3-yearintervals (Table 242-4).
By current ADAcriteria, “high-risk” patients include those with a
personal history of IFG, IGT, GDM,obesity, hypertension, or dys-
lipidemia. Patients in high-risk ethnic groups and patients with
first-degree relatives with diabetes also qualify for screening. In most
cases, a fasting plasma glucose level is the screening test of choice;
Ae the oGTT hasthe distinct advantage of detecting patientsWith IGT,

Table 242-3 © DIAGNOSTIC CATEGORIES: IMPAIRED
FASTING GLUCOSE,IMPAIRED GLUCOSE TOLERANCE, AND
DIABETES MELLITUS* oaks

s ee
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Table 242-4 » CRITERIA FOR DIABETES SCREENINCASYMPTOMATIC INDIVIDUALS! SS eREENINGIN
1, Testing for diabetes should be considered in all individuals avape 45t Satage 45

years and older and, if results | peated at3-veel init results are normal, it should be repeatec at 3-
Testing should be considered at a youn, e ctfrequently in individuals who ieianotiaa .
. Btfae (>120% desirable body weight or a body mass index
* Have a first-degree relative with diabetes ‘ hy
* Are membersof a high-riskethnic population (e.g., African- *

American, Hispanic American, Native American, Asian American, 7

2

apeae* Have delivered a baby weighing >9 pounds or havdiagnosed with destaticnaldh evennessagesa shee 4
* Have systemic hypertension (blood pressure214090)* Havea high-density lipoprotein cholesterollevel <35mg/dL and/or

Reablyertisls arcana Ge) OUe i enllel oni ;* On previous testin impaired. ¢ or impaire
ae Bs eee glucose tolerance or impaired «|

*A fasting plasma glucose (FPG)oran oral glucose tolerance test (OGTT)can.
be used for diagnosis.In most clinical settings, the FPG is Becontree
ciseieerehonnconvenienceacepubity womansSetoa hala IT of the expert committee onthe and clare200023 aeBaeeetaeaaa SappS18) | 

GESTATIONAL DIABETES MELLITUS. Since even mild glucose elevations
can have serious adverse effects on a developing fetus, an aggressive
screening approach is recommended during pregnancy. Women with
a high clinicalrisk of gestational diabetes (personal history of GDM,
obesity, glycosuria, or a strong family history of diabetes) should
undergo screening as soon as possible alter conception; in these
patients, screening prior to pregnancy is preferred if possible. At 24
to 28 weeks of gestation, screening is recommendedforall pregnant
women, exceptthosein the lowest risk category who meetall of the
following clinical characteristics:

® Age less than 25 years
® Weight normal before pregnancy ;
® Member of an ethnic group with a low tisk of GDM (e.g.,

European)
No known diabetesin first-degree relatives
No history of abnormal glucose tolerance
No history of poor obstetric outcome

In pregnant women,a casual plasma glucose level of 200 mg/dL
or greater or a confirmed fasting plasma glucose level of 126mg/dL
or greater establishes the diagnosis of GDM andprecludes the need
for a glucose challenge. In the absence of obvious hyperglycemia, a
screening 1-hour 50g oGTT should be performed between 24 and 28
weeks ofgestation. If the fasting glucose level is 105 mg/dL or greater
or the 1-hour postload value is 140.mg/dL or greater, a diagnostic
100g oGTTis indicated. Gestational diabetesis then diagnosed if two
or more values equal or exceed the upperlimits of normal: fasting,
95mg/dL; 1-hour, 180mg/dL; 2-hour, 155mg/dL; and 3-hour,
140 mg/dL.To save time andeffort, proceeding directly to the 100g
diagnostic oGTT is an acceptable alternative.

Prevalence/Epidemiology

TYPE 1 DIABETES, Prevalence rates for type 1 diabetes arerelatively
accurate, since these patients invariably becomesymptomatic; current
estimates for the United States hover between 0.3 and 0.4%. Type 1
diabetes is more prevalent in Finland, Scandinavia, and Scotland,less
prevalent in Southern Europe and the Middle East, and uncommon
in Asian nations. The annualincidence appears to haverisenin the
Jast half-century, which could imply the introduction of an uniden-tified environmentalfactor, Prevalence rates are strikingly ailsamongethnic groupsliving in the same geographicregion,likely due
togenetic differences in susceptibility to the disease. on

“Recent recognition that type | diabetes has a protracted Aenes
cal phase has shed new light on some epidemiologic hanes ins
‘ol thedisease. Type | diabetes hasan increased incidence In 1°‘ei
‘months and maybe associated with specific viral epidemics.
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observations mayin part be explained bythe superimposition of illness-
provoked insulin resistance in patients with marginal B-cell function.
Similarly, the commonappearanceoftype 1 diabetes during puberty
may also be attributedto insulin resistance, even under normal cit-
cumstances, puberty is accompanied by impaired insulin-stimulated
glucose metabolism. New methodsfortracking islet-directed autoim-
munity have led to a reappraisal of the age at which type | diabetes
first appears. Althoughthe age-specific incidencerises progressively
from infancy to puberty and then declines, incidence rates persist al
lowerlevels for many decades; in fact, about 30% of patients are diag-
viosed after the age of 20 years. In the later-onset patients, the clini-
cal syndrometends to evolve more slowly;in addition, islet-directed
antibodytiters may be lower, and HLA types may be different from
those of youngerpatients. As a result, type 2 diabetes mellitus is ni-
tially misdiagnosed in manyof these patients,

TYPE Systematic screening for asymptomatic diabetes
mellitusis generally limited to high-risk populations, rendering broader
prevalence estimates imprecise. Total U.S. prevalence has been esti-
mated at 6% but likely exeeeds 10 or 15% in persons older than 50
years of age; one third of these cases are thought to be undiagnosed:
Type 2 diabetes is more common in Native Americans, Hispanic
Americans, and African Americans than in people of European her-
itage; these patients also typically present at anearlier age. Prevalence
rates also vary worldwide, where type 2 diabetes has a propensity
for Asiatic Indians, Polynesians/Micronesians, and Latin Americans.
Interestingly, African blacks, Australian Aborigines, Asians, and Pacific
Islanders all have an increasedrisk of diabetes after emigration to the
United States; this may beattributable to a genetically determined
inability to metabolically adapt to “Western” behavior patterns, such
as reduced physicalactivity and a high-fat, high-calorie diet.

Althoughrelatively little is known about the specific genetic abnor-
malities associated with type 2 diabetes, the personalfactors promoting
disease expression are well established. Increased age, reduced phys-
ical activity, and especially obesity promote the expression ofdisease
in genetically susceptible persons. The severity and durationofobesity
contribute significantly to diabetes risk; patients with high waist-hip
ratios (i,e., central or upper body obesity) are also more proneto the
disease. Family history is also very important, since type 2 diabetes
occurs more frequently in persons with diabetic parents or siblings,
Identical twin concordance rates approach 100%; in these cases,
affected twins will even develop diabetes at a similar age.

IMPAIRED FASTING GLUCOSE AND IMPAIRED GLUCOSE TOLERANCE. Precise sta-
tistical data regarding the prevalence of these diagnostic categories
are lacking. In the United States, it is estimated that about 10-12

million peers have impaired fasting glucoselevels, while about 20million have impaired glucose tolerance, The diagnoses often overlap
as well: approximately 37% of patients with IFG also have IGT, and
approximately 24% of patients with IGTalso have IFG. Owingto the
insidious nature of both conditions, precise rates of progression to
overt diabetes are difficult to establish; current estimates approach 5
to 8% peryearfor each condition, with even higherrates if both con-
ditions are present. In patch IGT and IFG havesimilar capacity topredict the future developmentof diabetes, IGTis also an indepen-
dentrisk factor for cardiovascular complications.

Pathophysiology

__ INSUUN SECRETION AND ACTION. The gene coding for human insulin
is located on the short arm ofchromosome11. Insulin is initially syn-
thesized in pancreaticBcells as proinsulin, a single-chain, 86 amino
acid polypeptide. Subsequent cleavage of proinsulin removes a con-
nectingstrand (C-peptide) to form the smaller,double-chain insulin
molecule, which contains 51 aminoacidresidues. Bothinsulin and
the C-peptide remnantare packaged in membrane-bot indstoragegran-ules; stimulation ofinsulin secretion results inthe diiangaalerscnne
laramounts of insulin and C-peptide (andasmallamountofproinsulin)
into the portal circulation, Although insulin is heavily metabolized
duringits first pass through theliver, the C-peptide fragmentlargelyescapes hepatic metabolism;as a resulli, peripheral C-peptide ee
Provide a more precise markerof endogenousinsulin secretion.

Glucose concentration is the key regulator of insulin secretion:
To activatesecretion, a glucose moleculemust fitstbe transportedby
aoe (GLUT 2) into the B cell, phosphorylated by theenzs
Svialsand metabolized, Theprecise triggeringprocessispoorly

€rstood but probably involves activation of signal Aransduction.

be: closure of adenosine tr

ssium cha ta? blood glucose rises even Slight,
te insulin, inesPreformed

above fasting Leases jater from de nove saraneanarisn iy ;
(stored) insulin a sponse is determine anc our Ofhcg
nitude of the insulinTHhe mode of Te Is are eadutes iavailable as well as Te higherinsulin eve vechoae of When
ESsR becatise of theseite ol BUL pep.
glucoseis givenora Yke peptide I, gastric inhibi ieee ¥PEptide),
tides (€.2., Fieansolin response. Other aeawhich amplify as eg. jeucine), vagal stimulatt Gy ye Ureas,
include amino avate linide (see later), Once secrete a € porta]repaglinide, an insulin is removed by first pass through the
vein, 50% or more 0 his hepatic metabolism is that portal yej,liver. The consequence of this hep fold higher than levels in the-tofour-

are at least two- toSIalercalotlon This point has clinical relevance with regardrete d by pancreatic B cells direct)i - whereas insulin secrete 1 '
toeeeSeyteeulatiort peripherally administered insulin does
ahah rin insulin levels and therefore may beless efficient in
inducing hepatic effects.

Insulin acts on its neh :through a specific insulin rece
ing two a- and two B-chains |
oy

athways and mito
phate-sensilive pata

jasm ofthe B cell.

L tissues (liver, muscle, and fat, primarily)
tor, whichis aescontain-inked by disulfide bridges. The g,

: llular surface andits of the receptor reside on the extrace at
the sites of insulin binding. The P-subunits span she membrane
can be phosphorylated on serine, threonine, andtyrosine residues on
the cytoplasmic face. Theintrinsic protein tyrosine kinaseactivity of
the B-subunitis essentialfor the function of the insulin receptor. Rapid
receptor autophosphorylation and tyrosine phosphorylationof cel-
lular substrates are importantearlystepsin insulin action.Thereafter,
a series of phosphorylation and dephosphorylation reactions are
triggered that produce insulin’s ultimate effects. A variety of post-
receptorsignal transduction pathwaysateactivated byinsulin,inelud-
ing P13 (phosphatidylinositol 3’) kinase, an enzyme whose product
appears to be critical for the eventual translocation of glucosetrans:
port proteins (GLUT 4) to the cell surfaceto facilitate glucose uptake.

A numberof so-called “counter-regulatory” hormones opposethe
maraalic pgdeusPatt including glucagon, growth hormone,
cortisol, and catecholamines. Amongthese,glucagon(and toa lesser

extent, Sertgcrnane plays the mostimportantrolein the development of diabetes. Glucagon is normally secreted by pancreatic &
cells in response to hypoglycemia, amino acids, and aciivanien of the
eeeeeSYsIeO: re chiefeffects are on theliver, wheresis, i j
cyclic adenosine mono es iaesan Sean 4Phosphate—dependent mechanisms. Glucagonrelease is normally inhibited by h i ‘(as : y hyperglycemia and hyperinsuline-mia; however,in both types ofdiabetes, gla levels lutelor relatively elevated Gener » glucagon leve areabso jutely
bonnesane presence of NYPSByams. Growthpriately inoreased fn oi ee pituitary glandis also ekbodysattempt tooversnuce ipes a result (at least in part) of the
I generation caused by nels if rik in insulin-like growth factor type
ol growth hormoneare on peri h sic The major metabolicactions
lipolysis and inhibit slices aa Stal Ussues, where it acts to promole
with reduced portal eee aeee In type 1 diabetic patients
of stimulating hepatic ¢| €vels, growth hormoneis also capableMETABOUC EFFECTS oFsung °ocECtiON.
absolute—plays a pivotalrole j aul deficiency—beit relative oF
litus. Theeffects ofinsulin tages E Pesgeuvsiale ofdiabetes Ber
ing the normalrole of insulin infuelhspPreciate by first examin-Fastedi ter an overnight fast Jocoe"ast, ‘ ‘ 1ecteduptaane
taintestcnten at). In the fasted stat insulin-sensitive tissue“Insulin-sensitive tissy, orale, Most glucose uptake occul>ofits inability to use f “, Primarily the b ii usestantsupply crete Tee fatty acids, is eriti € brain, which, beca'
bloodglucose seotoxidatiySabie, cally dependent ona Cotlier tand evels is achieved ; olism. Maintenanceofsablest Gand to a small exte Toughthe re] by the10gper hour («2mo/nesne bY the kidne SueoveoatsThehepauie proc i¢/ke/min) atch the yi Production ratesof7both play a sumifcas voledarepiycgyese 0 the consuming tsi

eantrole, Benolysisand gluconeogents*between and b gluconeogeetween insulin andglu oth depend lanceinsulin levels¢ agon in the p6 critically on the ba, eCheat Mal cireutat ;stimulatory effect ors ‘ reulation, Reducedp
nance alsosimular Byeomenolyastywe which allows glucago”®

oncogenesis, whileSeesinsulll®
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ote the peripheral mobilization of glucose precursors
eettames prt yee) a eleyacs)

0 COtion ofa large glucose loadtrif ng! stop bal Se I Tigpers ;; srpanisms to minimize glucose seturlopeNeeai
pstion of endogenous glucose production, (2) sedecappte iucose uptake, and (3) acceleration of glucose u aber,
hep sh pisses, predominantly muscle. Each of these baat: ypeti is principally on insulin. In the liver, meal-stimulatedj ands : insulin

rapidly suppress glucose production. At least 30% of ingesteda deposited directly in the liver, via glycogen Site dria
glue’ concurrently, hepatic triglyceride synthesis increase
5 erally, insulin-stimulated glucose transport across the at
jemi of both adipose and muscle tissue is attributable to theiment of glucose transport proteins (i.c., GLUT 4) from the
oso compartmentto the plasma membrane.In muscle, glucoseythenbe metabolized, oritmay be converted to glycogen forstorage.
jn adipose tissue, ile is used primarily for the formation of o-
lyceto osphate, whichis necessary for theesterification offreefattyacids to form triglycerides for storage in adiposetissue.

The scenario described—the ingestion of large quantities of pure
fucose—is NOL representative of conditions during ordinary meals.

ifthequantity of carbohydrate consumedandresulting insulin response
jresmall, glucose homeostasis is maintained largely by reduced hepatic
glucose production rather than by increased glucose uptake, because
slucose production is much more sensitive than glucose uptake to
the effects of small changes in insulin secretion. Therise in insulin
that accompanies the consumption of mixed meals also facilitates

roteinandfat storage. Because muscleis in negative nitrogen balance
in the fasting state, repletion of muscle nitrogen depends on the net
uptake ofamino acids in response to protein feeding. In muscle, insulin
acts to promote positive nitrogen balance by facilitating aminoacid
uptake, by inhibiting the breakdown of protein, and (toa lesser extent)
pystimulating new protein synthesis. In adipose tissue, the action of
insulin acceleratestriglyceride incorporation by stimulating lipopro-
tein lipase, while simultaneously inhibiting the hormone-sensitive
lipase that catalyzes the hydrolysis ofstored triglycerides. In adipose
issue, the neteffectofinsulin is to promotethesynthesis and storage
of triglycerides.MEnGOUC DEFECTS IN DIABETES. In both type 1 and type 2 diabetes,
fasting hyperglycemia is accompanied by an inappropriate increase
in hepatic glucose production;this effect is magnified in type | dia-
betes due to absolute portal insulin deficiency. In addition,total body
glucose uptake is generally increased in diabetes,largely due to mass
actioninduced by hyperglycemia. Increased hepatic glucose production
inboth types of diabetes is due mostly to accelerated gluconeogene-
ais: the loss of insulin’s restraining effect on the o cell also leads toa
relative increase in portal glucagon levels, resultingin increased uptake
and conversion of glycogenic substrates to glucose within theliver,
Insulin deficiency also leads to the hypersecretion of growth hormone,
which further accentuates glucose overproduction. In the extreme
situation of total insulin lack, excessive counter-regulatory hormone
telease further stimulates gluconeogenesis, while blocking compen-
salory increases in glucose disposal. The clinical correlate is profound
hyperglycemia and glycosuria (Fig, 242-3).Diabetes is also characterized by marked postprandial hyper-
glycemia, In type 2 diabetes, delayed insulin secretion and hepatic
insulin resistance join forces to impair both suppression of hepatic
glucose production and the liver’s ability to store glucose as glyco-
gen. Hyperglycemia ensues, even though insulin levels may eventu-"ly tise to levels above those seen in nondiabetic individuals (insulinsecretion remains deficient relative to the prevailing glucose level),
pate insulin resistance reduces the capacity of myocytes to extrattea the excess glucose released from the liver, Under noraieances, muscles show increasedlevels of glucose-6-phosphatemleteinsulin; this rise is markedlyreeaet the block in glycogen synthesis Pree aMospae formation, and thussmediatedat helevel ofthesnse’ (by GLUT 4),or the conversion of glucose toglucose-maeate (by hexokinase). Thesedefects ate mote proncuiiieseTeduee atsevere hypergh cemia, inwhominsulin secretionsVationa.; 'Ype 1 patients show the most mar andproViduate (2 Ol00d glucose after ingestionofabreedby cu ave low portal vein insulin levels, whichcanst erevers

inwl@eous insulin therapy: Consequently, durirtheliver fails to arrest glucose productionand Is to
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FIGURE 242-3 © The effects of severe insulin deficiency on body fuel metab-
olism. Lack of insulin leads to mobilization of substrates for gluconeogene-
sis and ketogenesis from muscle and adipose tissue, accelerated production
of glucose and ketones by the livet, and impaired removal of endogenous
and exogenousfuels by insulin-tesponsivetssues. The net results are
severe hyperglycemia and hyperketonemia that oyerwhelm renal removal
mechanisms, FFA = free fatty acids.

appropriately take up glucose for storage as glycogen. In addition,
glucose uptake by peripheral tissues is impaired by the lack ofinsulin
and by the developmentof insulin resistance secondary to chronic
insulin deprivation and the toxic effects of chronic hyperglycemia.
The netresult is a gross defect in glucose disposal that can be only
partially compensated by renal glycosuria.

In addition to hyperglycemia,fasting free fatty acid levels are also
elevated in diabetes, because of accelerated mobilization offat stores.
In type 2 diabetes, elevated free fatty acid levels occur in the pres-
ence of normal or even increased insulin levels, suggesting that
adipocytes becomeresistantto insulins inhibitory effect onlipolysis.
This adipocyte resistance ultimately leads to the mobilization and
inappropriate deposition of triglyceride into liver and muscle, which
in turn is associated with insulin resistance in these organs.

Although free fatty acids are not directly converted to glucose,
they do promote hyperglycemia by providing theliver with energy
to support gluconeogenesis, as well as by interfering with muscle
glucose uptake (predominantly by inhibiting glucose transport).
Endogenousinsulin secretion in type 2 diabetes provides sufficient
portallevels of insulin to suppress the conversion of free fatty acidsto ketones in the liver. In type 1 diabetes, however, mobilized free
fatty acids are more readily converted to ketone bodies. The com-
binedeffects of insulin deficiency and the presence of glucagon sup-
press fatsynthesisin theliver. Thiseeeoffat synthesis reducesintrahepatic malonyl coenzyme A, w ich together with carnitine stim~
ulates the activity of hepatic acylcarnitine transferase I and thereby
facilitates the transfer of long-chain fatty acids into mitochondria,
where they are broken downvia B-oxidation and converted to ketone
bodies. In addition, hypoinsulinemia,by decreasing ketone turnover,
enhances the magnitude ofthe ketosis for any given level of ketone

roduction. During diabetic ketoacidosis, ketone levels are further
creased because ofthe concurrent release ofcounter-regulatory hor-

mones. Therise in glucagon accelerates hepatic ketogenesis, whereas
elevations of catecholamines, growth hormone, and cortisol act inconcertto increase lipolysis and subsequentdelivery offree fatty acids.
to theliver (see Fig. 242~3). The increase in substrate delivery maybecome so pronounced thatit saturates the oxidative pathway, thus
eading to hepatic steatosis and severe hypertriglyceri~ Inadditiontodisorderedglucose disposal, type i bahmay exhibit defects in the disposal of ingested proteins an awal In the absenceofthenormal rise in insulin, mealTi yproduce hyperaminoacidemia, because ola failure to stimula

saseasigauuo0pUa
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uscle, and hypertriglyceridemia, through
pase, Thus, diabetes should be

olerance but also as a dis
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netuptake ofaminoacids in m
the reduced activity oflipoproteinIi
viewed not only as a disorder ol glucose t
orderof protein andfat tolerance,

Pathooenesis

lype 1 diabetes produces profound B-cell failure with secondary
insulin resistance, whereas type 2 diabetes causesless severe insulin
deficiency but greater impairment of insulin action. Given their
similarities overall, it is not surprising that the two major forms of
diabetes share manypathophysiologic features. However, despite the
apparent phenotypicsimilarity, the underlying pathogenetic mecha-
nisms leading to type 1 and type 2 diabetesare strikinglydifferent.

TYPE 1 DIABETES

Type 1 diabetes results from an interplay of genetic, environ-
mental, and autoimmune factors that selectively destroy insulin-
producing cells (see Fig, 242-2).GENETIC FACTORS. Therole of genetic factors in type | diabetes is
underscored by data in identical twins showing concordancerates of
30 to 40%. It has been assumed that because concordancerates are
not 100%, environmental factors mustbe importantfor disease expres-
sion, Although the presence of an environmental triggeris likely, it
should be recognized that even identical twins do not express iden-
tical T-cell receptor and immunoglobulin genes; therefore, total con-
cordance would not be expected for autoimmunediseases such as
type 1 diabetes.

Manyof the genes linked to type 1 diabetes have not been iden-
tied, but some are known. HLA genes, located on the short arm of
chromosome6, clearly play a dominantrole; in nonaffected siblings,
the risk of developing diabetes is 15 to 20% if they are HLA-
identical, approximately 5% if they share one HLA gene, andless than
1% if no HLA genes are shared. Specific HLA haplotypes have been
linked to type 1 diabetes: 90 to 95% of type 1 patients express DR3
and/or DR4 class Il HLA molecules (as compared with 50 to 60% of
the general population), whereas 60% express bothalleles,arate more
than 10-fold that of the general population, Anotherclass [Iallele,
DQB1*0602, has a negative association with the disease. Specific class
11 DQ haplotypes (e.g., DQ8 and DQ2) even morestrongly correlate
with disease susceptibility in caucasian individuals: this susceptibil-
ity ts associated with polymorphisms oftheallele encoding the B-
chain ofthe DQ class Il HLA molecule. The presence of aspartic acid
al position 57 protects against disease, while substitution of a neutral
aminoacid at this position is associated with higher disease frequency.
Other polymorphisms, such as the substitution of arginineat posi-
tion 52 of the DQ a-chain, may confer additional risk: Overall, it
seems clearthatsignificant genetic heterogeneity exists, and that na
single class [1 HLA gene accountsforall HLA-associated susceptibil-
ity to disease. Association of the disease with specific class 1] HLA
genes implies the involvement of CD4+Tcells in the autoimmune
process, because these molecules are critical for both the presenta-
tion of antigenic peptides to CD4+ T cells and theselection of the
caeen repertoire in the thymus._ Other genes likely to contribute genetic s ibidiabetes inelude IDDM 2 geome lp) aeate Ree
loin hint aaal ( ,4 noncoding promotertegion of the insulin genethat may influence insulin ®ene expression
in the thymus (and may thereforeaffect thymic selection ofinsuli. n-

reactive T cells), and CTLA-4 (chromosome 2q), whichplays a rol
in T-cell actionand regulation. Many othergenes havealso b : :cated, underscori i cy deinnaed, ng the polygenic nature of this disease,EiROMMENTALFACTORS. Although environmental fact head taviie teres i actors such as dietenna eee neen proposed as triggers of diabetes, most.ofth
scientific attention has focused on putative viruses, F ieeeaiaia beeen uses. Epidemics ofPs, congenital rubella, and coxsackievirus have been associatedwithan increased frequency of type 1 diabetes, Inone instance, co
Sckievirus4 wasslated fomthe pancreas afa child whadiedofeacidosis, and inoculationof thevirus into mice caused
diabetes, fulfilling Koch's postulates. Howeveielkeaaccaseof dia-
lytic viral infections are resss ponsible for onlyanoceasio
hes Instead,if viruses are involved, it is far mote likely that theySEEf an autoimmune response Wblinga B-cell proven . virus contains a epitoperesem-
tolerance anatriggereratetheoretj lyabrogateself-

ienis wilh New-onser0% of patients :
ote antibodies eee Peal

aval aMJentified: incTAD67); and the secren
constituents hayoxylase B $9which contains a tyrosine phos
tamic acid de ee trypel diabetes isachronicaytgi,.

e idea stations is supported by the fact
manifes se n approximately
ibodies ooies of patients; such antibod :p elopment of ¢

‘duals are at high risk apArete may years.Th
aitaclinical onset oe nah 50% if autoantibodies g

Cero of type | diabetes grea e., insulin, GAD 65, ICAigen (i-cell antigen ( : ; i
wile Oeenaie} develops in antibody-negalive relatives512), whereas ‘i linical diabIf antibodies appear at a young age the risk for clinica diabetes jgan

articularly high. to be markers for, rather than the
ar listedTeace Pijestruction (by apoptotic ae cytotoxig
9aas SaKatee by a variety oh Seeabehaste ;
ie fksa te activity. Supporung this notion, OPS hetl nas beenlymp tory through bone marrow cells from a diabetic patientto a
ai S font, Additionally, autopsies performed onpatients
nondiabetic recip shown islet-restricted monocytici after disease onset haveSRes (termed insulitis) that are composed of CD8+ and

ls, macrophages, and B cells. Usually, as the disease pro-etna, ‘heddlets haere completely devoid - B se os inflam.
matory infiltrates; o., 6, and pancreatic polypeptide cells are leftintact,
thus illustrating the exquisite specificity of the autoimmune attack,
Atthe timeofclinical diagnosis,oe to 10% of the original B-celltypically remains (see Fig. 242-2). hak
aead fate for T cells is supported by studies involving pan-
creatic transplantation in identical twins. Monozygotic twins with
diabetes who received kidney and pancreasgrafts fromtheir nondi-
abetic, genetically identical sibling requiredlittle or no immunosup-
pression for graft acceptance. Nevertheless, the islets were soon
selectively invaded with mononuclear cells, predominantly CD8+T
cells, with the subsequent recurrenceofdiabetes. Thus, decades alter
the original onset of disease, the immune system retained the ability
to selectively destroy B cells, Evidence implicatingT cells also derives
from clinical trials using immunosuppressive drugs. Druigs such as
SSEDE slow orpreventthe progression of recent-onsetdiabetes,
Pianolawie ee becontinuous to maintain theeffect,
NOD ene eneat a a primary role for T cells derives from
Sicueateeete os speae islet autoantibodies develop at
24 weeks; in these mie abetes ultimately develops after 12 to

; ce, 4 variety of treatments designed to depleteT cells can prevent diabetes Mosti i
T cells isolated from diabetic mportantly, adoptive transfer of

€ mice donors into immune-incompetent

| diabetes h

rotein ;
ase-like domaln.

of asymptomatic

target specific B-cell anti ,role for GAD nanaate including insulin and GAD. A likely
thati ‘ also Suppes i
patie,Se made tolerant to CADora realiGa‘a
diabetes fail to develop.eee molecules)early in life, insulitis and
type 1 diahetes i Op. Finally, the chronic, smoldering nature of
influences. In kee BePithpresence of regulatory or protectivei rae 8 With this observation. ‘T cells that rotees th

he islets al

ance between!
T cells, “ ipohaall proliferation is the goal of protectiv’
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erpceria iteaca basedonealthough disease onsetthan ee eeatty acid levee2pair insu vonmetal factorshyperglycemia isqen= also p Nsecretionand actiotdefective Tau 'alSdetected, nemaPathogenic role, By thet

ay andtre tl!type2patientsexhibil
makes|

a

lype
ulin resistance; this

MPI EXHIBIT 1129 PAGE 17
el



MPI EXHIBIT 1129 PAGE 18

 
 Insulinresistance

yi-8 * Elevations of circulating glucose initiate a vicious eycle in
ri hyperglyeemia begets more severe hyperglycemia,w

 |Insulinsecretion|

difficult to determine Pai the two factorsis primarily responsi-ble for the vicious cycle leading ta disease (Fig. 242-4),
FACTORS. Although monogenic forms of diabetes have been

identified (e.g. MODYtypes 1 through 6), the vast majority ofcases
are polygenic in nature. Type 2 diabetes showsclear familial aggre-

tion but does not segregatein classic mendelianfashion; this implies
that the disease results either from a combinationofgenetic defects
ar from the simultaneous presence of multiple susceptibility genes
inthe presence ofpredisposing environmental factors. Candidate gene
mutations for polygenic forms of type 2 diabetes include mutations
of the coding region of the insulin gene, peroxisome proliferator-
activated receptorgamma (PPAR-y), intestinalfatty acid bindingprotein
1 (FABP 2), calpain 10, and the B-3-adrenergic receptor. These and
other mutations have been associated with isolated patient clusters
of type 2 diabetes.

INSUUN SECRETION. Pasting insulin levels in type 2 diabetes are gen-
erally normal or elevated, yet they are relatively low given the degree
of coexisting hyperglycemia. As the disease progresses and Rynealycemia becomes more severe, basal insulin levels eventually fail to
keep up and may even decline. The insulin secretory defect usually
correlates with the severity of fasting hyperglycemia and is more evident
following carbohydrate ingestion.In its mildest form,the B-cell defect
is subtle, involving the loss of the first-phase insulin response and
thenormaloscillatory pattern of insulin secretion. Althoughtheoverall
insulin response maybefairly intact, this “normal” responseis actu-
ally inadequate to maintain glucose tolerance when viewed in the
context of simultaneous insulin resistance. During this early stage,
the B-cell defectis usually specific for glucose; other secretagogues
(eg., amino acids) maintain their potency, and insulin deficiency is
thus less pronounced during the ingestion of mixed meals, Patients
with more severe fasting hyperglycemialose this capacity to respond
tothe otherinsulin secretagogues; thus,their secretorydefect worsens
as their disease progresses. Unfortunately,the underlying cause of the
secretory defect remains uncertain and is likely multifactorial.

Studies in rodents suggest that the loss ofglucose-stimulated insulin
secretionis followed by a decreased expression ofGLUT2, theee
glucose transportprotein ofthe pancreatic B-cell. SuchalossofG “
2 during the clinical transition to diabetes would likely accelerate :
decline of glucose-stimulated insulin secretion. Pathologicstudies o
islets from patients with long-standingtype 2 diabetes have demian:
strated amyloid-like deposits composed of islet amyloidane rf
or amylin, a peptide synthesized in the B-cell and cosecreted wit
insulin. Chronic hypersecretion of amylin may lead to PEipneiy
of the peptide, which over time might also contribute to ee

-cell function. Recent experiments in gene knockout ieperae
4 potential role for impaired insulin receptor signaling in i e vane
pment of impaired B-cell function. A link between insu tn Ife
"nceand secretion isalso suggested by datashowing thatabcumny ai
“I fat within the B-cell (as a result of hypergl cemia,insulina
«tt, and increased fatty acid turnover) may riper eeeiBce: in

{Tetion. s ( r
aMSWUM RESISTANGE, with few exceptions (€B., 3 ‘imp i}
1, can American patients), type 2diabetesischaracter'2 asHae
'sulinaction, The insulin dose-responseCurveaei |iccim peripheral tissuesjsshifted to the right(1 esnasicSed insulin sensitivity), and maxima response isreduces fitdep? iM the setting of severe hyperglycemia ee oe
tipiyeeoasesneanGhee?ape entslSponcs) or 2/50 Show reduced se oad

Ponsible for insulin resistance remain poorlyunderstood. 
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Early studies of insulin resistance focused on defects af

receptor, Mutation of the insulin Teceplor gene can oe
rechaunism, characterized by severe growth retardation, extreme
insulin resistance, and early infant death. Other syndromes related
{oO mutated insulin receptors include the Rabson-Mendenhall syn-
drome, also associated with tooth and nail abnormalities and pineal
gland hyperplasia, and “type A insulin resistance,” most often affect-
ing young females with acanthosis nigricans, polycystic ovaries, and
hirsutism, Another example of extreme insulin resistance involves
the presence of anti-insulin receptor antibodies, whichis assaci-
ote clinically with acanthosis nigricans and other autoimmuneenomena.

Althoughinsulin receptors are rarely abnormalin type2 patients,
defects in moredistal “post-receptor” pathwaysplay a far greater role
in insulin resistance. One important aspectofresistance is a reduced
capacity for translocation af GLUT 4 to the cell surface in muscle
cells, A separate defectin glycogensynthesisisalso likely to be present.
Whether the defects uncovered are primary or secondary to the dis-
turbance in glucose metabolism is uncertain; possibly, a variety of
genetic abnormalities in cellular transduction of the insulin signal
may individually or in concert produce an identicalclinical pheno-
type. Lt is uncertain whether mechanismsof insulin resistance in
nonobese patients are identical to those of their obese counterparts;
however, the coexistenceof obesity clearly accentuates the severity
of the resistant state. In particular, upper body or abdominal (as com-
pared with lower body or peripheral) obesity is associated with insulin
resistance anddiabetes.Intra-abdominalvisceralfat deposits, detected
by computed tomography or magnetic resonance imaging, have a
higherlipolysis rate and are moreresistant to insulin than peripheral
fat. The resulting increase in circulatingfreefattyacid levels promotes
fat deposits in the liver and muscle, worsening insulin resistance.
Intracellularfree fatty acid metabolites appearto promoteinsulinresist-
ance through complex mechanisms, involving serine (rather than
tyrosine) phosphorylation of insulin signaling molecules. Cortisal
hypersecretion and/or hereditary factors mayalso influence the dis-arin of body fat, the latter contributing an additional genetic
influence on the expression ofdisease.

ADIPOCYTE-DERIVED HORMONES AND GYTOMINES. Aclipocytes, once thought
ofas inert fat storage cells, ate now known to produce a numberof
metabolically active hormones that mayaffectinsulin sensitivity. Leptin,
for example, acts on the hypothalamusto promote satiety and energy
expenditure and may accelerate glucose metabolism. Adiponectin
(Acrp30), anotherfat-derived hormone, circulatesat levels that cor-
relate inversely with both adiposity and degree of insulin resistance.
The administration of adiponectin to obese mice causes a transient,
dose-dependent, insulin-independent decrease in circulating glucose
levels; adiponectin also improves insulin sensitivity by decreasing
triglyceridesin the liver and musele,likely by ane the expres-sion of molecules involved in fatty acid combustion and energy dis-
sipation,Finally, adipose tissueis an abundantsource ol the cytokine
tumornecrosis factor-c, which is known to inhibit muscle glucose
metabolism by inducing serine BbeePaneste of insulin aeonsmolecules. The precise impact that these andother adi ocyte-derive
factors exert on insulin resistance has yet to be establis ed; these pro-

Eean important es in oi pichogapssofoneAND |, Hyperglycemia per se 1m
fi-cell response to glucose and promotes insulin resistance. Renee
of glucotoxicity candisrupt the yicious cycle that CEee a
glycemia (see Fig, 242-4), Circulating lipids can also Besy a *
glucose metabolism; increasedfree fatty acid levels accelerate hepatic
gluconeogenesis, inhibit musclepine metabolismanclenayATESpancreatic [cell function. Asis the case with glucotoxici ~cil
sal of ipotoxicity can rapidly improve metabolic contral and lac

> outcomes. i
bsaeae nVDEFER? It remains uncertain whetherinsulin
resistance ordefective insulin secretion is the primary Galena2 diabetes, This issueis difficult 10 resolve once diabetes evel-

ed: therefore, research attention has focused primarily on high-
aT diabeticsubjects, Studies in high-risk populations(e.g.PimaFisk, One ovcan Americans) have suggested that insulin resistance
indians, Mex ode findings Moon beente rtedin first-istheniaec dabelic pavients and in healthy prediabete off
relatives ol HPs AD Interestingly, hyperinsulinemia hasiabeticeneeels etic subjects as carly as one LO two deeacre "eurewesting that the development ofdiabetes can
PecaaralHn Alt pugs these studies support the view that
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ABURE 242-5 © A proposed sequenceof events leading to the development
of type 2 diabetes: insulin resistance resulting from genetic influences,
central obesily, inactivity, or a combination of these factors leads over time
to a progressive loss of the B-cell’s capacity to compensate for this defect,

insulin resistance generally antedates insulin deficiency, the presence
of insulin resistancealoneis generally insufficientto generate disease;
this implies that for diabetes to occur, impaired insulin secretion is
also required (Fig, 242-5). Itis possible that the appearance ofasecre-
tory defect is a secondary phenomenon,possibly resulting from “B-
cell exhaustion,” excess fattyacid delivery, and/oramylin accumulation.
Alternatively, diminished insulin secretion may result from an inde-
pendent defect that becomesevident only upon chronic B-cell stim-
ulation, such as a subtle genetic defect in insulin signaling.

The sequenceof events described—aunderlying insulin resistance
followedbyasecretory defect—is commonbutclearly does not describe
all type 2 diabetic patients. For example, a subgroup of African
American patients exhibits little or no insulin resistance. Additionally,
diminished glucose-stimulated insulin secretion is seen in women
with gesiational diabetes in whom type 2 diabetes later develops.
Finally, the demonstration offunctionalf-cell-associated gene mula-
tions in patients with MODYindicates that primary B-cell defects are
capableof producinga similar phenotype. Taken together, these lines
of evidence strongly suggest that type 2 diabetes cannot be explained
by insulin resistancealoneor by any single pathogenic mechanism,

Relationship Between Diahetes Control
and Its Complications

Whetherthe vascular and neuropathic complications of diabetes
mellitus can be prevented or delayed by improved glycemic control
was debated for more than a half century. To answer the question, the
National Institutes of Health initiated the Diahetes Control and
Complications Trial (DCCT), a 9-year multicenter study involving
1441 type | patients aged 13 to 39 years who were randomly assigned
to either intensive insulin therapy or conventional care. Intensive
therapy consisted of three or more insulin injections per day (or an
insulin pump),self-monitoring of blood glucoseatleast four times
per day, and frequent contact with a diabetes health care team.
Conventional care consisted of one or more (commonly two) injec-
lions of insulin per day, less frequent glucose monitoring, standard
education, and less frequent health care visits. The target goals of
therapy weredifferent as well. The intensive therapy group sought
pte-mealblood sugarlevels of 70-120apostprandial bloodlevelsof less than 180 mg/dL, and glycohemoglobinvalues as close tonormal
as possible. In the conventional care group, the primary goal was
simply to maintainclinical well-being. Patients were divided into two
Stoups: (1) a primary prevention group, with diabetes for 1 to 5 yearsand no detectable complications, ai(2) a secondary intervention
eee oe diabetes for 1 to 15 years and mild nonproliferative
ie oe y Remarkably, nearly 99% of enralled patients completed

The DCCTachieved a clear separati
the groupsover the entire study Losincnnsiaeand mean glucose levels in the int Aae

ntensive therapy group were 1,5 to

; siving conventhan in those rece oa ODa/dL lower t as noted among individ,2,0%and60 to 80 roeable variably failed to achieve nome!
care. Although ©Prre intensive Cae Bed 1.1%above normal, oy

jerits, mos 210) intensieilevels cglycohemoste dL). Neerroainthe ores
Fiucose level of about ent of retinopa’ Y etinopathy by 54% in tereduced the developthe progre,a the latter effect became
prevention group, roup (Fig- eat nsive therapy redy ;
secondaryinterventionte. In gnnh proteinuria by uaeafter on . 1 : 1pee oeovoalbuminuria oe incidence of major cardioyas.
the risk 0 | neuropathy by 60%. put the numberofevents waea Saves also tended to be loathe very least, intensivetherapy
cu en ‘ent for statistical proof, “ complications. An exponentia|
aldnok pose a risk for entre‘average blood glucose level (as
relationship over time peinastonmainsre of retinopathyin the jn.
reflected by Hb Aj.) and the p may be no thresholdleve| a,: ts that there may
afae cmpteationshe These findings imply that any degreewhich com

g that normalizatigof ] te a ce required to slow the prog! ession of diab tieorg ucose lev in
complications.

The benefits ac (
without risk. Weight gain was

hieved by intensive control in the DCCT were not
i more common, and et importading multiple episodesre hypoglycemia (includiteisthree-fold higherin the intensive caregroup,

In many cases, such episodes occurred withoutclassic warning symp.
t “ited while the patient was asleep. Thus, in somepatients, the
‘eke igh the benefits; possibly in.i f intensive therapy May outwelcluded are patients with recurrent severe hypoglycemia, patients

i vanced complications, young children, and patients whoarenee senna to participate in their management(e.g,sell-
monitoring of blood glucose). Such individuals are likely to benefit
from less aggressive therapy designed to moderately lowerglucose
levels without the risk of hypoglycemia.It is noteworthy thatdespite

Primary Prevention

Rate per 100 6 6 12
Patient-yr

4 4 8

2 2 4

0 0 6
Retinopathy Micro- Neuropathy

albuminuria

Second
Pevensie : ary Intervention

patient-yr 48

s 6 12

4 4 8
2

+ 4

Retinopathy 5 - 0 =
Micro- Neuropathy {

| albuminuri=
_ Mc

odaning “ventional care iy Intensive care
Complications tay Oftheres ; ,

al. FeSUlls of the Diabetes Control and
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e of hypoglycemia, intensive therapy i 7hihe haere iong-term effects on cognitive f unceicn,RET
n although the DCCT did not involve type 2 diabetic patients, ady using @ similar experimental design in le ;all study a Pee an Japanese
ae , with type2 diabetes showed similar results, More conelu-
pegsampedonl foelucebenidiabetic : 5 nited Kingdom ProMEetes studyeee UKPDSrecruited 5102 Datietieish
newly diagnosed type . iabetes between 1977 and 1991. After 3
montis of diet therapy, the 3867 patients with fasting glucose levels
hetween 6.1 and 15.0mmol/L (110and 270 mg/dl.) were randomized

4 more intensive regimen consisting of sulfonylurea, metformin
(for obese patients only) or insulin, or a conventional treatment
regimen focused primarily on symptom reduction, Subjects were mon-
jgored (or an average of 10 years. Althoughglycemic control gradu-
ally deteriorated in both groups, the intensified treatment group had
ower mean Hb A;. than their conventionally treated counterparts
(7.0% versus 7.9%). This modest improvementsignificantly reduced
microvascular complications by 25% and reducedall diabetes-related
events by 12%. Theintensified treatment group also had a 16%
reductionina combined end point—nonfatal or fatal myocardial infare-
tion or sudden death—thatdid not quite reachstatistical significance
(p=,052).A continuous relationship was again noted between glycemic
control and diabetic complications; also similar to the DCCT, no
glycemic threshold for microvascular complications was observed.
Importantly, serious adverse events were rare forall of the treatment
arms in the UKPDS, and only a single death from hypoglycemia
accurred in more than 27,000 patientyears of intensive therapy.

What conclusions can be drawn from the DCCTand the UKPDS?
The primary message is that “glucose matters.” In both type 1 and

2 diabetic patients whoare willing and able to actively partici-
pate in their management, the goal should be to achieve the best pos-
sible level of glycemic control as rapidly as possible without undue
risk, TheDCCTand UKPDSalso demonstrate that mostpatients benefit
from lower glucose levels, even if normalization is not achieved;for
most type 2 patients, effective glucose reductions can be achieved by
diet, oral agents, or less complicated insulin regimensthan are required
in type 1 patients. The greatest challengefortheclinicianis how to
efectively apply the DCCT and UKPDSresults in practice, a formi-
dable task. Both study groups were highly motivated and compliant.
Furthermore, managementwas supervised by an experienced health
care team that wasable to devote moretimeto patients thanis usually
feasible. An important lesson from these studies wasthat successful
treatment ofdiabetes was largely accomplished throughtheefforts of
the patients themselves, as well as by nurse educators, dietitians, and
diabetes counselors. It makes sense, then, to encourage the use of
physician-directed health care teamsto translate the findings of the
DCCT and UKPDSinto clinical practice.

ment (especially in the ez rceaisa secondary treatmentstrategy. Although
therapeutic strategies differforthe twocommonformsof diabetes,
the treaiment goals are essentially identical. In theshort term, the
goals ofdiabetes treatmentare to optimize metabolic control and
improve the patient’ssense ofclinicalwell-being. Long-term ther-
apeutic goals focus on the prevention of complications, including
Gidiovascula disease, nephropathy, retinopathy, and neurologic4 J + : aw t&

   

ee / a
TYPE1DIABETES :
fied ins AND PHARMACOKINETICS. A varietyofhighlypittin sulin preparations are commercially available that differ
tn pharmacokinetics (Table 242-5). Premixed insulin prepara:tay, a" also available and may offer added convenience for selilthousy Nearly all insulin preparationscontalf 100U/ml. (U-100),sha more concentrated 500 U/mL preparationolregular insulin
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Table 242-5 » INSULIN PREPARATIONS: EFFECT ONSET,

 
PEAK, AND DURATION AFTER SUBCUTANEOUS :
ADMINISTRATION

= tah
PREPARATION  ONSETOF PEAK ‘OF ACTION.

CLASS EFFECT EFFECT (HAS) = (HRS)

Rapid-acting©LisproorAspart 10-15min 1-2 + page
Short-acting Regular (R) 30min 4 5-8
Intermriediate-—NPH (1N)or 2-t+hours 5-10 16-20

acting Lente , ; 4
Long-acting Ullralente (U)  ¢-Ghours 6-16-24

Glargine 24hours nopeak 330
   

(U-500) lorseverely resistant patients can be obtained. Humaninsulin
is now the only form of insulin sold in North America and other
industrialized countries, largely because of immunologic concerns.
Because human insulin generates lower titers of insulin antibodies
than porcine or bovine insulin, it acts more rapidly after injection
and hasashorter duration ofaction,allowingbetter synchronybetween
insuilin peaks (after premealinjection of rapid-acting insulin) and the
absorption of meals, It is noteworthy that the sameinsulin prepata-
tion can produce variable responses in a single patient, since the peak
and duration of most insulin preparations are influenced by thesite
of administration, skin temperature, the depth of injection, and the
magnitude of the insulin dose.

Ranid-andShort-fcting Insulin Preparations. After subcutaneous injec-
tion, regular (R) insulin begins to act in about 30 minutes and should
therefore be administered 25 to 30 minutes before a meal. Becauseit
acts quickly andhasa relatively short duration ofaction (5-8 hours),
it is effective for blunting postprandial glucose excursions and for
facilitating rapid dose adjustments based on measured blood glucose
values. The properties ofregular insulin areSeehelpful in man-aging glucose elevations that occur during illness, or after the con-
sumption oflarge meals. Given intravenously, regular insulin is also
effective in the perioperative periodandin the managementofseyerely
ill patients and acute hyperglycemic complications.

In regular insulin preparations, insulin molecules exist predomi-
nantly in hexameric form. Before being absorbed,insulin hexamers
must first be diluted in subcutaneous interstitial fluid, then dissoci-
ate into single molecules; this propertyaccounts fortheslightly delayed
absorption of regular insulin from subcutaneous injection sites.
Recently, advances in recombinant DNAtechnology have led to the
developmentof insulin analogues intended to bypass this property,
allowing for more rapid absorption.In 1996, lispro insulin was intro-
duced, This insulin analogue, in which the aminoacids in positions
B28 (lysine) and B29 (proline) have been reversed, has a reduced
capacity for hexamericself-association andis therefore morerapidly
absorbed,Its effects begin within 10 to 15 minutes of administration,
and generally wane within 3 to 4 hours, Because ofits rapid onset,
lispro can be givenjustbefore eating(asopposed to 30 minutes prior),
a feature that greatly simplifies the planningand consumptiono meals;
also, becauseits effects wane morerapidly, there is a reducedriskof
“late” hypoglycemiaif the next mealis delayed. Usinglispro insulin,
postprandial glucose and hemoglobin Aj. reductions areequal to or
better than those achieved with regular insulin,andthereisa reduced
incidence of delayed hypoglycemia. For these reasons, and because
ofgreater convenienceandflexibility, lisprois beingused with increas-
ing frequency in intensive treatment regimens.

Insulin aspart, the second rapid-acting insulin analogue approved
by the Food and Drug Administration (FDA), wasreleased in 2001.
In insulin aspart, a neutral prolineresidue at position B28 is replaced
by negatively charged aspartic acid, resulting in a reduced capacity
for selbassociation andfaster absorption. Theeeprop-erties ofinsulin aspart are similar to those 0 insulin lispro; insulin

rt may have a slightly longer duration ofeffect,3Pipringdiate- and Long-Actingsulin Preparatlons. The longer-acting
insulin: preparations have been modified to delay their absorptionfrom| aati sites, resulting in a longer duration of insulin activity:
The addition of protamine and zine yields intermediate-acting
Neutral Protamine Hagedorn (N PH) insulin, whereas enlarging the‘of the zinc-insulin crystal yields Lente (intermediate-acting)
andUltralente (long-acting) insulins. NPH and Lente, the

sespasnyauapUg
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intermediate-acting insulins, have a similar thime course of achion.
tions a twice per day, they oller a compromise berween some
egrec of meal coverage (coinciding with peak activity) and whe pro-
vision of basal insulin levels, Ultralenie insulin, because of its lnger

uration nd Somewhatless evident peaks, offers possible ad “
lorbasal insulin replacement and can lin given ie alate iMsane
Patients, However, the pharmacokinetics of Liluralente are less pre-
dictable in clinical practice (even withi i. nN within @ ¢ingle patient}, and its
rd commonly require twice-daily dosing, limining irs utilire
isinhaanveyhc FDA260diesom uma
andat theC-terminus ofthe Bechain Ww oe =eee plysine,
been added. Insulinglargine is solubleaaHandi rs bye:
tologic conditions; injected at a pH of 4, itis es lized ihe te
neous tissue and forme microprecipttates, delayingits absorncientad
prolongingits duration of activity: The primaryadvantages of glangine
mice24-houractivity (allowing once-daily dosi

or peak Concentrations; both characteristics are desirah

dehersperneseee
fort, and the inability io iis sdimareesetae? Fallscintesteats
ArealeePatienissiggest that Insulin glargine prowlucessimilarslightly larger reducuonsin hemoglobin 4), 2s. compared with NPH;
comparative trials have also shown a reduced incidence tn nocurtal
hypoglycemia when insulin plargine is used. Intype 2 diabetic pauems,
iestedcaldifferences berween glarginéand NPH are less significant:

: P ve trials. hemoglobin A,, reductions are generally equiv-alent, and are smaller differences in the incidence of hypo-
iycemiaapa lon ~acting insulins, intended far tise in basal insulin

‘are Currently in development.OLGULIN REBIMEKS. Whilcasimple concept, the clinical use of insolin
toureat diaberes mellinus can be extraordinarily complex, There are
ManyImportant inter-patient (and incra-patient) variables, soa pre-
dictable algorithm cannot be uniformly applied to all patients, more
a single patient at all umes. In general, subcutaneousinsulin repi-
mensgale 1 diahetes may be classified as “conservative™ or “inten-sive” M4 olcontinuoussubentaneousinsulin infusion (he, insulin
pumps) have also gained popularity in recent wears.

Conservative ineulin Through the carly stages of type | dla
betes, some degree of f-cell fianerienB visually siseeedllatl
many patients io achieve glycemic control with less intensive effort.
Because invenmediape-acting insulins are notpenerally sustained aver
a 24-hour period, and because insulin requirements tend to inctease
early in the moming, these patients should sian with we daily injec-
Tons, consisting ofa mixtire of intermediatc-acting and raphd-aening
humar insulins administered ‘before beeakinst and belore dinner.
Although Lente insulin has a theoretic advantage over NPH in that
itdors not contina lereien proveln (prowmine), thisdillerenee seems
to have negligible clinical significance. In fact, NFH may be prefer-
able vo Lente when insulins are mixed, because ihe excess zinc in

Lente ations can cause repularinsulin te precipitate aut ofsolu.
thon, delaying is absorption

There are many gecepiable approaches tothe inination of com-
ventional insulin therapy(see the section on the reanmen| ef pe
diabetes), Regardless of the initiation method used,insulin dose adjusi-
ments will inevitably be required (nitially, doses of the intermediaté-
acting insulin should be adjusted to optimize pre-dinner and fasting
(morning! glucose levels Once (hese goals are accomplished, rapidd-
acting insulin doses should then be adjusted to optimize posrpran-
dial, pretlunely, and bedtime glucose values. Patients should generally
inject in the same analomic region at the same time each day(i.e. i
the abilomen in the morning, in the thigh at night) t ensure con.
sistent insulin delivery, an effort shouldalso be made to avoid exaci

doplicstion of injection sites within a reeFaaesinieeexpenience-é brief “honeymoon” penod,dunng uneGongeal recoversand insulin needsarelemporarily reduced. Siwh
animprovernent should not be used asa signal io reduce eflorm aimed
ai glycemic control, since continuation of optimal insulin therapy
will help wo preserve residual fl-cell function,

injections. Several years alter he oneerol iype
I diabetes,residual insalin secretion ypically ceases When thisoccurs,
twice-dally insulin injections are no longer acceptable, even W they
continue to successfully control diahetic symptoms, For opuinnal
glycemic control, insulin delivery should more closely simulace the
“normal” pattern of insulin secretion; namely, continuous or “basal”
insulin levels are required throughout the day while brie! inecrenses

|

“baluses”) eahe te ihe INpesy
roblemi with twice-daily insulin regi. A" al

insulin is greatest at the time when insulin requirements 7, et
lowest (le, 4 3-00 am). Additionally. when FECMITE Den, o
increasing in abe pre-dawn hours, insulin levels are declinyy,. Ml
sone nestles if this: poorly matched insulin supply and demand"
the production of nocturnal hypoglycemia and/or fasting (imornin&)mika.

hyper | managementof diaberes bevins with lasting piu.
L Failure to control morning sugars often resus jy) yO

orn.perpefvarion of ape throughout the ie Sth.
hepatic gluconeogenesis ha been activated in the MOTHINp, ite
readily suppressed by insulin injections: The key factors resp i.
For fasting hyperglycemiaare inadequate overnight deliveryofinest"
and sleep-associated growth hormone release. The “dawry hena In
enon” is most pronounced in patientswith a | diabetes Marae?af their inability io compensate by raising endogenoys iNSuilin sen”
tion, The magnitude of the dawn phenomenon can be alteriate;d by
designing Insulin regimens to ensure that the effects of exoy,,,,

n donotpeakin the middle of the night and dissipate by mary...
Several approaches to insulin thenmpy can deal with this ptobles
some of the mare common tegimens are displayed in Figure Maz
One common his to use three injections: a mixture of inter.
mediate- and rapid- or short-acting insulin belore breakfast. eapiq
orshort-acting insulinbefore dinner, and intermedinte-acting insuli,at bedtime The primary disidvaniage of this approach is thay feed
sizes and schedules must be fixed rather rigidly, Alternative muy).
dose regimens incorporate short- or Tiplid-acting insulin injective,
before cach meal, with one or two daily doses of interinediata-.o,
long-acting insulinteg.,glangine}, Pen-style insulin injectors are alss
available, these may helio make multidose regimens more conyen.
ient and tolerable for patients

ContinuousSubcutaneous Insulin infusion (CS. tn CSI), rapid-actiny
msulin is administered around the clock by a battery-powered, exier.
nally worn, compulercontralled infusionpump (see Fig, 242-7), Thy

in instilin levels

reee
[Fasracung

[Abermediateseling
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tines basal rate and can be programmed to

paplOteauornatically for set time periods, such as reducTothTe afier bedttmeand increasing flow to compensate for
ingthe yasolin requirerncriis it the predawn hours. Boluses, deter:
jporensee  ig-monitoring of blood glucose and expected meals, are
uneBY nual pump qetrvalian, Most insulin Pumps contain an
gwen BY lr attached toa subcutaneous catheter (the catheter is

aie an introducing needle, which is then removed),
uated ie nerally best pare eeees io standardizecatheter aximize visibility, Overall, the C511 method pro-

selpale with the highest degrees of lifestyle fl eelbiliy
econercl.

mid pecos FS pach has several limitations, One obvious. dis-
ar sat therapyis the wearing ol the pump itsell: iheadvantage Deecyrablelur patildiving intense enerciee, contact

device™s or in water, or personal intimacy Furthermore,
ise rapld- or short-weting insulin, any interrupticn in

Ee fostcommonly because of insulin eo within theflow ‘cart leadto rapid deterioration fl metabolic control, Leal
onsabthe catheter sire occasionally occur, necessitating a site

ooh every 2 to 3 days. Furthermore, maintenance of the pump
andappropriate insulin infusion rates requiressignificant patient elfore
a | tsthca onandoppeivetreatment regimensdescribed bay are not lorevery-

Alt jane patients, however, intensive insulin therapy should
es encouraged to ‘Ae the risk of late cae complica4; ehould also be noted that pregnancy is an absolute indicn-
Irtatensivtherapy, and that reduction of the excess neonatal
morbidity und mortality associated with diabetic pregnancies requires

i¢ contol: Ideally, intensive insulin therapy should be
instituted in | patients belore conception, to minimize the risk
al(etalanomalies Alter conception, blood glucose targets are more

einingently ied ieaeae with the specific atm oftmain-i noose levels in the normul range(ipPHTYLE EAARGES. Diet and exercise contribute imponanily w the
caneofpavients with type | clishetes. Patients should be educued
aboutbalancing caloric intake (diet) with energy expenditure (exer-

 

 
 
 

 

 
 
 

 
 

  

 
  
 
  
 

 
 

 

 
 
 

 

cue)and should understand che basic concepts of insulin therapy as
iirelaiesto stress and physical activity. I p ly managed aod sul-Stitnily molivaied, diabetic patients shouldbe« le to consime the
ee by enjoy and should be able 1 fully participate in exerciseTs.

RAL Pheintroduction of intensive insulin regimens has increased
neal ifexthilitybyallowing more lwtinude in varying the size, content.

: i meals. New approaches offer the opportunity fara mare
formal le, thusminimizingcompliance problemsandoptimizing
at ance and satisiaction. Meals should be nutritionallynd shouldprovidesufficiems calories1omeet the energy needs
A @children,active young adults, and pregnant women; the

dictclessically prescribed lortype 2 patients ts areesly insial-
i these and other individuals. Furthermore, diabetic diets

: specifically aimed at minimizing long-term cardiovascular
E patibains the ingestion of sodiim, cholesterol, and satu-
peeype|patients 1d on exogencusinsulll, proper ian=

fittedbyameal plan designed tomatch the time course
Shinar ed insulin + Patentsshould learn to compensate

Wilteredcor by adjustingtheir tisulindisesand forperiodsae athiy iy by theirconsumptionoffood. Eflorishould
| evold tong delays between meals, anc small snacks may

een es alpeakinsulinaction toavoid hypoglycemba, Most
PRE of their regimen, should incorporate a bedtinie
risk ofnocturnal hypoglycemia, Finally,the poten-

induced weightgainrequires spectal emphasts on
of tocoritrol eel; avoid overcompensation,

 
  
 

te SArbohyedrate intake anSewesc lar cations, Surprisingly, is littletat Exercis fieclfcabtatallytmprovesglycemic
Ptahetes, alehough itsKnown to reduce overall
ns by enhancinginsulinsensitivity. Through accel-

On (due to increased local blond flow at the
| consumption, exercise

=, mien levels, particularly when 01 coin-Pakactionofan insulin injection. In nondiabetic indi-
snonselevelsremaiy stable duringexercise;asdecreased
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Table 242-6 * LIFESTYLE MODIFICATIONS FOR PATIENTS
 WITH DIABETES

 Bletary prescription
f Weighs educqion, gain. of Galinbtnence, to achbeve and triaimiain

fal body welgty‘a Westrictiomeras fat in <1 of total calories, te be
replaced” ir the dict by corbohydrates and monounsaturated furs
IL LDL reduction is also desired, saruraied acs should be furter
resaricced i <7% Gof daily calorie unnale

1 Decressed. cholesterol inte to <0engpercae OF LOL.
reduction is ube desired, cholesterol | slscnilel be farther
restricted to <200 mg per day

4, Sodjiim restriction (224g per day) in patients with
in those with overt pephtopathy: sodiaen untalee #h
restricted to-#2.0g per

§ Protein restriction to<204) of wetal calories; wiih nephropathy.
proce intake should be further revuricied il <8impky/day, or
to —10%6 of daily caloric intake

I), Exercise preseriptien*1 paste ol serobic exerciseJud resiswanoe training ie
preferred. Avoid heavy tiling, straicing, amd maneuvers.
which can raise Hood pressure and may aggravate prolileralive
diabetic retinopath2 Thienalty. Increase — fue “modeniicly™ to al fewer 97 OF
maximal” heart rate (220 minus age in years) with axljmsiimeries
facedan thepatient’ condiovasculur fimess Parienis with

jovaseculan fies can proceed ww "hander™
achvilies.achievingheart tates exceeding 70% of maximum

4. Duridom 30 minotes, preceded and followed by stretchingand
lesibility exercisesfora minima of $10 mires

4. Frequency: ar least 3 days per weel: Resulis ane bea ifctercine
eeeevery day, ;3 strenuous exercise tf lastinggluccse Levels are 2250mgill
Avoid ull forma of exercise if glucose bevelsare 2300mgd

candor ketosis bs present. ,
cose before. during.and aftercuneise, lo learn

peserciseconmlipons anc ickertily erhen
clanges in insulin aaifer food ine DeCeRiE

7, Cansumeaddedfondsax toaed 4

elieaseebelsatbobione see bbereadilyewailablet erercise and for upto 8 hours after exercise bimomipleid.

a Sbngenerotetasopeasulomagb:pecinpales,seco

on
be further

 

*Exencse
“lar deetase, preodiferaiive retitanpathypen

theercaeas 

endogenous msulinsecretion promotes increased hepatic ghuctse preductionto match the micreaaet tate of glucose consumption. trv dis
betic patients receivingexogenousinsulin, however, this “finely tuned”
homeostatic mechanisy isereatly disturbed. The continued presence
ofexogenous Insulin during exercise further acceleranesglucose uptake
and (more importantly? blocks the compensatory increase in glucuse
production,asa result,circulatingglicose levels can fullprecipitousty
rranteTeteCteeeeccur ent is triable try I

MES insulin before. du mg and after Sietecarereoeiene
TYPE2 DIABETES

Nonpharmacologic Measures

In many type 2 diabetic patients. diet and exercise are the only
poateueciuiieiitaaeaAs~‘ : pharmac c i oulrestrained ar the outset, anless the Gaskenl ig ponptomenia or hyper
eae issevere, On the other hand, the clinician must also resistthetemptation tc be satistied by whe elimination ofsymptoms, which
is simply the first of many tw the comprebensive treatment af
dia The combination of changes and medications cum
reduce both cardiovascularandmicrovascular evens byabour 30%

DET. clone of inital weight, ovodest weight reduction (owthe orderof3ke}im Patientsleads io improvedel iconinal. The dramatic impact of weight loss is medianed b caact
io insulln-responsive tlasties, as well as by enhanced A-cell werviny;
insulin fesistance diminishes. glucose’ production declines. ancl
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Is improve glucose-stimulated insulin secretion.
LEESeeatieighe tees are natrestricted toglucose; dietary
therapyalsoyields improvedlipid profiles and reductions in systemic
blood pressure. In general, it matters little howweight loss isachieved,
provided that good health is preserved and adequate nutrition is
maintained. Successful weight loss is best achieved by the combina-
tion of a supportive environment that emphasizes long-term goals,
regular exercise to increase energy expenditure, and long-termbehav-
ior modification.

In sedentary diabetic patients, maintenancecalorie requirements
can be as lowas 20 to 25keal per kilogram of body weight per day.
In these individuals, the classically prescribed 1800-keal diet will be
ineffective in producing weight loss. It is sensible to begin with a
nutritionally sound, individually tailored diet that is aimed at pro-
ducing a caloric deficit of about 500kcal per day, Becausea caloric
deficit of approximately 3500 kcal is required to lose | Ib of body fal,
weightloss using this method can be expected at 1 Ib per week. For
obese patients with a history of multiple failed weight loss attempts,
very low calorie diets (<1000 keal/day) can be useful whencarried
out under medical supervision. Orlistat, a gastrointestinal lipase
inhibitor that reduces dietary fat absorption, can bean effective adjunct
forachieving weightloss in somepatients; itmayalso improve glycemic
control andlipoprotein profiles. Regardless of the method used, expe-
Tience tells us that most patients are unable to maintain low-calorie
diets for an extended period of time;if successful, the majority of
patients regain lost weight. In patients with type 2 diabetes, meta-
bolic factors may also contributeto difficulty maintaining weightloss.
Dieting reduces glycosuria and therefore lessens urinary caloric loss.Also, tbe expected decrease in basal metabolic rate during weight loss
is accentuated in diabetic patients, because weight loss reverses both
accelerated gluconeogenesis andthefutile cycling ofsubstrates; these
conditions, commonly seen in poorly controlled diabetes, waste a
good dealof energy in the hyperglycemicstate.

Even when diabetic patients cannot lose weight, a careful meal
planisa valuable tool for reducingtheirrisk ofcardiovasculardisease.
This benefit is best achieved by restricting saturated fats and choles-
terol and by raising the dietary contentofcarbohydrates and monoun-
saturated fats. It wasoriginally thoughtthat carbohydrate intake should
be restricted in diabetes; however, it is now appreciated that a diet
high in carbohydrate (>50%) may improveinsulin action and glycemic
control, particularly in patients with mild hyperglycemia.In patients
with more severe fasting hyperglycemia or with triglyceride eleya-
lions aggravated by high-carbohydrate diets, reduced carbohydrate
intake (<45% oftotalcalories) and greaterreliance on monounsatu-
rated fats may be preferable. It has also been assumed that carbohy-
drate intake should be focused on complex carbohydrates(starches),
and that sucrose should be avoided: however, evidence supporting
these assumptions is scarce, Simple sugars appear to raise glucose
levels to.a similar extent as complex carbohydrates; thus, total car-
bohydrate intake, rather than type of carbohydrate, should be the
primary consideration, Fiber-containing carbohydrates such as oats,
gums, legumes, and fruit pectin may also be beneficial, since fiber
blunts meal-induced glucose excursions by delaying gastric empty-
ing and carbohydrate absorption,Fiber helpsto prevent constipation
and may also contribute to lowering of triglyceride and low-densitylipoprotein (LDL) cholesterollevels.

Another key component of the diabetic meal plan is to alter
palterns of dietary fat. The typical Western diet, high in saturated
animalfat, likely contributes to the developmentofatherosclerosis,
Diabetic patients with normal lipid profiles are encouragedto follow
the recommendationsofthe National Cholesterol Education Program
(NCEP)bylimiting total fat intaketo less than 30% oftotal calories
with less than 10% ofcalories as saturatedfat and less than 300 mg/day
of dietary cholesterol (see Table 242-6). If low-density lipoproteinlevels are elevated, stricter recommendations apply (NCEP Step II
diet), with less than 7% ofcalories as ranaaa at and less than
200 mg/dayofdietary cholesterol, As mentioned earlier, if elevated
triglycerides are of concern, one should consider a moderate increase

monounsaturated fats, to replace dietary carbohydrates; ofcourse
increasingfat intake should always be recommended withcaution in
nee with obesity. Despitelack ofsupportingscientific evidence.
pullentsivnhalete protein is also currently recommended for
wth peo teint Suelo assumesgreaterimportancein patientsBRERCASE eaan Overtdiabetic nephropathy,
of (ype 2 diabetes, Longer areataglance i the treatment

* “ong-term studies demonstrate consistent

ee

-jsé on carbohydrate metabolism ah
ular exere intained for several years. Exere

enance, wh ich further impr a
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Intervention ;
Pharmacologic sume saenré, The hypoglycemic en of sul.

nee nets noted in the 1940s, during the development of
fonylureas was first oral agent approvedfpeae mide, the first e
SeeRiCEa Boeeaveleaned in 1954, With the exception ofuse l ic

: ilable before being pulled from thephenformin (which wasPete were the only oral agents avai).
market in a aE Saat than 40 years. te contrast, sinceable in the Un lof metformin by the FDA, several new classes of
aNaieebeienrle available for the panof ype 2 diabetesoral agents : | agents are indicated in patien(Table 242-7 and Fig. 242-8). OralagPainaae“4in whom diet andexercise fail to achieve 3 :
n Jie ate ients with relatively mild degrees offavored over insulin in older patie 7

hyperglycemia, Patients with more severe hyperglycemia generally
aneball during the initial phases of Eeeglucoselevels have stabilized and the “toxic” effects of severe ypetgiycemia
on B-cell function and insulin action have been minimized, many of
these patients can then be converted to oral agents. serte

Sulfonylureas, Sulfonylureasare insulin “secretagogues,” whichact
through specific sulfonylurea receptors on the B-cell surface. Drug:
receptor binding acts to close adenosine triphosphate-dependent
potassium channels, resulting in cellular depolarization,calcium influx,
and the translocation ofinsulin secretory granules to the B-cell surface,
Theresulting release of insulin into the portal vein rapidly suppresses
hepatic glucose production,andlater facilitates peripheral glucose
utilization; insulin resistance commonly diminishesasaresultof the
reversal of glucotoxicity, Because sulfonylureas rely on a preserved
pet response, they are ineffective in the treatment of type |abetes,

Although the sulfonylureas differ in relative potency, effective
dosage, metabolism, and duration of action, from a clinical stand-
teiyeepave marginal aiusence (see Table 242-7),Rear aatec edt an yposlycemic effects: at maximally effective
relating raniivien listing feeen Ai of} to 2% is expected, car-
Drugs with hepatic metabolissy glucose reductions of 401080 me

‘sm and a shorter duration ofaction have
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aaa42-7 ° CHARACTERISTICS OF ORAL GLUCOSE-LOWERING AGENTSqable

METABOLISM DURATION a

AGENT eee ADMINISTRA ROTAL DAILY DOSES/ AND OF ACTION PRINCIPLE SIDws Insulin leshailSL BL EXCRETION _(HRS) EFFECTS a
gulfonylureas 30 minutes prior ———secretagogues to meals Hypoglycemia,

weight gain,

First generation hyperinsulinemia
Chlorpropamide .
Tolazamide 100-500 1 K>L 60 ,
Tolbutamide 100-1000 1-2 L>K 12-24 .

second generation 500-3000 2-3 Lok 6-12
Glimepiride ae
Glyburide 12 20 i 2 aa 24Glyburide 25 : > K Up to.24 |Deonibed 15-12 . 1-2 L>K Up i : Pus

5—40
3-20

Insulin sensitizers _
(PPAR-Y agonists)

Pioglitazone
Rosiglitazone }

Non-sulfonylurea nsulin ety | | 15 minutesprior
secretagogues | secretagogues ati to meals

Repaglinide r+hamtee Pvt Lnbitte ype
Nateglinide

 

 

K= kidney; L = liver, LFT = liverfunction test,|
jot Baie‘esel - et E ae =   

advantages in elderly patients with impaired renal function (who are
more vulnerable to hypoglycemia) but maybelesseffective in prac-
lice because of noncompliance with multiple dosing schedules.
Conversely, longer-acting agents can be dosed once daily, enhancing
compliance butincreasingtherisk of prolonged hypoglycemia. After
the appropriate drug is chosen, treatmentis initiated at low doses,
with dose increases every 1 to 2 weeks until either treatment goals
are met or “maximally effective” doses are reached. Note that for all
‘ulfonylureas, efficacy plateaus at about 50% ofthe listed maximum

Ose; above these “maximally effective” doses, there is little clinical
nefit derived from dose escalation, and alternative therapies should
© considered.

with € majority of type 2 patients initially respondto sulfonylureaslitt improved glycemic control. However, 10 to 20% ofpatientsshoweae °F no response; these cases are known as “primary” drug fail-
S, Additionally, a) other patients will experience the lossofars of sbile ellect after ye uccessful therapy; these “secondary”drugWes occur at rates of 5 to 10% per year, because ofprogressive B-oaailure, drug tolerance,lack o sefor die} anvexercise

Can al the superimposition of comorbid illness. Glucotoxicity i
early ° contribute to worsening glucose control, In clinicalpractice,lo teint ofsecondary drug failereshouldprovokerenewedattempts
The rest dietandexercise, as wellasareassessmentofdrugdosage.
doses «,PPearance ofhyperglycemia temaximallyeffectivedrug'gnals the need to at anotherclassoforalagent, orLoinsti-
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tute insulin therapy. Overall, only approximately 25% ofpatients reach
glucose targets with a sulfonylurea alone; stated another way, three
in four patients will require additional modes of therapy.

Advantages ofsulfonylureas include low cost(especially with gen-
erics), convenience (once-daily dosing), and the proven reduction
of microvascular endpoints (retinopathy, nephropathy, and probably
neuropathy) in the UKPDS, Disadvantages include hypoglycemia,
weight gain, and the theoretical acceleration of so-called “B-cell
exhaustion.”

Non-sulfonylurea Secretagogues. Repaglinide, a non-sulfonylurea
that interacts with a different portion of the sulfonylurea receptor to
stimulate insulin secretion, was approved bythe FDAin 1998. A similar
agent, nateglinide, wasreleased 2 years later. The major advantage of
the nonsulfonylurea secretagogues over sulfonylureas is their rapid
andrelatively short duration of action, which may attenuate post-
prandial glucose excursions and reduce the risk of fasting hypo-
glycemia. Both drugs require frequent daily dosing and should beBmato 15 minutes before meals. Repaglinide and nateglinide exhibit
similar or diminished glucose-lowering power compared with thesul-
fonylureas, Both agents have a favorable sideellect profile and typi-
callyproduce lessclinical hypoglycemia than traditional sulfonylureas.
The primary disadvantages of the nonsulfonylurea secretagogues are
theirhigher cost and multiple dosi schedules.
ca _ Metformin is the only biguanide available for use
intheUnitedStates. Unlike sulfonylureas, this agentis an “insulin
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sensitizer,” which acts mainly to reduce hepatic glucose production
by suppressing gluconeogencsis. Metformin may also atigment
peripheral glucose utilization, althoughthis effect may be secondary
toreversalofglucotoxicity: Metformin exhibitsa similar glucose-low-
ering effectto the sulfonylureas, with expected hemoglobin Aj, reduc-
tions of 1 to 2%, Metformin has a relatively short half-life (it is
eliminated exclusively by the kidney) andis therefore piven in two
or three divided doses with meals. An extended-release metformin
product, released in 2001, allows for more convenient daily dosing.

Because the effects of metformin are extrapancreatie, insulinlevels
generallyfall, a potential advantageif the theory implicating hyper-
insulinemia in the development ofatherosclerosis proves correct, Other
advantages of metformin include mild weight loss, mild (<10%)
low-densitylipoprotein andtriglyceride reductions,andlittle induced
hypoglycemia. Side effects are primarily gastrointestinal, including
abdominalpain, Sn nausea, diarrhea, and anorexia; these maybe partially responsible for the weight loss effect. Metformin can also
rarely produce lactic acidosis (approximately 0.03 cases per 1000
patientyears) and should therefore not be givento patients with renal
insufficiency (serum creatinine >1.5 in males or >1.4 in females),
liver disease, congestive heart failure, metabolic acidosis, ora history
ofalcohol abuse. The drug should alsobe heldin dehydrated patients,
and for 48 to 72 hours priorto either surgery or the administration
of intravenous radiocontrast agents.

With regard to evidence-based medicine, metformin has the most
roven track record amongtheoral agents. Like sulfonylureas, met-fora reduced microvascular end points in the UKPDS: unlike

sulfonylureas, it may also have produced reductions in myocardial
infarction,diabetes-related death, and overall mortality, Furthermore,
in the recentlyreleased results of Diabetes Prevention Program (see
below), metformin showed an ability to delay the progression to dia-
betes in patients with impaired glucosetolerance.

Thiazolidinediones. Thiazolidinediones (TZDs) reduce insulin
resistance, most likely through activation of PPAR-Y (peroxisame
proliferator-activated receptor gamma), a nuclear receptorthat reg-
ulates the transcription of several insulin-responsive genes that
regulate carbohydrate and lipid metabolism, The biologic effect of
TZDsis principally mediated by stimulation of peripheral glucose
metabolism. PPAR-y activation also reduces lipolysis and enhances
peripheral adipocyte differentiation, therebyredistributingfat stores
from the liver, muscle and visceral depots to subcutaneousdepots,
an effect thatlikely contributes to the “insulin-sensitizing” effects of
the TZDs, In 1997,troglitazone wasthe first TZDapprovedfor use
in the UnitedStates; althougheffective, the drug was withdrawn from
the market in 1999 because of concerns over idiosyncratic hepato-
toxicity. Two new TZDs,rosiglitazone and pioglitazone, were FDA-
approved in 1999; these agents have negligible hepatotoxicity and
are currently in widespread use.

Used as monotherapy, TZDs have slightly milder (and more slowly
developing) glucose-loweringeffects as compared with sulfonylureas
and metformin, with expected hemoglobin Aye reductions of 1.0 to
1.5%, Clinical advantages of TZDs include convenience (once-daily
dosing), little hypoglycemia, and reduced levels of circulating insulin,
TZDshave many other beneficial effects, including (1) lower triglye-
eride levels (particularly with pioglitazone), (2) higher high-density
lipoproteinlevels, (3) reductions in small, dense low-density lipopro-
tein cholesterol, (4) small reductions in bload pressure, (5) improved
endothelial function, and (6) enhanced fibrinolytic activity, Studies
suggest that TZDs may also slow the growth ofatherosclerotic plaque
in carotid arteries: ongoingclinical trials are investigating their use
in cardiovascularrisk reduction. Finally, there is some evidence'that
TZDs mayalso slow the decline of B-cell function, thus delaying the
“oe Progression from impairedglucose tolerance to overt diabetes
mellitus. rau :

Compared to otheroral hypoglycemic TZDsare more costSide effects of the TZDsareetraieadee ( Benlandhdicresiis
tribution and include weightgain, ema, nemia,and worsen-
ing of congestive heart failure, Thesedrugs are therefore not
recommended for use in patientswithmo ®-[O-severe conpestive
hearfailure or those with severe anemia.Asmentionedeatlict, two
p<Weragents appearto be relativelyfreeofhepatic toxicity, howeybecause of the trogli experience, they shor ;
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Ceae
nonobese, younger, or severely hyperglycemic ‘patients With typegdiabetes.and is Seid temporarily require duringtimes ofseverestress
e.g., injury, infection, surgery) or duringpregnancy. Insulin should
not be used asa first-line therapy for patients whoare poorly com.
pliant, unwilling to self-monitor glucose levels, or at high risk for
hypoglycemia (e.g., the very elderly). In obese patients, profound
insulin resistance often necessitates the use oflarge doses ofinsulin,
whichcaninterfere with efforts to restrict caloric intake and achieve
weightloss. In leaner patients, and in patients with relatively mild
fasting hyperglycemia (who continue to maintain endogenousinsulin
secretory capacity), relatively small doses of basal insulin (e.g.,03
to 0.4 U/kg of body weight per day) given once or twice per day may
besufficient to achieve glucose targets. Manyofthese patients retain
some degree of meal-stimulated endogenousinsulin secretion and
maytherefore require less rapid-acting insulin as well.

,__ Although it is common practice to administer a single dose of
Intermediate-acting insulin in the morning, the glucose-loweringelfectof this regimen does not usually extend over a full 24-hourperiod.
actaccelerated rates ofendogenous glucose uctioni
it is generally more effective to hit the eeandeee
apetits of intermediate-acting insulin in the evening(prefer-atoll ee to optimize control, Alternatively, a single dose of
acess is €-acting insulin given at bedtime orof insulin glarginey De elective throughout the following day in patients who haveretained the capacity to secrete insulin with ba EF

b : F 4 rn iremetypicallyrange between 05 a , OUSeaaatepod
thirds given before breakfast ame is daily dose unevenly, with

, ™aining onethird before dinnetthirds ofthe avesaeelurther Subdivided:at breakfast, tw°
onethird as.q rapid-acting vanediate-acting insulin and the otherdivided into ,

estimated require of 0.67 an example, for a 90 kg man with
requledUsing the above method.qk2% 80U of insulin may beunits ;

aarbi
ation of insulin, witht mn =m oFthumbsaneprethhave become largely om Advent of intensiy th 0 etlycemics clinics Furthermore ; theeee auch sthypesitive doses of ins ntonatalBenerally beginwithmor

‘Patentstransition "-subcutaneoneyPoghyeemi and to
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al practice, Most insulin-treated patients are obese, have
ina hyperglycemia, andhave alreadyfailedoral therapy, Such

jot’ Se) ve higher degrees of both insulin deficiency and insulin
wen aa result, they may require multiple-dose insulin regi-

resistilar fa those of type 1 patients. In these patients,it is best
met iribute the insulin as evenly as possible throughout the day and
dis ‘de sufficient coverage overnight to control fasting hyper:
1a P mia. The complexity of the regimen should be individualized
alyiing to the clinical context, the patient's ability to perform
wae ‘and most importantly, the patients level of education andTl.

in many CASES, the combinationofintensive insulin therapy with
al hypoglycemic agents (TZDs or metformin) may reduce insulin

ose requirements and improve glycemic control. While growing
w cceptance, the potential benefit of reducing circulating insulin

jevels (using combination therapy) on the developmentof atheroge-
nesis remains to be established. Experience with the use ofintensi-
fied insulin treatment, including continuous subcutaneous insulin
infusion pumps and multiple subcutaneousinjection Tegimens, is

rowing in patients with type 2 diabetes. Preliminary results supgest
that intensified treatment may be successfully applied to manyof these
patients.

treatment Strategies for Type 2 Diabetes
Incontrast to type| diabetes, in which insulin therapyis required,

several pharmacologic options exist for the management of type 2
diabetes. The pros and consofthe various oral hypoglycemic agents
have already been discussed; often,it is difficult to justify the use of
one oral agent over another. In theliterature, many studies have com-
ared the glucose-lowering power of one oral agent to another;

however, ew studies have compared the drugs in termsof relevant
clinical outcomes such as mortality, cardiovascular disease, or
microvascular complications. To date, the largest study to address
such outcomes in type 2 diabetes was the UKPDS.

Inthe UKPDS,improved outcomes producedbyintensified therapy
were similar for patients given insulin, sulfonylureas, or metformin
therapy, The ability ofthe study to detectdifferences amongthevarious
treatments waslimited because of drug crossovers and becauseofthe
frequent need for drug combinations as the study progressed. The
use ofmetformin in the UKPDSdeserves specific mention here because
of conflicting results. In the study, patients initially assigned to met-
formin therapy showed decreasedrates of microvascular complica-
tions, combined diabetes-related end points, diabetes-related deaths,
all-cause deaths, and myocardial infarction as compared with con-
ventionallytreated patients; in contrast, patients treated with insulin
or sulfonylureas demonstrated reductions in only two of the five
categories: microvascular complications and combined diabetes-related
end points. Thus, metformin therapy appeared advantageous.Late in
the study, however, 537 patients failing sulfonylurea therapy were
randomly assigned to either continue the sulfonylurea alone or to
add metformin. Compared to the sulfonylurea subgroup,this com-
bined-therapy subgroup had an unexpected 60% increase in all-cause
mortality. The results of this “substudy” have been called into ques-
tion, since it was unblinded and lacked a placebo control. In addi-
lion,25% of the patients assignedto continue monotherapy eventually
required metformin to achieve glucose targets. In summary, based on
the UKPDS,it is difficult to offer an unequivocal recommendation
or metformin as compared to sulfonylureas or insulin therapy.
h The choice of initial pharmacologic therapy for type 2 iabetesshould be influenced mainlyby the severity of fasting hyperglycemia,
meof obesity, and the presence and magnitudeofhyperglycemicCones: Other factors such as age, education, motivation, and
od conditions should also be considered. To determine theoeveness of the therapy selected, drug regimens should be adjusted
Beak 3-month period based on glucose self-monitoring; failure tonh glucose targets within 3 months suggests the needfor combi-
dnc” therapy (Fig, 242-9), Published clinical trials eshieelieezdegmbinations to monotherapy have generally shownad ineof,“tions in hemoglobin Ajc, with few exceptions, the magnitude
lise ieduction is similar to that achieved when the addedeyConyinewonotherapy, As is the case with monotherapy, thereisnoand “ing evidence favoring one combination regimen overano
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Optimize dose 
FIGURE 242-9 © Strategy for the treatmentof type 2 diabetes.

approval) and appears to beeffective. Ultimately,if glucose targets
cannot be met by combiningoralagents, insulin remainsan effective
treatment option.

MONITORING

SELF-MONITORING OF BLOOD GLUGOSE. Self-monitoring of blood glucose
has revolutionized the managementof diabetes. It actively involves
patients in the treatmentprocess,allows more rapid treatment adjust-
iments, and reinforces dietary changes. Self-monitoring provides the
patient with the tools necessary to assist in managing their disease
andis especially useful during periodsofstress and for patients who
are susceptible to hypoglycemia. Urine glucosetestingis unreliable
and should not be used.

Newerglucose meters are small, portable, and reliable, givea digital
readout, and have computerized memory to facilitate record keeping.
Blood samplingis facilitated (and madeless painful) by automated,
spring-operated lancet devices; recent“olf-the-finger” products also
allow for more comfortabletesting. Self-monitoringofblood glucose
is of maximal value if the patient performs tests on a regular basis,
can accurately measure glucose levels,and can make useofthe results.
The patient must become familiar with whata normalglucose value
is, what the glucosetargets are, and how levels can vary with changes
in diet, activity, and insulin absorption. For most insulin-dependent
patients, day-to-day adjustments in short-acting insulin based on
pre-meal values and a “sliding scale” can be readily accomplished.
These patients also need to examinetheeffects oftheir longer-acting
insulin injections, and to make adjustments if glucose levels (e-g.,
pre-breakfast, pre-dinner, and bedtimevalues) are not withinthe target
range. Ata minimum,patients should beable to adjust to repetitive
patterns of hypoglycemia or hyperglycemia, as well as to periods of
stress andillness (“sick days”). For patientsinthelatter circumstance,
urine testing for ketones should also be routinely performed.

The success of insulin therapy depends on the frequency with
which the patient performs self-monitoring. Patients with type 1 dia-
betes should be encouraged to monitorbefore each mealand atbedtime
and whenever symptoms occur. Periodic checks 90 to 120 minutes
after meals help to control postprandial hyperglycemia, and patients
should occasionally monitor pre-dawn (e.g, 3 AM) glucose levels to
avoid nocturnaldips. Currently, no clear guidelines have been estab-
lished regarding the frequency of blood glucose monitoring for type2diabetes. Type 2 patients who are treated with insulin should se
test daily, usually before breakfast, before dinner, and at bedtime. The
frequericy of blood glucose self-monitoring will depend largely on
thestabilityof metabolic control; testing should be more frequent
duringtheinitiation oftreatment, afterchanges in therapy, and during
all times that altered metabolic controlis suspected. Type 2 patients
maintained on dietary therapy should,at the very least, learn self-
monitoring of blood glucose to prevent metabolic decompensation,
‘These patientsalsa benefit from periodicallymonitoring lucase levels

‘they may better appreciate how changes in ir diet can 
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Continuous glucose monitoring reveals that tight glycemic control
is often being achieved at the expense of unacceptably high rates af
nocturnal hypoglycemia andalso that postprandial glucose excur-
sions are often larger than expected. To minimize these highs and
lows, continuous glucose monitoring systems have recently been
approvedforclinical use. A currentlyavailable “real-time” glucose
sensor is worn “Holter-style” over a 72-hour period, to alert clini-
cians to previously undetected nocturnal hypoglycemia and post-
prandial glucose elevations, Another system worn on the wrist uses
iontophoresis to measureinterstitial glucose levels at frequent inter-
vals.It is hoped that armed with this additional information,patients
andclinicians can then adjust the therapeutic regimen to minimize
glucose excursions and maximize patient safety. Undoubtedly, con-
tinuous glucose monitoring methods as they become morereliable
and convenientwill eventually replace episodicself-monitoring, espe-

t cially for patients with type 1 diabetes.GLYCOEMOGLOBIN. Glycohemoglobin (glycosylated hemoglobin)
assays have emerged as the “gold standard” for long-term glycemic
control, The test does not rely ona patient's ability to self-monitor
blood glucoselevels and is not influenced by acute glycemic changes
or by recent meals, Glycohemoglobin is formed when glucose reacts
nonenzymatically with the hemoglobin A molecule; it is composed
of several fractions, the largest being hemoglobin Ajc. Hemoglobin
Ajc (expressed as the percentage of total hemoglobin) varies in pro-
portion to the average level of glucose over the lifespan of the red
blood cell, thereby providing an index of glycemic control during the
preceding 6 to 12 weeks. Several assay methods have been developed
thatyield different ranges for nondiabetic control subjects; clinicians
should therefore become familiar with the specific assays used for
testing their patients.

Although ambient glucoselevels are the dominantinfluence on
glycohemoglobin levels, other factors can confound the interpreta-
tion of the test. For example, any condition that increases red
bloodcell turnover(e.g., pregnancy, hemolytic anemia) spuriously
lowers glycohemoglobin levels, regardless of the assay used. Some
assays yield spuriously low values in patients with hemoglo-
binopathies (e,g., sickle cell disease or trait, hemoglobin C or D), or
high values wheneither hemoglobinF is increased (e.g., thalassemia,
myeloproliferative disorders) or when large doses of aspirin are con-sumed. Thus, for unexpectedly high cilee values encountered in
clinicalpractice,factors thatalter thespecificassay should be excluded.
In most cases, discrepancies between self-monitoring of blood
glucose and glycohemoglobin results reflect problems with the
former rather than thelatter. Although glycohemoglobin provides
the most accurate estimate of overall glycemic control,it has limited
value in guiding specific changes in therapy;in clinical practice, fre-
quentblood glucose measurements are essential to properly adjust
the therapeutic regimen.

MANAGEMENT

EndocrineDiseases

‘ EMENT F GOALS. A management planshould take
into consideration thelife patterns, age, work and school schedules,
Benes, needs, educational level, and motivation of each indi-vidual patient, The plan should include lifestyle changes, a meal
plan, medications, monitoringinstructions (including “sick day” man-
agement), and education regarding the prevention and treatment
of hypoglycemia, Importantly, all components of the plan must
beboth understood and accepted by the patient. Active patient par-
ticipation in problem solving, as well as ongoingsupport froma health
care team, is critical for the successful managementof diabetes.
Ateachvisit, the management plan should be reviewed, and an assess-
mentshould be made ofthe patient's progress in achievin glucose
targets; if goals are not being met, causes need to be identified
and the plan should then be modified accordingly, At eachvisit, the
history and physical examination should focus onearly signs and
symptoms ofretinal, cardiovascular, neurologic, and_podiatric
complications, and on reinforcement of the diet and exercise
Prescription. A complete ophthalmologic examination, assessment
of cardiovascular risk factors, and measurement of urinary\albumin
excretion (through either a timed collection or two “spot”urinealbumin-to-creatinine ratios) should all be bteetienSpecialized podiatric care is also tecousineet :evidence of pedal Benkspath , toneyeorie ;
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diabetic complications.

PANCREAS TRANSPLANTATION

Intensive insulin therapy rarely (if ever) restores glucose homeo-
stasis to levels achieved in nondiabetic individuals. As a result, the
search for moreeffective methods of treatment remainsa crucial long-
term goalof diabetes research. Pancreas transplantationis promising
in this regard; with growing experience in recent years, there have
been substantial improvements in the outcomeofpancreas transplant
surgery. In major centers, 80 to 90% of patients emerge from theperi-
Operative period with a functioninggraft; once insulin independence
" established, the majority of patients remain stable for several years.
uccessful pancreas transplantation improves the quality oflife of
Nnapeetes, primarily byeliminating the needfor dietary
Althoughpancreas tracerseand frequent glucose self-monitoring

ee ohikekoee eaane para able to reverselications : -Clively eliminates acute com-P such as hypoglycemia and diabetic ketoacidosis.Unfortunately, becau* + se of
Pression, pancreasineed for long-term immunosup-: tion is at : :
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transplantati:ing nephropathy in th on is also effective in preventfora kidney transplant, gralted kidney. In the absence of indications
considered only in di » Paricreas 'ransplantation should Ily be
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islet transplantation therapyfor diabetes depends mainly
julie ulating the islet andor the immune response and the avail-
ory of donor islets, rather than on technical surgical advancesni

prevention of Diabetes
Asthe pathogenesis of both typesof diabetes becomesbetter under-

vod, the potential for prevention of these diseases is mote realistic.
ae large, multicenter disease preventiontrials have already been
qwo sleted in the United States, and several more are planned.
ane the Diabetes Prevention Program, more than 3000 overweight
wibjects with IGT were randomized into four treatmentarms:(1) inten-
“ive lifestyle changes aimed at reducing body weight by 7% through a
jow-fat diel and 150 minutes of weekly exercise; (2) treatment with
metformin, 850mg twice per day; (3) treatment with placebopills,
wvice per day; and (4) treatment withtroglitazone, 400 mg onceper day
(thisarmwas discontinued because of concerns overliver toxicity), The
jatter three groups also received standard informationregarding diet
and exercise. On the advice of the Diabetes Prevention Program's
external data monitoring board, the trial was stopped a year early
pecause ofdefinitive results: 29% ofpatients in the placebo group devel-
oped diabetes during the average follow-up period of 3 years, compared
with22% ofpatients taking metformin and only 14% of patients under-
ing intensive diet and exercise. Ml Put another way, patients taking

metformin reducedtheir riskof diabetes by 31% versus standardcare,
whereas patients undergoingintensivelifestyle interventions reduced
their risk by an impressive 58%. This suggests that patients with IGT
(more than 20 million patients in the United States alone, according
torecent estimates) can sharply lower their immediaterisk of diabetes
withintensivelifestyle changes (or in some cases with metformin), and
puts the onus on clinicians to screen, identify, and appropriately treat
patientswith IGT, Postmenopausalestrogen and progestin can reduce
the incidence oftype 2 diabetes by 35%, but the adverse effects ofsuch
therapy may outweigh its benefits (Chapter 256).

Results of the Diabetes Prevention Trial Type 1 have also been
recently published, In this study, “high-risk” relatives of type 1 dia-
betie subjects (based on antibody screening and HLA typing) were
randomly assigned to no treatment or to low-dose insulin injections,
atherapy used successfully in rodent models of spontaneous autoim-
mune diabetes to prevent disease expression. After 5 years of obser-
vation, nearly 60% of these “high-risk” patients developed diabetes,
as predicted by clinical models; unfortunately, there was no differ-
ence in incidence between the insulin and no treatment arms.
Another substudy of the Diabetes Prevention Trial Type1, testing the
prevention of diabetes using oral insulin in patients at more moder-
alterisk for disease,is still underway, Other putative preventive strate-
gies are also underinvestigation.

ACUTE METABOLIC COMPLICATIONS

TESS
Metabolic decompensation in diabetes is generally classified into

one of two broad clinical syndromes:diabetic ketoacidosis (DKA) or
the hyperosmolar hyperglycemic state (HHS). Although DKA is gen-
‘rally seen in type 1 patients and the HHSaffects type2 patients, lines
of classification are commonlyblurred; for example, the HHS can
Present with variable degrees of ketosis and acidosis, while DKA is

Sing seen with increasing frequencyin obese type2 patients, Despite
*beressive treatment, mortality rates remain high for both conditions,
‘PProaching 5% for DKA and 15% for the HHS. Mortalityis associ-
=with advanced age and comorbidity and is usually due to an asso-
ine Catastrophicillness (e.g., myocardialinfarction, cerebrovascular
ahsepsis) or to acute complications, includingaspiration, cardiac
therpntias, or cerebral edema, Treatment of hyperglycemic states
h “lore involves far more than the administrationofinsulin to reverse

Perglycemia; it also depends critically on the detection and treal-
' of precipitatingillness, as well as promptattention to fluid andtlectrolyie disturbances. re ,

but mn DKA may heraldthe onsetoftype | diabetes
aD inne, en occursin established diabetic patients as a result of
Inulinattent illness (e.g., infection), an inappropriate reduction|
A commeBS or missed insulin injections(espec yinacoleee 5),‘hd cone Scenario is a patient who fails toadjust insulin therapy

“me extra fluids during an illness, Other common pre
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tants of DKA (and the HHS) include myocardial infarction cere
brovascularaccident, and alcoholintoxication or abuse; a moreexten-
sive list of common precipitants appears in Table 242-9. Prevention
of DKA requires extensive education in “sick day” insulin and fluid
inanagementas well as home-based assessmentof urine ketones when-
ever severe hyperglycemia or physicalillness is noted.

The three cardinal biochemicalfeatures of DKA—hyperglycemia,
ketosis, and acidosis—result from the combined effects of deficient
circulating insulin activity and the excessive secretion of counter
regulatory hormones, These hormonal imbalances mobilize the deliy-
ery of substrates from muscle (amino acids, lactate, pyruvate) and
adipose tissue (free fatty acids, glycerol) to the liver, where they are
actively converted to glucose or to ketone bodies (B-hydroxybutyrate,
acetoacetate, acetone); both are ultimately released into the circula-
tion at rates that greatly exceed the capacity of tissues to use them.
The end results are hyperglycemia (>250 mg/dL), ketoacidosis (pH
<7.30), and an osmotic diuresis that promotes dehydration and elec-
trolyte loss. Typically, the clinical history of DKA involves deteriora-
tion over days, with advancing polyuria, polydipsia, and other
symptoms of worsening hyperglycemia; other commonclinical fea=
tures include weakness, lethargy, nausea, and anorexia. Abdominal
pain in the setting of DKAis classically periumbilical and can mimic
the acute abdomen. Reduced motility of the gastrointestinal tract or
(in severe cases) paralytic ileus may further contribute to diagnostic
confusion, Vomiting is an ominous symptom because it precludes
oral replacement of fluid losses; severe volume depletion follows
quickly. Physical findings in DKA are mainly secondary to dehydra-
tion and acidosis and include dry skin and mucous membranes,
reduced jugular venous pressure, tachycardia, orthostatic hypoten-
sion, depressed mental function, and Kussmaul(deep, rapid) respi-
rations. Ketosis is often recognizable by a sweet, sickly smell on the
patient's breath.

The diagnosisofDKA is usually straightforward andshould be made
prompily. Theclinical picture and the presence ofhyperglycemia should
alert the clinician to test for ketones and to measutearterial pH.Initial
laboratory information to be gathered should includea complete bload
cell count with differential, urinalysis, serum chemistries (a “Chem-
10,” including divalent cations), and cardiac enzymes; liver and pan-
creatic function tests should also be considered, Anelectrocardiogram
and a chest radiograph should be performed, and cultures should be
taken from blood, urine, and other potential sources asclinically indi-
cated. In DKA, glucose levels vary [rom 250 to greater than
1000 mg/dL, serum bicarbonate drops below 18mEq/L, and thereis
an excess anion gapthat is generally proportionalto the decrease in
serum bicarbonate. Hyperchloremia may besuperimposedifthe patient
maintains an adequate glomerularfiltration rate (GFR) andis able ta
exchange ketoacid anions for chloride in the kidney, The degree of
 

Table 242-9 « PRECIPITANTS OF DIABETIC KETOACIDOSIS
AND/OR THE HYPEROSMOLAR HYPERGLYCEMIC STATE

THE THREE MOST COMMON PRECIPITANTS de
Infections (30-50%); pneumonia,urinary tract infections, sepsis,

gastroenteritis, etc. f,
Inadequate insulin treatment (20-40%); includes noncompliance,

insulin pump failure .

Myocardial ischemia/infaretion (3-6%):often clinically “silent”in
diabetic patients a

OTHER PRECIPITANTS
Cerebrovascularaccident : 7
Intracranial bleeding (e.g., subdural hematoma)
Acutepulmonary embolism nr

testina teric thrombosis.
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depressionofarterial pH depends largely on respiratory compensation.
In mildcases, the pH mayrange from7.25 Lo 7.30, while in severe cases
it can fall below7.00, In general, clinical severity of DKA depends more
on the magnitude ofacidosis than on hyperglycemia; asaresult, arte-
tial pH is widely used as a reference indicator of DKA severily.
Occasionally, a degree of superimposed metabolicalkalosis (e.g, caused
by vomiting or diuretic use) may obscure the true severily of ketoaci-
dosis. Anincreased anion gapout of proportiontothefall of bicarhonateshould suggest this possibility, Other [abattor abnormalities com-
monlyseen in DKA include a reduced measured serum sodiumlevel
(dueto hyperosmolarityandthe resulting osmotic shift of water into
the intravascular space), prerenal azotemia, and hyperamylasemia,
whichis usually of nonpancreatic origin andcanlead to an erroneous
diagnosis of pancreatitis. Normal, elevated, or reduced concentrations
of potassium, phosphate, and magnesium may exist when DKAis diap-
nosed; however, large deficits of these electrolytes invariably accom-
pany the osmotic diuresis and becomereadily apparent during the
course of treatment,

Special care should be taken when interpreting serum or urine
ketone results. Because quantitative measurements of B-hydroxybu-
lyrate and acetoacetate are not readily available, rapid diagnosis usually
requires qualitative assessmentof sertim ketones using serumdilu-
tions and reagent strips (Ketostix) or tablets (Acetest), which depend
ona nitroprusside reaction with acetoacetate. Acetone, however, reacts
weakly with nitroprusside and B-hydroxybutyrate reacts not at all: as
a result, qualitative testing for ketones can he misleadingly low.
Furthermore, because of the presence of intracellular acidosis, B-
hydroxybutyrate levels are often much higher than levels of ace-
toacetate, which may further concealthe true degree of ketoacidosis.
Conversely, after insulin therapybegins, the nitroprusside reaction
gives the “false” impression of sustained ketoacidosis for houts or

even days, for two reasons: (1) Payaavon is converted toacetoacetate, creating an illusion of rising ketone levels, and (2)
nonacidic acetoneis cleared slowly from the peripheralcirculation,

HYPEROSMOLAR HYPERGLYCEMIC STATE. The metabolic state formerly
known asthe hyperglycemic hyperosmolar nonketotic state/coma has
been renamedthe hyperosmolar hyperglycemicstate (HHS), to high-
light two importantpoints: (1) ketosis (and acidosis) may be present
to varying degrees in HHS, and (2) alterations in sensorium most

utsof ueamenttheprineS uray r volume,tocorrecttissue hypoperfusion and
restore insulinsensitivit ohDRiecan exist massive tobody deficits ofwater (5 to 10L), sodium (5 to10 ), and
other electrolytes (seela

  
 ter); losses are even moreee id in the

HHS. Although water loss usually exceedstheloss of sodium, itis
almost always preferable to beginfluid rep acement with isotonic
normal saline (0.9% NaCl solution) for efficient volume restora-
tion. Fluid replacementregimens vary, butit is commonto admin-
ister | Lofnormalsalinewithin the first hour,followed by continuous
infusion with either 0.45% NaClor 0.9% NaCl depending on the
corrected serum sodium and the patient's hemodynamic status.
Likewise, the rateofinfusion (commonly 250 to 500 mL/hour) should
be adjusted according to both biochemical responses andtheclin-
ical status of the patient(e.g, oliguria orunderlying cardiovascu-
lar disease). In pediatric patientswith DKA, isotonic solutions are
generally preferred, since they are less likely thanhypotonic solu-
Hons to accelerate watershifts into the intracellular space and con-
tributeto cerebral edema, Duringthecourseoftreatment,once blood
glucose falls to below 250or 300mg/dL, glucoseshould be added
{o intravenousfluids to avoid eventual hypoglycemia and to mini-
mize the risk of cerebral edema.

ma. In fact, only LO% of Hy,
' equal percentage shl “ama, and an equal percentage show,

hankcmare alateeh
Te (o320mO0sm/L) and hype rBlycemi,

emia occurs because palients can
with a vigorous Osmotic diureg.,
function Maen HieDre impairme ode remark atheresulting 17 P ihe kidney, leading 0 rei ord evesexcretion throug trast to DKA, severe ee alien hate © per.

Salsa stethe HHS; however, some ibte i fully suppresskartSaacenat insulin secretion May be una as ulatary Hormones one
Nc the face of elevated STISpatients have higher oraBos : iness. Because nada idduced by physical illness. n patients with DKA, ketoaci Pro.vein insulin concentrationsiyielding only mild acidosis, Ih
ductionby the eei of concurrent acid-base disturbances, arte.
the HHS, in the abse d serum bicarbonate levels tary]rial pHrarely drops below 7-30, an y
fall below 18 mEq/L. micstate, clinical severity and leyej,Inthe hyperosmolarpeawith the severity and duration oconsciousness generally correlate ratRypereaueianlt Clinical signs indicate Baieegde
trointestinal symptomsare less frequently seen than etic ketoacy,
dosis. A varietyofoften reversible neurologicaeneeES May exist,
including grand malor focal seizures, extensor p : f Beane
hemisensory or motor deficits, and/or feaPe
organic mental syndrome. The laboratory picture ae ae by theeffects of uncontrolled diabetes and dehydration; renal functionjg
impaired, hemoglobin is elevated, and liver function Tt results mabe abnormal because ofbaseline hepatic steatosis. Although severe
hyperglycemia wouldbe expected to lower measured serum sodium,
itis not uncommonto see “normal”or even “elevated” sodium levels
because of the severity of dehydration. Theserum osmolarityitself can
be measured directly or can be estimated using the followingformila,
which excludesurea, sinceit is freely diffusible throughoutthe body
and therefore haslittle influence on the osmotic pressure gradient:

. absence of CO
commonly accur In jhe abse
patients present a
signs whatsoever © Le
aye severe hyperosmolarity, i
(>600 mg/dL). Severe hyperB’y‘ ace

, ‘anid to keep Pdrink enough liqui sat in renal

Effective osmolarity (mOsm/L) = 2[measured serum Na* + K*
(mEq/L)] + [glucose (mg/dL)/18]

 
 
 

  

 
 
 

  

appropriately. In some
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Adult patient with DKAorHHS 
 
 
 
 
  

 
 

 
  
 

 

 
 Complete initial evaluation,including (but not limited to):

medical history and physical Urine torurinalysis and ketones  
  

 
 

 

Concurrently, begin empiric fluid
rasuscitation with 0.9% NaCl at

  

  
  

examination é Cultures asindicated (wound 1000 mL/hraunt with i
omplete<i c blood, urine,ete.) Consider volume expandersif hypovolemic
differentia anne Chest + Abdominal X-ray shock |s present
ingerstick blood g 12-lead electrocardiogram Continuefluld resuscitation until volume  

 
  

rum chemistries (“Chem-10"
plus serum ketones)  

 

status and cardiovascular parameters
(pulse, blood pressure) have beenrestored

 
 
 

 
 

IV Fluids

Based on corrected serum sodium"
If high/normal, use 0.45%NaC|
If low/normal, use 0.9% NaGl

Gontinue IV fluids at 250-1000 mU/hr, depending
on volume status, cardiovascularhistory, and
cardiovascular status (pulse, BP)

 
 
 

Insulin Therapy
Regularinsulin bolus, _‘If serum glucose falling too

0.15 U/kg rapidly, back off on insulin
IV infusion, 0.10 U/kg hr_infusion.
Check serum glucose _‘'f Serum glucoserising orfalling

hourly — should fall by 00 slowly,increase insulin
50-80 mg/dL/nr. infusion rate by 50-100%

 
  
  

  
 
 
 
 
 

 
 
 
 
 

 

 
Continuing Management:
Follow and replete serum electrolytes Begin clearliquid diet and advance as
{including divalent cations) q2—4h tolerated. Encourage resumption of
until stable ambulation andactivity

After resolution of hyperglycemic Review and update diabetes
state, follow blood glucose q4h and education,with special attention to
initiate sliding scale regular insulin prevention of further hyperglycemic
coverage. crises

Convert IV insulin to subcutaneous

injections (or resumption of prior
therapy), ensuring adequate
overlap if treating patients without
endogenous insulin secretion.

 

 
 
 
 
 
 
 

 
 
 

  

When Serum Glucose Reaches 250-300 mg/dL:
Add dextroseto IV fluids. Continue IV fluids at

150-250 mL/hr, and adjustinsulin infusion to
maintain serum glucose of 200-250 mg/dLuntil
metabolic control is achieved:

For DKA, continue until anion gap has closed and
acidosis has resolved

For HHS,continue until plasma osmolality drops
below 310 mOsm/kg

Begin more exhaustive search for
precipitant of metabolic
decompensation

 
 
 
 
 
 

 
 

  
  

  
 

  

 

 
 
 
 
 

 

 
 
 
 

  

 
 
  
  

 

 
 

 
  
  

 
  
  

  

Potassium (K+) Repletion Bicarbonate Therapy
Obtain baseline serum potassium Obtain ABG
Obtain 12-lead ECG Obtain baseline serum bicarbonate

I+] 25.5 mEq/L [K+] < 5.5 mEq/L and pH < 6.9 6.9<pH<7.0 pH 27.0
adequate urine output | || 88 mEq/L 44 mEq/L Assess need

Hold K+ therapy Add K+ to IV fluids (2 amps) (1 amp) for bicarbonate
(Use KCl and/or KPhos) NaHCO, NaHCO,

over 2 hr over 1 hr

Treat hyperkalemia if
ECG changes present _—[K+] = 4.5-5.4: add 20 mEq/L IVF

[K+] = 3.5-4.4: add 30 mEq/L IVF
Recheck [K+] in 2 hr [K*] < 3.5: add 40 mEq/L IVF Repeat ABGatter bicarbonate administration - 

 
  

Repeat NaHCO,therapyuntil pH > 7.0, then discontinuetherapy—Fi : f serum
et[K+] every 2-4 hours until stable: anticipate Sune Follow serum bicarbonate q4h uniil stable
IK*] during therapy, due to dilution and intracelular shifting .

re adequate urine output to avoid over-repletion and hyperkalemia
tinue K* repletion until serum [K+] Is stable at betweenamEq/L

"etractory hypokalemia, ensure concurrentmagnesium repletion =
Repletion may needtobe continued for several days,a8totalbodylosses mayfeach up 10500meg be pontine re ati pen aa Mist

 
 

*Sodium correction; Serum sodium should be corrected far hype! a.
For every 100 mg/dL of glucose elevation above 100 mg/dL, add 1.6 mEq/L
to the measured sodium value;this will yield the correction serum Sociuar:
concentration. o  

 

AOURE 249-19 Management ofdiabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS).
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A; Tt. wa ii a: ney oe ‘
pied (op wesumed), ada ndin ordershould be placed for theaeaealtaidingscale"ofcubeutaneous short-acting
insulin injections every 4 to 6 hours.The eventual dosageand fre-RetenchchauSeo agent therapy will depend on multi-

ple factors, including body habitus, comorbidity,insulin sensitivity,
and theeffectiveness ofprior therapeutic regimens. Fr.

Potassium replacement in DKA and the HHSis ofvital impor-
tance. Hypokalemia can result in muscle weakness, cramps, andnausea, oie both hyperkalemia and hypokalemia are associated
with cardiac arrhythmia, At the time of initial evaluation, patients
have a severe total-body potassium deficit (about3 to 7 mEq/kg),
yet measured serum potassium levels may be low, normal, or high,
especiallyif acidosis or renal failure is present. Once intravenous
fluids and insulin are started, serum potassium levels fall quickly
because of an insulin-mediated shift of potassium into the intra-
cellular space. In addition, fluid replacement causes extracellular
dilution of potassium, leading to improyed renal perfusion and
increased urinary potassium excretion, This rapid decline can be
countered bypotassium replacementbased onmeasuredserumlevels.
A low potassiumlevel (<3.5 mEq/kg)requires prompt treatmentwith
upto40 mEq/hr, whereas “normal” serumlevels (3.5 to 5.5 mEq/kg)
call forless aggressive repletion (10 to 30 mEq/hr), assuming ade-
quate urine output. In patients who may havelost potassium for
additional reasons, such as diuretic use or gastrointestinal loss, one
should anticipate the need for greater potassium supplementation.
Serial electrocardiograms are valuable, because they provide a more
direct assessmentof intracellular potassium;flat-to-inverted T waves
and U waves suggest a low potassium level, while peaked T waves
and QRS prolongation may indicate hyperkalemia. The intracellu-
lar potassium deficit in renal tubularcells further promotes potas-
sium loss through the kidneys; this abnormality may take several
days to correct. As a result, excess urinary potassium losses may
continue for days to weeks and maycall for prolonged oral sup-
plementation to maintain normokalemia,

In the majority ofpatients with mild-to-moderate DKA (and the
HHS), ketoacids clear spontaneously with standard therapeutic meas-
ures, andartificial correction with alkali (bicarbonate) is unneces-
sary. Suppression oflipolysis by insulin reduces free fatty acid flux
to the liver and blocks ketogenesis. The Temaining ketoacids are
then cleared or oxidized, with subsequent regeneration ofbicar-
bonate andrestoration ofpH.In cases ofsevere acidosis (pH < 7.0),
however, bicarbonate administration maybe indicated; the hyper-
ventilatory drive ofsevere acidosis is uncomfortable, and severe aci-
dosis also contributes to negative cardiac inotropy and peripheral
vasodilation, Bicarbonate therapy should be used with caution
becauseit can further provoke hypokalemia, which in turn can pre-
cipitate cardiac arrhythmias. In addition, by causing a suddenleft
shift of the dissociation curve for oxyhemoglobin, bicarbonate may
impair oxygen delivery to the tissues. If alkaline therapyis given,
small amounts should be administered, and slowly:44 mEq (1 amp)

HYPOGLYCEMIA)

Hypoglycemia is the most frequent complication resulting from
insulin therapy for type 1 diabetes: nearly all patients are sympto-
matically affected at least once peryear, anda significant percentage
have severe hypoglycemia Tequiring medical assistance. Recent
studies using continuousglucose monitoring of type 1 diabetic patients
have shown alarmingly high rates ofhypoglycemia,especially at night,
whensleeping patients are unaware of its existence, Clinically, symp-
toms of low blood sugarresult from changes in autonomic activity
and brain function, Autonomic symptoms, including sweating,
'remor, and palpitations,are often the earliest subjective warningsignsof hypoglycemia, Central nervous system symptoms and signs ofpaces deficiency, termed neuroglycopenia, may be nonspecific
€.g., fatigue or weakness) or more clearly neurologic (e.g, doublevision. oral paresthesias, slurring of speech, apraxia, or behavioralisturbances). Hypoglycemiaaffects type 2 patients as well: most cases
rapuri “eatmentwith insulin or insulin secretagogues, espe-
7 cia 1,8.)actingsulfonylureas. Because of the long-acting nature
ahicn fie ee low blood sugarlevels can recur up to 48 hours
required’ #Wal, and a more extended course of therapy is often

IL is well known that
leek Prolonged, severe hypoglycemia can cause‘sible brain damage. Whatis less clear, however, is whether

EndocrineDiseases

ort kalefor MpH OF62107.05afNaliCO3overLheuoPESo vels) shoul
hours fora po dserumpotassitimtion, arteriapeodalkaline erapy sh
Ee oer ae a teed ee age 3 to 7 mmol5H rises above 7.0. osses averag' 4 VkeinesofDEAPhagaeswhereas magnesium O6S' Treater for the | d extracellul,
eeeheaaSodicerantolét states,£9 aurittd therapy. Complications ,
elevated and may drop rally ycuratserum levels below1.0 mg/d
hypophosphatemia genera y  keletal muscle weakness, impaired
and include respiratory and s nd hemolytic anemia. me tecardiac systolic performance, < depressed concentrationsof2.3.depletion mayalso cookieing the oxygen dissociation curve
diphosphoglycerate, thus Sun delivery. Although prophylact
the left and limiting Usshe aio no clinical benefit in trials, pho
phosphate replacementhas shown atients with serum phosphay
eae eepaeats with evidence ofcardiac orow 1.0m i 1 effec.reieateegeetacBreae sapere or hemolytic anemia. An effec.

ns of replacing phosp By : FATautess (discussed earlier) as pobesiipheaaes }
20 to 30 cataSipeeeSee cana binding!and given over $ = ;Paestetany may complicate phosphateaeee 7!
nesium supplementsarealso provided;for souieaedpene :phosphate, andaelevels should be monitored period allying phosphate infusion.

Satecommon complications of therapy for hyperglycemic
states are hypoglycemia, hypokalemia, hypophosphatemia, and. ct
overload; precautions to avoid these complications have alreadybeen
described. Two other rare butpotentially fatal complicationsdeserve
special mention, Cerebral edema, which occurs primarily in pedi-
atric patients,is associated with overaggressive correction ofhyper-
Papaawith hypotonicfluid replacement;it islikely the result
of osmotically driven movementof water into the central nervous
system when plasma osmolarity declines too rapidly. Clinically, cere-
bral edema is characterized by lethargy and headache, wi pro-
gressive decline in mental status and neu rologic deterioration. The
acute respiratory distress syndromeis also attributed to Tapid reduc-
tions in colloid osmotic pressure, causing increased lung water
content, decreased lungcompliance, and noncardiogenic pulmonaryedema. Clinically, patients with this condition present with Tespi-ratory distress, hypoxemia with an elevated A-a gradient, andbilat-
eral pulmonary Congestion on the chest radio ph in practice, a
aRch lor either cerebral edema oracute resplustoryaeoeaered tetan’; Promptdiagnosis; all such patients should he nce.ferred to an intenSIVe Care unit i : amanagement, for immediate and aggressive

 
 
 
 
 

 

 

accountfor 3 tg 4% 6 deaths inraul, hypoglycemia is thoughtf :
Hypoglycemia al 1 insulin. eae -level, itcan induces lates ing social farrier: Clabes paue
routine activities (¢.g. drigan preclude comfortable5 sth inratesaftedbanea

al standpoj opti :contra] preventsSowingareaDPanu control. ae
aggressive treatment re.) ©°Mplications of di:ne Gan oayes oredenceofclinical Simens, inevitab| betes has led to Noestudy ofthe physiolg 8ycemia, This,in eee ina gear' ecessitate jin diabeti Pe eae

In nondlabetien aahPrevention of hypoglye
Hered metaho|j 1 0

levels. The braieapotseintendedcejoncaae AapieOre ormal bloo aly[| more than a few minutes’ supp!
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in the short term, its function is exclusively dependent ona
ene)" apply ofglucose for fuel. To hehe central nervous systemcon® - spontaneousTe coveryfromhypoglycemia involves both the
functor of endogenous glucose production andredtced peripheral
activa” lization. Three fundamental mechanisms are responsible

F rocess: (1) the dissipation of endogenousinsulin, (23 conifer
iat s hormone pele! and G) the subjective awareness of hypo-

eenia, resulting in hunger and subsequent carbohydrate ingestion.ty | hormonal changes are triggered whenplasmaglucose approaches
nypoglyeemic Tange (65 a 7Omp/dL), A rise in glucose produc-

the auributable mainly to stimulation of hepatic glycogenolysis, is
tedbythe release of glucagon from pancreatic a-cells in con-

ction with falling levels of endogenous insulin, Catecholamines
Neo released, which produce “alarm” symptomsfor hypoglycemia
are hunger, tremor, palpitations) and further promote the synthe-
‘i atglucose, via stimulationof hepatic glycogenolysis, mobilization

=Fgubstrates for gluconeogenesis, and further suppression ofinsulin
mrouction. When hypoglycemia is sustained, additional counter-
regulatory hormones such as growth hormone and corticosteroids
are released; througha variety of complimentary mechanisms, these
hormones also help to promote continued glucose availability.
peduced peripheral glucose uptake results fromaninterplay of factors,
including lowcirculating insulin levels, epinephrine’s inhibitory effect
on insulin-stimulated glucose uptake, elevatedfree fatty acid levels,
and hypoglycemia per se. For a more in-depth discussion of meta-
halic responses to hypoglycemia, Chapter 243.

Type | diabetic patients are more proneto hypoglycemia forseveral
ceasons. First of all, injected insulin enters the circulation from a
nonphysiologic source (e.g., a subcutaneous depot) and is therefore
unaflected by counter-regulatory responses to falling glucose levels.
In addition, type 1 patients lose their glucagon response to hypo-
glycemia,for unclear reasons; this appears to be a stimulus-specific
phenomenon, since their glucagon response to other stimuli may
be sepiaeeBealeos nsTost type 1atients2to5years after diagnosis (usually at about the same time
Oe they becomeseverely insu in-deficient), alterwhich time counter-
regulation relies heavily on epinephrinerelease. Unfortunately, one-
half of type 1 patients also undergoa stimulus-specific diminution in
theit epinephrine responseto hypoglycemia,furtherpredisposing them
to severe hypoglycemia.Finally, the ability of type 1 diabetics to rec-
ognize hypoglycemia andtake corrective action mayalso be impaired.
in somecases,the irritability and confusion that occur during hypo-
glycemia may prevent the patient's awarenessofits cause. In others,
patients may lose the autonomic warning symptoms of hypoglycemia
and may recognize (or fail to recognize) the condition only whensomatic rpindtoic function becomes impaired. This so-called “hypo-
glycemic unawareness" syndromehas beenassociated with anumber
of factors, including a history of severe hypoglycemia,long duration
of diabetes, and autonomic neuropathy.

Hypoglycemia unawareness commonly occurs when patients are
switched to intensive insulin regimens. The introduction of intensi-
ed treatment regimens can lower the glucose threshold thattriggers

epinephrine release and adrenergic symptoms, which at least partly
explains the increased frequency of severe hypoglycemia reported in
the DCCT. The mechanism underlying the changesis an incteased
incidenceofiatrogenic hypoglycemia during intensified insulin therapy.
Ithas been shownthat evenbriefperiodsofantecedent hypoglycemia
‘an suppress counter-regulatory responses during subsequent hypo-
yeaa episodes; this effect persists for several days or weeks. Onsve rightside, defective glucose counter-regulation inducedby inten-
etelin regimens appears to be reversible,via scrupulous ayoid-inde. PYPoglycemia and readjustment of treatment goals; this
ing SaCOnES the need to prevent iatrogenic hypoglycemia by imptov-tn pens self-management skills. Continuous glucose monitor-
he Y allowing more precise adj ustments in the insulin Tegimen, can
legen to improve hypoglycemia unawareness and the dimin-

rounter-regulatory response.

PHTHOGENESIS OF CHRONIG DIABETIC COMPLICATIONS
int Patho thie compli-Cali ogenesis of the microvascular and neuropathic comprishi Dees is complex and poorly iaerainy ‘Twowell-

vances” techanisms proposed for glucose-inducedce {injury arePathway Blycosylation end-products (AGEs) andana lyol
Potengithconsequent protein kinase Cactivation. Thesean er

“ontributors are briefly discussed,

bh
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Proteins are readily glycosylated in vivo in direct proportion to
prevailing levels of glucose. This nonenzymatic glycosylation is non~
specific, involvinga wide range ofproteins, including hemoglobin,col-
lagen, laminin, low-density lipoproteins, and peripheral nerve
proteins (tubulin), The consequent AGEs accumulate in a variety of
tissues (including the kidneys and blood vessels) and are thought to
contribute to cell injury through a variety of mechanisms, includin
stimulation of cytokines, complement activation, and upregulation o
growthfactor synthesis. AGEsalso stimulate oxidative reactions, and
their cross-linking capabilities render them resistant to natural degra-
dation. In experimental diabetic animals, inhibition of AGE formation
reducestissue deposition of these end products andinhibits both the
expansion of glomerular volume and urinary protein excretion.

In the polyol pathway, increased activity of intracellular aldose
reductase leads to an accumulation of sorbitol and fructose, result-
ing in osmotic cell injury, decreased glutathione antioxidantactivit
(via decreased NAD+), and the enhanced formation of diacylglycerol.
Diacylglycerol formation can in turn activate specific isoforms of
protein kinase C, which stimulate transforming growth factor-f release
and play an important role in cell proliferation and vascular perme-
ability, Beneficial effects of both aldose reductase inhibitors and spe-
cific protein kinase C inhibitors have been consistently demonstrated
in animal models of diabetes. To date, their value in human subjects
is uncertain.

Other potential mechanisms through which glucose could impair
cell function include (but are notlimited to) (1) formation of reac-
tive oxygen species (hydrogen peroxide, superoxide), (2) activationof cytokines tangintensty I, endothelin), (3) growth factor stimula-
tion (transforming growthfactor-B, vascular endothelial growth factor),
and (4) depletion of basement membrane cmvInterventions directed at each of these mechanismsare currently under
investigation,

Hemodynamic changesin the microcirculation may also contribute
to microangiopathy. In the diabetic kidney, GFR is increased out of
proportion to renal plasma flow, owing to an elevation in the trans-
glomerular pressure gradient. It is assumed that raised glomerular
pressures promote the passageofproteins and AGEs;with time, their
accumulation in the mesangium could trigger the proliferation of
mesangial cells and matrix production,eventually leading to glomeru-
losclerosis. Compensatory hyperfiltration would develop in less
affected glomeruli, but even these would ultimately succumb because
of progressive glomerular damage. Clinical studies supportthis view.Unilateral renal artery stenosis diminishes diabetic athblogic lesions
in the affected kidney, and angiotensin converting enzyme (ACE)
inhibitors (which reducetransglomerularpressure) are known to slow
the progression of diabetic nephropathy. The diabetes-associated
increase in microcirculatory hydrostatic pressure mayalso contributeto generalized capillary fedlcage of macromolecules in diabetic
patients.

These theories would predict the benefits of optimal glycemic
control reported by the DCCTin patients with mild or no complica-
tions. Whether similar benefits can be expected once severe damage
has occurted is less clear. Extensive glycosylation of proteins with
slow turnoverrates would notbereadily affected by correction of
hyperglycemia. Moreover, the hemodynamictheory for nephropathy
predicts that once glomerular injury causes compensatory hyperfil-
tration, progressive injury may continue in the remaining glomeruli,
regardlessof the prevailing metabolic state.

yyTeenemsULak

Diabetic retinopathy refers to progressive pathologic alterations
in the retinal microvasculature,leading to areas ofretinal nonperfu-
sjon, increased vascular permeability, and the pathologic prolifera-
tion of retinal vessels. In the United States, diabetes is the leading
cause of blindness in persons aged 20 to 74 years. Retinopathy in
patients with poorly controlled type | diabetes occurs tn about 25%
of patients5 years alter diagnosis, in 60% at 10 years, and in more
than 95%at 15 years, Blindness ogcurs 25 times more frequently in
diabetic patients than in control subjects and is seen most often alter

sease has been presentfor at |
dvancedretinopathy, Approximately 10 to 15% of type 1 diabetic

tients willbecomelegally blind (visual acuity of 20/200 or worse
}. In type 2 diubetes, though the incidence of blind-higherdiseaseprevalence results inatvevenlarger number

of patients alfected with severe visual loss,

east 15 years, in the setting of

‘sasnasi(]SuLOpUT
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Theearliest pathologic changes associated with retinopathyare

termed mild nonproliferative diabetic retinopathy (mild NPDR). In type
1 patients, these changes generally begin 3 to 5 years afterdiagnosis.
The first signs of mild NPDR are microaneurysms, which arise most
often in areas of capillary occlusion, Subsequently, increasing vascu-
lar permeability leadsto retinal blot hemorrhages (round, with blurred
edges) and “hard” exudates (sharply defined and yellow). Infarctions
of the nerve fiber layer, known as “soft” exudates or “cotton-wool
spots,” appear as white or gray, rounded swellings. At this early stage
of retinopathy, visual acuity is generally unaffected, and the risk of
progression to high-risk proliferative diabetic retinopathy (PDR)(see
later) is about 15% at 5 years. Moderate NPDRis characterized by
intraretinal microvascular abnormalities, including venous caliber
changes, beading, and increased capillary dilatation and permeabil-
ity, Later changes, termed severe or very severe NPDR,include pro-
gressiveretinal capillary loss and ischemia, with further development
of extensive hemorrhages, exudates, and microaneurysms. At 5 years,
moderate and severe NPDRare associated with a 30% and 60% risk
of progression to high-risk PDR,respectively.

Proliferative diabetic retinopathy involves neovascularization, the
growth offine tufts of new blood vessels and fibroustissue from the
innerretinal surface or the optic head. Early proliferative changes are
confined to the retina, but later invasion of the vitreous body con-
stitutes high-risk PDR; duringthis endstage,fibrosis and contracture
of the neovasculatureresults in retinal detachment and hemorrhage,
the most important determinants of blindness, Occasionally, new
vessels can invade theiris and anterior chamber, leading to sight-
threatening closed-angle glaucoma.

Clinically significant macular edema (CSME) results from
vascularleakageat the macula and can occureither with or without
the stages of retinopathy described earlier. CSME is suggested by
hard macular exudates on fundoscopic examination and can be
confirmed withslit lamp biomicroscopy. In general, maculopathy is
More common in type 2 patients, in whom it is an important con-
tributor to the loss of visual acuity, As will be discussed, the treat-
ment ofCSME runsparallel to the treatmentof other forms of diabetic
retinopathy,

Treatment

Atpresent, medical managementofdiabetic retinopathy is aimed
at controlling risk factors for progression. The value of tight
glycemic control was proven by the DCCT, whose primary pre-
vention arm demonstrated an impressive 76% risk reduction for
the onsetof retinopathy with intensive therapy, In the secondary —
prevention arm,patients with early NPDR undergoing intensive
therapy demonstrated a 47% risk reduction in the development
of severe NPDR or PDR, a 51% risk reduction in the need for laser
treatment,and a 26% risk reductionin the development of CSME,
Othertargets for medical management,all associated with accel-
erated retinal damage, include (1) hypertension, (2) hyperlipi-
demia, (3) treatmentof nephropathy, and (4) careful follow-up
during pregnancy, where accelerated retinal pathology has been
linked to preexisting diabetes (but notgestational disease).

Surgical managementof retinopathyisaimed at slowingdisease
progression,as baselinevisualacuityis difficult to recover. In the

 

 

Table 242-10 »GUIDELINES
OF DIABETIC RETINOPATHY

STAGE OFRETINOPATHY

 FOR TREATMENT AND FOLLOW-UP

PANRETINAL PC

ective clinical trials such as the Dj
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the contralateral eye. ni ive for physicians: ’ ke it imperative phys + toThese considerations a patients atrisk for retinopathyand‘ ify diabeti : :prospectively identify : ing house officers, internists, andlists, including ous : nFtarpcasiMe to have difficulty diagnosingthe stages

thy: studies show that such physicians arrive at the
mecaanus in fewer than halfof cases. cca) ; Patients
shouldbe referred to an experienced ophthalmologist for a com-
plete examination,to include a dilated fundoscopic examination,
tonometry, and slit lamp biomicroscopy. The most recent ADA
position statement recommends initial eye examination within 3
to 5 years ofdiagnosis oftype1 diabetes, andat the time of diag-
nosis in type 2 patients. Two special circumstances deserve a foot.
note here: (1) since children rarely develop retinopathy before
puberty, early-onsettype 1 patients generallydo notrequire screen-
ing before 10 years of age, and (2) the acceleration of retinopathy
during pregnancy demandsthatall patients with preexisting dia-
betes be examined during the first trimester. Follow-upofall
patients should occurat least on a yearly basis, with the possible
exception ofretinopathy-free type 2 diabetics. Even in thelatter
cases, the ADA does recommendyearly examinations to avoidlost
teeae and to identify patients with more aggressive ocularISEASE.

ee

Sey

(Chapter 118) isa Major cause of morbidi; ty and mortality, particu-ayeewith type 1 diabetes, affecting 30 to 35% af patiensin Eo ms States, Although nephropathyis aboutonehalfas fre-
qu ; i!ype 2 diabetics (partially due toa shortenedlife expectancy),ana meee ty makes up the vast majority of diabetic patients
ESRD in theUnitedSiro, Overall, diabetes is the leading cause of
cases, ales, accounting for more than one third of

Historyofdisbar, clearin patients with type 2 diabetes, but the natural
(Fig. 242-11). Thepericptty iftype 1 diabetes iswell described
characterized by glomen tat unediately following diagnosisis bestis renal hypertro War hyperfiltration, During this time, thereyp Phy, increase Tenal blood flow, inevena glomeru-
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42-11 * The natural history
petic nephropathyintype | Renal hypertrophy
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\ ine in GFR). Fortunately, early microvasculature
arventiON with glycemic control,
angiotensin converting enzyme Increased GFRa

“ hibitions, and antihypertensive
hep can slowthe progression of
eae CR= creatinine; GBM =
jomerular basement membrane,

GER = glomerular filtration rate;
Gs= glomerulosclerosis.

Normal serum CA

Normealbuminuria
Normotensive

iar volume, and an increased transglomerular pressure gradient,all
contributing to a rise in GFR. Importantly, these changes dependat
least in part on hyperglycemia, as they are diminished by intensive
diabetes treatment. Three to 5 years after diagnosis, early glomeru-
lar lesions appear, characterized by thickening of glomerularbase-
ment membranes, mesangial matrix expansion, and arteriolosclerosis.
Albumin excretion remains low during early glomerular changes:
however, as pathologic changes mount, the glomeruli losetheir func-
tional integrity, resulting in glomerularfiltration defects and increased
glomerular permeability, Although results of routine tests of renal
function (creatinine and urinalysis) still remain normal, microalbu-
minutia (30 to 300 mg/day) appears. Systemic hypertensionis also
presentat this time in more than 50% ofcases.

After several years, mostdiabetic patients exhibitdiffuse glomeru-
losclerosis, although a minority have pathognomonic Kimmelsteil-
Wilson nodular lesions. Although pathologic changes continue to
mount throughout the disease, glomerulosclerosis extensive enough
to cause ESRD developsin a minority of patients; in these cases, overt
albuminuria (>300 mg/day) begins approximately 15 years after diag-
nosis. Soon after, following a variable period on the order of 3 to 5
years, the GFR begins a relentless decline (210 mL/min/year), which

 Treatment

Treatment of nephropathy has become an important focusof
Tecent research and depends heavily on stage of disease, Early in
the course ofdiabetes (before the onset ofmicroalbuminuria), strict
glycemic controlis of the utmost importance. The DCCT demon-
strated that intensive therapy reduced microalbuminuria by 39%
and overtalbuminuria by 54% in type 1 diabetic patients. A similar
tesult was demonstrated in the UKPDS of type 2 diabetic patients,
inwhich a less dramatic improvementin glycemic control reduced
microalbuminuria and overt albuminuria by 24% and 33%, respec-
lively. In normotensive type 2 diabetic patients, treatment with
ACEinhibitors retards microalbumin production, and blood pres-
sure lowering appears to be responsible for onlypartofthis effect.
Randomized trials using ACEinhibitors and angiotensin Il recep-
lor blockers have consistently shown a delay in theprogressionof

th proteinuria and declining GFR,M2 and these classes of drugs
ve become the first choice for lowering blood pressure to
20mm Hg or lowerin diabetic patients (Chapter 63). ftortéOnce clinical nephropathy becomes evident, aggressive elorts

+tstrict glycemic control have nal value in slowingthe
Progression of nephropathy. As described earlier, efforts aimed at
teducing hypertension and glomerular pressure become the pn1. therapy. Dietary protein restriction (i,¢., 0.8 g/kg of body
wlgh) may add limited benefit, and aggressive lipid mannaeaert
cat!in preventing both renal and extrarenal vascular coneibrow’, AS ESRD approaches, long-term treatment plans eh :
<4 much as they would in nondiabetic uremic Ptah

batiee should be initiated sooner. It is ye knowa that oe €Ms have a poorer tolerance for uremia than their nondia eu    
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is eventually reflected by an increase in serum creatinine. The appear-
ance of massive proteinuria and the nephrotic syndromeis common
in this contextand often heralds progression to ESRD. Once the serum
creatinine rises (reflecting an approximately 50% decline in GFR),
ESRD develops in most patients within 10 years. This courseishighly
variable, however, particularly in type 2 diabetics, who may exhibit
moderate proteinuria for several years without a substantial deterio-
tation of renal function. A simple but useful method of monitoring
progression to renal failure is to plot the reciprocal of the serum
creatinine as a function of time. This technique allows better assess-
mentofboth therapeutic interventions and the time when renalreplace-
ment therapy will become necessary,

There are several knownrisk factors for the developmentofdia-
betic nephropathy, including duration of disease, elevated glycohe-
moglobin levels, and the presence of concurrent hypertension,
hyperlipidemia, and tobaccouse. Race is known to play a majorrole
as well, as demonstrated by a higher prevalence of nephropathy in
African American, Hispanic, and Native American patients. There is
also a high concordancerate in families, with studies in both type 1
and type 2 diabetic families revealing a three- to four-fold increase in
the prevalence of nephropathy with affected siblings.

  

counterparts; proteinwasting isaccelerated,hypertensionbecomesmore difficult to control, and there is acceleration of generalized —
atherosclerosis with extensive cardiovascular morbidity. Current
options for ESRD patients include hemodialysis, peritonealdialy-
sis, kidney transplantation, and a combined kidney-pancreas trans-
plantation, Decisions among these options are complex (and
beyondthe scope ofthis cHPtee) and must be made on anindvidual basis. Finally, it should be noted that mortality associated
with both dialysis and organ transplantation ishigher in diabetic
than nondiabetic patients, usually becauseofcardiovascular comor-
bidity and Bete rapid developmentofcomplications suchasvascular insufficiency, Thiet

It should bebriefly noted here that glomerular ne »hropathyisnot the only entity that commonlyaffects theSatnasystem
in diabetic patients. Asymptomatic bacteriuria and Wwelonesnritearetwice as commonin diabetic women, owing to several [actors,
including autonomic bladder dysfunction, impaired perfu-
sion, andeee Papillary necrosis is associated with diabetesin more than onehalf of cases, and renal artery stenosis is more

mmion as well. Hyperkalemia is another frequent complication
of diabetes, due to a variety offactors tnchiding insulin deficiency,metabolic acidosis, reduced GFR,use of ACE inhibitors, and the

dromeofhyporeninemic hypoaldosteronism commonly seen in
elderly patients with impaired renal function. Finally, diabetic patients
are at notable risk for azotemic complications following the injec-
tion of contrastdye for radiologic studies. For this reason, a .
sive pre- and post-radiology hydration with intravenous (ul
critical in these cases, 
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DIABETIC NEUROPATHY

Symptomatic, potentially disabling neuropathyaffects nearly 50%of
diabetic patients. ILis usually symmetric butcan be focal and frequently
involves the autonomicnervoussystemas well, The prevalence ofsym-
metric neuropathy is similarin type 1 and type 2 diabetes, whereaslocal
syndromes are mare commonin older, type 2 patients. Diabetesis the
most common cause of neuropathy in developed nations of the world
and isthe leading cause ofnonhealingskin ulcersandlimbamputation.

The term diabetic neuropathy describes a wide varietyof clinical
syndromes, representing a complex interplay of pathogenic factors.

ies may be mediated by Metabg
cute amiting neuropathiesmostike,

hereas the more @ rowth factor isdim nis ehery
cause. Nerve & erhaps limiting regenerative capaci,
th neuropathy; P also be involved: in affected c
mechanisms indies may show SONg infiltrtionae -fixing antibodiesto 'lement

and their sera ae containremultifactorial nature of diabetic ney,
thetic ganglia. Beca ed largely on clinj«an echemes are bas cal
ropathy, current classificario®*includes focal, diffuse, and autonomy,|
presentation, curr nttaxonomy!

neuropathies:

insidi ro
Chronic, more insidious Ne P
factors, W)
havea vascula
of patients wi
Autoimmune
diabetics, autonomic ne

Clinical Manifestations
]i more commonina number of other diseases, eeycemia.ThenPatients with focal diabetic neuropathies (mononeuropathies)

typically present with pain, although motor losses and abnormal
deep tendon reflexes can be present. They usually begin suddenly,
suggesting a vascular cause. Although any cranial or peripheral nerve
can be involved, the most commonsites include the oculomotor,
median, radial, and lateral popliteal nerves. Painful radiculopathy
may also occur in the distribution of one or more spinal roots and
can easily be confused clinically with internal organ diseaseor post-
herpetic neuralgia. Because ofthe self-limited nature of focal neu-
ropathy, treatmentis generally aimed at pain control, with physical
therapy as needed to maintain function ofaffected muscle groups.
Focal neuropathies are generally self-limited, with an average dura-
tion of 6 to 8 weeks; chronicity can occur but is less common.
Entrapment syndromes are more commonin diabetic patients and

may be distinguished by their more gradual onset, slow progres-sion, and persistence with time. Entrapmentsites include the median
(carpal tunnel syndrome), ulnar, and radial nerves: lower extrem-
ity nerves suchas the lateral popliteal, peroneal, and plantar nerves
can also be involved. Conservative treatment of entrapment syn-
dromes involves splinting and the use of anti-inflammatory med-
ication, Surgical correction can be curative.

Distal symmetric (sensorimotor) polyneuropathy is the most
common neurologic syndromeseen in diabetes. This process involves
all somatic nerves but has a strong predilection for distal sensori-
motornerves of the feet and hands. Sensory fibers are generally pref-
erentially affected: disease affects both small, unmyelinated C fibers
(transmitting pain and temperature) andlarger, myelinated A8/AB
fibers, which carry touch,vibration, and proprioception, Early on,
most patients with distal neuropathy are asymptomatic, with subtle
abnormalities on examination,includingtheloss of vibration sense,
light touch, two-pointdiscrimination, and thermalsensitivity. Once
symptomatic, patients typically reportnumbnessandtingling of the
distal extremities, often in the classic "stocking-glove”distribution.
Pain is also commonand can be C-fiber pain (burning, dysesthe-
sia, and allodynia) or the large-fiber variety, usually described as
“gnawing” orlike a toothache, Severe, spontaneous, short-lived lan-
cinating pains mayalso occur. Left unchecked,all types of pain may
gradually gain in intensity, with a tendency to worsenat night, and
there maybeprogressive loss of sensorimotorfunction as well, Later
stages ofdisease can involve severe sensory loss, small muscle wasting
of the hands andfeet, sensory ataxia, and neuropathic arthropathy
(Charcot joints). Foot ulceration can occur anywherein the course
of disease but is more commonin advanced Slages, Treatment, as
will be discussed,is generally aimed at pain contral and the slowing
of symptom progression. Acute sensory neuropathy, a rapid-onset
variant of symmetric polyneuropathy, usually occurs in the setting
ofaltered metabolic control (e,g., DKA)or duringinitiation ofinsulin
therapy(“insulin neuritis"). In this condition, C-fiber symptoms
prsicnlite. Acute sensoryPe carries a better prognosisM its chronic counterpart, with ma a hi -plete resolution. e RE ROEEEco

Proximal motorneuropathy (diabetic amyotrophy), although clas-sified asa polyneuropathy, isa uni peconelt ibaaesrierdpecial
mention. This syndrome primarily affects elderly type 2 patients
and is more commonin men,It classically begins with pain in the
thighs, hips, and buttocks,followed by weakness and atrophy ofne neta pelvic muscle groups. Iiopsoas,obturator, and tiiuen
eae of the pelvis are preferentially affected, with relative
ee al om of the hamstri sand gluteal muscles. In advanced
(Gowers a's exhibit the inability to rise from a seated position

maneuver), Proximal motor neuropathy can be

secondary to hbetic patients but notdirectlyrelated! PiyneUtro athy, monoi tory demyelinatingpo 1
Seyaaavacuity all of whichaan anrie{outbelonghn
the diagnosis of diabeticSLoaCaeS sol “has a good prognosis, cases sponta.
yiin12 & 24 months. Therapy is Paoe

Symptomatic autonomic diabeticneuropat es te pinosis. Autonomic neuropathy typically accompanies other chroni 4
eetole apo |*complications of diabetes and may play a r

absteeed regulation of local bloodflow. TheeaeHef: |nomic neuropathy are protean. Common syndromes are discussed
d by organ system. i eehere, anil:88 etiannscame abnormalities seen withauto.

nomic neuropathy include resting tachycardia, diminishedheartate
variability, and prolonged QTc. Diabetic patients often have defec: |
tive heart rate and bloodpressure responsesto exercise, and their
lack of autonomic regulation places them at high risk forsilent
myocardial ischemia, congestive heart failure, and sudden
death, Unfortunately, no specific treatments are available for th
conditions. Recent efforts to identify patientsatrisk forcardiac com-
plications allow only for closer follow-up and appropriate treatment |
of coexisting cardiovascularrisk factors. /

VASCULAR. Postural hypotensionis likely caused by an impaired
sympathetic vasoconstrictor response and impaired cardiacreflexes, _
Non-neurogenic causes of orthostasis, such as volume depletion,
impaired cardiac function, and infectious causes should be ruled |
out before the diagnosis is made.Tilt table testing can be useful to
confirm the diagnosis. Nonpharmacologic measures, such asa raised-
head position at night, reduction of rapid positional changes, and
supportiveelastic garments can be useful in mild cases, Disabling.
ladenfte Pazeaologi intervention; seineaeralocorticoi -Ol= : Wear

(midodrine).and B-blockerswithMsgsSaneee
ity (pindolol). Clonidine, ergotamine-caffeine combinations, yobine, octreotide, and desmo i selectecases, Olten, theside effects Satie Benea i
exercise caution before prescrib: 1se; one Ml

QASTROINTESTINAL |

seen in patients withSaCceaBiconclinical syndrome, Diarrhea j anotherRenn eae ‘4
be caused by a variet 's another frequent complaintand 4. y of co 2(maledsympudevenainnsoyeludinghyper a |
Growlhnancreatc insufficiency ancile eleeeeey = “pe. - <

iioptdonnyTants ch I eh * Tealic ane
larly disabling condition, Shenae Gastroparesis is a p
nausea, and Vomiting. Treatment oFongwith bloal 63
ergic agonistwith gastricchor metoclo
autye Sigs effect may diminignEe moti verconsidered, lin receptor
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nts can potentiate postural hypotension, already preva-i sepeti patients. Advancedcases of bladderseeson
jentif intermittent catheterization or the placement ofan indwellinrequire Frectile dysfunction is commonly seen in male diabente

he. Injections of locally acting vasomotor agents, such as
paterail and papaverine, have been used with moderate success
al i the risk of priapism, infection, and local fibrosis with
pul Ned USE. Sildenafil, a selective inhibitor of phosphodiesterase
rep s, inhibits local breakdown of cyclic guanosine monophos-
neahich in the presence ofnitric oxide leads to selective engorge-
P mt af the corpus callosum. Sildenafil has demonstrated efficacy

e context of diabetes, but caution should be used in patients
wat guspected coronary disease, and the drugis contraindicated in
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Seetae with piseata therapy. ni See cases, referral tourologist for a penile prosthetic implant should beconsiderecSUDOMOTOR HYSFUNGTION. Abrasion! roduction in diabeti i
patients can result in xerosis and cracking of the skin,further pr
disposing these patients to cutaneous infections. Distal anhydrosis :
with compensatory truncal-facialsweating may occur,whereas
eralized anhydrosis can produce heat intolerance and incre:risk of hyperthermia atidheat stroke. An impaired sweat response -
can also further impair the diabetic patient's ability to recognize
hypoglycemia. Current therapy for sudomotor dysfunction is_
limited to behavioral modification (.e., heatavoidance), topical mois-
turizers, and intensive skin care. Local sympathectomyfor ;
hydrosis should be considered only in severe, refractorycases.

a

eeee

piagnosis
Diagnosing diabetic neuropathy can be a difficult task. It begins

with a careful history and detailed neurologic examination, includ-
ing detailed sensory testing (Semmes-Weinstein monofilament, two-

‘nt discrimination, 128 cps tuning fork, thermal discrimination),
motor/gait examination, and documentation of deep tendonreflexes.
Flectrophysiologic studies, such as nerve conduction velocity studies
andelectromyography, are ofuse in firming upthediagnosis,although
irshould be noted that unmyelinated C-fiber neuropathy is unde-
rectable with these methods, Nerve biopsy can occasionally be helpful
io rule out other causes of neuropathy but is generally not recom-
mended for diagnosis.If diffuse neuropathic symptomsare predom-
inantly sensory innature, work-upfor additionalcauses ofneuropathy
should include testing for human immunodeficiencyvirus, vitamin
B,; levels, SPEP/SIEP (serum protein electrophoresis/serum immu-
noclectrophoresis), and additionaltesting whereindicated in suspected
cases of porphyria, heavy metal intoxication, and paraneoplastic
syndromes.

 
   

Early treatmentofdiabetic neuropathy should include tight —
gyeemiccontrol. In the DCCT,in! etherapyslowed theonsetaf neuropathy by70% andslowedtheprogression of early neu-—
topathy by 57%, while in the UKPDS, glucose coneesassO-ciated with improved vibratory sensation. The potential use of

nt nerve growth factor treatment has been quelled for
the moment,after large multicentertrials failedto demonstrate
clinical efficacy, Other potential treatments still intheinvestiga-
tional stage include aldose reductase inhibitors, ACE inhibitors,
the antioxidant o-lipoic acid, and y-lineoleic acid, animportant
constituent of neuronal membrane phospholipids.

There are several therapies for pelrupetit inwhose usehasbeen supported by randomizedcontrolled trials, Tricyclic antide-
Pressants, including amitriptyline, desi ramine, andnortriptyline,
are moderately effective and well tolerated at low doses, but

escalation can result in drowsiness,anticholinergic effects,
Potentiation of cardiac arrhythmias,and worsening ofglaucoma.

ticonvulsants, such as carbamazepine andgabapentin, may also
eflective, although the former can cause hematologic abnor-

malities, whereas patients taking the latter may reportdizziness,
sien headaches, or diarrhea, Topical therapies, such ascap-icin (which depletes stores of axonal substance P), clonidine,
to lidocaine can be moderately effective. Additionaloral agentsbe considered include mexiletine, an orallidocaine analogue,
acti ‘amadol, a centrally acting reuptakeinhibitor with opiate
with In refractory cases, long-term opiate use andconsultation4 specifically trained pain specialist may be required.

CEST
The

tha.Gabetic foot is characterized by slowlyhealing plantar ulcers
hiejay tlce from apparen tly insignificant trauma. Left untreated, super-
“tions ice penetrate to underlying tissues, leading to compli-
"Somat uding cellulitis, abscess formation, joint sepsis, an

lls, Gangrene may occur, and in severe cases amputation

may be required. Overall, about 15% of diabetic patients experience
clinically significant foot ulceration. Risk factors for ulcer develop-
ment include long-standing diabetes, poor glycemic control, and con-
current diabetic complications; visual loss may also contribute to
difficulties with self-care. Affected diabetic patients may eventually
require amputation,with diabetes accounting for more than onehalf
of nontraumatic lower extremity amputations in the United States.
In the United States, the total costs of caring for diabetic foot ulcers
are estimated at more than6billion dollars annually.

To varying degrees, the diabetic foot is characterized by chronic
sensorimotor neuropathy, vascular disease, autonomic neuropathy,
and impaired immune function. Sensory neuropathy prevents the
detection of minor traumatic events, so thatill-fitting shoes (or sharp
objects in the shoe) may erode the skin surface without signaling
pain. Pedal neuropathy also produces abnormalities in both propri-
oception and intrinsic muscle motor function, pathologically alter-
ing weightdistribution on the metatarsal headsandleadingto “clawing”
of the metatarsophalangealjoints. In advancedcases, abnormalloading
of the footcan result in repeated painless fractures and the displace-
ment of normaljoint surfaces, producing so-called Charcotjoints.
Aorticand peripheralvasculardiseaseoften coexist. Diminishedcardiac
output and/or disturbed autoregulatory mechanisms of the micro-
circulation may further contribute to impaired blood flow and delay
ulcerhealing.Finally, abnormalimmunefunction (secondary to severe
hyperglycemia) can predisposeto infection, further slowing wound
closure and increasing the likelihood of ulcer complications.

Preventionofthe diabetic footparallels general diabetic care, with
emphasis on propernutrition, tight glycemic control, and medical
risk factor modification, including smoking cessation. A general foot
care prescription (Table 242-11)is valuable, andoffice visits should
routinely include careful examinationofthe feet. In affectedpatients,
a specialist examination is recommended atleast once per year. In
cases of deformedfeet, pressurerelief (off-loading) is essential and
may includethe useoforthotics, specialty shoes,assistive devices,
and a total contactcast to direct pressure away from a high-risk area.
Onceanulcer has formed,itshould be treated aggressively with anubi-
otics, appropriate local woundcare, and débridement ofnecrotic tissue.
In selected cases, newer FDA-approved treatments should also be
considered, Local application of recombinant human platelet-derived
growth factor can moderately acceleratewoundhealing. Bioengineered
tissue therapies, containing human dermal-epidermal components,
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have also shown someefficacy in early clinical trials, these products
act as biologic dressings and containlive human fibroblasts, which
deliver growth factors and extracellular matrix components directly
to damaged skin. For extensive cases ofgangrene or deep tissue infec-
tions, surgical amputation may be required. A compromised periph-
eral circulation makes such an outcome more likely. If poor circulation
is present, a vascular surgeon shouldbe consultedfor consideration
of angioplasty or vascular bypass.

TeaseeteSPP
CARDIOVASCULAR DISEASE

Atherosclerosis involving the coronary, cerebral, and peripheral
(lower extremity) arteries is the predominant causeofdiabetes-related
mortality. The atherosclerotic process in diabetesis indistinguishable
from that of the nondiabetic population but beginsearlier and is often
more severe. A predilection to cardiovascular disease is observed
overthe entire spectrum ofdiabetes, from poorly controlled insulin-
dependentpatients to those with mild, diet-controlled hyperglycemia
or IGT. For unclear reasons, the disparity between diabetic and non-
diabetic subjects is more pronounced in women, When accompanied
by other major cardiovascularrisk factors such as hypertension,dys-
lipidemia, and smoking, diabetes markedly increases the incidence
of macrovascular complications. For example, the observed two-
to three-fold greater risk of myocardial infarction with diabetes
rises to eight-fold in the presence of hypertension, and to nearly 20-
fold ifboth hypertension anddyslipidemia are present; smokingraises
these risks even further. As a result, the diagnosis of diabetes melli-
tus should quickly prompt both an exhaustive search for coexisting
cardiovascular risk factors and the initiation of aggressive preventive
measures. This view is supported by recent data demonstrating that
intensive intervention that targets multiple risk factors decreases the
risk of cardiovascular events in patients with type 2 diabetes.

Diabetes is an independentrisk factor for accelerated atheroscle-
rosis. Its association with vascular disease is not solely attributable
to an increased prevalenceof other recognized vascularrisk factors
such as hypertension, smoking, and dyslipidemia. Many abnormali-

_ The choice of antihypertensive agent for diabetic patients hasforyeansbeentheeubjectofconsiderableresearch and Hekate Among
‘thevarious therapeutic options, ACE inhibitors and angiotensin I
receptor blockers may offer special advantages,as they haye con-
sistently demonstrated the ability to lower intraglomerular pres-
sures and to slow the fen of albuminuria and diabeticnephropathy. JNC VI has endorsed o-adrenergic antagonists,
calciumchannel antagonists, andlow-dosediureticsas the preferred
alternativeagents forusein diabeticpatients, due to neutral or favor-
able effects on insulin sensitivity and glucose control, B-Blockers
should also be strongly considered, particularly in the setting of
concurrent cardiovascular disease, including prior myocardial
infarction, mild-to-moderate congestive heart failure, and cardiac
arrhythmias. Prospective trials comparing antihypertensive agents
in diabetic patients have yielded mixed results. In the UKPDS B-
blockers wereas effective as ACE inhibitors in reducing adverse
cardiac and microvascular outcomes; other studies usin calcium
channel blockers have shown comparable results as well. On the
flip side, several well-known studies,including theAppropriateBlood
Pressure Control in Diabetes (ABCD)trial, the CaptoprilPrevention
Project (CPP), andtheFosinopril versusAmlodipineCardiovascular
Events Trial (FACET) suggest improved cardiovascular outcomes
with the specific use ofACE inhibitorsas first-line therapy (Chapter
63). Based on currently available evidence, ACE inhibitors are rée-
ornmended as first-line antihypertensive therapy in patients withret especially in the presence of pilcrealbiauitne Or overt
eeeeeaIlreceptor antagonists are an excellentae especially in patients who are unable to tolerate ACE

Dyslipidemia is another crucial therapeutic targetinth
eeeapeea Thea cominlipid declan,ae(eg, increased level of triglyceride-rich lipoprotei&. very low density lipoprotein); depressed levels ofhighdensity

  

in diabetic sailed
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dation, increaSy ated platelet aggregateulant state (e.g., iiereea
activity), accentua ne induced re levels of antithrombj oe
cell dysfunction, at fibrinogen. CA fibrinolytic activity) The
clotting factors ane Te and decrease h ence of ingu)yand proteil >. © art due to the presence o insulinprotein C, at ht to be in large P jnsulinemia perSe tj
changesare thou uggested that hyperin mtresistance.It has een oeadisease; proposed patecient mech.
also contribute to macro lation of vascular endothelial! imu

; ing in-induced se
Fahza eevas enhanced insulin-like growth factor1 eandsmoo : ‘¢ of atherogenic factors such a,d synthesis of ablsion, and the augmente ivator inhibitor.i } ogen actival Pasar
endothelinaeabetes; systemic Eeeisc ah apr

In pe developmentof cardiovascular re nep ir ,cofactor in thy (Chapter 63). In type 2 patients, the prevalenceof
ip oan imore than twice thatofthe nondiabetic population,
l ce Pas to the clustering of both disorders FRAeeee obesity
Se lin resistance. Type 1 patients, inSee

ae tensive in the absence of renal disease;if nephropathydevelops,
motensive ; will then develop secondary hyper.the majorityofaffected patients ;ggressive blood pressure managementi importance of a aosehporate oe URS ae eaten
study, blood pressure reduction (with ACEinhibitors or B-blockers)
in type 2 diabetic patients with hypertension produced striking
decreases in both cardiovascular and microvascular outcomes,
Subsequentprospective trials, including the Systolic Hypertension in
the Elderly Program (SHEP), the Systolic Hypertension in Europe
(Sys-Eur)Trial, and the Hypertension Optimal Treatment (HOT)tial,
have confirmed the value of aggressive blood pressure goals in reduc-
ing majorcardiovascular events in diabetic patients. Based on these
and other studies, the Joint National Committee VI (INC VI) has
established blood pressure targets of less than 130/85 for patients
with diabetes mellitus; even stricter reductions (<125/75) are rec-
ommendedin the presenceof established nephropathy.

  
 

 

oproteinaréalsocommon, asarethepresenceof “smallaneeeh low-density lipoprotein molecules. Thetail
the National Cholesterol Education Program(NCEP)Expert Pan
Ronlintes to identify low-density lipoprotein cholesterol as thep ca target for therapy, basedon overwhelming evidentto
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se not the only appropriate targetforlipid-lowering theran.,course,smective trials using fibrieeacid deeleetherapy
-pecent P fibrate) to lowertriglyceride levels and taise hig ne Tasproal »feno have also produced substantiall G raise high-densi
es lly improved cardonas
culormeasures described are largely aimed at preventing saree

ryarte disease in diabetic patients; once coronaryartery diseasea been established, ut should also be aggressively treated
bwapared to the general population, a higher proportion of dia,

tic patients diewithin a year of an acute myocardial infarction
putthermore, while there has recently been a considerable decline
rover coronaryartery disease-related mortality, a similar decline
in patients with diabetes has not been observed. Low-dose aspirin
therapy (81 to 325 mg/day) should be routinely recommended for
the majority of adult patients with diabetes (especially with con-

nt CAD), because ofproven reductionsin cardiovascular Mmor-
bidity and mortality: Alter myocardial infarction,particularly in the
getting ofleft ventricular systolic dysfunction,B-blockers and ACE
inhibitors (or angiotensin Il receptor blockers) mayoffer additional
henefits. Finally, although angioplasty is an optionin diabetic patients
with coronary disease, there is evidence to suggest that diabetic

tients may derive greater-than-expected comparative benefit from
coronary bypass procedures. With the recent development of
advanced stenting procedures and adjunctive antiplatelet therapy,
however, this distinction may becomeless importantin the future.

Unfortunately, the knownassociation between diabetes mellitus
and premature atherosclerosis may only bethe “tip of the iceberg”
with regard to linking glucose metabolism and vascularrisk. Insulin
resistance (i.¢., impaired insulin-stimulated glucose metabolism)is

quite common in “healthy” people ying in Western nations; insuch individuals, insulin resistance is often counterbalanced by
increased insulin secretion, preventing the emergence of overt
diabetes mellitus. Althoughthis state of chronic hyperinsulinemia
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nervous systema nal soeride synil mee rial s mu:
is known:nonobese,nondiabetic ir
oioeDc nig oandtriglyceridelevels (andlowe -¢
terol concentrations) than matched st
levels. Theterm metabolic syndrome (form
X") was coined to describe this phenomen:
ing within one person of hyperinsulinemia, cen
adiposity, mild glucose intolerance, dyslipidemia,
each of which is likely an independentrisk factor
sis (Pig, 242-12). Prospective population studies
that chronic hyperinsulinemia predicts the developmentof cardio-
vascular disease. Although suchstatistical associations do notprove
causality, they suggestthat insulin resistanceitselfmay playa role
in promoting atherosclerosis.If true, this hypothesis furtherunder-
scores thepeasoflifestylechangesin the treatmentofpatientswith more subtle metabolic abnormalities (i.c., metabolicsyndrome,
impaired glucose tolerance, and/or impaired fasting glucose). _

An importantfinal note: concerns abouthyperinsulinemia should
not be interpreted as a signal to reduce therapeutic insulin doses,
because the long-term adverse effects of poor glycemic control are
undoubtedly much greater than those possibly caused by hyperin-
sulinemia. This pointis clearly supported by the UKPDS,in which
intensive treatment with insulin or sulfonylureas tended to reduce
cardiovascular events despite inducing hyperinsulinemia. Treatment
of impaired glucose tolerance with the o-glucosidase inhibitor
acarbose is a promising new approach for reducing hypertension
and cardiovascular events in patients with impaired glucose
tolerance.

 

  
 

 
  

 
 
 
 
 
 

|

 

   
 
 

1 eet H Amst lB)

Insulin resistance b= pi ied

\ aah

  
Glucose

intolerance

MARE 242-12 * The metabolic syndrome.Insulin resistance may account
fora clustering of cardiovascularrisk factors, including hypertension, dys-
jPidemia, and syndromesofglucose intolerance. HDL = high-density
‘Poprotein; VLDL = very low density lipoprotein.

Summary
'n caring for patients with diabetes mellitus, the primary long-

ee boals are to tabatmes complications and to preserve theRee
ear). <linical well-being. These goalsare attained most easily through
(or “election and treatment, perhaps even before the patient meets
leted jp jouostic criteria, In view of the wide arra ofproblems Werte

q by labetes, patient care must be thorough and aia ae;
licqin’°l¥¢s far more than simple glycemic control. Lifesty eR
lon sh MOuld be the primary facus ofpatientcare, and specia ante
averseuld be devoted to concurrentrisk factors that soneLas4{l"ects ofdiabetes on atherogenesis and cardiovascula cisease,‘feng, 24S most complications of diabetes develo slowly an

“Sily reversible, it is crucial for clinicians to take a prospec-

 

Table 242-12 © KEY ELEMENTS OF A COMPREHENSIVE

MAGEE PLAN FOR PATIENTS WITH DIABETES
Lifestyle changes salltli,

Properdiet le i ‘a
Aerobic exercise | ne ' etn
Weightcontrol . ' A
Smoking cessation {

Control of modifiable metabolicfactors.
Glucose control

, bipthepnials » 0) 1). ag Gieenae
Blood pressurecontrol agin
Aspirin (‘thromboticcontrol”)

TgcelanenticeniigensiannnasRegular medical/neurologic screening ¢ jaeRept soeesteeforalbuminuria
Regul golihalpalaces !Regular podiatric examinations(arRegular BentIcheck-ups .

 

 
 

  
  

   

  

tive, preventive approach to diabetes care. Key elements of a com-
prehensive managementplanfor the care of diabetic patients are sum-
marized in Table 242-12.
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PIF) HYPOGLYCEMIA/PANCREATIC ISLET
CELL DISORDERS
Robert A. Rizza

E John Service

Hypoglycemia is a clinical syndromeofdiverse causes in which
low levels of plasma glucose eventually lead to neuroglycopenia.

Regulation of Carbohydrate Metabolism

INTERACTIONS BETWEEN INSULIN AND GOUNTER-INSULIN HORMONES, Under
normal circumstances, plasma glucose concentration averages 70 to
100 mg/dL before meals and rarely exceeds 140 to 150.mg/dL after
meals. The brain is almost totally dependent on glucose for energy,
although over the long term it can adapt to substrates other than
glucose(e.g., ketone bodies), Because severe hypoglycemia can impair
mental functionand,ifprolonged, can cause permanentbrain damage,
a series of well-developed, and at times redundant, homeostatic
processes defend against hypoglycemia. Insulin suppresses glucose
production by inhibiting both glycogenolysis and gluconeogenesis,
Insulin also stimulates glucose uptake in muscle, liver, and fat.
Glucagon, epinephrine, cortisol, and growth hormone, collectively
referred to as the counter-regulatory or counter-insulin hormones
oppose the effects of insulin. ;

In healthy nondiabetic subjects, insulin concentration increases
as glucose concentration increases andfalls as glucose concentration
falls, In contrast, counter-regulatory hormone concentrations change
(in general) in the opposite direction ofinsulin, falling as glucose
rises andrising as glucosefalls. By doingso,insulin and the counter-
insulin hormones act in concertto ensure that the amountofglucose
souetlas and leaving the bloodstream is closely matchedin both
“HA fed and the fasted state, Excess amounts ofinsulin or insulin-

material (e.g., insulin-like growth factor [IGF]-1 or IGF-2),
inadequate secretion of counter-insulin hormones, insufficientsubstrate, or defects in the gluconeogenicorgl Seai gen a ycogenolytic pathways$Ce orincombination can disrupt this balance and cause

OF GLUCOSE CONCENTRATION FED STNTE. Afovernightfast (e.g. 8 to 1Qhours), mayoralcen

F ime, the m:

bout 2me/\ rainAeall amount bean of
m the liver; increases glucothe glucose15 released7hydrate iTESalin cain eparis

duced by the igmgimulates secretiongon from the pancreatic
aead suppresses secretion -glucagon ratio increascells am Fe the insulin-t0-B "| enolysis a
cells. The TeslaThesisand inhibits hoth glycogenolysis and gly.
hepatic glycog

increase in hepatic glycogen
esulting in 4 } ise until the fF,

coneogenesis. therebytrations panskiani ak amount ofgia of
SeteFees peripheral HaneOnced) being released fromcose 2

fmeal-derived and Sones y Panion then ark S a ‘oWard
splanchnic bed. Glucose ults in a progressive fall in insulin and
preprandia

utilization average a

1 levels. This res ncentrations, whichin turn permits
progressive rise in glucagon co’ glucose production and a gradual {a\jin endogenous Stee
Feeeunlization to basal rates. Depending 0 nt andin gluc entration and turnover ay,

i ed, both glucose cone
Ueiybacktobasal levels sometime between 4 and 6 hours alter
ihe start of a meal, éhohydrate absorp

Faneaaaglucagon secreted, the ability of the liverse glucose, and the response ofthe
th aeeea itoly ed counterinsyin ee all
itd to minimize the rise in glucose Saree nuaeAmeal
as well as to ensure a smooth return ©! glu ae cone tions
to preprandial levels during the transition fro to the
1AULATONOFGLUCOSE WN THE FASTED STATE. The con-

“nk enesis becomes progressively more important
tribution of gluconeogel d hepatic glycogen storeas the duration of fast is extended an hie me ao fa Hi
depleted. The rate ofglycogendepletion depends onavalitty & acters,
including antecedent diet and exercise, butis nearly ad lete after24048 hours offasting. Anything that lowers the demand forglucose
lessens the need to break down protein stores. This is accomplished
by changing from a primarily carbohydrate-based metabolism in the
fed state to a primarily fat-based metabolism in thefastedstate.

Insulin decreases and glucagon, growth hormone, andcortisolcon-
centrations all increase as hepatic glycogenisdepleted and the glucose
concentration falls. This change in the hormonal milieu stimulates
lipolysis and ketogenesis, which results in an increase in plasmaglyc-
erol, free fatty acid, and ketone body concentrations. Glycerolserves
as a gluconeogenic substrate, thereby sparing aminoacids.Freefatty
acids are metabolized by muscle,liver, and othertissues in place ol
glucose. Free fatty acids also are converted by meansof ketogenesis
toacetoacetate and B-hydroxybutyrate, which can substituteforglucose
as a fuel for the brain. These metabolic adaptations normally permit
glucose to gradually decrease to 40 to 50 mg/dL during a fast without
Pinyande Chechens of hypoglycemia.

hadequate glycogen stores or breakdown,insufficient glucones-genesis due to defects in eee activity, lack of wheeOSity, or persistentelevations of insulin or ofinsulin-like activity, alone
or ineecan cause or exacerbate hypoglycemia,

If counter-regulationis intact, hypo
use) will Tesult in a decreasein insulin

tion, the timing as well as

hepatic response to glue. . a
that inhibit counter-repularn ae
hypoglycemia. De

epinephrine. Drugs or disease’
cretion or action predispose
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