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PREFACE

Most endocrine diseases can be treated successfully, and the patient’s state of
well-being can usually be improved. Not surprisingly, the earlier the diagnosis
is made the more positive the clinical response. Early Diagnosis and Treatment
of Endocrine Disorders focuses on early signs and symptoms of endocrine
disorders and surveys the appropriate tests to document the diseases as well as
current recommendations for therapy. Each chapter reviews the pathophysiology
of the endocrine disease—important for understanding each disorder as well as
the rationale for early therapy—and the basis for the early recognition and
treatment of each condition.

Although the practicing endocrinologist is likely to be quite knowledgeable
regarding many of these diseases, Early Diagnosis and Treatment of Endocrine
Disorders includes treatment of those conditions only recently classified as
endocrine disorders, such as polycystic ovarian syndrome, obesity, and
hypogonadism. The book also provides new approaches that are urgently needed
to slow the epidemic of type 2 diabetes, which should be an overriding concern
for all clinicians.

Until now, no other endocrinology text has focused primarily on the details
of early recognition and therapy of endocrine disorders. The information in
Early Diagnosis and Treatment of Endocrine Disorders is presented in an orderly
and easy-to-follow manner, which should greatly facilitate the early recognition
of endocrine diseases by medical students, house staff, primary care physicians,
and endocrinologists, the four groups of clinical personnel to which this book is
specifically directed.

Robert S. Bar, mD
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1 Thyroid Cancer

Ernest L. Mazzaferri, MD, MACP
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INTRODUCTION

Multiple factors affect the long-term prognosis of thyroid malignancies (/),
but outcome is mainly decided by an interplay between the patient and tumor and
by the impact of therapy, which must be applied early when tumor mass is small
in order to eradicate the malignancy or slow its growth substantially. An elderly
man, for example, with a long-standing undiagnosed 5-cm thyroid nodule found
to be papillary cancer is at high risk of death from it within a relatively short time,
even though the tumor might initially appear to be confined to the thyroid (2). A
young girl, on the other hand, with lung metastases from papillary cancer found
when the cancer was first diagnosed might live for decades (2), underscoring the
primacy of a person’s age and the influence of early diagnosis on outcome (Here
and elsewhere age refers to age at the time of diagnosis.)

Therapy has animportant impact on the prognosis of thyroid malignancies (2).
Outcome is especially favorable for papillary, follicular, and medullary thyroid
cancers and for thyroid lymphoma treated at an early stage. Anaplastic thyroid
cancer (ATC), a tumor evolving from benign thyroid neoplasms or more differ-
entiated thyroid cancers, poses major therapeutic challenges (3,4 ). Nonetheless,

From: Contemporary Endocrinology: Early Diagnosis and Treatment of Endocrine Disorders
Edited by: R. S. Bar © Humana Press Inc., Totowa, NJ
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Fig. 1. Incidence and cancer-specific mortality rates for thyroid carcinoma in men and
women by decade of diagnosis. (Data from the SEER [1993-1997] database [37].)

early removal of benign follicular cell adenomas and low-grade thyroid cancers
has undoubtedly contributed to the declining incidence of ATC in the past four
decades (5).

INCIDENCE AND DEATH RATES
OF THYROID CANCER AND LYMPHOMA

About 17,000 new cases of thyroid cancer are diagnosed annually in the
United States, making it about 14th in incidence among malignancies (6). It
occurs at all ages but is most common among middle-aged and postmenopausal
women (Fig. 1). The lifetime risk of developing thyroid cancer is about 1%
(0.65% for women and 0.25% for men) (7), and death rates are less than 10%
(1200 deaths occurred among 135,000 thyroid cancer patients in 1998) (6).
However, both the incidence and mortality rates vary substantially among the
different forms of thyroid cancer (Table 1) (8).

To appreciate the impact of early treatment, one must know the survival rates
with different types of thyroid malignancy. Although death rates are usually low,
cell type and tumor stage substantially alter outcome (Table 1). Prognosis is
determined by many variables, but a patient’s fate largely depends on three
things: the gross and histologic characteristics of the tumor, the patient’s age and
general health, and prompt therapy (9).
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Table 1
Incidence and 10-Year Relative Survival of 53,856 Patients with Thyroid Cancer
10-yr relative Proportion of all cancer
Type of thyroid cancer  Incidence (%)  survival (%) deaths (%)
Papillary 80 93 53
Follicular 11 85 16
Hiirthle 3 76 7
Medullary 4 75 10
Anaplastic 2 14 14

Data from ref. 8.

Papillary and Follicular Thyroid Cancer

Derived from follicular epithelial cells, papillary and follicular thyroid can-
cers comprise the majority of thyroid malignancies and have the best prognosis
of the various thyroid cancers; however, they account for nearly 70% of all
thyroid cancer deaths (Table 1) (8). They are the only tumors that respond to
radioiodine ('3'T) therapy and that synthesize and secrete thyroglobulin (Tg), a
sensitive tumor marker, which in the absence of normal thyroid tissue identifies
small amounts of persistent tumor that can be promptly treated.

FAMILIAL PAPILLARY CANCER

About 5% of papillary cancers are inherited as an autosomal dominant trait,
the gene for which is still unknown (/0,1 ). They have a less favorable prognosis
than sporadic papillary cancer (/2,13 ), unless they occur in the setting of certain
syndromes such as familial adenomatous polyposis (Gardner’s syndrome), for
example, in which thyroid cancer occurs at a young age as bilateral, multicentric
tumors with an excellent prognosis, particularly those with ret-PTC activation
(14,15). Likewise, thyroid cancers occurring in Cowden’s disease (an autosomal
dominant disease with mucocutaneous hamartomas and breast cancer) have a
good prognosis (16,17). Another familial syndrome, Carney’s complex (spotty
skin pigmentation, myxomas, schwannomas, and multiple neoplasias affecting
multiple glands) is also associated with thyroid cancer that has a good prognosis
(18). Once recognized as familial, these thyroid cancers lend themselves to early
diagnosis and treatment at an early stage.

Hiirthle Cell Follicular Cancer

Oxyphilic cells, termed Hiirthle cells, which contain large amounts of acido-
philic cytoplasm with numerous mitochondria, may constitute most of a follicu-
lar cancer. Some think this is a distinct entity; and others believe it is a variant
of follicular cancer (/9), it has an unfavorable prognosis (Table 1) (20).
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HURTHLE CELL PAPILLARY CANCER

About 2% of papillary cancers have Hiirthle cells (2/), which in some cases
are familial (22). Compared with typical papillary cancers, they have higher
recurrence and mortality rates, similar to oxyphilic follicular cancer (21,23).

Medullary Thyroid Cancer

First recognized in 1959 as a pleomorphic neoplasm with amyloid struma,
medullary thyroid cancer (MTC) arises from thyroidal calcitonin-secreting C-
cells. Itaccounts for about 4% of all thyroid malignancies (8), up to 40% of which
are familial tumors transmitted as an autosomal dominant trait. Ten-year relative
survival rates for MTC are about 75% (Table 1), but this statistic fails to take into
account major differences in prognosis among sporadic and familial tumors.

Anaplastic Thyroid Cancer

In the past, ATC comprised about 5-10% of thyroid cancers (24) but in recent
years has accounted for about 2% of all thyroid cancers (8). In a review of 475
patients with this disease reported in six large studies, the mean age was 65 yr,
with only a slight female predominance (24). ATC is almost never seen before
age 20 yr. It evolves from well-differentiated tumors (24) which may slowly
transform into ATC (25). One report, for example, described a 61-yr-old man
who developed follicular cancer pulmonary metastases 12 yr after initial surgery,
which transformed over several years into ATC (as shown by serial biopsies ) (26).
Some appear to arise de novo (27), but many are well-differentiated tumors that
slowly transform into ATC (24). One study (28) found elements of differentiated
cancer in almost 90% of ATC specimens, which often came from persons previ-
ously treated for well-differentiated thyroid cancer, underscoring an important
adverse effect of late or incomplete treatment of differentiated thyroid cancer.

Thyroid Lymphoma

The annual incidence of thyroid lymphoma in the United States is less than
1 in 2 million persons (29). Thus the likelihood that a thyroid nodule is a primary
thyroid lymphoma is less than 1 in 1000; it is much more likely to be a manifes-
tation of systemic lymphoma, which affects the thyroid in about 10% of those
who die of the disease (29). However, the incidence of thyroid lymphoma has
been rising significantly and now constitutes about 5% of all thyroid malignan-
cies (29). The reason for this is uncertain, but many in the past were incorrectly
diagnosed as small cell ATCs (29); however, pathologists are now more adept
at recognizing thyroid lymphoma (29). Some of the change in incidence may be
related to increased use of fine-needle aspiration (FNA) evaluation of thyroid
nodules, but the increasing frequency of thyroid lymphoma has paralleled the
rising incidence of Hashimoto’s thyroiditis in the United States in the past few
decades.
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The Role of Thyroid Radiation in Causing Thyroid Cancer
EXTERNAL IRRADIATION

The only environmental factor known to increase the risk of thyroid cancer is
irradiation. The risk of developing papillary thyroid cancer after therapeutic
external radiation, used in the past to treat children with benign head and neck
conditions, is well known (30). Exposure before the age of 15 yr poses a major
risk that becomes progressively larger with increasing doses of radiation between
0.10 Gy (10 rad) and 10 Gy (1000 rad). The incidence of thyroid cancer begins
increasing within 5 yr of exposure and continues unabated for 30 yr, after which
it begins to decline (30). After thyroid radiation exposure, females are more
likely than males to develop thyroid cancer, and it is more prevalent among those
with a family history of thyroid cancer (30).

RADI010DINE-INDUCED THYROID CANCER

Most early studies suggested that '3'T was unlikely to induce thyroid cancer
(31). A large U.S. study, for example, reported a slight elevation of thyroid
cancer mortality following treatment of hyperthyroidism with '3'1, but the abso-
lute risk was small and the underlying thyroid disease appeared to play a role
(32). Most studies in the past of the risk of thyroid cancer following exposure to
31T involved adults in whom the risk appears small or nonexistent. However,
when a large number of Chernobyl children developed thyroid cancer after being
exposed to radioiodine fallout from a nuclear reactor accident in 1986, it became
evident that '*'T and other short-lived iodine isotopes were potent thyroid car-
cinogens in children, particularly those exposed under the age of 10 yr (33).

NucLEAR WEAPONS FALLOUT

Above-ground nuclear weapons testing in Nevada between 1951 and 1963
released radioactive particles into the atmosphere that exposed thousands of
individuals across the continental United States to radioiodine fallout. Exposure
was highest for children who drank milk from a “backyard” cow or goat that had
ingested grass contaminated with radioiodine. A study from the National Cancer
Institute (34) concluded that nuclear weapons fallout had resulted in an average
cumulative thyroid dose of 0.02 Gy (2 rad) in Americans, but for those under age
20 it was 0.1 Gy (10 rad), within the range known to cause thyroid cancer in
children (30). The National Academy of Sciences (35 ) reported that about 50,000
excess cases of thyroid cancer would result from these exposures, but these are
highly uncertain estimates. Another study established an association between
thyroid cancer and radioiodine fallout among children exposed at less than 1 yr
of age and those born between 1950 and 1959 (36). The Institute of Medicine
(35), however, recommended against mass screening for thyroid disease because
there are many small benign thyroid nodules in the population.
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[371)

Changing Incidence and Mortality Rates of Thyroid Cancer
TrYROID CANCER INCIDENCE AND MORTALITY RATES AMONG MEN AND WOMEN

The incidence and mortality rates of thyroid cancer differ strikingly between
men and women and among patients of different ages, but the incidence is more
than twice as high in women (Fig. 1). (37) Occurring throughout life, its incidence
peaks around age 40 in women and age 70 in men (Fig. 1) (37), in whom mortality
rates are twice those of women (Fig. 2). Why men fare so poorly is uncertain, but
the rates appear to be linked to late diagnosis and advanced tumor stage.

CHANGING INCIDENCE AND MORTALITY RATES

Since the early 1970s, the incidence rates of thyroid cancer in the United States
have increased by 49.1% (p < 0.5%), and thyroid cancer mortality rates have
fallen by 19.7% (p < 0.5) (37). Why this has happened is uncertain; however,
early detection or screening typically leads to two types of statistical bias: lead-
time bias and length bias. Tumors detected by screening are found at an earlier
stage (lead-time bias) and tend to be more indolent and more slowly growing
(length bias) than those detected in the usual way. Other potential biases include
changing diagnostic criteria, technologic advances in diagnostic tests (e.g., FNA),
and evolution of stage classification (37). Multiple factors have probably caused
the observed changes, but some are the result of radiation exposure of children,
whereas better therapy has probably improved mortality rates. Further analysis
gives important clues about what has caused these striking changes in incidence
and mortality.
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TumMoOR STAGE IN MEN AND WOMEN

Of special note are the major differences in both the incidence and mortality
rates of thyroid cancer among men and women during the past 30 yr: incidence
rates have increased about 57% in women but only about 33% in men (almost a
twofold greater rise in women than in men) whereas mortality rates have fallen
31% in women and have increased nearly 4% in men (about a tenfold difference
between the sexes) (Fig. 3). Declining mortality rates have also occurred in black
females but not in black males (Fig. 4). Compared with women, thyroid cancer
in men is found at a later age (Fig. 1) and at a more advanced stage (Fig. 5), with
about a 25% higher rate of regional metastases and a 100% higher rate of distant
metastases (Fig. 5), supporting the notion that in women it is diagnosed earlier
and at a much less advanced stage than it is in men, resulting in half the cancer
mortality of men.

FNA aAND OTHER TESTS

During the three decades during which the incidence and mortality rates of
thyroid cancer have been changing, major shifts in diagnostic and therapeutic
paradigms have also occurred: in the early 1970s, FNA of thyroid nodules was
introduced and near-total thyroidectomy and '*'T ablation became more com-
monplace. These changing paradigms, which identify tumors earlier in their
course and subject them to more aggressive treatment than had been the case
previously, undoubtedly account for some of the changes seen during this period.

Contemporary use of Ultrasound and FNA. FNA has become widely
accepted as the first-line test to diagnose cancer in thyroid nodules (38,39),
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mainly because of its high diagnostic accuracy. In one large study (40), for
example, of 1127 ultrasound-guided FNAs, the false-negative rate was 0%, the
false-positive rate was 1.5%, the sensitivity was 100%, the specificity was 66.7%,
the positive predictive value was 87.4%, and the negative predictive value was
100%. Global accuracy was 89.9%. The authors of this study compared their data
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with ten other series in which more than 100 ultrasound-guided FNAs were done
on 12,961 patients with thyroid nodules, 2110 (16%) of when underwent surgery.
The range of unsatisfactory cytology specimens ranged from 0.7 to 15%, aver-
aging almost 5%. About 4% of the entire group had thyroid cancer. The sensi-
tivity ranged from 87 to 100% and the specificity from 40.9 to 100%. This and
many recent studies (4/ ) show thatultrasound-guided FNA is clearly the best test
to identify malignancy in a thyroid nodule. Nonetheless, there is wide variation
in its use among different physician in the United States and Europe.

Approaches to Diagnosis of a Thyroid Nodule by Different Physician
Groups. In a recent study (42) of 5583 patients who underwent surgery for
thyroid cancer in 1500 hospitals in the United States, only 53% had thyroid FNA
prior to surgery, and 7% had biopsy of a malignant cervical lymph node. Thus
40% of the patients underwent surgery for thyroid malignancy without benefit
of FNA. In another study (43) however, of clinical members of the American
Thyroid Association who responded to a questionnaire concerning a theoretical
case of a 42-yr-old woman who had a solitary 3-cm nodule with no suggestion
of malignancy, 87% opted for FNA of the nodule guided by palpation; moreover,
when clinical features suggested malignancy, 50% disregarded FN A and referred
the patient to surgery. Most euthyroid patients with a malignant thyroid nodule
are asymptomatic without clinical evidence of malignancy; however, when the
pretest probability of thyroid cancer is very high (for example, rapid growth of
a nodule, or a nodule larger than 4 cm or with evidence of invasion, vocal cord
paralysis, or large cervical lymph nodes), the likelihood of thyroid cancer is so
great that a nondiagnostic FNA is probably a false-negative test (44). This study
shows that North American endocrinologists rely heavily on FNA after using
their clinical judgment, employing scintigraphy, ultrasonography, and calcito-
nin levels less often than do european Endocrinologists in evaluating a thyroid
nodule (45).

DELAY IN D1AGNOSIS

Primary care physicians may manage thyroid nodules differently than do
endocrinologists. For example, one study (46) of 70 patients independently
reviewed by two endocrinologists found 87% concordance in diagnosis and 93%
agreement in management between the two; however, only 25% of the patients
targeted for surgery by the referring physician required it according to the endo-
crinologists’ evaluations. Of greater concern, six patients (almost 10% of the
group) not targeted for surgery by the referring physicians were sent to surgery
by the endocrinologists; half of these patients had papillary cancer. Because
primary care physicians used thyroid hormone suppression of the nodules in
some cases, a practice no longer considered valid by most authorities (38,39),
30% of the patients had a 12-mo or longer delay in diagnosis before referral to
an endocrinologist, which has important consequences.
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We found the median time from the first manifestation of thyroid cancer—
nearly always a neck mass—to initial therapy was 4 mo in patients who survived
and 18 mo in those who died of cancer (p <0.001) (9). The 30-yr cancer mortality
rates about doubled when therapy was delayed longer than a year (Fig. 6, 13%
vs 6%, p<0001) (9). The greatest difference in outcome was in the first 15 yr after
treatment (Fig. 6) (9). Moreover, the TNM stage was more advanced when there
was a delay of longer than 12 mo, with more than twice the frequency of distant
metastases at the time of diagnosis (Table 2) (9). In another study (47), when
completion thyroidectomy was delayed more than 6 mo, mortality rates were
significantly higher than when it was done within 6 mo of initial surgery.

MORBIDITY AND MORTALITY

Despite low death rates, recurrence rates for thyroid cancer are very high, and
many patients survive for decades with their tumor before succumbing to it.
Analyses that only consider death as an endpoint thus fail to recognize the strik-
ing impact that tumor recurrence has on a person’s life, especially the lingering
effects of distant metastases that profoundly affect the quality of life, often for
decades.

Causes of Death from Thyroid Cancer

Most patients who succumb to thyroid cancer die either from pulmonary
metastases or local invasion of tumor. One large study (48) found a single cause
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Table 2
Tumor Stage Relative to Time of Diagnosis “
Time to
treatment Stage 1 Stage 2 Stage 3 Stage 4 Total

<12 months 802 (63%) 367 (29%) 89 (7%) 12(1%) 1270 (100%)
>12 months 161 62% 63 (24%) 29 (11%) 5Q2%) 258 (100%)
Total 963 (63%) 430 (28%) 118 (8%) 17(1%) 1528 (100%)

“Tumor stage in patients in whom diagnosis was delayed longer than 1 yr compared
with those in whom the diagnosis was made within 12 mo of the presenting manifestations
of papillary or follicular thyroid carcinoma.

Data from ref. 9.

of death in 106 fatal cases. The most common was respiratory insufficiency
owing to lung metastases (43%), followed in frequency by circulatory failure
owing to vena cava obstruction by extensive mediastinal or sternal metastases
(15%) and massive hemorrhage (15%) or airway obstruction from local tumor.
A search for pulmonary metastases or residual disease in the neck is thus a critical
aspect of management after initial surgery.

PAPILLARY AND FOLLICULAR THYROID CANCER

Diagnosis

Most thyroid cancers are manifest by a lump in the neck. After obtaining a
history that includes queries about familial thyroid cancer and exposure to radia-
tion, FNA should be done immediately in a euthyroid patient. A history of head
or neck radiation is important, but only 30% of such patients develop palpable
thyroid nodules, about one-third of which are malignant (49). A family history of
thyroid cancer should raise great suspicion. Nonetheless, evaluation of familial or
radiation-induced tumors is similar to that of sporadically occurring nodules.

Inthe past, thyroid cancers were often diagnosed at a late stage when the tumor
was large and invasive (50). Now more are identified at an earlier stage by FNA
of asymptomatic small nodules—usually in the range of 2 cm—found on routine
neck exam or discovered serendipitously with cervical imaging studies done for
other reasons (20). A few come to attention as the result of pain, hoarseness,
dysphagia or hemoptysis, or other signs of tissue infiltration or by rapid tumor
growth, findings typically associated with a high probability of cancer (44) and
higher than usual mortality rates (9). Sometimes palpably enlarged cervical
lymph nodes are the only clue to the diagnosis.

FNA should be the first test done in a euthyroid patient, whether it is a single
nodule or one of several in a multinodular goiter (38). Imaging studies are too
nonspecific to be used as the first test. FNA identifies papillary cancer in nearly
100% of the cases; however, follicular and Hiirthle cell cancers often cannot be
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differentiated from their benign counterparts by FNA or by large-needle aspira-
tion or cutting-needle biopsies, which yield results similar to those of FNA but
cause more complications (38). Cytology showing sheets of normal or atypical
follicular or Hiirthle cells are often simply designated as follicular or Hiirthle
cell neoplasms because their malignant character cannot be determined until
the final histologic sections are studied, and even then there may be difficulty
separating malignant and benign tumors (38). Patients with such cytology results
should undergo a thyroid ' scan to eliminate hot nodules that are usually
benign; the other nodules should be subjected to hemithyroidectomy. About 20%
of such lesions are malignant and often require completion thyroidectomy, espe-
cially if they show vascular or complete tumor capsular invasion or are larger
than 4 cm and completely encapsulated but with minimal capsular invasion and
no vascular invasion (39).

EARLY D1AGNoOSIS

Tumor staging predicts tumor recurrence and mortality (/). Clinical staging
systems, however, combining age and tumor stage, do not predict tumor recur-
rence (see Mortality and Recurrence Rates Section below). Compared with adults,
children typically have more advanced tumor stage at diagnosis; although their
mortality rates are low, recurrence rates (including distant metastases) are higher
than those in adults (Fig. 7) (9); thus near-total thyroidectomy and '3!T ablation
are usually preferred therapy for children. Late recurrences, including lung
metastases, are a matter of record for papillary and follicular cancer (/). Most are
cases of persistent disease (often in children) that in the past fell below the
detection limits of our tests, sometimes for decades. Now lung metastases, espe-
cially in children and young adults with high serum Tg levels and negative
diagnostic whole-body scans (DxWBS), are often identified on posttreatment
whole-body scans (RxWBS) after 100 mCi of '*'T (/). A multicenter study found
that metastases were detected by a serum Tg above 2 ng/mL in response to
recombinant human TSH (thTSH) administration. Treating lung metastases early
in their course gives the best outcome.

Early Diagnosis of Lung Metastases. Schlumberger (57 ) reported that com-
plete remission and 10-yr survival rates were, respectively, 96 and 100% when
the metastases were detected by high Tg and positive RxWBS alone, 83 and 91%
when the diagnosis was apparent on '3'T DxWBS, and 53 and 63% when
micronodules were seen on chest x-ray. Discovering lung metastases only by
high Tg and positive RXWBS is not uncommon. We identified (/) occult lung
metastases by elevated serum Tg levels in 11 of 89 consecutive patients, 9 (75%)
of which were seen only on RxWBS. Tumor bulk ranks second only to patient
age as a predictor of death from thyroid cancer (52), making a strong argument
for early treatment of lung metastases. Early detection increases the likelihood
that tumor will concentrate '3'1. One study (52) found '3'I uptake in 95% of
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patients with pulmonary metastases and a normal chest x-ray, 88% of those with
micronodular disease, and 37% of those with macronodular disease (52 ). Com-
plete responses to treatment occur in 82% of patients with lung or bone metas-

tases and a normal radiograph compared with 15% of those with an abnormal
radiograph (52).

Mortality and Recurrence Rates

Mortality rates of differentiated thyroid cancer are low, less than 10% over
three decades in our study (9); however, recurrence rates were 30%, and distant
metastases or serious local recurrences often occurred years after initial therapy
(Fig. 8) (9,20). Prognosis varies greatly, however, among subsets of patients.

PATIENT AGE AT TIME OF DIAGNOSIS

Age over 40 yr at the time of diagnosis is among the most important adverse
prognostic factors that predict death from thyroid cancer. Mortality rates become
progressively worse with advancing age, increasing at a particularly steep rate
after age 60 yr (Fig. 1) (9,20). The best outcomes are in younger patients whose
tumors concentrate 31 (53-55).

ProGNoOsIS IN CHILDREN

Survival rates are most favorable in children, although their tumors at diagno-
sis are typically more advanced, with more local and distant metastases than
thosein adults (53,55-57). However, tumor recurrence rates over several decades
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are about 40% in children, compared with 20% in adults (9,55); the rate of
pulmonary metastases in children is over 20% in some series, almost twice that
in adults (9,20,56). Prognosis for survival is nonetheless excellent in children
with or without a history of irradiation, except among those under age 10 yr who
have high mortality rates (53—55), which may be the reason that survival rates are
lower among children with thyroid cancer compared with normal children (58).

PATIENT GENDER

Cancer-specific mortality rates in men are about twice those in women (Fig. 2),
because at diagnosis men are older and have more advanced tumor stage com-
pared with women (Figs. 2 and 3).

Tumor HisToLoGY

Outcome is less favorable with follicular cancer than it is with papillary cancer.
Among 9744 patients whose average age was about 47 yr, 10-yr mortality rates
were 29% for follicular and 12% for papillary cancer (20). In our study (9), 30-yr
cancer-specific mortality rates for slightly younger patients were 5% for papillary
and 13% for follicular cancer. Ten-year mortality rates for follicular cancerrange
from about 10% (59), to 50%, depending on the degree of tumor vascular and
capsular invasion and the patient’s age (20,59—61). Follicular cancer is more
likely to have distant metastases at the time of diagnosis than is papillary cancer,
which in our series occurred in 2.2% of the former and 5.3% of the latter (9).
Tumor recurrence in distant sites is more frequent with follicular than papillary
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cancers, particularly with highly invasive tumors, or primary lesions larger than
4.5 cm, and in Hiirthle cell cancers (20,60,62,63 ). Marked cellular atypia or frank
anaplastic transformation is also associated with a poor prognosis. Other tumor
features that predict mortality are tumor size greater than 1 cm (9), tumor pen-
etrating the thyroid capsule (9), vascular invasion [both follicular and papillary
cancers (64)] and lymph node (9) or distant metastases (20), and certain histo-
logic variants, including Hiirthle cell cancers, papillary tall cell or columnar
cancers, and insular cancers (/).

CLINICAL STAGING SYSTEMS THAT PREDICT PROGNOSIS

Clinical staging systems should not be confused with tumor staging such as
that derived from the TNM (tumor, node, metastases) grading system. Clinical
staging systems, which generally have been derived from multivariate analyses
of large patient cohorts studied retrospectively, have been devised to predict
thyroid cancer mortality rates. Unfortunately, most predict outcome using tumor
and age (not therapy) and in so doing fail to predict recurrence rates or the impact
of treatment. Using such a system, most patients in our study (9) are categorized
as clinical stage 1, in which the largest number of tumor recurrences (75%) and
cancer deaths (47%) occurred (Fig. 9). Providing minimal therapy (lobectomy
without '3T) for patients in clinical groups 1 and 2 fails to treat a large number
of patients adequately, who subsequently develop tumor recurrences and die of
their disease.

Impact of Therapy

Therapy generally comprises surgery, '3'I therapy, and TSH suppression with
thyroid hormone. There are, however, differing opinions about the three prin-
cipal aspects of treatment.

SURGERY

In our view, a preoperative diagnosis of papillary or follicular thyroid cancer
(1,39) warrants near-total or total thyroidectomy, with modified neck dissection
for positive lateral neck nodes, and completion thyroidectomy for any patient
with a tumor larger than 1 cm, or for tumor that is invading the thyroid capsule,
that is incompletely resected, or that has recurred (47). Although most
(39,47,65,66) believe that this is optimal therapy when the diagnosis of papillary
or follicular cancer is known preoperatively, a few (67,68) believe lobectomy
alone is sufficient therapy for low-risk patients, variously defined as having
TNM tumor stage 1 (size < 1 cm) or stage 2 (size 1-4) without metastases,
invasion, or multifocality or TNM clinical stage 1 or 2 (Fig. 9), an opinion based
on mortality rates alone that does not take into account the large number of
recurrences and cancer deaths in patients classified as low risk (Figs. 7 and 9).
A study (47) of 131 patients with differentiated thyroid cancer in which comple-
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tion thyroidectomy was done within 6 mo of the initial therapy for tumor stage
more than T1 (i.e., > 1 cm, n = 116) or suspicion of persistent tumor (n = 13) or
incompletely resected tumor (n = 2) found significantly longer survival than in
patients in whom this was not done. Cox analysis of 1501 patients in our series
showed that surgery more extensive than lobectomy was an independent variable
that favorably affected cancer recurrence [hazard ratio (HR) 0.7, p=0.0001)] and
cancer mortality (HR 0.5, p = 0.0001).

131
RADIOIODINE (7 I) REMNANT ABLATION

Because most surgeons find it nearly impossible to remove all thyroid tissue
routinely at surgery, uptake of '*'T is almost always seen in the thyroid bed
postoperatively, which must be ablated before '3!I will optimally concentrate in
metastatic deposits (69,70). Although there continues to be debate concerning
the use of 13'I to ablate uptake in the thyroid bed after near-total thyroidectomy
(71,72), there are several compelling reasons to do it. First, a thyroid remnant can
obscure '*!T uptake in cervical or lung metastases (69,70). Second, high serum
levels of TSH, which are necessary to enhance tumor 3! uptake, cannot be
achieved with a large thyroid remnant (73). Third, serum Tg is most sensitive in
detecting cancer when measured during hypothyroidism or with thTSH stimu-
lation after thyroid bed uptake has been ablated (74). Fourth, there is evidence
that recurrence and cancer mortality rates are lower after total thyroid ablation.

Recurrence after 131 Ablation. Postoperative !3'I remnant ablation is done
when the tumor has a potential for recurrence (72). A large number of studies
demonstrate decreased recurrence and disease-specific mortality rates from dif-
ferentiated thyroid cancer attributable to '3'I therapy (9,72,75-80). The lowest
incidence of pulmonary metastases occurs after total thyroidectomy and '3'I. In
one study, for example, recurrences in the form of pulmonary metastases, ana-
lyzed as a function of initial therapy for differentiated thyroid cancer, were
reported to be as follows: thyroidectomy plus '*'T (ablation dose of 100 mCi),
1.3%; thyroidectomy alone, 3%; partial thyroidectomy plus 3'I, 5%; and partial
thyroidectomy alone 11% (81). Cox analysis of 1501 patients in our series (9)
showed that thyroid '3'I remnant ablation independently reduced cancer recur-
rence (HR 0.8, p=0.016), the appearance of distant metastases (HR 0.6, p =0.002),
and cancer mortality (HR 0.5, p = 0.0001). The effect was greatest when 3T was
given after total or near-total thyroidectomy and thyroid hormone, after which 40-
yr recurrence rates were lowest (23%) compared with subtotal thyroidectomy and
1311(30%), or subtotal thyroidectomy and thyroid hormone therapy (36%) and total
or near-total thyroidectomy and thyroid hormone therapy (43%) ().

TayroID HORMONE SUPPRESSION OF TSH

Differentiated thyroid cancers contain TSH receptors, which when stimulated
promote tumor growth and uptake of iodine. Thyroid hormone therapy signifi-
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cantly reduces recurrence rates and cancer-specific mortality rates (9,72); how-
ever, the thyroid hormone dosage that is required to do this remains debatable.
A French study found that a constantly suppressed TSH (=<0.05 wU/mL) was
associated with a longer relapse-free survival than when serum TSH levels were
consistently 1 uU/mL or greater and that the degree of TSH suppression was an
independent predictor of recurrence (82). However, a prospective U.S. study of
617 patients found that disease stage, patient age, and '*'I therapy independently
predicted disease progression, whereas the degree of TSH suppression did not
(83). As a practical matter, the most appropriate dose of thyroid hormone for
most patients with differentiated thyroid cancer is that which reduces the serum
concentration to just below the lower limit of the normal range for the assay being
used, unless the patient has active disease, in which case the TSH should be
maintained at 0.1 wU/mL or lower.

Follow-Up of Papillary and Follicular Thyroid Cancer

Performing a whole-body scan and measuring serum Tg is the standard of care
in the follow-up of patients with differentiated thyroid cancer (/,84), although
DxWBS before 13'1 therapy is usually unnecessary. The panel of experts that
formulated the National Cancer Center guidelines for thyroid cancer could not
reach consensus on recommending a DxWBS in lieu of RxWBS during evalu-
ation (39). A retrospective study (85) of 76 patients undergoing follow-up after
initial thyroid ablation found that two consecutive negative DxWBSs had a
greater likelihood of predicting relapse-free survival than did one such study;
however, serum Tg was not measured under TSH stimulation, which is a consid-
erably more sensitive test than DxWBS (86,87). A study of 256 patients (88)
found that a 2-5-mCi '3'T DxWBS performed 6 mo to 1 yr after thyroid ablation
did not correlate with the serum Tg but only confirmed the completeness of
thyroid ablation, suggesting that DxWBS is unnecessary in this setting; patients
with a Tg level exceeding 10 ng/mL after TH withdrawal were given 100 mCi
of 3T followed by RxWBS. Likewise, the paradigm of using rhTSH-stimulated
Tg alone during follow-up is as successful as using rhTSH-stimulated Tg and
DxWBS together (86,87).

MEDULLARY THYROID CANCER

MTC accounts for about 4% of all thyroid malignancies (8). Sporadic MTC
is more frequent in women, with a female/male ratio of 1.5:1, whereas familial
MTC occurs with equal frequency in both sexes. Only about 10-20% of MTC
cases occur as familial tumors; the others are sporadic and may occur at any age
but usually are detected later in life than familial MTC. The median age, for
instance, of patients with sporadic MTC in one large study was 51 yr, compared
with 21 yr for those with familial tumors (89). The diagnosis is made even earlier
now with genetic testing.
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Sporadic MTC

Ranging from large bulky tumors to microscopic lesions, sporadic and famil-
ial tumors are histologically similar except sporadic MTC is typically unilateral
and not associated with other somatic lesions. A wider spectrum of abnormalities
is encountered in familial cases, ranging from isolated hypertrophied C-cells to
large bilateral multicentric tumors in the superior portions of the thyroid lobes.
MTC is typically composed of fusiform or polygonal cells surrounded by irregular
masses of amyloid and abundant collagen. About half have calcifications that
occasionally appear as trabecular bone formation. Calcitonin and carcino-
embryonic antigen usually can be demonstrated in the tumors and metastases.

Metastases of MTC

Cervical lymph node metastases occur early in the disease and can be seen
with primary lesions as small as a few millimeters. Tumors larger than 1.5 cm are
more likely to metastasize to distant sites, especially to lung, bone, and liver, but
also to the central nervous system.

Tumor Calcitonin

Immunohistochemical staining for calcitonin not only serves to identify MTC,
but its pattern may differentiate virulent from less aggressive tumors. In one
study, for example, patients with primary tumors that showed intense homoge-
neous calcitonin staining were clinically well on follow-up, whereas those with
patchy localization of calcitonin in their tumors either developed metastatic
disease or died of cancer within 6 mo to 5 yr of initial surgery (90).

Familial MTC

The genes responsible for familial MTC are in the pericentromeric region of
chromosome 10 (9/). The C-cells, which are normally located in the upper and
middle thirds of the lateral thyroid lobes, initially undergo hyperplasia in the
multiple endocrine neoplasia (MEN) 2 syndromes before developing into MTC.

Multiple Endocrine Neoplasia Type 2 Syndromes
MTC occurs in four settings, three of which are familial syndromes transmit-
ted as autosomal dominant traits.
MuLtipLE ENDOCRINE NEOPLASIA TYPE 2A

This familial syndrome comprises bilateral MTC associated with hyperpar-
athyroidism and bilateral pheochromocytoma and is always inherited as an au-
tosomal dominant trait.

MuLTIiPLE ENDOCRINE NEOPLASIA TYPE 2B

The MEN-2B syndrome comprises bilateral MTC, bilateral pheochromocy-
toma, an abnormal phenotype with multiple mucosal ganglioneuromas, and
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musculoskeletal abnormalities. It may be transmitted as an autosomal dominant
trait or as a sporadic entity and is characterized by ganglioneuromas of the tarsal
plates and the anterior third of the tongue and lips and a marfanoid habitus.
Ganglioneuromas that occur in the alimentary tract may be associated with con-
stipation, diarrhea, and megacolon. The marfanoid characteristics include long
limbs, hyperextensible joints, scoliosis, and anterior chest deformities, but not
the ectopic lens or cardiovascular abnormalities seen in Marfan’s syndrome (92).

FamiLiaL NoN-MEN MTC

Familial non-MEN MTC (FMTC), an autosomal dominant trait, causes bilat-
eral MTC with no other endocrine tumors or somatic abnormalities (93). It is the
least common form of MTC and manifests at a later age than the other familial
syndromes (93). FMTC occurs without other endocrine tumors and is usually
detected later, around age 40—50 yr, compared with an average age of 20-30 yr
for MEN-2A when detected by screening affected kindreds with calcitonin tests.

Diagnosis of MTC
SrorADIC AND UNRECOGNIZED FAMILIAL TUMORS

Patients with sporadic or unrecognized familial MTC have one or more pain-
less nodules in an otherwise normal thyroid gland, although some experience
dysphagia and hoarseness. The presenting feature may be enlarged cervical
lymph nodes or occasionally distant metastases, most commonly to the lung,
followed in frequency by metastases to the liver, bone, and brain. About half the
patients with sporadic MTC have cervical lymph node metastases at the time of
diagnosis. The thyroid nodule is usually solid on echography and malignant on
FNA and may be cold or warm on '%’I imaging. Radiographs may show dense,
irregular calcifications of the primary tumor and cervical nodes and mediastinal
widening caused by metastases. Plasma calcitonin measurement is helpful in the
early diagnosis of C-cell hyperplasia (CCH) and MTC. Elevated basal plasma
calcitonin levels, which are almost always found once the MTC becomes pal-
pable, correlate directly with tumor mass (89). Basal calcitonin often is not
elevated by small tumors and is almost invariably normal in those with CCH;
however, calcium-stimulated calcitonin levels may be abnormally high.

FNA. Recognizing MTC on FNA specimens is often difficult, but when the
diagnosis is suspected, immunocytologic staining for calcitonin should be per-
formed. As a practical matter, the cellular pleomorphism and lack of follicles
usually prompt referral for surgical excision, even when the diagnosis is not
made by FNA cytology.

FamiLiaL TuMoRs

The abnormal phenotype of MEN-2B may lead to the diagnosis. In most cases
the diagnosis is established by testing the index case, since MTC often is not
apparent in the family history.
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Genetic Testing. All first-degree relatives of any patient who tests positive
for a MEN-2 or FMTC mutation should be screened. However, the sensitivity of
genetic screening for MEN-2A offered by diagnostic laboratories that limit RET
analysis to exons 10 and 11 is about 83% (94). Genetic testing that includes RET
analysis of exon 14 results in a more complete and accurate analysis, with a
sensitivity of nearly 95% (94). It is recommended that clinicians confirm the
comprehensiveness of a laboratory’s genetic screening approach for MEN-2A to
ensure thoroughness of sample analysis.

Factors Affecting Prognosis
AGE AND TUMOR STAGE

The cancer-specific mortality rate of MTC is about 10-20% at 10 yr (8,59);
however, pheochromocytoma causes a large number of the deaths in those with
familial syndromes (95). The mortality rate is substantially worse with sporadic
tumors or when metastases are found at the time of diagnosis, and with the MEN-
2B phenotype, and among patients older than 50 yr. Patients with familial MTC
operated on during the first decade of life generally have no evidence of residual
tumor postoperatively (89); however, persistent MTC occurs in about one-third
of patients undergoing surgery in the second decade of life, thereafter gradually
increasing until the seventh decade, when about two-thirds have persistent dis-
ease (89). This is largely owing to the combined effects of advancing age and
tumor stage, which are the most powerful prognostic factors predicting outcome
(96,97).

FamiLiaL MTC

Prognosis is best with FMTC and MEN-2A. Early detection and treatment has
aprofound impact on the clinical course of MTC. When nodal metastases are not
present, for example, the 10-yr survival rates are nearly similar to those in unaf-
fected subjects, but they fall to about 45% when nodal metastases are present
(89). Before 1970, MTC was usually diagnosed in the fifth or sixth decade. For
the next 20 yr biologic markers assumed a preeminent role in diagnosis. With
periodic calcitonin screening, affected members of MEN kindreds were usually
identified in the second decade of life or earlier, when they usually had CCH or
microscopic MTC confined to the thyroid (98). Nonetheless, the results of long-
term studies using this approach are somewhat disappointing. One study com-
paring calcitonin measurement with genetic testing found 14 young gene carriers
(18% of the 80 known gene carriers in the study) who had normal plasma calci-
tonin levels, 8 of whom had undergone thyroidectomy at the time their genetic
defect was identified and were found to have foci of MTC (99). Another study
(100) reported long-term follow-up of 22 children in whom biologic screening
studies were routinely performed once a year and thyroidectomy was recom-
mended for any elevation in serum calcitonin levels. MTC developed in 17
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children (77%), whereas only 5 had CCH. Thirteen of the 17 with MTC had mac-
roscopic tumor, and recurrent disease developed in 4 of the children (24%) (100).

Genotypes. There is growing awareness that genotypes may permit prognos-
tication. In one study (/01 ), for example, RET mutations in exons 10, 11, 13, and
14 were associated, respectively, with different median ages at diagnosis: 38,27,
52, and 62 yr (p = 0.003). Age differences became even more evident when the
mutations were grouped by cysteine codons (exons 10 and 11 vs. exons 13 and
14) with median ages, respectively, of 30 and 56 yr (p =0.001). Three risk groups
were devised according to genotype. The high-risk group (codons 634 and 618)
had the youngest ages of 3 and 7 yr at diagnosis. The intermediate-risk group
(codons 790, 620, and 611) had ages of 12, 34, and 42 yr. A low-risk group
(codons 768 and 804) had ages of 47 and 60 yr, respectively (/01), allowing for
amore individualized approach to the timing and extent of prophylactic surgery.
However, other studies describe unexpected differences in prognosis among
patients with the same RET mutation (/02).

Treatment of MTC

Surgery offers the only chance for a cure and should be performed as soon as
the disease is detected (96,97). However, pheochromocytoma must be rigorously
searched for and excised before thyroidectomy is performed. The treatment of
MTC confined to the neck is total thyroidectomy because the disease is often
bilateral, even with a negative family history, since patients are often unsus-
pected members of affected MEN-2 kindreds (96,97). All patients with a pal-
pable MTC or clinically occult disease that is visible on cut section of the thyroid
should undergo routine dissection of lymph nodes in the central neck compart-
ment because nodal metastases occur early and adversely influence survival. The
lateral cervical lymph nodes should be dissected when they contain tumor, but
radical neck dissection is not recommended unless the jugular vein, accessory
nerve, or sternocleidomastoid muscle is invaded by tumor (/03). Multivariate
analysis (104 ) shows that the best prognosis occurs in young patients undergoing
total thyroidectomy and neck dissection. External beam radiotherapy (XRT)
may significantly reduce local relapse in patients with limited nodal disease. In
one study (/05) there was no difference in local/regional relapse-free rates
between patients receiving XRT and those that did not, but in 40 high-risk
patients (microscopic residual disease, extraglandular invasion, or lymph node
involvement), the local/regional relapse free rate was 86% at 10 yr with postoper-
ative XRT (25 patients) and 52% for those with no postoperative XRT (p =0.049).
Some therefore advise external beam radiation in patients at high risk of local/
regional relapse to optimize local/regional tumor control (/05).

TREATMENT OF FamiLIAL MTC

After 1993, when RET mutations were identified in hereditary MTC, surgeons
had the opportunity to operate prophylactically on patients before MTC became
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manifest. Nonetheless, microscopic or grossly evident MTC is often present in
the excised thyroid glands, and a few are metastatic to regional lymph nodes
(106). Almost all patients are biochemically cured with prophylactic total thy-
roidectomy, which can be performed safely at selected centers (/03 ). Prophylac-
tic total thyroidectomy—done by an experienced surgeon—is recommended at
age 6 yr for patients who test genetically positive for MEN 2A (103,107). Thy-
roidectomy should be done at an even earlier age for children who test positive
for MEN-2B, because its behavior is so aggressive (108,109). It is recommended
that central neck lymph node dissection be included when calcitonin levels are
elevated or if patients are older than 10 yr (/03).

Delay in Diagnosis. One study found that without genetic testing, even when
the mean age at the time of thyroidectomy was about 10 yr, a significant number
of patients (21%) with MEN-2A or -2B developed persistent or recurrent MTC
over a follow-up of about a decade (108).

Follow-Up of MTC

Persistent or recurrent MTC is typically manifest by high postoperative cal-
citonin levels, which occurs commonly although survival is usually prolonged.
A French study, for example, reported that 57% of 899 patients were not cured
(57%), but that survival was 80% at 5 yr and 70% at 10 yr (96). Reoperation in
appropriately selected patients is thus appropriate because it is the only treatment
that may reduce calcitonin levels and often results in excellent local disease
control. Although the combined use of !!In-octreotide and **™Tc (V) DMSA is
the most sensitive imaging study for localized MTC, the combined use of com-
puted tomography (CT) and magnetic resonance imaging (MRI) with radionu-
clide imaging methods may detect most metastatic tumor foci (//0). There is no
curative therapy for widely metastatic disease, but neck microdissections may
normalize calcitonin levels when persistent MTC is confined to regional lymph
nodes. Improved results have been reported in recent years with the surgical
management of persistent MTC, mainly through better preoperative selection of
patients with routine laparoscopic liver examination or hepatic angiography
(111) to identify hepatic metastases in patients with normal CT and MRI images
(112). Patients with widely metastatic MTC often live for years, but many develop
symptoms from disease progression that may respond to palliative resection that
removes discrete symptomatic lesions to provide symptomatic relief (//3).

ANAPLASTIC THYROID CANCER

Diagnosis
The diagnosis of malignancy is usually quite evident with anaplastic thyroid

cancer because of the ominous symptoms and physical findings suggesting an
aggressive and invasive tumor. The main diagnostic problems are differentiating
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ATC from less aggressive undifferentiated thyroid tumors and delineating the
extent of cervical disease.

CLINICAL PRESENTATION

ATC almost always causes a highly symptomatic neck mass that is rapidly
enlarging in about two-thirds and causing symptoms of tracheal compression and
invasion in one-third (/74,115). About one-third of patients have a history of a
preexisting goiter, and about half have dyspnea at the time of diagnosis. Symp-
toms often appear abruptly, having been present for less than 3 mo in about half
the patients (/15). Rapid tumor growth often causes neck pain that may mimic
subacute thyroiditis, probably because of tumor necrosis and invasion of neck
tissues. Hoarseness and cough with systemic symptoms such as fever or weight
loss are usually present. Most patients have normal thyroid function, although
thyrotoxicosis rarely occurs, probably from rapid thyroid tissue necrosis releas-
ing thyroid hormone (24).

On examination the tumor is typically hard, poorly circumscribed and fixed
to surrounding structures. About two-thirds have a multinodular goiter (//5),
another third have an isolated thyroid nodule, and only a few have diffuse
thyromegaly. ATC is characteristically quite large and may be associated with
palpable cervical lymph nodes. In one large series, about 80% were larger than
5 cm and half the patients had palpably enlarged cervical lymph nodes (/15).
One-third of the patients in this same series had vocal cord paralysis (/15).
Stridor that occurs when the patient’s neck is extended heralds serious airway
obstruction and should raise the question of elective tracheostomy to protect the
airway. The tumor may cause a superior mediastinal syndrome with venous
distention and edema of the face, arms, and neck.

FNA and Other Tests. Although a diagnosis of malignancy is almost always
possible by thyroid FNA, anaplastic ATC may be difficult to distinguish from
thyroid lymphoma, MTC, and other forms of undifferentiated thyroid cancer or
cancers metastatic to the thyroid. Nonetheless, the giant and spindle cell patterns
of anaplastic thyroid cancer usually predominate, sometimes with multinucle-
ated giant cells, suggesting the correct diagnosis. MTC often shows a spindle cell
population and usually can be identified by FNA cytology that may stain for
amyloid or calcitonin (24). Non-Hodgkin’s thyroid lymphoma can be identified
by FNA, usually by its small cells, but open biopsy and histochemical staining
are necessary to differentiate it from ATC, especially when the lymphoma is
composed of large cells. Poorly differentiated “insular” thyroid cancer may be
mistaken for ATC. When diagnosed by FNA, open biopsy and immunohis-
tochemical staining may be necessary confirmation of ATC.

Prognostic Factors

Although the prognosis of ATC is very poor, several large studies suggest that
the patient’s age and tumor stage are the two most important variables influenc-
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ing prognosis; the younger the patient and the lower the tumor stage, the longer the
survival (//4). In one study (//4), mean survival was 8.1 mo if the disease was
confined to the neck compared with 3.3 mo when it was metastatic outside the neck.
Relatively favorable prognostic features are unilateral tumors smaller than 5 cm
without invasion of adjacent tissue or cervical nodal involvement (/175).

Mortality Rates

ATChas adismal prognosis. In 1961, Woolner and associates (50) reported that
61% of 119 patients with ATC were dead within 6 mo and 77% had died within a
year of diagnosis. Almost 30 yr later, another large study (//4) reported a mean
survival of 7 mo in patients with ATC. Only 8% (20 of 240 patients) from both
series survived longer than a year. Median survival in a later series was only 4
mo (/15), which is within the 4—6 mo median survival range reported in most
series in the past two decades (24). Lymphomas and MTC that histologically
resemble ATC have a much better prognosis and must be differentiated from
ATC by immunohistochemical studies.

Treatment of Anaplastic Thyroid Cancer
THYROID SURGERY

Thyroidectomy with excision of the involved neck tissues and cervical lymph
nodes should be done if possible, without resorting to radical surgery. In one
large series(115),41% of the patients had surgical resection—mostly total lobec-
tomy with subtotal resection of the contralateral lobe—in an attempt to cure the
patient, and in another series (//4), about 45% of the patients underwent total
thyroidectomy. However, in neither series did the extent of surgery influence the
survival rate. The main reason to attempt resection of the neck mass is to preserve
the airway. Total thyroidectomy and radical neck dissection result in an in-
creased complication rate without conferring a clear advantage over a more
conservative approach.

Airway Management. Tumor may compromise the airway by either compres-
sion, displacement, or infiltration of the malignancy. Management involves surgi-
cal decompression of the airway when there is compression or displacement, and
tracheostomy with a long stomal tube when the airway is infiltrated with tumor.
Many patients require tracheostomy at some time in the course of their disease,
mainly to relieve airway obstruction but also as a precautionary measure before
initiating external radiation therapy. External irradiation may cause tumor edema
that acutely exacerbates airway obstruction. More than half the patients in one large
series required tracheostomy during the course of their disease (/15).

MEebpicAL THERAPY

External Radiotherapy. After treatment with surgery and XRT, fewer than
5% of patients with ATC survive for 5 yr, although survivors who are disease-
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free at 2 yr may live for longer periods (24). Because conventional XRT fails to
eradicate local disease, larger radiation doses given at closer intervals have been
given with limited success in controlling local disease, but the toxicity is very
high, resulting in severe esophagitis and dysphagia, spinal cord necrosis, and
death (116,117).

Chemotherapy. There is no consensus regarding the selection of chemo-
therapeutic agents for patients with ATC, mainly because this tumor is so resis-
tant to chemotherapy. None provides clearly superior therapeutic efficacy, and
the selection is often based as much on the side-effect profiles of the drugs as the
potential efficacy. When there is a response to doxorubicin, pulmonary metas-
tases most frequently respond to therapy, followed by bone metastases and local
tumor growth; however, it may not control local disease (24). Several studies
(118-120) report that combinations of intense XRT, chemotherapy, and tumor
debulking surgery marginally improve local disease recurrence and that a few
patients live as long as several years after treatment. However, this therapy may
be poorly tolerated and associated with severe side effects.

THYROID LYMPHOMA

Primary thyroid lymphoma is an uncommon but life-threatening disorder that
often poses amajor diagnostic dilemma because it is encountered so infrequently.
Typically it arises in the setting of Hashimoto’s thyroiditis, sometimes in patients
with long-standing hypothyroidism. The neoplasm may go unrecognized for
several months until the patient develops airway obstruction symptoms, and when
it does become apparent that it is a malignancy, an erroneous diagnosis of ATC is
sometimes made. It is important to identify the tumor as a thyroid lymphoma since
its prognosis is much better than that of ATC. Nevertheless, many patients continue
to die from this tumor because the diagnosis is often delayed, which is challeng-
ing because when it is diagnosed at an early stage it has an excellent prognosis.

Diagnosis

Contrary to systemic lymphomas, female preponderance is the rule for thyroid
lymphoma (29) because it originates from active lymphoid cells in chronic lym-
phocytic thyroiditis, which occurs more often in women. Among 812 patients
with thyroid lymphoma reported in 16 large series (29), females outnumbered
males by almost 3:1, and the mean age was 62.7 yr; however, the female-to-male
ratio under age 60 was 1.5:1 compared with 5:1 over age 60 (29). Although this
is a disease of older women, about one-third of 568 patients in one review (29)
were under age 60 yr.

CLINICAL PRESENTATION

History. A close association exists between thyroid lymphoma and
Hashimoto’s thyroiditis. The relative risk of thyroid lymphoma among people
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with Hashimoto’s thyroiditis living in Sweden was 67-fold greater than expected,
after an average follow-up of 8.5 yr (1217). Another study (/22) found that the
frequency of thyroid lymphoma among 5592 women aged 25 yr or older with
chronic thyroiditis living in Japan was increased 80-fold. The interval between
the diagnosis of chronic thyroiditis and thyroid lymphoma averaged 9.2 yr, but
was as short as 3.5 yr in a few. Most patients have symptoms caused by a rapidly
expanding goiter, which was present for a year or more in only 16% of 556
patients reported in nine large studies (29). Symptoms typically exist for less than
5 mo (29), contrasting sharply with the indolent course of Hashimoto’s thyroidi-
tis, and are caused by tumor pressing on and growing into vital neck organs,
particularly the trachea, laryngeal nerve, esophagus, and neck muscles. The most
common complaints among 281 patients reported in nine large studies (29) were
hoarseness (21%), dysphagia, dyspnea and stridor (19%), a sensation of pressure
in the neck (5%), and neck pain (5%). These important warning signs of
extrathyroidal tumor extension should alert the clinician to the malignant nature
of the goiter (29). Stridor and hoarseness often occur together and are almost
invariably a sign of laryngeal nerve paralysis. Symptoms of invasion, particu-
larly dyspnea and dysphagia, are ominous and portend a poor outcome.

Physical Examination. On examination, there may be only an enlarged thy-
roid lobe or adiscrete nodule or diffuse thyromegaly. The goiteris generally firm,
nontender, and fixed to adjacent tissues, a sign that tumor is invading neck
structures. Other signs of extrathyroidal spread include ill-defined thyroid bor-
ders with extension laterally or retrosternally. Large (>2 cm), nontender matted
cervical lymph nodes are found in up to half the patients (29). The chest roent-
genogram may show retrosternal involvement or mediastinal widening, although
lymph nodes elsewhere are seldom enlarged.

LABORATORY STUDIES

Almost all patients have clinical or histologic evidence of lymphocytic thy-
roiditis at the time lymphoma is diagnosed (29). Antithyroglobulin and
antimicrosomal antibodies were found in almost 75% of 539 patients in ten large
series (29), 83% of whom had histologic evidence of Hashimoto’s thyroiditis.
Despite these findings, few patients at the time of diagnosis have overt hypothy-
roidism—Iless than 10% of 366 patients from seven large studies (29)—most
being euthyroid or only mildly hypothyroid with minimal TSH elevation and
normal thyroid hormone levels, whereas thyrotoxicosis is very uncommon.
Goiter that suddenly enlarges during long-term thyroxine therapy is an important
clue to the diagnosis of lymphoma.

FNA AND OTHER TESTS

FNA should be considered in patients with Hashimoto’s thyroiditis who have
discrete cold thyroid nodules or diffuse or multinodular goiters with the features
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Table 3
Indications for Fine-Needle Aspiration or Open
Surgical Biopsy in Patients Suspected of Having
Thyroid Lymphoma

Thyroid mass with
* Rapid enlargement
* Hoarseness
* Laryngeal paralysis
* Dysphagia
* Stridor
* Dyspnea
* Pain
Hashimoto’s thyroiditis
* Hypofunctional (cold) nodule
» Hypofunctional area on scan without nodule
* Enlargement despite thyroid hormone therapy
« Associated with monoclonal gammopathy

Adapted from ref. 29.

summarized in Table 3 (29). A diagnosis of lymphoma may be established by
FNA cytology or by open surgical biopsy, but, regardless of the technique, good-
quality smears or tissues must be obtained in sufficient quantity to perform
routine studies and specific immunohistochemical stains.

Staging Tests. Although most practitioners base disease stage on surgical
specimens, this is not the best approach (/23). Accurate staging is important
because radiation alone is often used for thyroid lymphoma, although there is
little agreement regarding an optimal staging evaluation (29). Patients should
have a complete blood count, blood chemistries, chest roentgenogram, and stud-
ies to investigate the extent of local disease, including regional lymph node
involvement and tumor extension into neck structures and disease in the chest
and abdomen. Thyroid ultrasonography may be helpful, but CT or MRI of the
neck, chest, and abdomen should be done. Bone marrow examination is not
necessary in every patient. One group (/24) performed bone marrow examina-
tions in most of their patients, but almost none were positive. Other studies also
suggest that almost no patients with thyroid lymphoma have bone marrow
involvement (29). There is lack of consensus about gastrointestinal evaluation,
but at our institution, most patients have CT of the neck, chest, and abdomen.

DELAY IN DIAGNOSIS

It is important to diagnose thyroid lymphoma at an early stage. In one large
study from Japan (/25), the frequency of high-grade thyroid lymphomas
decreased significantly after 1982, which the authors attributed to early diagno-
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sis and therapy. Likewise, a German study found that non-Hodgkin’s lymphoma
with low-grade histology can undergo transformation into high-grade tumors
(29). The diagnosis is usually made after a rapidly enlarging thyroid mass calls
attention to the problem, but thyroid lymphoma can be discovered at an earlier
stage by investigating more subtle clues in patients with Hashimoto’s disease.
Thyroid lymphoma should be considered when there is a discrete hypofunctional
area on 2’ scanning of a thyroid in a patient with Hashimoto’s thyroiditis,
whether or not the nodule is palpable (29). Lymphoma should also be suspected
when the entire thyroid gland in a patient with Hashimoto’s disease or any por-
tion of it enlarges during thyroid hormone therapy or when palpable cervical or
supraclavicular lymph nodes develop.

Mortality and Recurrence Rates

Five-year survival rates with non-Hodgkin’s thyroidal lymphoma was almost
60% in 368 patients reported in seven large series (29); however, survival is
dependent on several variables, particularly tumor stage and grade. In one large
study (126), for example, only one death occurred from lymphoma when it was
limited to the thyroid (stage IE); the average survival rate was reduced to only 18
mo when there was involvement of local lymph nodes (stage IIE) or infiltration
of adjacent soft tissues. Another study (/27) found that 5-yr survival rates were
91% in stage IE and only 62% in stage IIE patients. Over the past several decades,
5-yr survival rates have been at least 75-100% when tumor is confined to the
thyroid compared with only 35-60% when it is outside the gland (29,/28,129).
Histology is also prognostically important. In one large study (/30) of 79 patients,
5-yr survival rates were 92% for patients with low-grade lymphomas and 79%
for intermediate-grade lymphomas but only 13% for immunoblastic-type (high-
grade) lymphomas.

ProGNosTIC FACTORS

One large study (/30) found that favorable prognostic factors were longer
duration (>6 mo) of goiter, age less than 60 yr and goiter smaller than 10 cm. In
another series (/24), the important prognostic factors were tumor size and fixa-
tion, extracapsular extension, and retrosternal involvement. In a third study (/31),
unfavorable prognostic factors were large cell lymphoma, tumor resectability,
and possibly male sex, whereas preexisting Hashimoto’s thyroiditis was a favor-
able prognostic factor, which has also been reported by others (/32). Others
(128,132) find that advanced age (>65 yr), hoarseness, stridor, hepatosplenom-
egaly, axillary lymph nodes, vocal cord paralysis, and chest x-ray showing a
superior mediastinal mass are all poor prognostic indicators.

Impact of Therapy

Treatment is not standard because large, randomized, multicenter trials for
this uncommon disorder have not been done. External radiation is the treatment
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of choice in many centers, but controversy surrounds the optimal extent of sur-
gery and the use of chemotherapy. Survival has improved over the past few
decades, in which earlier diagnosis, better staging, and more aggressive radiation
treatment has been the norm, although it is not clear which if any of these factors
is responsible for the improved survival. Nonetheless, there are indications that
thyroid lymphoma is being diagnosed at an earlier stage and at a lower grade now
than in the past and is being more aggressively treated (29). As thyroid lympho-
mas have become more common, adequate staging has been performed more
regularly, therapy has improved, and radiation therapy has been used in nearly
all cases (29).
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INTRODUCTION

Early diagnosis and treatment of hypothyroidism is the exception rather than
the rule. Despite its high prevalence (/-3) and potential consequences, hypothy-
roidism is typically diagnosed in clinical settings at an advanced and often long-
standing stage or is incidentally detected during a wide-ranging evaluation for
nonspecific complaints. Even when hypothyroidism should be anticipated, such
as in patients who have received neck irradiation (4) or amiodarone therapy (5),
its recognition is often delayed. Only in neonates, for whom universal thyroid
function testing is mandated in most industrialized societies, is hypothyroidism
identified early and treated promptly. Application of the principles of preventive
medicine to hypothyroidism has occurred slowly, except in the worldwide efforts
to prevent dietary iodine deficiency disorders, including endemic goiter, hypo-
thyroidism, and cretinism (6).

Preventive interventions are categorized by the stage of disease progression
that they address. Primary prevention refers to interventions in patients without
disease, in order to decrease its incidence. Secondary prevention aims to identify
people early in a disorder’s natural history. Achieved through screening and
early intervention, secondary prevention attempts to avert disease morbidity,
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complications, and mortality. Tertiary prevention refers to amelioration of the
course of established disease and decreasing recurrent episodes of an existing
illness. The success of disease prevention may be assessed based on the benefit
to treated individuals or, more often, from the perspective of cumulative benefit
to an entire population. Evidence-based approaches to developing preventive
practices, such as systematic literature reviews, meta-analyses, and decision and
cost-effectiveness analyses, can predict whether screening is likely to achieve
the desired outcome and result in more good than harm (7).

PRIMARY PREVENTION OF HYPOTHYROIDISM

Primary prevention of disease focuses on risk factor identification and modi-
fication. Risk factors may stem from genetic predispositions and environmental
exposures. There is a genetic predisposition to the most common cause of
hypothyroidism, autoimmune thyroiditis, which occurs approximately tenfold
more frequently in women than men and affects approximately one in seven
female children of affected women. However, autoimmune thyroiditis appears
to be a polygenic disorder (§) for which there can currently be only general
predictions of disease risk. A number of other rare monogenic disorders causing
hypothyroidism have been described. Familial combined pituitary hormone
deficiencies (9) and isolated thyrotropin (TSH) deficiency (/0) cause central
hypothyroidism. The thyroid gland may be congenitally resistant to TSH action
as the result of a mutation in the TSH receptor (/1), its related G o subunit (/2),
or the TSH B-subunit (/3). Inherited defects in thyroid hormone biosynthesis
caused by mutant thyroglobulin (/4), sodium-iodide symporter (/5), thyroid
peroxidase (/6), and pendrin (/7) genes can produce goiter with or without
hypothyroidism. Although it is theoretically possible to detect these mutations
prenatally with the goal of either preventing (primary prevention) or promptly
detecting and treating (secondary prevention) congenital hypothyroidism, there
isnoreport of this actually being done. Furthermore, the rarity of these disorders,
and the ease with which hypothyroidism can be treated, makes the issue of
primary prevention by genetic modification clinically inconsequential.

Several environmental influences are known to be associated with hypothy-
roidism, including severe dietary iodine deficiency, iodine excess, certain medi-
cations, cigarette smoke, and thyroidal irradiation. Dietary iodine deficiency is
the most important of these factors epidemiologically (/8), affecting approxi-
mately 100 million people in underdeveloped (principally mountainous) regions
around the world. The spectrum of iodine deficiency disorders includes goiter,
maternal and fetal hypothyroidism, and cretinism; follicular thyroid cancer is
also relatively more common in regions of mild to moderate iodine deficiency
(19). A full discussion of this problem and of strategies for eradication of iodine
deficiency is beyond the scope of this chapter, but the topic has recently been
reviewed elsewhere (6,20).
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Paradoxically, iodine excess is also a potential cause of hypothyroidism in two
settings. First, a surfeit of iodine in the diet has been associated with higher
incidences of hypothyroidism, in populations both with (2/) and without auto-
immune thyroiditis (22). Experimental evidence in animal models supports this
relationship (23,24). Second, chronic ingestion of pharmacologic amounts of
iodine in the diet or in medications can provoke hypothyroidism in individuals
with underlying autoimmune thyroiditis. The most important sources of iodine
in this context are dietary seaweed (25 ), naturopathic food supplements contain-
ing kelp, and the drug amiodarone, which is 40% iodine by weight. In North
America, more than 20% of individuals treated with amiodarone develop
hypothyroidism (5).

Cigarette smoke can impair thyroid function in women with iodine deficiency
or autoimmune thyroiditis (26—28). One study performed in a geographic region
with low dietary iodine intake suggested that in women 23% of the risk for
developing autoimmune thyroiditis-related hypothyroidism could be attrib-
uted to smoking (29). Although a causal relationship between cigarette smoke and
hypothyroidism has not been established, it has been postulated that increased
circulating thiocyanate concentrations found in smokers may inhibit iodide
transport and thyroid peroxidase-catalyzed iodide organification, precipitat-
ing hypothyroidism in patients with decreased thyroid gland reserve (30-32).
Active smoking can also exacerbate established partial hypothyroidism, inhib-
iting both thyroid hormone secretion and peripheral thyroid hormone action (33).
Consequently, smoking cessation in both populations and individual patients can
contribute to both primary and secondary prevention of hypothyroidism.

Certain industrial toxins and medications cause hypothyroidism. Exposure to
polybrominated biphenyls (34) and polychlorinated biphenyls (35) precipitates
hypothyroidism by structural injury to the thyroid gland. Resorcinol has been
reported to induce hypothyroidism in textile workers (36) and in a patient on
chronic hemodialysis (37). The adrenolytic agent aminoglutethimide can impair
thyroid gland function (38). The commonly used psychotropic medication
lithium carbonate frequently causes hypothyroidism by inhibiting hormone re-
lease from the gland. Almost 40% of lithium-treated patients have transient TSH
elevation, and approximately 10% have sustained hypothyroidism. Again, pa-
tients with underlying autoimmune thyroiditis are the most vulnerable. The
immunomodulatory agent interferon-o can induce autoimmune thyroiditis and
hypothyroidism, as well as hyperthyroid Graves’ disease and a transiently thy-
rotoxic form of thyroiditis (39). Avoidance of these toxic and medicinal expo-
sures when possible, particularly in individuals with underlying autoimmune
thyroiditis, represents a form of primary prevention for hypothyroidism.

Thyroidal irradiation—either by accidental or therapeutic radioactive iodine
ingestion, or by external beam radiotherapy—can cause hypothyroidism, as well
as benign and malignant thyroid neoplasms. Well-defined procedures, equip-
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ment, and monitoring are important to prevent and detect accidental thyroid
irradiation in the setting of research laboratories, nuclear medicine departments,
and nuclear reactor facilities where workers could be exposed to radioiodine.
Radioiodine has proved to be among the most dangerous radioisotopes released
in nuclear power plant accidents, such as the Chernobyl nuclear power station
disaster. The principal thyroid problem occurring in populations exposed as
children has been thyroid cancer (40), but hypothyroidism may also occur with
greater frequency (4/). Stable iodine, as potassium iodide (KI), can effectively
prevent significant thyroidal irradiation and its consequences if the compound is
administered before or simultaneously with radioiodine exposure (42). The
potential benefits of KI, logistics of distribution, and potential side effects have
been the basis for lively public debate. Similarly, thyroidal radioiodine exposure
associated with the investigational use of radioimmunoglobulins to treat malig-
nancies, such as hepatoma and Hodgkin’s lymphoma (43), can be prevented by
administering stable iodine in advance. In patients given therapeutic 131-iodine
therapy for diffuse and nodular toxic goiter, hypothyroidism is an unavoidable
consequence of effective therapy in most patients (44), so secondary prevention
in the form of early detection is appropriate (see next section). External beam
radiotherapy for malignancies of the head and neck commonly cause hypothy-
roidism, but shielding of the thyroid gland would limit the treatment field, so
primary prevention is not feasible.

SECONDARY PREVENTION OF HYPOTHYROIDISM:
EARLY DIAGNOSIS AND TREATMENT

Hypothyroidism fulfills the criteria for early detection, either through testing
prompted by clinical suspicion (case finding) or by routine testing of all individu-
als in a defined group (screening). First, hypothyroidism is highly prevalent,
particularly in clinically identifiable subsets of the population, such as older
women. Second, its consequences can be clinically significant—whether one
considers the morbidity of subsequent myxedema or the long-term vascular
effects of associated hyperlipidemia—and these consequences can be avoided
by early diagnosis and therapy. Third, clinical diagnosis alone can be inaccurate.
Fourth, the diagnostic test, serum TSH measurement, can successfully identify
individuals with early disease, so interventions are possible before development
of adverse consequences of untreated disease. Importantly, the screening test is
accurate, safe, and inexpensive. Furthermore, once hypothyroidismis diagnosed,
treatment is also effective, safe, and inexpensive. For all the common causes of
primary hyperthyroidism, measurement of a serum TSH can establish or exclude
the diagnosis in a straightforward manner. For central hypothyroidism caused by
hypothalamic or pituitary disorders, a serum free thyroxine measurement (FT4)
is required.
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Table 1
Indications to Test for Hypothyroidism

Symptoms and Signs

Fatigue Muscle weakness Bradycardia

Dry skin Muscle cramps Diastolic hypertension
Impaired memory Deep tendon reflex delay Hoarseness

Slowed mentation Cold intolerance Periorbital edema
Depression Constipation Weight gain

Risk factors for thyroid failure
Autoimmune thyroiditis
Established serologic or tissue diagnosis
Diffuse goiter
Family history of autoimmune thyroid disease
Previous Graves’ disease or painless (postpartum) thyroiditis
Personal or family history of associated autoimmune disorders (e.g., vitiligo,
pernicious anemia, adrenal insufficiency, diabetes mellitus)
Interferon-a therapy
Previous thyroid injury
Surgery
Radioactive iodine
External radiotherapy
Postpartum status
Drug impairing thyroid function
Lithium carbonate
Amiodarone
Aminoglutethimide
Hypothalamic or pituitary disease, known or suspected
Other elements of hypopituitarism
Manifestations of a sellar mass (headache, decreased temporal vision, or diplopia).
Disorders known to cause hypothalamic or pituitary dysfunction (sarcoidosis or
metastatic cancer).

Routine laboratory test abnormalities
Hypercholesterolemia
Anemia
Hyponatremia
Hyperprolactinemia
! Creatine phosphokinase

Suspicion that a patient has hypothyroidism can be based on the presence of
clinical findings, recognition of risk factors for thyroid gland failure, or abnor-
malities in routinely measured laboratory parameters (Table 1). Case finding is
particularly important in populations at high risk of developing hypothyroidism,
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B First Visit B 1 Month M 6 Months 3 Never

Fatigue Depression Impaired High
Memory Cholesterol

Fig. 1. TSH testing by physicians in hypothetical patients with symptoms and hyper-
cholesterolemia potentially attributable to hypothyroidism. (Adapted from ref. 48.)

e.g., patients who have been treated with lithium carbonate, amiodarone, or
thyroid irradiation. Various strategies have been described for systematic fol-
low-up of patients at risk of developing hypothyroidism after radioiodine therapy
(45—47).

The extent to which practicing physicians actually consider the diagnosis of
hypothyroidism in patients with nonspecific clinical and laboratory findings is
unknown. However, arecently published survey of 1721 primary care physicians
revealed the frequency with which TSH testing was employed in the differential
diagnosis of hypothetical patients who had potential manifestations of hypothy-
roidism—either one of three nonspecific symptoms or hypercholesterolemia
(48) (Fig. 1). Seventy-five to 87% of physicians requested a serum TSH measure-
ment, among other investigations, at the first visit in symptomatic patients, but
only 56% of physicians ordered a TSH at the first visit in the hypercholester-
olemic patient. Familiarity with managed care guidelines regarding the evalua-
tion of hypercholesterolemic patients for secondary causes of hyperlipidemia
was associated with a significantly higher rate of TSH testing.

The argument for population screening for hypothyroidism is particularly
persuasive in neonates, since untreated thyroid hormone deficiency can lead to
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irreversible abnormalities in neuropsychological development. The rationale
and procedures for neonatal thyroid function screening have been reviewed else-
where (49). Guidelines for hypothyroidism screening in adults have been articu-
lated by several professional societies (50) (Table 2). The cost-effectiveness of
TSH screening every 5 years has been shown to be as favorable as, or even more
favorable than, screening for hypertension, breast cancer, and hypercholester-
olemia (51).

TERTIARY PREVENTION OF HYPOTHYROIDISM:
AVOIDING COMPLICATIONS

Potential complications of recognized hypothyroidism and its treatment are
preventable with sustained thyroxine therapy and appropriate clinical and labo-
ratory monitoring. Myxedema coma is a life-threatening syndrome of multisys-
tem organ failure resulting from prolonged profound thyroid hormone deficiency,
usually with superimposed sepsis, drug intoxication, or an ischemic vascular
event (52). Anecdotally, the hypothyroid patient who is elderly or has a history
of previous noncompliance, other systemic illness, alcohol abuse, social isola-
tion, and economic deprivation is at greatest risk. A second potential complica-
tion in hypothyroid patients who are suboptimally treated is persistence of risk
factors for atherosclerosis. In this setting, the serum low-density lipoprotien
cholesterol (53) concentration may remain elevated. In one small trial of patients
with treated hypothyroidism and ischemic heart disease undergoing follow-up
coronary catheterization after angioplasty, the patients with inadequately treated
hypothyroidism (i.e., persistently elevated serum TSH concentrations) had a
significantly higher rate of progression of their coronary arterial lesions than did
patients on an optimal thyroxine replacement dose (54).

For patients with treated hypothyroidism, tertiary prevention includes avoid-
ing complications of thyroid hormone therapy. The first of these is iatrogenic
thyrotoxicosis, which in one large population survey was found to occur in more
than one-fifth of thyroid hormone-treated patients (2). Appropriate dose selec-
tion and adjustment with TSH monitoring can avoid this problem (55). Even the
appropriate restoration of euthyroidism with thyroxine can also be associated
with two unusual complications that should be anticipated and (when they are
probable) prevented. First, ischemic heart disease can be exacerbated by thyroid
hormone’s positive chronotropic and inotropic actions, which have been reported
to cause angina, myocardial infarction, dysrthythmia, and death (56). Conse-
quently, in patients with known coronary artery disease, prominent risk factors
for it, or age older than 65 years, treatment should be initiated with a low dose
of thyroxine, e.g., 0.025 mg/d. Second, institution of thyroid hormone replace-
ment alone can provoke adrenal insufficiency in patients with associated border-
line adrenal cortical function caused by autoimmune adrenalitis in patients with



Table 2
Clinical Practice Guidelines for Thyroid Function Testing and Screening
Methods used to
Guideline analyze evidence Organization, year Summary of relevant recommendations
American Thyroid Narrative literature review  American Thyroid Screening with serum thyrotropin (TSH)

Association guidelines
for the detection of
thyroid dysfunction (58)

Consensus statement for
good practice and audit
measures in the
management of hypo-
thyroidism and hyper-
thyroidism (59)

Expert opinion”

Narrative literature review
Expert opinion®

Association, 2000

Royal College of
Physicians of London
Society for Endocrinology,

1996

every 5 yr for women and men over age
35yr

Screening for individuals with symptoms
and risk factors

Addition of serum free thyroxine (FT4)
when pituitary or hypothalamic disease
suspected

General testing of population unjustified

Screening for congenital hypothyroidism

Screening patients after thyroid surgery,
radioactive iodine treatment, or
longstanding lithium treatment; low
threshold for screening patients on
amiodarone

Consideration of screening patients with
type I diabetes during first-trimester
pregnancy by measuring antithyroid
antibody

Biochemical confirmation of hypo-
thyroidism with serum TSH and total
thyroxine (T4) or FT4

vy
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Laboratory medicine
practice guidelines for
the diagnosis and
monitoring of thyroid
disease testing (60,61)

Newborn screening for
congenital hypo-
thyroidism:
recommended
guidelines (62)

Narrative literature review
.. c
Expert opinion

Narrative literature review
. c
Expert opinion

American Association of
Clinical Chemists

American Association of
Clinical
Endocrinologists

American Thyroid
Association

Endocrine Society

National Academy of
Clinical Biochemistry,
1990 (update in
progress)

American Academy of
Pediatrics, 1993

Serum TSH for evaluating patients with
stable thyroid status; FT4 in patients
during first 2—-3 mo treatment of thyroid
dysfunction

Prepregnancy or first-trimester pregnancy
screening with serum TSH

In patients receiving amiodarone, baseline
TSH, thyroid peroxidase antibody,
FT4, and FT3; biannual screening of
TSH, FT4, and FT3

Assessment of thyroid status (using FT4 or
T4 and TSH) in hospitalized patients,
when clinical suspicion high

Screening within first week of life either
with filter paper blood spot primary T4
and backup TSH; or primary TSH with
backup T4; or combined primary TSH
and T4

Cord serum measurements in offspring of
mothers with thyroid abnormalities

Confirmatory serum measurements, serial
serum T4 and TSH, as well as
consideration of thyroid scan in infants
with abnormalities

Confirmation after age 3 yr with
discontinuation of levothyroxine for
30 d, followed by serum TSH, T4

(continued)
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Table 2 (continued)

Methods used to

Guideline analyze evidence Organization, year Summary of relevant recommendations
Periodic Health Systematic literature American Academy of Screening patients over age 60 yr
Examinations: Summary review performed by Family Physicians, recommended
of AAFP Policy U.S. Preventive Services 1996, 2001

Recommendations and

Age Charts (63)
Screening for congenital

hypothyroidism (64)

Screening for congenital
hypothyroidism (65)

Screening for thyroid
disease (66)

Screening for thyroid
disease (67)

Task Force
Expert opinion®
Systematic literature

review

Canadian Task Force on
Preventive Health Care,
1994, 1998

U.S. Preventive Services
Task Force, 1996

Systematic literature
review

Systematic literature review American College of
Meta-analysis of Physicians- American
observational trials Society of Internal

Medicine, 1997

U.S. Preventive Services
Task Force, 1996

Systematic literature
review

Good evidence to support screening on all
newborns during first week of life using
routine TSH followed by T4 if
necessary

Good evidence to support screening on all
newborns, including those born at
home, optimally between d 2 and 6

Choice of screening test determined by
state requirements

Screening women older than 50 yr with a
sensitive TSH; FT4 when TSH is
undetectable or = 10 mU/L

Poor evidence to support screening women
younger than age 50 and men

Careful follow-up of patients with mild
hypothyroidism

Fair evidence to support exclusion of
routine screening of thyroid disease in
asymptomatic adults in periodic health
examination

9%
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Screening for thyroid
disorders and thyroid
cancer in asymptomatic
adults (68)

Subclinical hypo-
thyroidism during
pregnancy (69)

Despite insufficient evidence, recommend
low threshold for screening with serum
TSH in high-risk patients, including
elderly, postpartum women, and
persons with Down’s syndrome

Systematic literature Canadian Task Force on Poor evidence to support screening of
review adapted from Preventive Health Care, asymptomatic adults
U.S. Preventive Services 1994, 1999 High level of clinical suspicion should be
Task Force

maintained in perimenopausal and

postmenopausal women
Narrative literature review  American Association of Routine screening with serum TSH

Expert opinion® Clinical Endocrinologists,  reasonable early in pregnancy
1999 Screening with TSH recommended in
women considering pregnancy
Screening with serum TSH recommended

in pregnant women with: goiter,
antithyroid antibodies, family history of
thyroid disease, autoimmune endocrine
disease, symptoms suggestive of
hypothyroidism, history of
levothyroxine treatment

“Self-funded.
Governmental funding.
“Not specified.
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autoimmune thyroiditis (see next paragraph) and in patients with hypopituitar-
ism. Therefore, in patients with clinical features suggesting primary adrenal
insufficiency (e.g., weight loss, hyperpigmentation, nausea, or vomiting) or
pituitary disease (e.g., visual field deficits, diplopia, or hypogonadism), the pos-
sibility of hypoadrenalism should be excluded by adrenocorticotropic hormone
stimulation testing.

Although autoimmune thyroiditis is not acomplication of hypothyroidism per
se, patients affected with it are also at risk of developing a relatively small set of
associated autoimmune disorders. The polyglandular autoimmune syndrome
type II includes hypothyroidism, primary adrenal insufficiency, and type I dia-
betes (57). Less commonly, hypothyroidism may occur in the autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy syndrome (or polyglan-
dular autoimmune syndrome type I). Autoimmune thyroid disorders are associ-
ated with increased risk of developing pernicious anemia and gastric achlorhydria
caused by intrinsic factor and parietal cell autoimmunity. Patients with autoim-
mune thyroiditis should be monitored for vitamin B12 deficiency with periodic
complete blood counts and, whenever the disorder is seriously suspected, serum
vitamin B12 measurement. Vitiligo, leukotrichia (prematurely gray hair), and
alopecia areata have also been associated with autoimmune thyroiditis; although
these disorders are often distressing, their prevention is not currently possible.

In conclusion, hypothyroidism occurs commonly, generates morbidity and
mortality, and may be prevented at all stages of disease progression. Once
hypothyroidism has been identified and treated with thyroxine, special attention
to optimal dose management, complications of therapy, and the potential devel-
opment of associated diseases can improve the clinical course and quality of life
for affected individuals.
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INTRODUCTION

The introduction of increasingly sensitive serum thyroid-stimulating hormone
(TSH) assays over the past decade has led to the ability to detect thyrotoxicosis
at an early stage, before the development of overt disease. TSH screening is now
widely advocated for some groups of asymptomatic patients. The clinical con-
sequences of subclinical thyrotoxicosis are becoming better understood, but the
best method for the workup and treatment of subclinical disease remains contro-
versial.

The generic term thyrotoxicosis refers to the clinical syndrome in which serum
total and free triitodothyronine (T3) or free thyroxine (T4) concentrations or both
are elevated and the peripheral tissues are hypermetabolic, irrespective of the
source of the excess hormones. Hyperthyroidism is one cause of thyrotoxicosis
and is defined as increased endogenous thyroid hormone synthesis and release.
Another cause of thyrotoxicosis is excess outpouring of hormone from a dam-
aged thyroid in the absence of excess production, including the various causes
of thyroiditis. A third cause is excess thyroid hormone ingestion. Subclinical
thyrotoxicosis is defined as the presence of a low serum TSH level with normal
total and free T3 and T4 concentrations.
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Overt thyrotoxicosis is relatively common in the general population. How-
ever, it has been difficult to quantify the prevalence of subclinical disease. The
observed prevalence of subclinical thyrotoxicosis varies regionally depending
on dietary iodine intake (/) and the prevalence of thyroid autoantibodies;
nonthyroidal illness, especially in institutionalized or elderly patients, may be
difficult to differentiate from subclinical disease, and the sensitivity of TSH
assays used in various studies has differed (2). Some studies have excluded
patients on L-thyroxine (L-T4) therapy, a major cause of subclinical thyrotoxico-
sis, whereas others have not. The Whickham survey, a large English cross-
sectional study begun in the 1970s, found that overt thyrotoxicosis was present
in 2% of adult women (and was ten times more common than in men) (3). In the
20-yr follow-up of the Whickham survey, 2—3% of the cohort had a suppressed
TSH without overt symptoms (4). One U.S. study found suppressed TSH values
in 2.5% of the population over age 55 (5). Data from the original Framingham
Heart Study cohort evaluated 2575 ambulatory subjects over age 60 and found
suppressed serum TSH values in 3.9% (half of whom were ingesting exogenous
thyroid hormone) and overt thyrotoxicosis in only 0.2% (15). More recently, a
Colorado prevalence study found overt thyrotoxicosis in 0.1% and subclinical
disease in 2.1% of adults overall, but found some degree of thyrotoxicosisin21%
of those taking thyroid medication (6). Finally, the third National Health and
Nutrition Examination Survey in the United States (1988—1994) found overt thy-
rotoxicosis in 0.5% and subclinical disease in 0.8% of the U.S. population ages 12
and older (7). Of interest is the fact that both autoimmune thyroid disease and mean
serum TSH values were lower in African Americans than in Caucasians.

WHO TO SCREEN

Itis clear that individuals who present with signs and symptoms of thyrotoxi-
cosis should have thyroid function tests carried out. However, there has been an
ongoing debate about the role of screening in asymptomatic patients. In 1990,
American Thyroid Association guidelines recommended against screening of
asymptomatic patients, as it was unclear whether early diagnosis conferred any
benefit (8). Asrecently as 1996, the U.S. Preventive Services Task Force recom-
mended against TSH screening for asymptomatic adults (9). In 1998 the Ameri-
can College of Physicians issued guidelines recommending routine TSH
screening for all women over age 50 (/0). More recently, given the high preva-
lence of thyroid dysfunction in the general population, and the potentially serious
consequences of undetected disease, the American Thyroid Association has
advocated the screening of all adults aged 35 yr or over with serum TSH mea-
surements every 5 yr (/7). This approach has been found to be cost-effective,
particularly in women, although only because of the detection of overt and sub-
clinical hypothyroidism, which is more prevalent than thyrotoxicosis (/2). We
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believe that this recommendation is somewhat arbitrary but that serum TSH
testing should certainly be carried out in women over age 55 yr on aregular basis.

More frequent screening is indicated in patients with known risk factors such
as the presence of a goiter, a history of type 1 diabetes mellitus, previous thyroid
surgery or radiation, pernicious anemia, premature gray hair, vitiligo, or any
previous history or family history of thyroid disease. Additionally, in any patient
with an unexplained laboratory abnormality such as hypercholesterolemia,
hyponatremia, anemia, hypercalcemia, or creatine kinase elevation serum TSH
levels should be determined (/7). Patients with new-onset atrial fibrillation
should also be tested, since approximately 15% will be thyrotoxic (13,14).
Patients should be evaluated for thyroid dysfunction before starting therapy with
iodine-containing medications and then periodically while taking those medications.

SCREENING METHODS

The serum TSH should be the first thyroid function test obtained in patients
suspected of thyroid dysfunction or in the screening of older patients or those at
risk for thyroid disease. A serum TSH level below the lower limits of detectabil-
ity in any given assay raises the suspicion of thyrotoxicosis. A patient witha TSH
value below the normal range but still detectable is probably not thyrotoxic, and
the test should be repeated in a few months.

Further studies are warranted in patients whose serum TSH is undetectable
and who are not receiving thyroid hormone therapy (Fig. 1). A careful physical
exam, especially of the thyroid, should be carried out in all patients, since the
presence of a goiter would make the diagnosis of thyroid dysfunction more
likely. We usually obtain thyroperoxidase (TPO) and thyroglobulin (Tg) anti-
bodies and some measure of thyroid hormone levels, primarily a serum T4, free
T4 (or index), and total T3 (or free T3). If either or both of the thyroid antibodies
are positive, autoimmune thyroid disease is present. If either of the circulating
free thyroid hormones is elevated, then the patient almost certainly has some
form of overt thyrotoxicosis. If circulating thyroid hormone levels are normal,
suggesting subclinical disease, a serum TSH should be repeated in a few months,
since a suppressed TSH may be a transient finding. For example, in the
Framingham Heart Study, 88% of those who had subclinical thyrotoxicosis at
baseline had serum TSH values more than 0.1 on repeat testing 4 yr later (15).
Additionally, subclinical disease must be differentiated from other causes of low
serum TSH values including nonthyroidal illness, first-trimester pregnancy, pitu-
itary or hypothalamic insufficiency, and the use of medications including gluco-
corticoids, dopamine, aspirin, furosemide, and fenclofenac, which suppress TSH
release (/6). Finally, a serum Tg might prove to be of interest. If the serum Tg is
in the upper normal range or elevated, this would suggest that the thyroid may
indeed be hyperfunctioning and secreting Tg. On the other hand, if the serum Tg
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Table 1
Thyrotoxicosis Associated with an Elevated Thyroid RAIU (Hyperthyroidism)

Type EflOlOgy

Circulating thyroid stimulators

Graves’ disease Circulating TSH receptor antibody

Inappropriate TSH hypersecretion TSH secreting pituitary tumor (1 a-
subunit)

Pituitary resistance to thyroid hormone
Trophoblastic tumor
Choriocarcinoma
Hyperemesis gravidarum

Circulating asialo HCG

Autonomous thyroid function
Solitary hyperfunctioning adenoma
Multinodular goiter

Autonomous function owing to a
somatic point mutation of the TSH
receptor (TSHR) in some cells,
causing constitutive activation

Non-autoimmune autosomal dominant
hyperthyroidism

Familial gestational hyperthyroidism
Lithium

Germline point mutation of the TSHR,
causing constitutive activation

Mutant TSHR hypersensitive to HCG
Variable

HCG, human chorionic gonadotropin; TSH, thyroid-stimulating hormone.

is in the low-normal range, endogenous thyroid hyperfunction is less likely; if the
serum Tg is suppressed, then thyrotoxicosis factitia should be ruled out.

Once overt or subclinical thyrotoxicosis has been identified, the radioiodine
uptake (RAIU) and scan may be used to help determine the etiology (Tables 1 and
2). The thyroid RAIU is elevated in Graves’ disease. It may be normal or only
mildly elevated in patients with a toxic multinodular goiter. It will be low in
thyrotoxicosis owing to exogenous L-T4 administration, or from the thyrotoxic
phase of thyroiditis, but the serum Tg will be low in the former and elevated in
the latter. A scan may be helpful in differentiating between Graves’ disease
(diffuse uptake) and toxic multinodular goiter (one or more focal areas of uptake)
(17).In some cases, measurement of TSH receptor-stimulating antibodies can be
helpful in confirming a diagnosis of Graves’ disease. These antibodies are detect-
able in over 90% of adults with newly diagnosed Graves’ disease (/8).

DIFFERENTIAL DIAGNOSIS

In iodine-sufficient regions such as the United States, overt hyperthyroidism
is most commonly caused by Graves’ disease. The first and only abnormality in
early Graves’ disease may be a suppressed serum TSH. Multinodular or
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Table 2
Thyrotoxicosis Associated with a Low Thyroid RATU
Type EthlOgy
Inflammatory disease Release of stored hormone

Silent lymphocytic thyroiditis

Subacute painful thyroiditis

Drug-induced (amiodarone, lithium,
interferon-o., interleukin-2

High-dose x-ray therapy

Surgical manipulation

Infarction of thyroid adenoma Release of stored hormone
Thyrotoxicosis factitia Excess thyroid hormone in

medication or food
Metastatic thyroid cancer Foci of functional autonomy
Iodine-induced (hyperthyroidism) Todine excess plus goiter
Struma ovarii (hyperthyroidism) Ovarian teratoma

RAIU, radioiodine uptake.

uninodular toxic goiter is another major cause of hyperthyroidism, especially in
areas of marginal iodine intake. The natural history of multinodular goiter
(Plummer’s disease) appears to be the gradual development of autonomy, lead-
ing first to subclinical and then to overt hyperthyroidism (/9). The prevalence of
thyroid nodularity generally increases with age, especially in women—in one
English postmortem study, 23% of women over age 60 had nodular glands (20).
A German postmortem study (in an area of moderate iodine deficiency) found
nodules in 88% of elderly women (27).

Thyrotoxicosis is frequently iatrogenic, the result of overzealous thyroid
hormone replacement therapy for hypothyroidism or of TSH-suppressive therapy
for thyroid cancer. In older patients with autonomous nodules, hyperthyroidism
may be precipitated by an exogenous iodine load owing to radiocontrast agents
and other iodine-containing medications, including all forms of kelp. In particu-
lar, amiodarone is an important cause of thyrotoxicosis. Amiodarone-induced
thyrotoxicosis can be the result of excess iodine-induced thyroid hormone syn-
thesis in an abnormal thyroid gland (Type I) or of amiodarone-related destructive
thyroiditis (Type II) (22).

Thyrotoxicosis may occur secondary to thyroiditis—in this case it is caused
not by increased thyroid hormone production but by the release of excess hor-
mone from a damaged gland. Very rarely, hyperthyroidism may be caused by
excess TSH secretion from a pituitary adenoma, by metastatic thyroid carci-
noma, or by pituitary resistance to thyroid hormone (23).

The causes of subclinical hyperthyroidism are similar to those that cause overt
thyrotoxicosis (24).
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EARLY SIGNS AND SYMPTOMS

The clinical presentation of overt thyrotoxicosis can be subtle and nonspe-
cific. Some patients may complain of classic symptoms such as nervousness,
sweating, fatigue, heat intolerance, weakness, tremor, hyperactivity, changes in
weight or appetite, insomnia, exertional dyspnea, hyperdefecation, or palpita-
tions. Oligomenorrhea occurs in about one in four women with thyrotoxicosis
(25). Thyrotoxic patients, especially among the elderly, may have higher rates of
depression than their euthyroid counterparts (26). Although subclinical thyro-
toxicosis is usually assumed to be asymptomatic, some studies suggest it may be
possible to elicit subtle physical and psychiatric symptoms in these patients (27).

Physical findings in thyrotoxicosis may include hyperactivity, tachycardia or
atrial fibrillation, systolic hypertension, warm, moist, smooth skin, stare and
eyelid retraction, tremor, hyperreflexia, and muscle weakness (28). Goiter is not
invariably present: one study found that 37% of thyrotoxic patients over age 60
did not have thyroid enlargement (29). In Graves’ disease, ophthalmologic find-
ings may include exopthalmos, extraocular muscle dysfunction, periorbital
edema, conjunctival chemosis and injection, and exposure keratitis (30). Pretibial
myxedema is rarely seen in patients with Graves’ disease and only when eye
disease is also present.

After the fifth decade of life, there is a gradual decrease in the number of
classic presenting signs and symptoms of thyrotoxicosis (3/-33). Even overt
thyrotoxicosis may go undiagnosed in older patients in the absence of routine
TSH screening. Rather than appearing hyperactive as younger patients do, older
individuals with thyrotoxicosis may seem placid or depressed, i.e., the “apathetic
hyperthyroidism” described by Lahey in 1931 (34). Although older patients with
hyperthyroidism are less likely than younger ones to have a resting tachycardia,
they are more likely to have atrial arrhythmia (35). Weight loss in younger
patients is usually associated with increased appetite, whereas in older patients
it may instead be associated with anorexia (36).

EFFECTS OF THYROTOXICOSIS
Bone Effects

Postmenopausal women are at high risk for losing bone density. Up to 3% of
bone mass is commonly lost within each of the first 5 yr after menopause (37).
Itis estimated that 30% of Caucasian women in the United States have osteoporo-
sis (38). Concomitant thyrotoxicosis, whether subclinical or overt, has been
shown to exacerbate this risk for postmenopausal osteoporosis. In thyrotoxicosis
there is an increase in both osteoblast and osteoclast activity. This results in
increased bone turnover, as measured by increased urine, and serum N-telopeptide,
and serum osteocalcin, with a net increase in bone resorption (39,40). In overtly
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thyrotoxic patients, the increased bone resorption may occasionally lead to
hypercalcemia(4/ ) and more commonly to decreased bone density (42 ). Cortical
bone is affected more severely than trabecular bone (43).

Multiple studies of the effects of subclinical thyrotoxicosis on bone have
provided conflicting results since the first study by Ross et al. (44 ) demonstrating
reduced bone density in patients receiving TSH-suppressive doses of L-T4. Grant
et al. (45) found no significant differences in forearm bone mineral density
among postmenopausal women on long-term TSH-suppressive doses of L-T4,
those on replacement L-T4 doses, and euthyroid controls. However, in a large
study of postmenopausal women, Schneider et al. (46) found significantly lower
bone density at multiple skeletal sites in women taking more than 200 ug of
L-T4 daily versus those taking smaller doses of thyroid hormone. Studies by
Lehmke et al. (47) and Kung et al. (48) found lower bone densities in postmeno-
pausal women with subclinical thyrotoxicosis secondary to TSH-suppressive
doses of L-T4. Campbell et al. (49) showed increased markers of bone turnover
in hypothyroid postmenopausal women treated with TSH-suppressive versus
replacement doses of L-T4. L-T4 therapy does not seem to have a deleterious
effect on bone density, however, when given in replacement, rather than TSH-
suppressive, doses (50). In fact, in a 2-yr prospective study, Guo et al. (5/) were
able to show that bone density increased and markers of bone turnover decreased
after postmenopausal women were switched from suppressive to replacement
doses of L-T4. Endogenous subclinical hyperthyroidism seems to confer the
same risks as TSH-suppressive L-T4 doses. Mudde et al. (52) found that women
with subclinical hyperthyroidism owing to untreated multinodular goiter had
significantly lower bone densities at the forearm than age- and menopausal sta-
tus-matched euthyroid controls (52).

Although overt hyperthyroidism is known to be associated with increased
fracturerisk, data are less clear for subclinical hyperthyroidism despite the known
reductions in bone density and increase in markers of bone turnover. In a Scottish
study, primarily of postmenopausal women, no differences in the rate of frac-
tures requiring hospitalization were seen over an average 8.6 yr of follow-up
between hypothyroid patients treated with replacement doses of L-T4 versus
those treated with TSH-suppressive doses (53). A recent large prospective study
found that postmenopausal women over age 65 with serum TSH levels of 0.1
mlU/L or less at baseline had increased risk for both vertebral and hip fractures
over a mean follow-up period of 3.7 yr. T3 and T4 were not measured in this
study, so it is not clear how many of these women had overt versus subclinical
thyrotoxicosis. The authors did note that thyroid hormone use was not associated
with increased fracture risk if the serum TSH values were normal (54).

In men and premenopausal women, the effects of subclinical hyperthyroidism
on bone are of uncertain significance. Marcocci et al. (55) reported that there was
no evidence of decreased bone mineral density in men receiving TSH-suppres-
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sive doses of L-T4. Lecomte et al. (56) found a significant increase in serum
osteocalcin between premenopausal women on suppressive L-T4 therapy and
euthyroid controls. Foldes et al. (57) found that bone density of the lumbar spine,
femoral neck, and midshaft radius was not significantly decreased in premeno-
pausal women with endogenous subclinical hyperthyroidism. Although Harvey
et al. (40) documented increased urinary markers of bone turnover in postmeno-
pausal women on suppressive doses of L-T4, they did not find any increase in
bone turnover in premenopausal women on similar L-T4 doses. Similarly, Gurlek
and Gedik (58) did not find any increase in bone turnover, or decrease in bone
density, in a sample of premenopausal women with endogenous subclinical
hyperthyroidism compared with euthyroid controls, although an older study by
Paul etal. (59) reported a small but significant decrease in hip but not spine bone
mineral density in TSH-suppressed premenopausal women.

There are some discrepancies in the literature on the effects of TSH-suppres-
sive doses of L-T4 on bone in pre- compared with postmenopausal women, but
two large meta-analyses reached similar conclusions: that TSH-suppressive
doses of L-T4 decrease bone mineral density in postmenopausal but not in pre-
menopausal women (60,61 ).

Postmenopausal or perimenopausal women with subclinical thyrotoxicosis
may be particularly good candidates for estrogen or bisphosphonate therapy,
which can prevent the thyroid-associated bone loss. Rosen et al. (62) reported
that cyclic intravenous pamidronate increased bone density in patients receiving
TSH-suppressive doses of L-T4. Women taking both estrogen replacement
therapy and L-T4 have been shown to have significantly higher bone densities
than those taking L-T4 alone (46). Lecomte et al. (56) showed no difference in
bone turnover or bone mineral density between postmenopausal women on TSH-
suppressive doses of L-T4 and estrogen replacement therapy compared with
euthyroid controls.

Cardiac Effects

Overt thyrotoxicosis, especially when associated with tachycardia or atrial
arrhythymias, has long been known to aggravate underlying cardiac disease,
worsening angina secondary to increased myocardial oxygen demand. Thyro-
toxicosis leads to increased cardiac contractility at rest, although there may be
impaired ventricular function with exertion. Tachycardia decreases diastolic
coronary perfusion time (63). All these factors can contribute to the development
of cardiomyopathy and congestive heart failure. Significant cardiac dysfunction
may also result from subclinical thyrotoxicosis. A recent review summarizes the
effects of thyroid hormones on the cardiovascular system (64).

Biondi et al. (65) examined cardiac function and exercise tolerance in a group
of ten subjects, all of whom had been treated with TSH-suppressive doses of L-
T4 for at least 5 yr, and all of whom complained of exertional dyspnea. They
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showed impaired resting left-ventricular diastolic filling, increased exertional
left-ventricular ejection fraction, and significantly reduced exercise capacity in
the TSH-suppressed group compared with controls. Notably, these findings all
improved after 4 mo of -blocker therapy. Another study by the same group
noted significantly higher average heart rates, a higher prevalence of atrial pre-
mature beats, and left-ventricular hypertrophy on echocardiography in patients
on long-term TSH-suppressive L-T4 therapy compared with controls (66). How-
ever, when Shapiro et al. (67) looked at a group of 17 asymptomatic patients on
TSH-suppressive L-T4 therapy, they found no difference between these subjects
and controls in mean heart rate, prevalence of atrial premature contractions, or
mean ejection fraction. Left-ventricular mass index was significantly increased
in the L-T-4-treated group, although it was still within normal limits (67).

Tenerzetal. (68) studied 40 patients with subclinical thyrotoxicosis compared
with a control group and found that atrial fibrillation was present in 28% of the
subclinical group compared with 10% of the controls. Data from the Framingham
Heart Study demonstrated that, over 10 yr of follow-up in patients over age 60,
the cumulative incidence of atrial fibrillation was 28% in those with low serum
TSH values (>0.1) at baseline, compared with 11% of patients with normal TSH
levels. Only 2 of the 13 patients with suppressed TSH values in this study who
developed atrial fibrillation also developed overt hyperthyroidism during the
follow-up period; the rest were subclinically thyrotoxic (69). This finding has
important clinical implications, as thyrotoxicosis-associated atrial fibrillation
may be complicated by thromboembolism in up to 15% of patients (13).

TREATMENT OF OVERT HYPERTHYROIDISM

Patients with overt hyperthyroidism from Graves’ disease or from toxic mul-
tinodular goiter should clearly be treated. One therapeutic option for patients
with Graves’ disease is medical management with methimazole (MMI) or pro-
pylthiouracil (PTU), both of which decrease thyroid hormone synthesis. Therapy
with one of these drugs will induce long-term remission of Graves’ disease in
about half of all patients, although those patients with large goiters are less likely
toremain euthyroid (70). Since remission of the hyperthyroidism caused by toxic
multinodular goiter almost never occurs, therapy with MMI or PTU is only given
prior to definitive therapy, as described below. Side effects of both of these
medications include rash or urticaria. More seriously, agranulocytosis occurs in
approximately 0.3% of patients (7/). Patients starting on these medications
should be cautioned to discontinue them and call their physician if they develop
fever, rash, jaundice, arthralgia, or sore throat.

More definitive therapy with radioactive iodine may also be elected, espe-
cially in older patients. After radioactive iodine treatment, patients may become
transiently more thyrotoxic owing to damage to the gland and release of stored



Chapter 3 / Hyperthyroidism 63

hormone. Pretreatment with antithyroid medications may help protect older
patients or others at risk for cardiac complications by decreasing thyroid hor-
mone stores (71), although this concept has recently been challenged (72,73).
Most patients will become euthyroid within weeks after receiving a single large
dose of radioiodine; the remaining 10-20% of patients require retreatment 6 mo
to a year later. Within a year of treatment, up to 90% of patients will become
hypothyroid; the other 10% become hypothyroid at a rate of 2-3% per year (70).

Surgery is another option for treatment of younger patients with hyperthyroid-
ism. Itis especially useful for patients with very large goiters and/or compressive
symptoms who often require multiple doses of 3!I. Subtotal or near-total thy-
roidectomy is the procedure of choice. The most common adverse effects of
thyroidectomy are injury to the parathyroids, resulting in hypocalcemia, and
injury to the recurrent laryngeal nerve. Patients should be treated with antithy-
roid drugs to restore euthyroidism preoperatively. Additionally, they should
receive iodine for 7-10 d before surgery to decrease thyroid blood flow. When
apatient with a large goiter is noncompliant with medical therapy and thyroidec-
tomy is planned, euthyroidism can be achieved in 5—7 d by a regimen similar to
that employed in some patients with thyroid storm. Large doses of PTU or MMI
decrease hormone synthesis. One milligram of dexamethasone twice a day
decreases peripheral conversion of T4 to T3 by inhibiting the outer ring 5'-
deiodinase. The iodine-rich contrast agent iopanoic acid (0.5 g twice a day)
decreases T4 to T3 generation, release of hormone from the gland, and thyroid
blood flow. A B-blocker decreases the catecholamine effects of thyrotoxicosis.
All these medications are given, under careful supervision, at home or preferably
in the hospital (74).

B-Blockers can be used as adjunctive treatment to slow the heart rate and
improve symptoms of anxiety, tremor, palpitations, heat intolerance, and tremor.
B-blockade should be used as primary therapy only in patients with transient
thyrotoxicosis secondary to thyroiditis and a low thyroid RAIU (71).

Once patients become biochemically euthyroid, symptoms of hyperthyroid-
ism should resolve within a few weeks. Patients with atrial fibrillation in the
setting of hyperthyroidism will often spontaneously convert to sinus rhythm
once the hyperthyroidism has been corrected, generally within 4 mo of normal-
ization of serum T3 and T4 concentrations (75).

TREATMENT OF SUBCLINICAL THYROTOXICOSIS

Whereas overt thyrotoxicosis clearly requires therapy, the question of whether
early, subclinical hyperthyroidism should be treated remains controversial
(76,77). To date, large, long-term randomized trials examining this question
have not been carried out. Clinical manifestations of subclinical hyperthyroid-
ism, if present, can be managed without antithyroid therapies: osteoporosis can
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be treated with estrogen replacement and bisphosphonates and tachycardia with
B-blockers. However, once a persistently suppressed TSH level has been docu-
mented, the goal of specific therapy is to normalize the serum TSH using small
doses of MMI or PTU. Definitive therapy with 13/ may be carried out, especially
in patients with goiter, although large doses may be required in the setting of a
normal 24-h RAIU. The thyroid '3'I uptake may be enhanced by the prior admin-
istration of recombinant human TSH (78,79). Early therapy may be especially
beneficial for patients with multinodular goiter, given an expected progression
to overt hyperthyroidism (80). Treatment with antithyroid drugs has been shown
to have a beneficial effect on osteoporosis in two small studies (8/,82). Addition-
ally, treatment of subclinical hyperthyroidism does seem to decrease the risk for
atrial fibrillation (77). Some authors (/6,35) advocate aggressive treatment for
subclinical hyperthyroidism, whereas others suggest a policy of watchful wait-
ing, deferring treatment until the hyperthyroidism becomes overt (76,83).
Samuels (2) suggests that good candidates for treatment include elderly patients
with unexplained weight loss, women with osteopenia, and those with additional
known risk factors for atrial fibrillation. Regardless of whether one opts to treat
patients with subclinical hyperthyroidism, the diagnosis mandates close follow-
up to prevent the deleterious effects of overt thyrotoxicosis.

If the serum TSH is low during therapy for hypothyroidism (in nonthyroid
cancer patients), the dose of L-T4 should be decreased every 3—4 mo until the
serum TSH normalizes.
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INTRODUCTION

Diabetes is a complex metabolic disorder diagnosed on the basis of hyperg-
lycemia. Diagnostic criteria for the disorder are periodically revised (/). Diabe-
tes may be classified mainly into types 1 and 2 based on the etiology and severity
of insulin deficiency (/). Most patients with type 1 diabetes show evidence of
immune-mediated damage to the insulin-secreting -cells. Diabetes is character-
ized by considerable morbidity and mortality. About 50% of patients with type
2 diabetes are not aware of having the disorder. Many patients are diagnosed with
diabetes when being evaluated for acomplication of diabetes. In contrast, patients
with type 1 diabetes are dependent on insulin and need to be prescribed a complex
insulin program consisting of rapidly absorbable insulin with each meal and
long-acting insulin between meals and during the night. The incidence of type 1
diabetes has risen worldwide. The disorder is occurring earlier and is increasing
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even in regions with low prevalence (2). It is projected that the greatest increase
inthe prevalence of type 1 diabetes will occur in regions that currently have alow
incidence (3). It is estimated that the incidence of type 1 diabetes in Finland will
exceed 50/100,000 by the year 2010 (3). The Diabetes Control and Complica-
tions Trial proved that improved glycemic control decreases the incidence and
progression of retinopathy and neuropathy (4). However, achieving long-term
satisfactory glycemic control in people with type 1 diabetes is often difficult in
clinical practice. Therefore, diagnosis of type 1 diabetes at an early stage and
preservation of insulin secretion are important public health issues. This chapter
addresses the following questions that are pertinent to the diagnosis and treat-
ment of early type 1 diabetes.

What is type 1 diabetes?

What is the natural history of type 1 diabetes?

What is early type 1 diabetes?

Which are the autoantigens present in type 1 diabetes?

What is the natural history of autoantibodies in type 1 diabetes?

Which metabolic test is used to evaluate insulin secretory reserve?

Can treatment prevent the loss of f3-cell function in individuals with early type 1
diabetes?

8. What factors should be considered in future trials?

Nk L=

What is Type 1 Diabetes?

Most patients with type 1 diabetes eventually need insulin for survival (/). At
the time of diagnosis, 85-90% of patients show antibodies to certain antigens (/).
Traditionally, type 1 diabetes has been considered a disorder of childhood, with
apeakincidence between age 10 and 14 yr (2). Recent studies indicate that it may
occur at any age (5,6). Five to 30% of what has previously been considered to be
type 2 diabetes may be immune mediated (5,6). That type 1 diabetes is immune
mediated is supported by several findings:

1. Type 1 diabetes in humans is similar to immune-mediated diabetes in certain
rodent models. Immune-mediated diabetes in rodents may be transferred by
adoptive transfer (i.e., infusion of T-cells from a diabetic donor into a nondia-
betic recipient animal that does not reject these cells, lacks T-cells, and does not
naturally develop diabetes) (7).

2. Insulitis is evident in patients who died soon after diagnosis of type 1 diabetes and
in individuals whose pancreas has been biopsied at the time of diagnosis (8,9).

3. Autoantibodies are present at the time of diagnosis in most individuals (10).

4. Linkage to certain HLA haplotypes is common in people who develop type 1
diabetes (11).

5. People with type 1 diabetes commonly develop other immune-mediated disor-
ders such as autoimmune thyroid disease.

6. Early treatment with certain immunomodulatory medications has been shown to
delay the progress of type 1 diabetes (12).
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Fig. 1. Natural history of type 1 diabetes. IVGTT, intravenous glucose tolerance test.

Natural History

Eisenbarth (/3) proposed a model hypothesizing that the natural history of
immune-mediated type 1 diabetes can be divided into six stages (Fig. 1). The
first stage represents a genetic susceptibility to autoimmune destruction of islets,
and the second stage entails exposure to a triggering event. Stage 2 is hypotheti-
cal, since specific triggering events have rarely been identified. Overt immuno-
logic changes such as peripheral T-cell responses to autoantigens and/or the
presence of certain autoantibodies constitute stage 3. Insulin release in response
to an intravenous glucose tolerance test IVGTT) injection is normal in stages 2
and 3. Stage 4 is characterized by decreased insulin release during IVGTT in the
presence of a normal fasting glucose. Stage 5 is characterized by overt diabetes
diagnosed incidentally or because of symptomatic hyperglycemia (symptoms of
polyuria, polydipsia, and weight loss). Although markedly decreased, endog-
enous insulin secretion (measured as basal or an increase in C-peptide concen-
tration following stimulation) is generally present when type 1 diabetes is
clinically diagnosed. Insulin secretion is severely impaired or totally absent in
stage 6, resulting in the development of diabetic ketoacidosis if insulin is not
given. Insulin secretion may temporarily improve in stage 6 following treatment
with insulin (commonly referred to as the honeymoon phase). However, with
current forms of treatment, progression to severe insulin deficiency almost in-
variably occurs once stage 6 has been reached.

At the time of diagnosis, most patients do not have a family history of type 2
diabetes. Such patients are generally diagnosed in stage 5 or 6. In contrast,
patients with a family history of type 1 diabetes may be diagnosed earlier since
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Table 1
Classification of Prediabetes
Stage Characteristic
1 Presence of one autoantibody with normal insulin secretion on intravenous
glucose tolerance testing
2 Presence of two autoantibodies with normal insulin secretion on intravenous
glucose tolerance testing
3 Presence of two or more autoantibodies with impaired insulin secretion on

intravenous glucose tolerance testing

Adapted from ref. /5.

screening programs for autoimmune markers are more feasible in such individuals.
Atthe time of diagnosis, most patients with type 2 diabetes have autoantibodies to
one or more proteins such as insulin, glutamic acid decarboxylase (GAD), and the
insulinoma-associated tyrosine phosphatase-like molecule IA-2 (2).

Early Type 1 Diabetes

Prior to the identification of autoantigens in type 1 diabetes, patients with type
1 diabetes were diagnosed with symptomatic hyperglycemia or ketoacidosis.
Patients may sometimes be diagnosed in stage 4 when an elevated fasting glucose
is found during a routine medical evaluation . Autoantibodies enable identifica-
tion of people in stage 3 of the disorder. Patients in stage 4 almost always develop
diabetes within 5 yr after identification (/4). Patients in stage 3 may or may not
progress to clinical diabetes. The presence of more than one antibody and high
titers is associated with a higher risk of progression. Kimpimaki et al. have
suggested that stages 3 and 4 be referred to as “prediabetes” and have proposed
the classification system described in Table 1 (15).

Autoantigens Present in Type 1 Diabetes

The islet cell antibody test has been used as an index of autoimmunity for over
2 decades (21). This test measures the degree of binding to islets compared with
acini; it is commonly performed using a frozen section of human pancreas. The
testis hard to standardize and is subject to considerable variability. Nevertheless,
apositive islet cell antibody has been shown to increase the probability of devel-
oping type 1 diabetes and has been extensively used to identify volunteers for
enrollment in intervention studies. Newer tests include measurement of antibod-
ies to insulin, GAD, and insulinoma-associated cDNA(IA-2) (Table 2). These
tests are more sensitive, specific, and reproducible than measurement of islet-cell
antibodies (ICA). These tests are now available for three antigens. A small percent-
age of islet cell antibodies do not interact with any of these major antigens, confirm-
ing the heterogeneity of the disorder and the need to identify more antigens. A



Table 2

Candidate Autoantigens in Type 1 Diabetes Mellitus in Humans

Antigen

Comments

Relevance in diabetes diagnosis

GAD (16)

Insulin (10)

1A-2 (17)

Phogrin (18)

GM-1 islet ganglioside
(19)
Heat shock protein 60 (Hsp60) (20)

Neuroendocrine protein

Only antigen identified so far that is B-cell-
specific

Neuroendocrine protein Integral
membrane protein that is a putative
protein tyrosine phosphatase

Putative protein tyrosine phosphatase
present in membrane of secretory vesicles

Antibodies reported by some authors

Peripheral T-cell responses described in
some studies

Anti-GAD antibodies present both in early-
onset type 1 diabetes with rapid
progression to insulin deficiency and in
late-onset diabetes with slowly progressive
course

Antiinsulin antibodies present in patients who
develop diabetes early in life (<5 yr)

Anti-IA-2 antibodies commonly present in
patients whose diabetes is rapidly
progressive and develops after 5 yr of age

Phogrin antibodies commonly present in
patients whose diabetes is rapidly
progressive and develops after 5 yr of age

Further work necessary to describe natural
history of this antibody

Further work necessary to describe natural
history of this antibody

GAD, glutamic acid decarboxylase; IA-2, insulinoma-associated cDNA 2A antibodies

sa1aqer(] 1 2dL 1 / % 11dey)
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Table 3
Autoantibodies in New-Onset Type 1 Diabetes
in Relation to Age of Onset of Disorder

No. of Age at IA-2A Phogrin  GAD antibodies
patients onset (yr) [no. (%)] [no.(%)] [no. (%)]

8 0-5 6(75) 4(50) 2(25)

192 5-40 106 (55.2) 72 (37.5) 129 (67.2)
123 <20 86 (69.9) 60 (48.8) 84 (68.3)

46 21-30 19 (41.3) 11(23.9) 28 (60.9)

31 31-40 7 (22.6) 5(16.1) 19 (61.3)

GAD, glutamic acid decarboxylase; IA-2A, insulinoma-assocated
cDNA 2A antibodies.
Adapted from ref. 22.

fourth autoantigen, called phogrin or IA-2B, has been recently described (/8).
Although other islet antigens have been proposed, their ability to predict the devel-
opment of type 1 diabetes remains an area of active investigation.

A large, multicenter study has documented the presence of GAD, IA-2A, and
IA-2B (phogrin) antibodies in 65.5, 56, and 38%, respectively, of patients with
new-onset type 1 diabetes (22 ). In the same study, whereas GAD antibodies were
present in 2.8% of 785 type 2 diabetes patients of variable duration, only 0.1%
showed IA-2A or phogrin antibodies. The same study also noted a relationship
between age and the presence of distinct antibody patterns (Table 3). Patients
with age of onset less than 20 yr show primarily IA-2 and GAD antibodies. GAD
antibodies are present with similar prevalence in older patients. However, IA-2
antibodies decrease with increasing age. The role of autoantibodies in the patho-
genesis of type 1 diabetes remains to be determined, and immune interventions
initiated once the autoantibodies are present have met with limited success as yet.
On the other hand, tests for autoantibodies may help to determine whether or not
newly diagnosed or suboptimally controlled diabetes may benefit from a com-
plex insulin program including both preprandial rapidly absorbed insulin and
intraprandial basal insulin coverage.

People with DR3/DR4 alleles appear to be genetically predisposed to the
development of type 1 diabetes. In addition, approximately 90% of patients with
type 1 diabetes have DR3/DR4 alleles (23). However, testing for these alleles is
of little value since they are relatively common, and most people with these
alleles do not develop the disorder. Of interest, type 1 diabetes appears to be the
only autoimmune disorder for which a “protective” HLA haplotype (i.e., HLA
DQB1*0602) has been identified (23).
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Natural History of Autoantibodies

Population-based studies of children reveal that transplacental antibodies
disappear by 6-9 mo of age (2). Children first show antibodies at 9 mo to 3 yr,
the most frequent antibody being against insulin followed by antibodies to GAD.
These children develop multiple antibodies before progressing to type 1 diabetes
(Table 4) (15, 24-26). The best predictor of progression remains a combination
of autoantibodies and impaired insulin secretion (/4).

Reproducible, sensitive, and specific assays are necessary to predict accurately
who will develop type 1 diabetes. A recent workshop has taken a significant step
toward standardizing these assays (27). This workshop has shown that measurement
of anti-GAD and IA-2 antibodies appears to be more reliable than measurement
of antiinsulin antibodies (27). To date, data also suggest that the radioimmuno-
assays are more reliable than enzyme-linked immunosorbent assay (2).

Metabolic Testing for Evaluation of Insulin Secretory Reserve

The IVGTT has traditionally been used to evaluate insulin secretory reserve
in prospective studies of type 1 diabetes. Lack of first-phase insulin response
(i.e., the sum of the insulin concentrations observed during the first 10 min after
intravenous glucose injection) indicates substantial -cell destruction and
strongly suggests that the disease process is progressing.

AnIVGTT isperformed after an overnight fast. A glucose load of 0.5g/kg total
body weight (maximum dose, 35 g) is administered, usually as a 25% dextrose
solution in a square wave pattern over 3 min. Blood is sampled prior to the
glucose infusion and at 1, 3, 5, 7, and 10 min after the glucose infusion is com-
plete. The sum of the plasma insulin values at 1 and 3 min post infusion, referred
to as first-phase insulin release (FPIR), is calculated by adding the insulin con-
centrations present at 1 and 3 min. This value is used to stratify risk for progres-
sion to type 1 diabetes. A value less than the 10th percentile (i.e., <60 wU/mL if
age 3—7 yr, or <100 wU/mL if age = 8 yr) on two separate IVGTTs (Diabetes
Prevention Trial-1 protocol) indicates moderate risk. However, a value that falls
to less than the 1st percentile (i.e., <50 uwU/mL at age = 8 yr) on two separate
IVGTTs indicates high risk. Indeed, more than 50% of these individuals will
progress to type 1 diabetes within 5 yr, and more than 90% will do so within 10 yr
(27,28). The probability of progression is greater if islet cell antibodies are also
present. In contrast, individuals with an FPIR value of between 50 and 100 wU/mL
have a 48% risk for 5 yr, and those with an FPIR greater than 100 uU/mL have
a 17% risk for developing type 1 diabetes in the same time period (29).

Among other independent risk factors, the loss of FPIR is most strongly
associated with rapid progression to type 1 diabetes (/4). Annual measurement
of the FPIR provides the most reliable means of predicting the time of onset of
overt type 1 diabetes (30). Not only does a markedly decreased FPIR have a high



Table 4
Studies of Natural History of Type 1 Diabetes in Offspring Followed from Birth and Early in Life
No. of patients Follow-up One auto- Two or more  Diabetes
Study enrolled Period No. antibody (%) antibodies (%) (%) Comments
BABYDIAB (24) 1353 All followed 114 at5yr 11 3.5 1.8 Insulin auto-
for 0.9 yr antibodies
werethefirst
to appear in
almost all
patients.
DAISY (25) NA NA NA 41 at4 yr NA NA NA
Australian study (26) 357 Mean 3.1 yr NA 5 2.8 1.1 Insulin
antibodies
first to
appear in
64% ofhigh-
risk patients
Childhood Diabetes 180 4yr 180 at4yr 18.3 9 8.3 Study enrolled
in Finland Study after patients up
Group (15) study to 6 yr of
commencement age and
followed
themto 10yr
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positive predictive value, but a normal FPIR also has a high negative predictive
value. Furthermore, in the absence of high levels of islet and insulin autoantibod-
ies, individuals with an FPIR of more than the 10th percentile rarely progress to
diabetes within 3 yr of follow up (3/-33).

Thus, a significantly reduced FPIR, as obtained from a standardized IVGTT,
and the presence of high titers of insulin and islet cell autoantibodies are strong
predictors of progression to overt type 1 diabetes (3/-33).

Treatment to Prevent Loss of 3-Cell Function
in Early Type 1 Diabetes

A complex insulin program consisting of preprandial injection of a rapidly
absorbed form of insulin combined with a means of maintaining constant
intraprandial basal levels is the treatment of choice in type 1 diabetes. Since islet
dysfunction generally progressively worsens over several years, clinical trials
have sought to preserve or restore insulin secretion in predisposed individuals
who have evidence of islet autoimmunity. Interventions have included injec-
tions of long-acting insulin, immunomodulatory therapy such as cyclosporine
A (CsA), and putative (-cell protective agents such as nicotinamide.

To date, clinical trials have been initiated at different stages in the evolution of
type 1 diabetes and therefore have had differing endpoints (Tables 5 and 6, Fig. 2).

The ideal stage for intervention is a matter of active debate. Opposing points
of view have been recently published (34). First-degree relatives with two or
more antibodies have a 70% risk of diabetes over 5 yr. However, 30% of the
subjects will not develop diabetes. Therefore, the risk of the intervention must be
small and of limited severity.

Trial to Reduce IDDM in the Genetically at Risk (TRIGR)

This study is enrolling infants born in families with at least one first-degree
relative with type 1 diabetes. After exclusive breast feeding, infants are random-
ized into one of two groups at weaning. The control group is given a regular
formula with 20% casein hydrolysate, added and the intervention group is given
a casein hydrolysate formula. The endpoint is the presence of antibodies associ-
ated with type 1 diabetes in the first 2 yr of life. Preliminary data suggests that
hydrolyzed formulas significantly decrease the formation of autoantibodies(34).

Cyclosporine A

Since type 1 diabetes is T-cell-mediated, agents that selectively affect T-cells
may alter the natural history of the disorder. With the advent of CsA in the 1980s,
this agent was used at multiple centers (/2,34-36). Outcome and long-term
follow-up data for these patients have now been published (Table 7). CsA slows
the rate of loss of 3-cells but does not alter the destruction of all insulin-secreting
cells. Although one group has documented the absence of long-term side effects
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Table 5

Stages in the Evolution of Type 1 Diabetes at Which Intervention May Be Tested
Intervention stage Endpoint
At birth Islet cell antibodies during early years of

life

After islet cell antibodies have been Decreased insulin secretion during IVGTT

established but with intact insulin

secretion on IVGTT

Islet cell antibodies > 20 JDF units and C-peptide secretion
decreased insulin secretion on IVGTT
At onset of clinical type 1 diabetes. C-peptide secretion

IVGTT, intravenous glucose tolerance test; JDF, Juvenile Diabetes Foundation

Table 6
Pros and Cons of Trials to Prevent Type 1 Diabetes Mellitus

Pros
Lessens public health burden
Accurate identification of high-risk individuals
Safe intervention, which may be worthwhile even if it decreases incidence by only
10-15%
Cons
Ability to identify high-risk individuals at best 70% over 5 yr
Etiology unknown
Pathogenesis of disorder unknown

Data from ref. 34.

in subjects treated with CsA, Parving et al. have reported that treatment with CsA
results in a small but statistically significant decrease in glomerular filtration rate
(GFR) onlong-term follow-up (35,36). Treatment of individuals who had reached
stage 4 of type 1 diabetes slowed but did not prevent the loss of 3-cell function.
However, concern about potential short- and long-term side effects has led to the
consensus that intervention with CsA is not appropriate for people with new-
onset type 1 diabetes (37).

Nicotinamide

Nicotinamide may theoretically preserve f-cell function by increasing the
resistance of [-cells to apoptosis, increasing [-cell regeneration, and altering
immune cell function. Therefore, this agent has been used in several trials (Table
8). The Deutsche nicotinamide Intervention Study (DENIS) showed that Nico-
tinamide did not prevent progression to phase 5 when used in patients at phase
3 (38). Patients in this study were younger than 5 yr, and 3-cell destruction may
be more rapid in such patients. The European Nicotinamide Intervention Trial
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Fig. 2. Trials carried out at different stages in the pathogenesis of type 1 diabetes. CsA,
cyclosporine; DCCT, Diabetes Control and Complications Trial; DPT, Diabetes Preven-
tion Trial; DENIS, Deutsche Nicotinamide Intervention Study; TRIGR, Trial to Reduce
IDDM in the Genetically at Risk.

(ENDIT) has enrolled more than 550 patients who are in phase 3 (34). Patients
have been randomized to either nicotinamide or placebo and will be followed for
5 yr. The endpoint is a decrease in C-peptide secretion. The study will be
unblinded in 2002. A metaanalysis of smaller, previously published trials of
nicotinamide suggested beneficial effects at 1 yr on C-peptide secretion but no
clinical difference over the long run when used in new-onset type 1 diabetes (39).

Insulin

To date, insulin is the only f-cell specific autoantigen described in type 1
diabetes. Both the whole molecule and a peptide that is metabolically inactive
have been demonstrated to alter autoimmunity in NOD mice. A pilot study
reported that endogenous insulin secretion was preserved when first-degree rela-
tives in stage 4 of type 1 diabetes were treated with annual intravenous insulin
infusion and twice-daily long-acting human insulin (40). Based on this pilot trial,
the Diabetes Prevention Trial (DPT-1) was designed with primary and secondary
prevention cohorts (41). The secondary prevention cohort enrolled first-degree
relatives with islet cell antibodies more than 20 JDF units (Juvenile Diabetes
Foundation units), HLA type that was not DQB1* 0602, and decreased first-
phase insulin secretion. Results presented in abstract form in 2001 indicated no



Table 7

Trials Using Cyclosporine as Intervention in Type 1 Diabetes

No. of  Intervention Long-term follow-up/
Study patients stage Endpoint Results adverse effects
DeFillippo et 130 5 C-peptide 130 patients were followed for at By 6 yrafterinitiation of the trials,
al. (35) secretion least 6 yr 83 patients had C-peptide secretion was not
received CsA, and 47 were different between the two
treated with placebo. groups.
C-peptide in patients treated with
CsA was detectable for 3.2 yr in
the placebo group compared with
5.8 yr in the CsA group
Canadian- 188 5 C-peptide 33.5% in the CsA group vs 21% in ~ Long-term follow-up of kidney
European secretion the placebo group showed function showed a decrease in
Randomized remission GFR of 6.3 = 6.0 compared
Control Trial with an increase of 7 4. 5 in
Group (12) the placebo group
Parving et
al. (36)
Carel et al. (37) 15 4 C-peptide All nine untreated patients Reservations about long-term
secretion developed diabetes within toxicity and enrollment of

12 mo.
Two of six nondiabetics after
47 mo when treated with CsA.
One developed diabetes in the first
year and three from 1 to 4 yr
after treatment

patients in trials of safer
therapy have rendered CsA
therapy obsolete

CsA, cyclosporine A; GFR, glomerular filtration rate.
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Table 8
Nicotinamide Intervention Trials in Type 1 Diabetes
Intervention
Study stage No. of subjects Age (yr) Endpoint Comments
DENIS (38) Stage 3 25 in the 3-5 Phase 5 disease; Nicotinamide did not prevent overt
nicotinamide patients diabetes Progression is probably
group and 30 followed for more rapid in such patients
in the placebo 3yr
group
ENDIT (34) Phase 3 >550 <20 C-peptide secretion Double-blind placebo-controlled
Results to be reported in 2003
Interim analysis in 1998 showed dose
used (1.2 g/d) to be safe
Pozzilli et al. (39)
Metaanalysis Phase 5 211 in the 10-23 C-peptide secretion Nicotinamide-treated patients showed
of ten studies nicotinamide significantly preserved C-peptide
of which five group and 178 secretion at 1 yr
were placebo- in the placebo-
controlled controlled group

DENIS, Deutsche Nicotinamide Intervention Study; ENDIT, European Nicotinamide Intervention Trial
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Table 9
Trials Evaluating Insulin to Preserve 3-Cell Function in Type 1 Diabetes
Stage at No. of
Study enrollment Intervention subjects Endpoint Results
DPT-1 (42)
Intermediate risk 3 Oral insulin 490 Insulin secretion on IVGTT Recruitment continuing
High risk 4 IV insulin once- 326 C-peptide secretion Intervention not successful
yearly and
twice-daily
Human Ultra-
lente™ injections
DCCT (44) 5 Intensive diabetes 303 Stimulated C-peptide Intensive therapy
management >200 pmol/L preserved C-peptide
response (risk reduction
57%)
Chaillous et al. (45) 5 Oral insulin 2.50or 131 C-peptide secretion Intervention not successful
7.5 mg daily
compared with
placebo

DCCT, Diabetes Control and Complications Trial; DPT, Diabetes Prevention Trial; IVGTT, intravenous glucose tolerance test.
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benefit from this approach (42). A trial of oral insulin versus placebo is ongoing.
See Table 9 for trial results.

Intensive insulin treatment at diagnosis of type 1 diabetes for 2 wk has been
shown to increase stimulated plasma C-peptide concentrations 1 yr after treat-
ment (43). A substudy of the Diabetes Control and Complications Trial (DCCT)
enrolled 303 patients who had C-peptide concentrations of more than 200 pmol/L
after glucagon stimulation. Individuals randomized to intensive insulin therapy
had slightly but significantly greater C-peptide concentrations over amean of 6.5
yr than did individuals randomized to what then was standard (i.e., associated
with suboptimal glycemic control) insulin therapy (44 ). On the other hand, auto-
antibody-positive type 1 diabetes patients aged 7—40 yr treated within 2 wk of
diagnosis with intensive subcutaneous insulin plus either placebo, oral insulin
2.5 mg daily, or oral insulin 7.5 mg daily showed no difference in the rate of loss
of B-cell function (45).

Anti-CD3 Antibodies

Modified anti-CD3 antibodies have been shown to induce remission in NOD
mice (46). These antibodies are directed against the T-cell receptor but do not
activate T-cells in vivo. A trial in humans enrolled patients within 6 wk of
diagnosis of clinical type 1 diabetes at a single center to receive intervention with
amodified anti-CD3 antibody or placebo (47). Patients were randomized ina 2:1
ratio (antibody/placebo) with escalating doses for 4 d and full dose for 10 more
d. HbA1, at 6 mo was better in the intervention group (6.2 vs 7.7, p > 0.02).
Stimulated C-peptide concentrations increased in the intervention group. Side
effects included eczematoid rash, lymphopenia, and fever but were managed
with symptomatic treatment. Serum cytokine measurements showed a possible
change in T-cell subset function in the antibody-treated group. A multicenter trial
involving eight centers with the same design is currently being conducted.

DiaPep277™

Some investigators have identified Hsp60 as a self-antigen in type 1 diabetes
(20). A 24-amino-acid sequence of this protein (p277) induces remission of
diabetes in the NOD mouse, a model of spontaneous type 1 diabetes (48). Raz et
al. (49), in a recently reported clinical trial, randomized 35 patients with type 1
diabetes to intervention with DiaPep277™ or placebo at entry and at 1 and 6 mo
and showed preservation of glucagon-secreted C-peptide secretion in the inter-
vention group 10 mo after enrollment.

FACTORS TO BE CONSIDERED IN FUTURE TRIALS

The past several years have revealed several important features about predia-
betes and early type 1 diabetes. Patients who are DQB1*0602 have a lower
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incidence of type 1 diabetes compared with the general population. Younger
patients progress more rapidly to type 1 diabetes. The presence of more than one
autoantibody increases the risk of progression to overt diabetes. All potential
therapies need to be carefully evaluated in animal models. The potential thera-
piesneed to be carefully studied in pilot studies prior to the design of amulticenter
trial. Multicenter trials need to be adequately powered to answer the hypotheses
of intervention. Previous clinical trials attempting to preserve [-cell function
have met with limited success, and several trials of novel therapies are ongoing.
The design of future trials will probably benefit from new information regarding
the pathogenesis of autoimmune f-cell destruction.

ACKNOWLEDGMENTS

Yogish C. Kudva is supported by the Mayo Foundation. Dr. Rita Basu is
supported by an American Diabetes Association Mentorship award. Dr. R.A.
Rizzais supported by National Institutes of Health grant DK29953. We thank Dr.
A. Basu for critical review of the manuscript, and we gratefully acknowledge
Michelle Papaconstandinou for her secretarial support.

REFERENCES

1. Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus.
Diabetes Care 1997;20:1183-1197.

2. Atkinson MA, Eisenbarth GS. Type 1 diabetes: new perspectives on disease pathogenesis and
treatment. Lancet 2001;358:221-229.

3. Onkamo P, Vidininen S, Karvonen M, Tuomilehto J. Worldwide increase in incidence of type
1 diabetes—the analysis of the data on published incidence trends. Diabetologia 1999;42:1395—
1403.

4. The Diabetes Control and Complications Trial Research Group. The effect of intensive treat-
ment of diabetes on the development and progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med 1993;329:977-986.

5. Zimmet PZ, Tuomi T, Mackay R, et al. Latent autoimmune diabetes mellitus in adults (LADA):
the role of antibodies to glutamic acid decarboxylase in diagnosis and prediction of insulin
dependency. Diabet Med 1994;11:299-303.

6. Turner R, Stratton I, Horton V, et al. UKPDS 25: autoantibodies to islet-cell cytoplasm and
glutamic acid decarboxylase for prediction of insulin requirement in type 2 diabetes. UK
Prospective Diabetes Study Group. Lancet 1997;350:1288-1293.

7. Brown GR, Silva MD, Thompson PA, Beutler B. Lymphoid hyperplasia, CD45RB"¢h to
CD45RB!°¥ T-cell imbalance, and suppression of type 1 diabetes mellitus: results from TNF
blockadein NOD{ {fi} }NOD-scid adoptive T-cell transfer. Diabetologia 1998;41:1502—1510.

8. Foulis AK, Liddle CN, Farquharson MA, Richmond JA, Weir RS. The histopathology of the
pancreas in type 1 (insulin-dependent) diabetes mellitus: a 25-year review of deaths in patients
under 20 years of age in the United Kingdom. Diabetologia 1986;29:267-274.

9. Pipeleers D. Ling Z. Pancreatic beta cells in insulin-dependent diabetes. Diabetes Metab Rev
1992;8:209-227.

10. Palmer JP, Asplin CM, Clemons P, et al. Insulin antibodies in insulin-dependent diabetics
before insulin treatment. Science 1983;222:1337-1339.
11. NerupJ, Platz P, Andersen OO, et al. HL-A antigens and diabetes mellitus. Lancet 1974;2:864-866.



Chapter 4 / Type 1 Diabetes 85

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cyclosporin-induced remission of IDDM after early intervention. Association of 1 year of
cyclosporin treatment with enhanced insulin secretion. The Canadian-European Randomized
Control Trial Group. Diabetes 1988;37:1574—1582.

Eisenbarth GS. Type I diabetes mellitus. A chronic autoimmune disease. N Engl J] Med
1986;314:1360-1368.

Verge CF, Gianani R, Kawasaki E, et al. Prediction of type 1 diabetes in first-degree relatives
using a combination of insulin, GAD, and ICA512bdc/IA-2 autoantibodies. Diabetes
1996;45:926-933.

Kimpimaki T, Kulmala P, Savola K, et al. Disease-associated autoantibodies as surrogate
markers of type 1 diabetes in young children at increased genetic risk. Childhood Diabetes in
Finland Study Group. J Clin Endocrinol Metab 2000;85:1126—1132.

Baekkeskov S, Aanstoot HJ, Christgau S, Reetz A, Solimena M, Cascalho M. Identification
of the 64K autoantigen in insulin-dependent diabetes as the GABA-synthesizing enzyme
glutamic acid decarboxylase. Nature 1990;347:151-156.

Lan MS, Wassefall C, Maclaren NK, Notkins AL. IA-2, a transmembrane protein of the
tyrosine phosphatase family, is a major autoantigen in insulin-dependent diabetes mellitus.
Proc Natl Acad Sci USA 1992;93:6367-6370.

Payton MA, Hawkes CJ, Christie MR. Relationship of the 37,000- and 40,000-M(r) tryptic
fragments of islet antigens in insulin-dependent diabetes to the protein tyrosine phosphatase-
like molecule IA-2 (ICA512). J Clin Invest 1995;96:1506—-1511.

Dotta F, Gianani R, Previti M, et al. Autoimmunity to the GM2-1 islet ganglioside before and
at the onset of type I diabetes. Diabetes 1996;45:1193-1196.

Abulafia-Lapid R, Elias D, Raz I, Keren-Zur Y, Atlan H, Cohen IR. T-cell responses of type
I diabetes patients and healthy individuals to human hsp60 and its peptides. J Autoimmun
1999;12:121-129.

Botazzo GF, Florin-Christensen A, Doniach D. Islet-cell antibodies in diabetes mellitus with
autoimmune polyendocrine deficiencies. Lancet 1974;2:1279-1283.

Seissler J, de Sonnaville JJ, Morgenthaler NG, et al. Inmunological heterogeneity in type I
diabetes: presence of distinct autoantibody patterns in patients with acute onset and slowly
progressive disease. Diabetologia 1998;41:891-897.

Greenbaum CJ, Schatz DA, Cuthbertson, D, Zeidler A, Eisenbarth GS, Krischer JP. Islet cell
antibody-positive relatives with human leukocyte antigen DQA1*0102, DQB1*0602: identifi-
cation by the Diabetes Prevention Trial-Type 1. J Clin Endocrinol Metab 2000;85:1255-1260.
Ziegler AG, Hummel M, Schenker M, Bonifacio E. Autoantibody appearance and risk for
development of childhood diabetes in offspring of parents with type 1 diabetes: the 2-year
analysis of the German BABYDIAB Study. Diabetes 1999;48:460-468.

Rewers M, Eisenbarth GS, Elsey C, et al. Target population for prevention trials of B-cell
autoimmunity in early childhood. Diabetologia 1998;41(suppl 1):A86.

Colman PG, Steele C, Couper JJ, Beresford SJ, Powell T, Kewming K. Islet autoimmunity in
infants with a type I diabetic relative is common but is frequently restricted to one autoanti-
body. Diabetologia 2000;43:203-209.

Verge CF, Stenger D, Bonifacio E, et al. Combined use of autoantibodies (IA-2 autoantibody,
GAD autoantibody, insulin autoantibody, cytoplasmic islet cell antibodies) in type 1 diabetes:
Combinatorial Islet Autoantibody Workshop. Diabetes 1998;47:1857—-1866.

Beer SF, Heaton DA, Alberti KG, Pyke DA, Leslie RD. Impaired glucose tolerance precedes
but does not predict insulin-dependent diabetes mellitus: a study of identical twins.
Diabetologia 1990;33:497-502.

Bingley PJ, Colman P, Eisenbarth GS. Standardization of IVGTT to predict IDDM. Diabetes
Care 1992;15:1313-1316.

Bingley PJ. Interactions of age, islet cell antibodies, insulin autoantibodies, and first phase
insulin response in predicting risk of progression to IDDM in ICA+ relatives: the ICARUS
data set. Islet Cell Antibody Register Users Study. Diabetes 1996;45:1720-1728.



86

Kudva, Basu, and Rizza

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.
49.

Bleich D, Jackson RA, Soeldner JS, Eisenbarth GS. Analysis of metabolic progression to type
1 diabetes in ICA+ relatives of patients with type 1 diabetes. Diabetes Care 1990;13:111-118.
Eisenbarth GS, Gianani R, Yu L, et al. Dual parameter model for prediction of type 1 diabetes
mellitus. Proc Assoc Am Physicians 1998;110:126-135.

Diabetes Prevention Trial-Type 1 Study Protocol. Revised: October 2000.

Rosenbloom AL, Schatz DA, Krischer JP, et al. Prevention and treatment of diabetes in
children. J Clin Endocrinol Metab 2000;85:494-522.

De Filippo G, Carel JC, Boitard C, Bougneres PF. Long-term results of early cyclosporine
therapy in juvenile IDDM. Diabetes 1996;45:101-104.

Parving HH, Tarnow L, Nielsen FS, et al. Cyclosporine nephrotoxicity in type 1 diabetic
patients. A 7-year follow-up study. Diabetes Care 1999;22:478-483

Carel JC, Boitard C, Eisenbarth G, Bach JF, Bougneres PF. Cyclosporine delays but does not
prevent clinical onset in glucose intolerant pre-type 1 diabetic children. J Autoimmun
1996;9:739-745.

Lampeter EF, Klinghammer A, Scherbaum WA, et al. The Deutsche Nicotinamide Interven-
tion Study: an attempt to prevent type 1 diabetes. DENIS Group. Diabetes 1998;47:980-984.
Pozzilli P, Browne PD, Kolb H, The Nicotinamide Trialists. Correct analysis of nicotinamide
in patients with recent onset insulin dependent diabetes. Diabetes Care 1996;19:1356—1363.
Keller RJ, Eisenbarth GS, Jackson RA. Insulin prophylaxis in individuals at high risk of type
I diabetes. Lancet 1993;341:927-928.

DPT-1 Study Group. The Diabetes Prevention Trial (DPT-1): Implementation of screening
and staging of relatives. Transplant Proc 1995;27:3377.

Skyler J. Results of the DPT-1. Diabetes 2001;50(suppl 2):35.

Shah SC, Malone JI, Simpson NE. A randomized trial of intensive insulin therapy in newly
diagnosed insulin-dependent diabetes mellitus. N Engl J Med 1989;320:550-554.

The Diabetes Control and Complications Trial Research Group. Effect of intensive therapy on
residual beta-cell function in patients with type 1 diabetes in the diabetes control and compli-
cations trial. A randomized, controlled trial. Ann Intern Med 1998;128:517-523.

Chaillous L, Lefevre H, Thivolet C, Boitard C. Lahlou N, Atlan-Gepner C. Oral insulin
administration and residual beta-cell function in recent-onset type 1 diabetes: a multicentre
randomised controlled trial. Diabete Insuline Orale group. Lancet 2000;356:545-549.
Chatenoud L, Primo J, Bach JF. CD3 antibody-induced dominant self tolerance in overtly
diabetic NOD mice. J Immunol 1997;158:2947-2954.

Herald KC, Hagopian W, Auger J, et al. Treatment with Anti-CD3 monoclonal antibody
(mAb) hOKT3y1(Ala-Ala) improves glycemic control during the first year of type 1 diabetes
mellitus. Diabetes 2001;50(suppl 2):A34.

Elias D, Cohen IR. Peptide therapy for diabetes in NOD mice. Lancet 1994;343:704-706.
Itamar R, Elias D, Avron A, Tamir M, Metzger M, Cohen I. 3-cell function in new-onset type
1 diabetes and immunomodulation with a heat-shock protein peptide (DiaPep277): arandom-
ized, double-blind, phase II trial. Lancet 2001;358:1749—-1753.



5 Type 2 Diabetes

Preethi Srikanthan, Mp, Jeffrey E. Pessin, PiD,
and Robert S. Bar, MD

CONTENTS

INTRODUCTION

CELLULAR RESPONSE TO INSULIN

TypE 2 DIABETES AND IGT

IMPORTANT ILLUSTRATIVE STUDIES

SpeciFic Risk FAacTors FOR IGT: Porycystic OVARIAN
SYNDROME AND SYNDROME X

MULTIDISCIPLINARY TREATMENT TEAMS

FINAL THOUGHTS

REFERENCES

INTRODUCTION

Impaired glucose tolerance (IGT), a precursor to type 2 diabetes, has received
important attention in the past year. Two large clinical trials have suggested that
individuals with IGT can be prevented, or at least delayed, from progressing to
type 2 diabetes and its complications (/-3 ). The data from these trials are impor-
tant in regard to the well-publicized national and worldwide epidemics of type
2 diabetes. To discuss early diagnosis and early treatment of type 2 diabetes
means discussing IGT—who to screen and how to approach the therapy of IGT
(4). This chapter primarily discusses IGT, its recognition, how and who to screen,
and its treatment. Finally, we suggest measures for pre-IGT recognition of the
at-risk population, and we also suggest preventive therapy even before IGT
develops (5-7).

Inthe United States IGT is currently estimated to be present in 6—7% of individu-
als in the 20—44-yr-old age group and progressively increases to =20% in those
over 70 yr of age. With length of life further extending, the tendency to gain weight
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Stages in Development of
Type 2 Diabetes

» Genetic
susceptibility —> IGT — Type2 —

Complications
DM
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(Western lifestyle) genetic B cell defect

vs. glucotoxicity

Fig. 1. Pathogenesis of type 2 diabetes mellitus (DM). IGT, impaired glucose tolerance.

increasing, and the level of physical activity decreasing, the prevalence of IGT
in all age groups will markedly increase in the next 20 yr (8). The screening and
formal definition of IGT are still controversial in the United States (9,/0). Based
on the criteria of the expert panel of the American Diabetes Association (ADA)
in 1997, impaired fasting glucose was defined by a fasting blood sugar of 110—
125 mg% and IGT by a serum glucose 2 h after ingesting glucola (75 g) of 140-
199 mg%. The ADA panel also discouraged routine use of the more difficult oral
glucose tolerance test. However, the World Health Organization (WHO) now
defines IGT as a fasting blood glucose of less than 126 mg% and a serum glucose
drawn 2 h after ingesting 75 g of glucola of 140-200 mg%. The WHO standards
identified approx 30% more subjects with abnormal glucose concentration than the
1997 ADA criteria (11-13). Therefore, we believe that the fasting glucose and 2-
h post glucola blood sugar is the test of choice for the diagnosis of IGT (/4-16).

The course of events in the progression to type 2 diabetes, with IGT being a
precursor, is shown in Fig. 1 (/7). IGT is seen here as the beginning process in
the development of diabetes (Fig. 2) (/8-23). This concept is further reinforced by
IGT having the same risk factors as those for type 2 diabetes (Table 1) (24,25). The
increased cardiovascular disease associated with IGT per se and the findings of
microvascular disease in some newly diagnosed type 2 patients suggest that even
the microvascular complications of diabetes may have been initiated several years
prior to the formal diagnosis of diabetes. Thus the recognition of IGT and its
treatment take on added importance.
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Fig. 2. Mechanisms of hyperglycemia in type 2 diabetes.

Table 1
Risk Factors for Impaired Glucose Tolerance and Type 2 Diabetes

Family history of diabetes

Older age

Obesity

Gestational diabetes

Polycystic ovarian syndrome (PCOS)

Increased waist/hip ratio

Having had a baby weighing more than 9 pounds

Sedentary lifestyle

Hispanic/Native American/Asian-American/African-American/Pacific Island descent
Hypertension or dyslipidemia

Risk factors for IGT are also the same risk factors for type 2 diabetes (Table
1). These include family history of diabetes, older age, obesity, gestational dia-
betes, polycystic ovarian syndrome (PCOS), increased waist/hip ratio, having
had a baby weighing more than 9 pounds, sedentary lifestyle, Hispanic/Native
American/Asian-American/African-American/Pacific Island descent, hyperten-
sion, or dyslipidemia (26-34). The precipitating factor (s) causing someone to go
from normal glucose tolerance to IGT are not precisely known. Several factors
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though, are clearly associated with this progression, including genetic (racial)
factors, obesity, diet, and lack of physical exercise (35—49). Likewise, the spe-
cific factors that cause IGT to progress to type 2 diabetes are also unknown (50),
but they probably include the same factors associated with the initial develop-
ment of IGT. The importance of overweight/obesity cannot be stressed enough
(51). In our society, obesity and its accompanying complications are increasing
at afrightening pace. A recent report covering the period 1980-1998 (52) assessed
the percent of children who were overweight and demonstrated a steady increase
in the United States from 1980 through 1998, with the greatest increase seen in
African Americans and Hispanics, minorities with a particular susceptibility to
develop type 2 diabetes. By 1998, “overweight” increased to 21.5% among
African Americans, 21.8% among Hispanic Americans, and 12.3% among non-
Hispanic whites. In addition, overweight children were heavier in 1998 com-
pared with overweight children in 1980. These findings in children have been
accompanied by a substantial increase in type 2 diabetes in the pediatric popu-
lation (53). This would have been a major surprise 25-30 yr ago, but it is not
today. The increase in type 2 diabetes in our pediatric population is now requiring
pediatricians to become familiar with its diagnosis and treatment.

The same trend toward overweight or obesity in the pediatric population is
also being observed in the adult population (54). According to the Behavior Risk
Factor Study, the prevalence of overweight in adults has risen by 50% in the
period 1991-1999. Of further concern are statistics justreleased from the Centers
for Disease Control and Prevention (CDC) estimating the incidence of an entity
associated with adult obesity, cardiovascular disease, and frequently IGT or type
2 diabetes—the dysmetabolic or metabolic syndrome (55). In this study the
dysmetabolic syndrome was defined according to the ATP111 criteria by the pres-
ence of at least three of the following criteria: (1) abdominal obesity with waist
circumference more than 102 cm in men and 88 cm in women; (2) serum triglycerides
150mg% or more; (3) high-density lipoprotein (HDL) less than 40 mg% in men and
50 mg% in women; (4) blood pressure 130/85 mmHg or more; and (5) fasting
blood glucose 100 mg% or higher. In this study of 8814 men and women, the
overall prevalence of the metabolic syndrome was 22%, ranging from a low of
6.7% in those 20—-29 yr old and progressively increasing to a maximum of 43.5%
in those older than 60 yr. These disheartening figures will probably worsen in the
next 20 yr.

CELLULAR RESPONSE TO INSULIN

Inboth IGT and type 2 diabetes, defect (s) exist in insulin action and/or insulin
secretion from the pancreatic f3-cell (2/,55-60). Although the specific cellular
and molecular defects have not yet been defined, the evolving delineation of the
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complex molecular events in insulin signaling and insulin synthesis/secretion
has given increasing information on the polygenic diseases that manifest as IGT
and type 2 diabetes. The cellular effects of insulin have been generally agreed on
fortype 2 diabetes (Fig. 2). Specifically, all patients with type 2 diabetes have two
defects: impaired insulin release by the pancreatic 3-cell and resistance to the
cellular response to insulin, or insulin resistance. All treatments for type 2 dia-
betes are directed at improving one of these two defects. In many patients with
type 2 diabetes, there are decreases in insulin secretion over time, such that initial
treatment of hyperglycemia can be successfully managed by diet/exercise or use
of a single oral hypoglycemic agent. Over time, patients often need the addition
of a second agent, then a third, and finally exogenous insulin injections. For IGT
the defects are not as clearly defined. Some authors feel that insulin resistance is
the initiating event for IGT, others feel that insulin secretion is the primary culprit,
and still others argue that both defects, as in type 2 diabetes, must be present for IGT
to occur. Is it really important to determine which of these possibilities is the true
initiating event? The answer is probably yes. Knowledge of the initiating process
would give us a lead in developing precise screening tests for early diagnosis of
IGT and perhaps guide our early therapy of IGT.

Knowledge of the cellular effects of insulin has greatly expanded in the last
10 yr (Fig. 3). The three primary peripheral target tissues of insulin action are the
liver, skeletal muscle, and adipose tissue (Fig. 2). In the liver, insulin functions
to suppress gluconeogenesis, lipogenesis, and amino acid and glucose release,
whereas glycogen and protein synthesis are enhanced. Similarly, insulin increases
glucose and amino acid uptake into both striated muscle and adipose tissue. All
these biologic responses result from the binding of insulin to the cell surface
insulin receptor that is highly expressed in these tissues (Fig. 3).

At the cellular/molecular level, the insulin receptor is a plasma membrane
disulfide-linked heterotetrameric protein, consisting of two extracellular a-sub-
units and two transmembrane [3-subunits (Fig. 3). The o-subunits contain the
high-affinity insulin binding sites; upon ligand occupancy, they transmit a trans-
membrane signal through the plasma membrane activating the intracellular
tyrosine kinase domain of the B-subunits (6/-63). Following receptor auto-
phosphorylation, the 3-subunit tyrosine kinase domain becomes catalytically
active toward exogenous substrates and tyrosine-phosphorylates a number of
intracellular proteins (64—-68). Mutations in the insulin receptor that impair its
processing, cell surface exposure, insulin binding or activation of its tyrosine
kinase domain result in severe forms of insulin resistance (69-71). However,
insulin receptor mutations are quite rare and do not account for a significant
number of insulin-resistant patients.

Once activated, the insulin receptor can tyrosine-phosphorylate a number of
proximal substrates involved in several distinct intracellular signaling pathways.
In general, these can be grouped into signals activating the MAP kinase, the
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Fig. 3. Cellular signaling for insulin action. ERK, extracellular signal-regulated kinase;
GSK3, glycogen synthase kinase 3; Ins, insulin; IR, insulin receptor; MEK, mitogen
activated extracellular signal-regulated kinase kinase; PI-3K, phosphatidylinositol 3-
kinase, PP1, protein phosphatase 1; IRS, insulin receptor substrate; Rsk, p90 ribosomal
S6 kinase; SOS, son-of-sevenless; Syp, protein tyrosine phosphatase 2.

phosphatidylinositol 3-kinase (PI 3-kinase), and the CAP/Cbl pathways (72-74).
The MAP kinase pathway is thought to be primarily responsible for the control
of growth and development, whereas the PI 3-kinase pathway is involved in
growth, antiapoptosis, and metabolic signaling including enhancement of glu-
cose uptake and utilization. Similarly, the recently described CAP/Cbl pathway
is thought to be involved in enhanced insulin stimulation of glucose uptake and
to function cooperatively with the PI 3-kinase pathway in this response.

It is generally accepted that the ability of insulin to enhance glucose uptake is
owing to the presence of a specific facilitative glucose transporter protein isoform,
GLUTH4, in striated muscle and adipose tissue. In these tissues, GLUT4 is seques-
tered away from the cell surface membrane and stored in specialized intracellular
membrane compartments. However, following insulin stimulation, this protein
undergoes a massive redistribution to the cell surface, thereby increasing the
number of glucose transporter proteins and increasing glucose uptake. Several
lines of evidence have established that the PI 3-kinase pathway is essential, but
not necessarily sufficient, for this biologic response. Although several models of
insulin resistance have been correlated with reduction in the insulin action of the
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PI 3-kinase pathway, downstream targets of PI 3-kinase are unaffected, bringing
into question the relevance of small changes in PI 3-kinase activity as a mecha-
nism for insulin resistance (75).

The study of another insulin receptor downstream target termed the insulin
receptor substrate (IRS) has generated much interest. Currently, there are four
known isoforms, IRS1, -2, -3, and -4, which function as proximal substrates of
the insulin receptor. The tyrosine phosphorylation of these proteins generates
recognition sites for several additional effector proteins including the PI 3-kinase.
Mice deficient in IRS1 display peripheral tissue insulin resistance and growth
retardation but do not become diabetic, owing to pancreatic 3-cell compensation
(76,77).In contrast, IRS2-deficient mice have impaired 3-cell insulin secretion and
display a clear diabetic phenotype (78). Although extensive investigation has not
revealed any systematic gene defect in IRS structure or expression, recent data
have suggested a novel mechanism inactivating IRS function. In many systems,
serine/threonine phosphorylation is known to impair the ability of tyrosine ki-
nases to tyrosine-phosphorylate their substrates. Several lines of evidence have
demonstrated that serine/threonine phosphorylation of IRS markedly impairs
insulin-stimulated tyrosine phosphorylation and inhibits insulin action (79).
Since insulin resistance is a highly heterogenous disease with both genetic and
environmental components, is it possible that IRS proteins underlie a single
signaling defect that can account for this phenotype? Probably not.

One important clue has emerged from the study of the inflammatory/cytokine
signaling pathway. It is well known that many factors that activate the inflamma-
tory pathway also induce insulin resistance and serine/threonine phosphoryla-
tion of IRS. More compelling are studies showing that inhibition of the
inflammatory kinase pathway (IxB kinase) enhances insulin sensitivity, whereas
activation of this pathway induces insulin resistance (80,81 ). In hindsight, these
recent findings are consistent with numerous anecdotal reports on the ability of
high-dose aspirin to reduce hyperglycemia in diabetic patients. In addition to
being a cyclooxygenase (COX) inhibitor, high-dose salicylates also apparently
function to inhibit [k B kinase. Thus, the development of specific inhibitors of the
inflammatory pathway may eventually provide a powerful new clinical tool in
the management of peripheral tissue insulin sensitivity.

In addition to striated muscle, liver, and adipocytes, the fourth major organ
intimately controlling glucose metabolism is the pancreas (Fig. 2). The p-cells
of the pancreatic islets of Langerhans store insulin in dense-core granules that are
released in response to various fuel secretagogues such as fatty acids, arginine,
and glucose. It is clear that elevated circulating glucose levels are sensed (glu-
cose sensor) by a low-K, glucose transporter isoform, GLUT2, which couples
to glucokinase. This allows glucose to enter the glycolytic pathway to generate
ATP in a manner directly proportional to the physiologic range of circulating
glucose. This change in -cell energy status (ATP/ADP ratio) provides a critical
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metabolic signal, which closes an ATP-sensitive potassium channel/sulfonyl-
ureareceptor complex, resulting in membrane depolarization. In turn, membrane
depolarization opens a voltage-sensitive calcium channel, thereby increasing
intracellular calcium levels. The increase in intracellular calcium then provides
a trigger for the fusion of insulin-containing granules and the subsequent in-
crease in circulating insulin levels.

This complex regulation of insulin secretion underscores the extremely tight
control of this process and provides multiple potential targets that can be
dysregulated in states of insulin resistance and diabetes. One potential clue has
arisen from the observation that peripheral tissue insulin resistance is not suffi-
cienttoinduce diabetes. There must also be an additional insulin secretion defect.
Furthermore, the same types of states that induce peripheral tissue insulin resis-
tance have a high propensity to impair insulin secretion. Is it therefore possible
that defects in insulin receptor signaling also directly affect pancreatic 3-cell
insulin release? Although it has been very difficult to demonstrate directly a
specificinsulinreceptor signaling role inisolated $-cells, insulin receptor knock-
out mice display altered glucose-sensitive insulin secretion properties and
develop type 2 diabetes (82). Thus, one exciting possibility is that the initial
development of peripheral tissue insulin resistance eventually leads to pancreatic
B-cell insulin resistance and thus triggers the full-blown diabetic phenotype.

TYPE 2 DIABETES AND IGT

Type 2 diabetes in the United States is increasing at an alarming rate; it is
predicted that as many as 10% of the country’s population will have diabetes by
the year 2025 (83). Individuals with type 2 diabetes pass through a stage of IGT
prior to diabetes onset (Fig. 1) (84,85). Depending on the criteria used for the
diagnosis of IGT, 3040 million Americans now have IGT, with 20% or more of
the elderly being affected (86). This compares with the 16 million individuals
who now have type 2 diabetes. As the average lifespan of Americans continues
to increase, the frequency of progression of IGT to type 2 diabetes will also
probably increase. IGT has two major associated problems: increased cardiovas-
cular disease and the progression to type 2 diabetes. The risk of cardiovascular
disease with IGT is not as great as that seen in overt type 2 diabetes, but it is
clearly greater than in age-matched controls (87). Progression to type 2 diabetes
increases if individuals with IGT decrease their physical activity and/or increase
their weight (88). The rate of progression to diabetes in the United States ranges
from 30 to 60% within 10 yr after the diagnosis of IGT. Rates of progression to
diabetes in different countries are extremely variable. Whether this is caused by
different genetic backgrounds or different lifestyles is not entirely clear.

Central components of the successful treatment of IGT have been diet (§9-91)
and exercise, which are appropriately termed lifestyle changes (92,93). Several
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Table 2
Recent Studies in Lifestyle Management in Impaired Glucose Tolerance (IGT)

No. of Study Reduction in progression of DM with

patients  period exercise or dietary intervention

Da Qing Study (93) 577 6 yr  21% reduction in DM

Malmo Study (49) 181 6 yr  50% normalization of IGT in 5 yr

Tuomilehto et al. (3) 522 4yr  57% reduction in rate of progression of
IGT to DM

Wing et al. (94) 154 2yr  No significant result at 3 yr

DPP (1,2,143,144) 3234 3yr  58% reduction in DM2 with lifestyle
changes

DM, daibetes mellitus; DPP, Diabetes Prevention Program; IGT, impaired glucose tolerance.

different diets have been used successfully in IGT, usually combined with some
form of exercise. The recommended exercises have mostly been some form of
light aerobic exercise or resistance training. The various diets have several char-
acteristics in common, including decreased calories for weight reduction,
decreased fat (<30% of total calories), decreased saturated fat (<10% of diet), and
increased fiber (15 g/d). The combined exercise and diet were intended to result
in weightloss, of 5% or more, but this goal was rarely achieved in any study. Even
S0, patients in many of these studies showed improvement in IGT and decreased
progression to type 2 diabetes.

Successful large-scale, long-term studies of lifestyle changes in IGT have
been reported since 1991 (Table 2), with the most recently published study in
February 2002, the DPP (Table 2). Against this background of effective therapy
of IGT, it is important to realize that other studies of IGT treatment with lifestyle
changes have not demonstrated sustained long-term improvement. An example
of such negative findings is the well-designed study of IGT by Wing et al.
published in 1998 (94). These authors showed positive results after the first year
of the study that were not sustained at the end of 3 yr. However, the published
literature, in total, does show a positive effect of lifestyle changes on slowing the
progression of IGT to type 2 diabetes.

Recent Large-Scale Trials in IGT

Two important studies on IGT and lifestyle changes were recently completed,
the NIH-sponsored DPP (/43,144) and the Finnish Cooperative Diabetes Trial
(Table 2) (1-3). These are of particular importance because they both included
a large population (the Finnish study 552 and the DPP 3234 IGT patients) and
also provide insight into the time, the effort, and the multidisciplinary team
needed to impact on IGT effectively (3,/43,144). The NIH DPP, a study of 3234
individuals with IGT aged 25-85 yr, compared treatment with diet/exercise or with
metformin (850 mg twice daily) in the prevention of the progression of IGT to
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type 2 diabetes. The results of this trial were sufficiently positive to stop the study
in August, 2001, well before its scheduled completion in 2002.

The DPP was a major clinical trial including 27 centers of individuals with
IGT and body mass index (BMI) greater than 25. IGT was diagnosed on the basis
of an oral glucose tolerance test. Forty-five percent of the 3234 participants were
from the minority groups that are disproportionately affected with type 2 diabe-
tes, including African Americans, Native Americans, Hispanic Americans, Asian
Americans and Pacific Islanders. At 3-yr follow-up, there was a 29% progression
to type 2 diabetes in the placebo group and a 58% reduction in expected progres-
sion to type 2 diabetes in those in the intensive lifestyle intervention group.
Metformin was also effective, causing a 31% reduction in the expected diabetes
rate. Thus, the risk of developing diabetes was decreased in both study groups,
with rates in the modified lifestyle changes group being substantially better than
in those treated with metformin (95,96). Although labeled “intensive lifestyle
intervention,” diet and exercise were not pushed to extreme levels. This patient
group maintained an average of 30 min of exercise daily, usually consisting of
walking for 30 min a day or other moderate exercise, and a weight loss program
aimed toward a 7% reduction in the initial body weight. All ages benefited, with
the greatest prevention rate in individuals older than 65 yr (71%). Although
similar positive results were previously found in other reports (Table 2), the DPP
was distinguished by the magnitude of the IGT population studied, the diversity
of the ethnic groups, and the age range (25-85 yr) of the participants.

The authors of the DPP highlight several areas they considered key elements
in successfully implementing their lifestlye changes (/43,/44). These include:
clearly defined goals of 7% weight loss and 150 min exercise per wk, individual
case managers or “lifestyle coaches,” frequent contact, intensive interventions,
16-24-session core curriculum, extra classes, consistent motivation, feedback
support, restart opportunities, monthly visits, and telephone calls. The weight
loss was most important to decrease the risk of diabetes, with each kilogram loss
equaling a 13% decrease inrisk of diabetes. Exercise without weight loss was not
associated with an increase in diabetes, but exercise was especially relevant for
maintaining weight loss. The latter is especially relevant since it has been shown
that exercise programs can be maintained for greater the 10 yr (/45).

In the recently published Finnish study on IGT (3), five goals were set by the
trial investigators: (1) a decrease in body weight of 5% of initial weight or more;
(2) fat component in diet 30% or less of total ingested kcal; (3) saturated fat less
than 10% of the diet; (4) increased fiber to 15 g or more per kcal; and (5) moderate
exercise of 30 min or more daily. At 1-yr, there was an inverse relationship
between goals met and the proportion of individuals who progressed to type 2
diabetes. Most impressively, this inverse relationship was observed at each of the
5 yr of the multicenter trial. Quarterly visits were made with the individuals who
formed the intervention group of the study, frequent contacts were maintained
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throughout the trial, and repeated education sessions were held related to the
importance of the lifestyle modifications. The Finnish trial, a five-center study,
enrolled 552 participants (vs 3234 in the DPP NIH trial). The average age was
55-yr and the average BMI was 31. The intervention group received seven di-
etary counseling sessions in yr 1 and every 3 mo thereafter. Dietary advice was
individualized and focused on weight loss, decrease in fat (especially saturated
fat) (97), and total calories consumed. The individualized exercise program
concentrated more on muscle strengthening, with weight lifting and resistance
training, and placed somewhat less emphasis on aerobic exercising (vs 30 min
of daily walking or light aerobics in the DPP). Free health club memberships
were given at two of the five centers. Individuals in the control group were given
yearly advice about diet and exercise regimens.

The greatest decrease in weight loss was seen at the end of yr 1 (—4.2 kg vs
—0.8 kgin controls). However, the difference in prevention of progression to type
2 diabetes was statistically significant at yr 1-5, with the final rate in the inter-
vention group being a 57% reduction in expected progression to diabetes. It is of
interest that in the DPP there was a similar 58% decrease at 3 yr in progression
to diabetes, even though there was a slight difference in the type of exercise
performed in each study (94,95).

IMPORTANT ILLUSTRATIVE STUDIES

To illustrate further the importance of diet and exercise, at least four other
studies have contributed to our thinking on slowing the progression of IGT to
frank diabetes. In the first, published in 1984, ten urbanized Australian aborigi-
nes with type 2 diabetes returned to their traditional hunter-gatherer lifestyle for
7 wk (98). During this time they gathered all their food, which necessitated a
marked increase in physical exercise. In the 7 wk period, they consumed a diet
low in calories (average of 1200 kcal/person/d) and low in fat (98,99). After only
7 wk, all participants lost weight at an average of 8 kg/person. Fasting blood
glucose either decreased or normalized, fasting insulin level decreased, and glu-
cose-stimulated insulin release markedly improved.

In a second study, the Pima Indians who settled in Arizona were compared
with the Pimas who settled in Mexico (/00). The Mexican Pimas had less obesity,
expended more energy, and had a strikingly lower incidence of IGT and type 2
diabetes (101,102). This report emphasized that individuals of the same genetic
background can have markedly different rates of IGT and type 2 diabetes
depending on their diet and exercise pattern (/03).

A third study showed the effect of weight loss in very obese individuals on the
progression of IGT to type 2 diabetes (/04). The effect of weight loss by gastric
bypass surgery on the progression of IGT to frank type 2 diabetes was assessed
in a population of severely obese individuals with IGT. After surgery, subse-
quent weight loss was accompanied by improvement or, commonly, “cure” of
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IGT, even though patients remained substantially obese at the time of major
improvement/cure of IGT.

Finally, in a fourth report published in September, 2001 (30), a large number
(84,941) of nurses was followed from 1980 to 1996. During the 16-yr of follow-
up, 3300 new cases of type 2 diabetes were found. Being overweight or obese was
the single most important predictor of developing type 2 diabetes. Lack of exer-
cise and a “poor diet” were also found in those who developed type 2 diabetes.

These last four studies strikingly illustrate the important treatment concepts:
(1) diet and exercise can rapidly slow the progression of IGT to diabetes and can
also improve glycemic control in those with type 2 diabetes; (2) losing weight,
well short of ideal body weight, can also cause IGT to improve or return to normal;
and (3) the best predictor of development of IGT and type 2 diabetes is being
overweight or obese, which is further compounded by lack of exercise (105).

SPECIFIC RISK FACTORS FOR IGT:
POLYCYSTIC OVARIAN SYNDROME AND SYNDROME X

Two of the risk factors for IGT, polycystic ovarian syndrome (PCOS) and the
dysmetabolic or metabolic syndrome, or syndrome X, are now being seen with
increasing frequency by the family practitioner, the internist, and the endocri-
nologist (Table 1). Chapter 9 (The Polycystic Ovarian Syndrome) and 7 (Obe-
sity) explore these topics in detail. The following discussion covers these two
syndromes briefly, with an emphasis on their relationship to IGT.

Polycystic Ovarian Syndrome

PCOS is a common disorder of premenstrual women characterized by
hyperandrogenism, chronic anovulation, menstrual irregularity, hyperinsulin-
emia, and often (for which it is a major cause) infertility (106,107). Prevalence
estimates range from 5 to 10% of menstruating females. It was first reported in
1980 that women with PCOS had hyperinsulinemia, suggesting the presence of
insulinresistance (/08—110). Subsequently, many women with PCOS were found
to have subtle acanthosis nigricans, a skin darkening often associated with insu-
lin resistance. Women with chronic anovulation and hyperandrogenemia
(111,112) without secondary causes were found to have glucose intolerance and
elevated insulin levels (55). That PCOS is associated with insulin resistance and
hyperglycemia following an oral glucose tolerance test (OGTT) was first dem-
onstrated by Dunaif in 1987 (109). Forty percent of PCOS patients who are also
obese have IGT or frank type 2 diabetes, and this remains consistent despite
ethnic or geographic variation. Most of these PCOS patients are diagnosed in
their third and fourth decades of life. PCOS-related insulin resistance accounts
for 20-40% of IGT and type 2 diabetes in reproductive age women (/13). The
percentage of occurrence of IGT or diabetes is further increased by the presence
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of obesity or a family history of type 2 diabetes. Screening patients with PCOS,
especially in the presence of other risk factors for IGT (Table 1), should clearly
be done. Again, screening should include fasting glucose with the diagnosis of
IGT confirmed by 2-h glucose after ingestion of 75 g glucola.

Treatment of PCOS, especially if fertility is desired, should probably consist
of metformin (//3—-117) and possibly lifestyle changes in diet and exercise (1/8).
Drugs that improve insulin sensitivity, such as metformin and the glitizones
(rosiglitizone and pioglitazone), are thought to reverse not only the metabolic
features of PCOS but also the excess ovarian steroidogenesis and gonadotropin
stimulation (/79). Treatment with metformin or a thiazolidinedione can often
normalize menses and can result in conception in a previously infertile woman.
Metformin inhibits glycogenolysis, decreasing hepatic glucose output and also
improving peripheral insulin sensitivity. Metformin was first used for PCOS in
1994 by Velazquez et al. (/20). Their study in 26 women with PCOS used
metformin at 1500 mg/d for 8 wk. Not only did the women have significant
improvement in hyperglycemia, but there was a 52% drop in testosterone levels
and several spontaneous pregnancies. Subsequently, at least eight publications
have shown the positive effects of metformin in decreasing androgen levels,
improving metabolic profiles, and increasing fertility in PCOS (121).

Dysmetabolic (Metabolic) Syndrome (Syndrome X)

The original definition of syndrome X, by Reaven (20), emphasized insulin
resistance. The dysmetabolic syndrome consists of insulin resistance in associa-
tion with dyslipidemia, obesity (particularly with excess visceral fat), hyperten-
sion, and often IGT or type 2 diabetes. This constellation of abnormalities is
associated with an accelerated onset of atherosclerosis (/8,/22). Patients with
syndrome X have a 20—40% incidence of type 2 diabetes and probably an even
greater association with IGT (/23).

The obesity in the abdomen tends to be deep or visceral adiposity, which is
associated with accelerated atherosclerosis and coronary artery disease (/04).
The presence of visceral fat in this syndrome is an example of the fact that not
all forms of obesity are functionally the same and that different forms can pose
differenthealth risks. Patients with fat distributed in subcutaneous regions around
the gluteofemoral areas and upper abdomen are at much less risk for complica-
tions such as hypertension, lipid abnormalities, and insulin resistance than those
with visceral fat (124,125). The idea that adipose tissue releases important
metabolites has been fueled by recent findings showing that fat may not be just
a storage compartment but rather an active source for production of proteins
central to obesity, insulin resistance, and lipid disorders. Adipose tissue has been
demonstrated to produce leptin (/26), resistin (/27,128), and Acrp 30/AdipoQ
(129-132), which have been proposed to mediate obesity, insulin resistance, and
hepatic insulin sensitivity, respectively (/32-134) (Fig. 2).
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Visceral adipose tissue is drained by the portal venous system and has a direct
connection with the liver. Free fatty acids are quickly mobilized from these
depots, compared with other peripheral fat stores. The lipolytic activity in vis-
ceral adipocytes is higher than in other fat depots, whereas, at the same time, the
antilipolytic effect of insulin is more in the subcutaneous than the visceral fat.
The concentration of free fatty acids in the portal system is thus elevated. This
apparently results in stimulation of gluconeogenesis, resulting in hyperglycemia
and increased triglyceride synthesis with associated dyslipidemia. Visceral obe-
sity is also associated with increased levels of plasminogen activator inhibitor-
1 (PAI-1)(135-140).PAI-1 lessens the fibrinolytic activity of tissue plasminogen
by complexing with it. Low levels of plasminogen activator compared with PAI-
1 are arisk factor for cardiovascular disease. PAI-1 is atherogenic, and its levels
increase with hyperinsulinemia. The potential role of PAI-1 in atherosclerosis
associated with obesity, atherosclerosis, and cardiovascular disease of diabetics
needs to be further explored.

Detection of patients with syndrome X (the dysmetabolic syndrome) is impor-
tant because of the markedly increased cardiovascular disease associated with
the syndrome (/41,142). It also must be recognized that treatment of this com-
plex syndrome is difficult for both the patient and the health care team. Both must
understand the components of the syndrome, medications needed, treatment
goals, and lifestyle changes in diet and exercise required if the cardiovascular
risks are to be lessened. Treatment should target a blood pressure of 130/80 or
less, low-density lipoprotein (LDL) cholesterol of 100 or less, prevention of
diabetes, and, if diabetes is present, maintenance of hemoglobin A,c at 7% or
less, discontinuation of smoking, and aspirin prophylaxis. To care for patients
with this complex syndrome, effectively, the health care team should ideally
include a well-informed patient (which is extremely critical), a physician, an
exercise therapist, a nutritional consultant, and a psychologist.

MULTIDISCIPLINARY TREATMENT TEAMS

In an attempt to stem the rising tide of type 2 diabetes, multidisciplinary teams
have been formed in a few areas of the country. One such program has been
ongoing at the University of lowa since 1999. Led by a physical therapist/exer-
cise therapist (Rhonda Barr), the team is composed of a psychologist, a certified
diabetes nurse educator, a nutritionist, and a diabetologist. All persons on the
team had a strong interest in disease prevention and IGT in particular. All had
read extensively about IGT and clearly were aware of the difficulties in establish-
ing such a team (Table 3). The team, called REACH (Reaching Euglycemia and
Comprehensive Health), designed an 8-wk program that incorporated requisite
lifestyle changes for healthier daily living patterns in individuals with IGT
(Table 4). These included dietary counseling with group and individual dietary
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Table 3
Incentives and Disincentives for Forming a REACH-Type Program

Incentives

Diet and exercise do work to decrease or slow progression of IGT to diabetes

Diet and exercise are also helpful for hypertension, dyslipidemia, and cardiovascular
disease, each of which commonly accompanies diabetes

Even small improvements in diet and/or exercise clearly help

Disincentives

Compliance is difficult

Increased time commitment of staff

Little, if any, reimbursement through health insurance and other third-party carriers

Need of a committed, multidisciplinary team

IGT, impaired glucose tolerance; REACH, Reaching Euglycemia and Comprehensive Health.

Table 4
REACH General Schedule

5:30-6:30 Education topics, goal-setting and support
6:30-7:30 Group exercise and exercise instruction
Week  Tuesday Thursday
1 Program overview Labeling your challenges

Developing a support system Portion sizes
2 Ask the expert: IGT and DM— Ask the expert: monitoring health risks

what are they?
3 Ask the expert: current diet fads ~ Realistic goal setting and time
management

4 Individualized goal setting Foot and shoe clinic
5 Exercise for health Ask the expert: dyslipidemia
6 Cardiovascular health: Dining out with ease

mark your progress
Decision making and self-esteem  Cooking demonstration: meals in a hurry
8 Stress management: relaxation REACH for health: round table
and reinforcing activities

~

DM, diabetes mellitus; IGT, impaired glucose tolerance; REACH, Reaching Euglycemia and
Comprehensive Health.

change advice, concepts of lifestyle changes, home blood glucose monitoring,
and an understanding of IGT and diabetes. Each session of the 8-wk program
emphasized individualized exercise training, with 1 h of each session devoted to
personalized exercise. The 8-wk classes began in May, 2000. Twelve groups
have already completed an 8-wk program. Each group had four to six individuals
with IGT and their significant others. The first three groups were intentionally
kept small to maximize individual attention and allow the addition of relevant
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changes or added components that were suggested by REACH team members or
IGT participants in completed programs. Data were collected at baseline and at
the completion of the 8-wk program. All patients, except two with newly found
diabetes through our screening, had IGT by OGTT criteria.

Results of the 8-wk program indicate that even short-term adherence to the
program canresult in improvement of several objective parameters. Forexample,
participants showed a triglyceride decrease of 61 mg/dL, an LDL cholesterol
decrease of 51 mg/dL, an HDL cholesterol increase of 9 mg/dL, a weight loss of
21 pounds, a decrease in systolic blood pressure of 36 mmHg, a decrease in
submaximal heart rate of 39 beats per minute, and a decrease in waist circumfer-
ence of 11.8 cm. These examples represent the maximal positive response after
the completion of the 8-wk program. However, it should be noted that most
participants had changes that moved in the desired direction. Whether these
changes will continue in a positive direction will be determined by follow-up
studies in the next year.

For programs such as REACH to be successful in decreasing type 2 diabetes
requires several major changes in our health care system. At a minimum, these
include testing of trial programs to determine the optimal composition of the
multidisciplinary team best suited for such a program, the most effective pro-
grams (including those designed for different cultures afflicted with type 2 dia-
betes) (Table 1), and a redirection of third-party carriers to pay for these
prevention programs. The cost of such changes in our health care system for
prevention of diabetes must be measured against the present expense for diabetes
care, which is now $60 billion a year, not including days lost from work or the
personal impact that diabetes has on daily living. At the rate that type 2 diabetes
isincreasing in the United States, a conservative cost of diabetes in 25 yr has been
estimated to be $200 billion a year.

FINAL THOUGHTS

It should be clear that the authors do not consider IGT and type 2 diabetes as
two separate illnesses, but rather as two stages in the course of the same disease.
By the time one develops IGT, the disease process has already begun. This
chapter was primarily aimed at IGT and its treatment. If IGT already indicates
the presence of disease, then when should we be intervening? It is our strong
opinion that individuals at high risk for IGT/type 2 diabetes (Table 1) should be
identified early and be treated at that time, before disease is manifested. Treat-
ment should include specific lifestyle changes with assessment of maintenance
of such changes in diet and exercise. The “cynic,” or perhaps the “realist,” would
argue that you cannot get people, including children, to do things that they often
do not like to do. Such lifestyle changes may have only small immediate returns
and, they would say, people will probably not maintain such changes with the aim
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of possibly preventing disease that could develop in 15-20 yr. They will argue
that you are talking about 60—100 million people now, spanning the spectrum of
children to the elderly, and that you would need a massive education process
directed at children in schools, teachers, parents, the elderly, and several minori-
ties, all of different cultures. Finally, they would sum up by saying that we do not
know who would direct such a massive program, who would administer its many
branches, and who would pay for such an expensive endeavor.

All these issues are certainly valid. However, it is critical to be aware of the
alternative: to remain on the present path, which is leading to a striking increase
in type 2 diabetes in our pediatric population and a likely doubling of persons
with type 2 diabetes in the next 30 yr. The first step in dealing with such a major
health problem is to recognize the existence of the problem. The next step would
be the development of a program to begin to address this situation. Such a pro-
gram would probably need funding from the National Institutes of Health, the
American Diabetes Association, the Juvenile Diabetes Foundation, the U.S.
government, organizations sponsoring health care research, and private health
care organizations. Developing such a program will not be easy and certainly will
be very expensive. Without this intervention, the cost will be measured in human
suffering from the ravages of type 2 diabetes. The recently published Finnish
study (3) and the DPP (/43,145) show that there is real hope of preventing this
epidemic from continuing. It is now the task of physicians, behavior therapists,
and other allied medical personnel to make this happen.
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DIABETES IS AN ATHEROSCLEROSIS RISK EQUIVALENT

In contrast to the microvascular complications of diabetes, such as nephropa-
thy and retinopathy, atherosclerosis occurs early in the process of type 2 diabetes.
Based on the observation that patients with diabetes without known atheroscle-
rosis have the same 7-yr incidence rate of fatal or nonfatal myocardial infarction
(MI) as nondiabetic patients with documented coronary artery disease, the
National Cholesterol Education Program (NCEP) has defined diabetes as an
“atherosclerosis risk equivalent” (/). This equivalency suggests that atheroscle-
rosis is present at the time the diagnosis of type 2 diabetes is made. Therefore,
early in the disease process, therapeutic strategies to prevent or arrest cardiovas-
cular disease must be employed, and appropriate target goals for atherosclerosis
risk factors need to be achieved (Table 1). Moreover, because of the well-docu-
mented acceleration of atherosclerosis in the diabetic milieu, therapeutic goals
in patients with diabetes are more stringent than in patients without diabetes.

Results of the United Kingdom Prospective Diabetes Study (UKPDS) in type
2 diabetes suggest that glucose control, in part, attenuates cardiovascular events
and mortality, although the glucose effect profoundly contributes to the devel-
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Table 1
Therapeutic Goals for Cardiovascular Disease
in Type 2 Diabetes

Measure Goal

Glucose HbAlC <6.5%
Fasting glucose < 110 mg/dL
Postprandial glucose < 140 mg/dL
Lipids LDL cholesterol < 100 mg/dL
HDL cholesterol > 45 mg/dL
Triglycerides < 150 mg/dL
Non-HDL cholesterol < 30 mg/dL
Blood pressure 130/80 mmHg if no albuminuria
125/75 mmHg if albuminuria present

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

opment and progression of microvascular complications (2 ). The mechanisms by
which hyperglycemia contributes to the atherosclerotic process remain unknown.
Hyperglycemia causes endothelial cell dysfunction, possibly owing to alter-
ations in cell signaling pathways such as protein kinase C § (PKCp) (3). The
formation of advanced glycosylation end products (AGEs) has also been impli-
cated in damage of the vascular wall, although this mechanism has not been con-
firmed (4). Glycosylation of tissue proteins also appears to enhance oxidation (4).
Current recommendations for glycemic control suggested by the American As-
sociation of Clinical Endocrinologists (AACE) includes a hemoglobin Al,
(HbA1,) of 6.5%, a fasting glucose of less than 110 mg/dL, and a postprandial
glucose of less than 140 mg/dL (5). A current multicenter study Angioplastie
Coronaire, Corvasal Diltiazem (ACCORD), is addressing the issue of whether
lowering HbA1, to less than 7% will impact on cardiovascular events and mor-
tality (6).

Itis notclear that hypertension accelerates both the micro- and macrovascular
complications of diabetes (2). The American Diabetes Association (ADA) and
the National Kidney Foundation (NKF) recommend a blood pressure of
130/80 mmHg, as more recent studies have demonstrated that this level of blood
pressure is cardiovascular protective (7). If albuminuria or proteinuria are
detected, not only is diabetic nephropathy present, but widespread vascular dis-
ease is also likely to be present (7). This finding should underscore the impor-
tance of aggressive treatment of cardiovascular risk factors. Blood pressure goals
in the presence of proteinuria are 125/75 mmHg (7).

Part of the antihypertensive regimen should be aimed at inhibiting the renin-
angiotensin system (RAS). Angiotensin II (Ang II) promotes tissue damage by
stimulation of inflammation, oxidation, thrombosis, and tissue remodeling and
is particularly implicated in diabetic nephropathy, cardiac hypertrophy and fail-
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ure, and atherosclerosis (§). Although angiotensin-converting enzyme inhibition
(ACE]) inhibits the development and progression of diabetic nephropathy in type
1 diabetes (9), it has less of a consistent effect compared with other antihyper-
tensive regimens in type 2 diabetes (/0). Two trials with Ang II AT1 receptor
blockers (ARBs) have recently shown that these agents inhibit the development
and progression of renal disease in patients with type 2 diabetes and that they
consistently decrease proteinuria and albuminuria (//). Treatment with one of
these ARBs, losartan, was also associated with less heart failure compared with
those patients with diabetes treated with traditional antihypertensive agents
without RAS inhibition (/7). In addition, the recently reported Losartan Inter-
vention for Endpoint Reduction in Hypertension (LIFE) Trial demonstrated that
losartan was associated with fewer cardiovascular endpoints in patients with
diabetes and hypertension than atenolol, particularly less stroke (/2). Thus,
inhibition of RAS should be employed early in the diagnosis of diabetes, even
before the onset of hypertension or albuminuria, since ACEI (ramipril) is indi-
cated to prevent cardiovascular disease in high-risk patients (/3). High risk
includes patients with diabetes, which is an atherosclerosis risk equivalent.
The level of low-density lipoprotein (LDL) cholesterol is directly correlated
with cardiovascular events and mortality in both primary and secondary preven-
tion studies (/4). The ADA and American Heart Association recommendation
for LDL cholesterol in patients with diabetes is less than 100 mg/dL. However,
the recently reported Heart Protection Study suggests that even lower levels may
be even more cardiovascular protective in patients with diabetes and that there
are tissue effects of statins beyond cholesterol lowering (/5). Lower LDL cho-
lesterol goals may be particularly important in insulin resistance because of the
enhanced tendency for LDL cholesterol to be oxidized (/6). Low levels of high-
density lipoprotein (HDL) cholesterol, which are commonly seen in insulin
resistance, constitute another important risk factor for atherosclerosis (/7). Cur-
rently recommended levels for HDL cholesterol are more than 45 mg/dL (/8). The
recommended triglyceride level is less than 150 mg/dL (/8). The NCEP has also
focused on goals for non-HDL cholesterol levels, which represent the cholesterol
carried in LDL and very low-density lipoprotein (VLDL) particles (total choles-
terol-HDL cholesterol). This measurement is important for people with high trig-
lyceride levels (>150 mg/dL), considered an independent risk factor for coronary
artery disease. The non-HDL cholesterol level should be 30 mg/dL or less (/).

IMPAIRED GLUCOSE TOLERANCE IS A DISEASE

The prediabetes state of IGT is associated not only with progression to diabe-
tes but also with increased coronary artery disease mortality; therefore, it should
be recognized, diagnosed, and treated early (see ref. I and Chapter 5 of this
book). Moreover, the demonstration that lifestyle intervention can substantially
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Table 2
Components of the Metabolic Syndrome

Risk factor Defining level

Abdominal obesity” ,
(waist circumference)

Men >102 cm (>40 in.)
Women >88 cm (>35 in.)
Triglycerides =150 mg/dL
High-density lipoprotein cholesterol
Men <40 mg/dL
Women <50 mg/dL.
Blood pressure =130/=85 mmHg
Fasting glucose =110 mg/dL

“Overweight and obesity are associated with insulin resistance
and the metabolic syndrome. However, the presence of abdominal
obesity is more highly correlated with the metabolic risk factors
than is an elevated body mass index (BMI). Therefore, the simple
measure of waist circumference is recommended to identify the
bodby weight component of the metabolic syndrome.

Some male patients can develop multiple metabolic risk
factors when the waist circumference is only marginally increased,
e.g., 94-102 cm (37-40 in.). Such patients may have a strong
genetic contribution to insulin resistance, and they should benefit
from changes in life habits, like men with categorical increases in
waist circumference.

Data from ref. /.

prevent or delay the progression of IGT to type 2 diabetes underscores the need
forearly diagnosis (/). The accelerated heart disease in IGT probably stems from
the presence of insulin resistance and its associated metabolic syndrome, which
are defined in Table 2 according to the NCEP ATP III report (/). Three of five
elevated factors, which are easy to measure, constitute the metabolic syndrome.
Certain components of the syndrome, such as low HDL, elevated triglycerides,
and hypertension, are well-known risk factors for cardiovascular disease. Other
components that are less commonly measured in the clinical setting, such as
elevated small, dense LDL cholesterol (the moiety that is more susceptible to
oxidation) and elevated levels of the prothrombotic factor plasminogen activator
inhibitor-1 (PAI-1), correlate with cardiovascular events and mortality (/9).
Whether coronary artery disease risk factor goals should be as stringentin IGT
as in type 2 diabetes is unknown. However, lowering cholesterol and control of
blood pressure has been shown to be effective in slowing the progression of
cardiovascular disease in IGT (20). Postprandial glucose levels have also been
demonstrated to correlate with cardiovascular events across a European popula-
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tion in the Diabetes Epidemiology: Collaborative Analysis of Diagnostic Crite-
ria in Europe (DECODE) Study (217). This study is clearly different from the
DECODE study designed to genotype the population of Iceland. Whether low-
ering postprandial glucose levels impacts on cardiovascular disease in IGT also
remains to be determined.

INSULIN RESISTANCE IS A STATE OF INFLAMMATION

In addition to the fact that components of the metabolic syndrome contribute
to cardiovascular disease, increasing data suggests insulin resistance is a
proinflammatory state in itself. Adipose tissue secretes substances (adipokines)
that decrease insulin-mediated glucose uptake and/or promote vascular inflam-
mation (Table 3). Adipocytokines circulate at higher levels in obese animals or
in humans with increased viceral adiposity. Tumor necrosis factor-o. (TNF-a)
directly suppresses activation of tyrosine kinase on the insulin receptor, resulting
in insulin resistance (22). TNF-a levels are not only high in atherosclerotic
vessels, promoting inflammation, but are elevated in damaged myocardium and
have been implicated in heart failure (23). Adiponectin (Acrp 30) also arises from
fat but, in contrast to TNF-o, is low in the circulation of obese humans and
animals, enhances insulin-mediated glucose uptake, and inhibits inflammatory
responses (24). Leptin is another substance from fat; circulating levels are high
in obese subjects (25). Leptin has been shown to regulate appetite and other
metabolic functions and has variable effects on insulin-mediated glucose uptake
(25). Recently leptin has been shown to enhance inflammation and to mediate
immune responses (25). Interleukin 6 (IL-6) comes from fat and is a well-known
proinflammatory factor (26). The prothrombotic, profibrotic factor PAI-1 is also
secreted by adipose tissue; insulin can enhance its secretion from adipose tissue;
secretion is regulated by Ang I, insulin, and other factors. PAI-1 is elevated in
the circulation of obese subjects, and elevated plasma levels correlate with car-
diovascular events (27). Free fatty acids (FFAs) are high in obesity, because of
increased lipolysis (28). FFAs affect multiple target organs contributing to dia-
betes: they decrease insulin-mediated glucose uptake into skeletal muscle,
enhance apoptosis of pancreas islet cells, enhance liver glucose production, and
contribute to endothelial dysfunction (28). Thus, FFAs may be a major contribu-
tor to the diabetic state with vascular damage.

Taken together, increasing evidence suggests that obesity is not only an insu-
lin-resistant state but a proinflammatory state as well. This conclusion is sup-
ported by observations demonstrating that highly sensitive C-reactive protein (hs
CRP) levels are elevated in insulin resistance. Abundant evidence indicates that
hs CRP is a marker of, and possibly a contributory factor to, vascular inflamma-
tion. High levels portend a cardiovascular event (29). In addition, high levels of
hs CRP occur in IGT and are predictive of the development of diabetes (29).
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Table 3
Adipokines (Inflammatory and Metabolic Regulators from Fat)

Adipokines that | insulin-mediated glucose uptake and 1 inflammation
Tumor necrosis factor-o
Leptin
Angiotensinogen
Resistin
Adipokines that T inflammation, thrombosis
Interleukin-6
Plasminogen activator inhibitor-1
Adipokines that 1 insulin-mediated glucose uptake and | inflammation
Adiponectin (Acrp-30)

Thus, a vascular inflammatory marker predicts both cardiovascular disease and
diabetes.

One of the earliest detectable manifestations for this inflammatory milieu in
insulin resistance is endothelial dysfunction Balletshorfer et al. (30) demon-
strated brachial artery endothelial dysfunction in insulin-resistant, but not insu-
lin-sensitive, relatives of patients with diabetes, even though the relatives had no
traditional risk factors for atherosclerosis. We found that Mexican Americans
with no traditional risk factors for atherosclerosis who did not even qualify for
the ATP III diagnosis of the metabolic syndrome had significant coronary vaso-
motor dysfunction, primarily endothelium-dependent, as assessed noninvasively
by positron emission tomography scanning (37 ). These observations suggest that
endothelial dysfunction occurs early in insulin resistance and can appear inde-
pendent of the dyslipidemia, hypertension, and hyperglycemia that occurs later
in the process of insulin resistance. Therefore, an important issue is the point at
which disease begins in insulin resistance, since evidence of target organ change
is present before IGT or even the metabolic syndrome appear. Equally important
is how we detect endothelial dysfunction and the roles of measurements of hs
CRP and circulating adipokines.

THE ROLE OF INSULIN SENSITIZERS

Activation of peroxisome proliferator-activated receptor-y (PPAR-y), in adi-
pose tissue restores the adipokine balance to increase insulin sensitivity and to
decrease vascular inflammation (32). The decrease in FFAs, TNF-a, leptin, and
other adipokines and the reciprocal increase in adiponectin that occurs with
PPAR-y ligand [thiazolidinedione (TZD)] administration probably contributes
to the action of these ligands to enhance insulin-mediated glucose uptake.
Because of these changes and the decrease in PAI-1 and IL-6, PPAR-y ligands
also appear to attenuate the proinflammatory state. In addition, the ligands directly
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Table 4
PPAR-y Ligands Attenuate Atherosclerosis in Genetically
Modified Mice Models

LDLR” on high-fat diet (insulin-resistant diabetes model)
J TRO (34)
J RSG (35)
 GW7845 (35)
LDLR_/ "~ on high-fructose diet (non-insulin-resistant model)
J TRO (34)
LDLR ™~ high fat, Ang II accelerated
J RSG (36)
J Merck L.805,645 (36)
y PIO (37)
ApoE_/ -
y TRO (38)
y RXRa ligand (39)

Angll, angiotension II; PIO, pioglitazone; RSG, rosiglitazone;
RXR-a, retinoid X receptor-a; TRO, troglitazone.

inhibitinflammatory processes in monocytes/macrophages including cell migra-
tion and attachment, intercellular nitric oxide synthase (iNOS), interleukin,
matrix metalloproteinase (MMP), and superoxide dismutase (SOD) expression
(33). Whether PPAR-y itself mediates these effects has been questioned, since
relatively large doses of ligand have been used to achieve these effects in vitro,
and monocytes null for PPAR-y respond similarly to monocytes that express
the receptor (33). Nevertheless, clinical trials are currently in progress to deter-
mine whether these effects translate to cardiovascular protection by TZDs in
people with diabetes.

In genetically modified mice prone to atherosclerosis, PPAR-y ligands consis-
tently retard lesion development in both early and aggressive models of vascular
injury (Table 4). Much of this effect probably results from the antiinflammatory
action of the ligands, since they do not substantially improve the lipid milieu in
these rodent models and they attenuate atherosclerosis in models that are not
associated with insulin resistance (34—39). In addition to effects in monocyte/
macrophages, PPAR-y ligands decrease MMP, the early growth response-1 gene
(Egr-1), and macrophage chemoattractant protein-1 (MCP-1) expression in vas-
cular smooth muscle cells (VSMCs). Egr-1 orchestrates a cascade of inflamma-
tory changes in VSMCs (40), and MCP-1 is a potent stimulator of monocyte
migration into the vessel wall (40). Thus, these antiinflammatory effects trans-
late to vascular protection in animal models. In humans, treatment with PPAR-y
ligands both improves endothelial function and retards the progression of carotid
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intimal medial wall thickness, both markers of vascular damage and atheroscle-
rosis (41). PPAR-y ligand administration to patients with IGT or type 2 diabetes
is also associated with decreases in blood pressure and albuminuria as well as a
30% decrease in hs CRP levels (42—44).

Metformin decreases liver glucose production and has a modest effect on
enhancement of insulin-mediated glucose uptake (45 ). Treatment with metformin
is reported to decrease circulating insulin and PAI-1, to lower hs CRP by about
10%, and to have variable effects in reducing blood pressure (45). Other oral
antihyperglycemic agents such as sulfonyureas, metiglitanides, and acarbose do
not appear to have direct vascular protective effects.

IMPLICATIONS

The fact that obesity is not only intimately associated with insulin resistance
and that obese subjects have variable components of the metabolic syndrome, but
that obesity is a state of vascular inflammation, now shifts the paradigm to
suggest that obesity is a major disease, not just a predisposing factor to diabetes,
hypertension, and cardiovascular and other chronic diseases. One approach there-
fore, is to pursue weight loss aggressively in all obese subjects, but successful
weight loss been shown to be extremely difficult (46). It may be useful to target
early subjects at high risk for diabetes and cardiovascular disease by defining
their inflammatory state. Table 5 lists the chronologic order of changes that occur
in obesity ultimately resulting in coronary artery disease as assessed by specific
testing. Visceral obesity is more commonly associated with cardiovascular end-
points, so identifying fat distribution may be a first step in identification of high-
risk patients. In some patients, such as Asians, substantial abdominal adiposity
may be present even with a normal body mass index, so that a scan may be
necessary to quantitate visceral adiposity (47). Strong evidence of inflammation
or thrombosis such as elevated hs CRP, TNF-a., or PAI-1 in the circulation with
concomitant decreased adiponectin levels would strongly support interventions
to reduce the proinflammatory state, particularly help in losing weight (Table 6).
The presence of dyslipidemia, albuminuria, hyperglycemia, or hypertension
should be noted early, and aggressive pharmacologic intervention to reach nor-
malization of these parameters should be pursued. Targeting of vascular inflam-
mation includes early lifestyle changes and earlier use of statins, inhibitors of the
RAS, aspirin, and possibly PPAR-y ligands. Indeed, adolescent obesity is rising
in epidemic proportions in the United States, so weight loss programs and weight
gain prevention need to be instituted in the teenage years. If evidence of cardio-
vascular inflammation is present, pharmacologic intervention should be started,
perhaps in the 30s and even 20s, depending on the constellation of traditional and
nontraditional risk factors present. Clearly, more aggressive treatment of obesity
and cardiovascular risk early in the process has important implications for pre-
vention of both diabetes and cardiovascular morbidity and mortality.
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Table 5
Possible Chronologic Order of Pathophysiologic Changes in Obesity Leading
to Coronary Artery Disease and Potential Test to Assess Changes

AN kAW

. Presence of abdominal obesity: waist-to-hip ratio, abdominal CT or MRI (especially

Asian populations)

. Inflammatory state: hs CRP, TNF-a., adiponectin, PAI-1

. Lipid panel: TG, HDL and LDL cholesterol, possibly s.d. LDL cholesterol
. Albumin excretion rate

. Fasting glucose

. Blood pressure

CT, computed tomography; HDL, high-density lipoprotein; hs CRP, highly sensitive C-reactive

protein; LDL, low-density lipoprotein; MRI, magnetic resonance imaging; PAI-1; plasminogen
activator inhibitor-1; s.d., small density; TG, triglycerides; TNF-a, tumor necrosi factor-a.

Table 6
Early Intervention in Obesity

Lifestyle changes: Exercise, diet, and weight loss
l
| Inflammation: Statin
inhibit the rennin-angiotensin system
PPAR-y ligands
ASA

PPAR-y, peroxisome proliferator-activated receptor-y.
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INTRODUCTION

Obesity can be defined as a condition of abnormal or excessive adiposity
(>25% of total body weight for men and >30% for women); it results from a
chronic imbalance between energy intake and energy expenditure. Although
there is some disagreement about its classification as a disease (/—3), there is a
consensus regarding the worldwide increase in the prevalence of obesity and
obesity-related diseases. A recently convened consultation by the World Health
Organization (WHO) concluded that obesity is a rapidly growing global epidemic
that is replacing the more traditional public health concerns such as undernutrition
and infectious diseases as the most significant contributor to ill health (4).

Since a comprehensive, in-depth review of obesity cannot be provided in a
single book chapter, itis hoped that the reader will be inspired to consult the many
excellent textbooks, monographs, and reviews on this subject (4—/2). This chap-
ter begins with a brief overview of the classification of obesity, followed by a
discussion of the prevalence and trends of both adult and pediatric obesity in
different regions of the world. The health and economic impact of obesity is
considered next, followed by an overview of strategies for prevention. Lastly,
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current and future treatment modalities are discussed, followed by a few con-
cluding remarks.

CLASSIFICATION

As stated above, obesity is defined as excessive accumulation of body fat.
Since body fat is difficult to measure directly, several attempts have been made
to devise or identify clinically useful surrogate measures. Currently, body mass
index (BMI; body mass in kilograms divided by the square of the height in
meters) is an acceptable index of obesity, and has been shown in epidemiologic
studies to predict risk of obesity-related morbidity and mortality reasonably. In
the guidelines adopted by the National Heart, Lung, and Blood Institute (NHLBI)
of the National Institutes of Health (NIH) and WHO, obesity is defined as a BMI
of 30 kg/m? or more; overweight is defined as a BMI of 25 kg/m? or more. As
shown in Table 1, the risk of comorbidities rises progressively with increasing
obesity. It should be noted that the relationship between BMI and body fat con-
tent can vary by age, gender, ethnicity, body build, and body proportion
(4,5,13,14). Thus, a given BMI may not correspond to the same degree of adi-
posity across all patient groups. In addition, the increased health risks associated
with obesity occur in people with lower BMIs in the Asia-Pacific region (5). This
fact is reflected in the proposed alternative classification system for the region
(Table 2), where obesity is defined as a BMI of 25 kg/m? or more.

Several published studies have also demonstrated the association of fat distri-
bution (in particular central or visceral obesity), with increased risk for the
metabolic complications of obesity, such as insulin resistance, type 2 diabetes
mellitus, hypertension, and dyslipidemia (/5-26). Although the link(s) between
visceral obesity and obesity-related comorbidities have not been thoroughly
clarified, a number of pathophysiologic mechanisms have been postulated. For
example, dysregulation of the hypothalamic-pituitary-adrenal axis could lead to
Cushing’s disease of the omentum, which would result in visceral obesity as well
as anincrease in circulating free fatty acid levels (27,28). The increased free fatty
acids not only promote hypertriglyceridemia and lipoprotein abnormalities but
may also contribute to insulin resistance/hyperinsulinemia and glucose intoler-
ance, which in a permissive genetic setting results in type 2 diabetes mellitus
(29). Hyperinsulinemia, by altering the function of atrial natriuretic factor and
activating the renin-angiotensin-aldosterone and sympathetic nervous systems,
combined with the vascular effects of cortisol, has been postulated to contribute
to hypertension (30—32). Other endocrinopathies that have been seen in obese
individuals, such as abnormalities of growth hormone and the sex steroid axis,
are also likely to amplify the effects of cortisol. Despite the lack of a clear
understanding of the pathogenetic/pathophysiologic links between obesity and
its comorbidities, it is generally accepted that visceral obesity is associated with
increased risk for metabolic disorders.



Chapter 7 / Obesity 125

Table 1
1998 NHLBI Clinical Guidelines on the Identification, Evaluation,
and Treatment of Overweight and Obesity in Adults

Disease risk relative to normal
. . . a
weight and waist circumference

Men: <102 cm Men: >102 cm

(=40 in.) (>40 in.)
Obesity Women: <88 cm  Women: >88 cm
Classification  BMI (kg/m®)  class (<35 in.) (>35 in.)
Underweightb <185 —
Normal® 18.5-24.9 — Average Increased
Overweight 25.0-29.9 — Increased High
Obesity 30.0-34.9 I High Very high
35-39.9 II Very high Very high
Extreme obesity =40 I Extremely high  Extremely high

BMI, body mass indes; NHLBI, National Heart, Lung, and Blood Institute.
“Disease risk for type 2 diabetes, hypertension, and cardiovascular disease.
Low risk for obesity-related comorbidities but risk of other clinical problems is
increased.
“Increased waist circumference is a marker for increased risk even in persons of normal

weight.
From ref. 6.
Table 2
Comorbidities Risk Associated with Different Levels of BMI
and Suggested Waist Circumference in Adult Asians
Classification BMI ( kg/mz ) Risk of comorbidities
Waist circumference (cm)
<90 (men) =90 (men)
<80 (women) =80 (women)
Underweight <18.5 Low (but increased risk Average
of other clinical problems)
Normal range 18.5-22.9 Average Increased
Overweight 23-24.9 Increased Moderate
Obese I 25-29.9 Moderate Severe
Obese 11 =30 Severe Very severe

BMI, body mass index.

From World Health Organization/International Association for the Study of Obesity/
International Obesity Taskforce. The Asia-Pacific Perspective: redefining obesity and its
treatment. Available at: http://www.idi.org.au/obesity_report.htm.
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Over the years, a number of anthropometric measurements have been devel-
oped to identify individuals with increased health risks owing to visceral obesity.
Waist circumference (WC) is generally regarded as the most useful (albeit crude)
measure of increased abdominal fat content and has been shown in numerous
studies to correlate with increased obesity-related morbidity (4-6). This is
reflected in the adoption of WC by the WHO and NHLBI for risk categorization
in obese subjects (Table 1). There was, however, an acknowledgment that popu-
lations differin the level of risk associated with a particular WC, and so the values
in this table, which were based on a study in the Netherlands, are most applicable
to Caucasians. As shown in Table 2, lower WC cutoff values have been suggested
for Asians, because they not only tend to have increased abdominal obesity for any
given BMI, they also have an absolute increase in risk at any particular WC (5).

PREVALENCE

Comparison of obesity rates on a global scale is complicated by a number of
factors, including differences in study populations and obesity classification
systems and the use of unreliable, self-reported weight and height measurements
to calculate BMI. One illustration of this difficulty is the reported increase in the
1989 prevalence of obesity in northern China from 6 to 15% when the BMI cutoff
point was reduced from 27 to 25 kg/m? (4,5). Similarly in the United States over
the 1988—1994 period, the prevalence of obesity in men fell from 31.7 to 19.9%
when the BMI cutoff point was changed from 27.8 to 30 kg/m? (4). Regional
variation in the prevalence of obesity within individual countries also adds
another level of complexity. However, projects such as the WHO MONICA
(MONItoring of trends and determinants in CArdiovascular diseases) study, in
which the data were collected in the same time periods, age-standardized, and
based on weights and heights measured with identical protocols, are particularly
valuable for comparison purposes. Thus, despite the limited availability of suit-
able country-level data, it is clear that the prevalence of obesity is rising to
epidemic proportions at an alarming rate in both developed and developing
countries. The estimated number of obese adults worldwide (BMI = 30 kg/m?)
rose from 200 million in 1995 to over 300 million in 2000 (33).

Africa and the Middle East
AFRICA

In contrast to most industrialized nations, the emphasis in this region has been
on undernutrition and food security, resulting in the paucity of data on the current
prevalence of obesity. However, some regional studies indicate a growing preva-
lence of obesity in certain socioeconomic groups. This is illustrated by the high
prevalence of obesity (44 and 33%) found in black women in the Cape Peninsula
of the Republic of South Africa and among urban women 35 years or older in
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Table 3
Obesity Prevalence (BMI= 30 kg/ m2) in Selected Countries
in Africa and the Middle East

Prevalence of

obesity (%)
Country Year Age (yr) Men Women
Africa
Gambia (Urban)” 1996/97 35+ 33
Ghana 1987/88 20+ 0.9
Mali 1991 20+ 0.8
Mauritius 1987 25-74 34 10.2
1992 5.3 15
Rodrigues
Creoles 1992 25-69 10 31
South Africa (Cape 1990 15-64 8 44
Peninsula) Blacks
Tanzania 1986/89 35-64 06 3.6
Middle East
Bahrain 1991-92 20-65
Urban 9.5 30.3
Rural 6.5 11.2
Kuwait 1994 18+ 32 44
Saudi Arabia 1990 15+
Urban 18 28
Rural 12 18
United Arab Emirates 1992 17+ 16 38

BMI, body mass index.
“Data from ref. 34.
Adapted from ref. 4.

Gambia, respectively (34). Furthermore, as shown in Table 3, there was a dra-
matic increase in obesity prevalence in Mauritius over a 5-yr period in both men
and women aged 25-74.

THE MipDLE EAST

With the exception of Saudi Arabia, nationally representative data have not
been well documented in this region. However, the limited data available indi-
cate a higher prevalence of obesity in women in this region than that reported in
the West. The United Arab Emirates, Bahrain (urban), Saudi Arabia (urban), and
Kuwait all have female obesity rates above 25% (Table 3).
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The Americas and Europe
THE AMERICAS

Not surprisingly, the most comprehensive data in this region come from the
United States, and these are based on data from the National Health Examination
Survey (NHES 1960-62), the National Health and Nutrition Examination Sur-
vey I (NHANES I, 1971-74), NHANES 1II (1976-1980), and NHANES III
(1988-94). More than half of U.S. adults are overweight (55% with BMI = 25 kg/
m?) and nearly one-fourth are obese (22% with BMI = 30 kg/m?). It should be
noted that detailed analysis of the data reveals that black women and other racial/
ethnic minorities have particularly high rates of obesity compared with Cauca-
sians. For example in the 20+ age group, the prevalence of overweight (BMI =
25kg/m?)is 65.8,65.9, and 49.2% for black, Mexican, and white women, respec-
tively.

Asdepicted in Table 4, Canada also has a worsening obesity problem, although
it is not as bad as the situation in the United States. In the 1980s, there was a
dramatic increase in the prevalence of obesity in the United States, which is
reflected by the much larger increase between the third and fourth surveys.
Unfortunately, this trend has continued in the 1990s, as has been noted in more
recent surveys like the Behavioral Risk Factor Surveillance System (BRFSS)
(36). In these cross-sectional telephone surveys of noninstitutionalized adults
aged 18 yr or older conducted by the Centers for Disease Control and Prevention
and state health departments, a number of troubling facts have emerged. For
example, the prevalence of obesity (based on self-reported weight and height) in
U.S. adults increased from 12.0 to 19.8% in 2000, reflecting an increase of 61%.
Furthermore, in 1991, none of the 45 participating states had rates of 20% or
higher, and only 4 of the states had rates of 15% or higher; however, by 2000, 22
states had rates of 20% or higher, and 49 states had rates 15% or higher. Unfor-
tunately, the real picture is likely to be worse, since people tend to underestimate
their weights in self-reported surveys. In addition, those individuals who do not
own a telephone (and consequently would not have participated) are likely to
have low socioeconomic status (SES), which confers a greater probable preva-
lence of obesity.

In Brazil (Table 4), one of the few Latin American countries to have conducted
nationally representative surveys, obesity is on the rise, especially among low-
income and urban populations. A similar picture is emerging in the Caribbean,
Central America, and the rest of South America (4,37,38).

EuUrROPE

Current obesity prevalence data from individual national studies suggest a
range of 10-20% for men, and 10-25% for women. However, the most compre-
hensive set of obesity prevalence data in Europe is from the WHO MONICA
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Table 4
Trends in Obesity (BMI = 30 kg/ m2) in Selected Countries

in the Americas and Europe

Prevalence of

obesity (%)
Country Year Age (yr) Men  Women
Americas
Brazil 1975 25-64 3.1 8.2
1989 5.9 13.3
Chile” 1988 >15 6 14
1992 11 24
Canada” 1981  20-64 9 8
1996 14 12
USA 1960 20-74 10 15
1973 11.6 16.1
1978 12.0 14.8
1991 19.7 24.7
Europe
England 1980 16-64 6 8
1986/87 7 12
1997 17 20
Finland 1978/9 20-75 10 10
1985/7 12 10
1991/3 14 11
Former East 1985 25-65  13.7 22.2
Germany 1992 20.5 26.8
Netherlands 1987 20-59 6 8.5
1991 7.5 8.8
1995 8.4 8.3
Sweden 1980/81 16-84 49 8.7
1988/89 53 9.1

“Study conducted in the city of Santiago ref. 38.
’Data from ref. 35.
Adapted from ref. 4.

project (4). Although the surveys were conducted in selected cities rather than
nationally, the data were collected in an identical fashion, which provides a high
degree of confidence in making comparisons between countries over time. All
the same, it is worth noting that there is a wide variation in the prevalence of
obesity between and within these countries. In general, there has been an increase
of 10—40% in prevalence in most of European countries from the 1980s to the
1990s. As shown in Table 4, the most dramatic increase occurred in England,
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where a doubling of the obesity prevalence occurred in both men and women. On
the other hand, there was little or no change in countries such as Sweden, Finland,
and the Netherlands.

Asia-Pacific

The prevalence of obesity in this region is highest in the Pacific Islands (up to
75% of adult women and 60% of adult men in urban Samoa). It is in the range
of 10-15% in the general population of Australia and New Zealand but is much
lower (<5%) in Japan and China. As previously stated, Asian investigators have
suggested that the BMI cutoff point for obesity be lowered from 30 or more to
25 kg/m? or more. This recommendation was based on the fact that obesity-
related comorbidities occur at much lower BMI values than those seen in Cau-
casians. Adoption of this new classification system will have a great impact on
the prevalence estimates in this region of the world. In fact, considering that the
populations of some of the Asian countries (China and India) are in the billions,
even small changes in the BMI cutoff points will increase the world estimate of
obesity prevalence by several hundred million.

The prevalence and trend data on obesity from selected countries in this region
are summarized in Table 5, revealing the impact of changes in BMI cutoff points
(China and Japan). It is also obvious that there has been a dramatic rise in the
already high prevalence in the Polynesian and Micronesian societies of this
region. Equally significant is the approx 2.4-fold increase in male obesity in
Japan from 1976 to 1993.

Childhood Obesity

Noreview of the global obesity epidemic would be complete without mention
of the emerging critical problem of childhood obesity. However, such a discus-
sion is hampered by the lack of consistency and agreement among different
studies over the definition of obesity (39—45). Different percentile cutoff points,
based on age-specific local or national percentile distributions for weight, height,
or BMI, are often used. Although the International Obesity Task Force (IOTF)
has recently published “standards” for childhood overweight and obesity (46),
their universal applicability remains controversial (47). Nevertheless, irrespec-
tive of the method used, all studies have generally reported a high prevalence of
obesity in children and adolescents. The data from a number of such studies are
summarized in Table 6.

Ethnic differences in prevalence rates have also been observed, and they tend
to parallel what has been reported for adults. For example, in the United States,
the prevalence is highest in Mexican-American children, intermediate among
non-Hispanic black children, and lowest in non-Hispanic white children (42). In
New Zealand, the highest prevalence was found in Pacific Island and Maori
children; it was intermediate among Europeans and lowest in children of Asian
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Table 5
Trends in Obesity (BMI = 30 kg/ m2) in Selected Asia-Pacific Countries

Prevalence of

obesity (%)
Country BMI cutoff Year Age(yr) Men Women
Australia 1980  25-64 9.3 8.0
1983 9.1 10.5
1989 11.5 132
China 27 1989 2045 1.7 4.3
1991 2.9 43
China 30 1989 2045 0.3 0.9
1991 0.4 0.9
India (Urban Delhi 30 1997  40-60 32 14.3
middle class)
Japan 26.4 1976 20+ 7.1 12.3
1993 11.8  12.0
Japan 30 1976 20+ 0.7 2.8
1993 1.8 2.6
New Zealand 30 1989  18-64 10 13
Papua New Guinea
Urban 30 1991  25-69 36.6 543
Rural 239 18.6
Samoa
Urban 30 1978  25-69 38.8  59.1
1991 58.4 76.8
Rural 30 1978  25-69 177  37.0
1991 41.5 59.2

BMI, body mass index.
Adapted from ref. 4.

descent (44). In addition, lower SES is positively correlated with high obesity
prevalence in the United States and other industrialized countries.

As already stated, childhood obesity is not limited to the industrialized na-
tions. In China, the overall prevalence of obesity among preschool children (aged
2—-6 yr) increased from 4.2% in 1989 to 6.4% in 1997 (48). This trend reflects the
dramatic increase in urban areas, where the prevalence in the same age group
increased from 1.5% in 1989 to 12.6% in 1997 (Table 6). It is also remarkable
that in several developing countries there is a juxtaposition of obesity and under-
nourishment (49). For example, the percentage of overweight children in North
Africa (8%) and Eastern Asia (4.3%) slightly exceeds the percentage of under-
nourished children in both regions (7 and 3.4%, respectively). Itis quite alarming
to note that improvements in the standard of living in the developing world are
accompanied by increased prevalence of childhood obesity (45,48). In other
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Table 6
Prevalence of Childhood Obesity in Selected Countries
Prevalence
of obesity (%)
Country Year Age (yr) Males Females
Canada® 1981 7-13 2 2
1996 10 9
China
Rural” 1989 2-6 5.2
1997 4.8
Urban” 1989 2-6 1.5
1997 12.6
England’ 1984 4-11 0.6 1.3
1994 1.7 2.6
Russia“ 1992 6-9 13.9 13.5
Scotlandd 1984 4-11 0.9 1.8
1994 2.1 3.2
Taiwan®  1980-82 12-15 12.4 10.1
1994-96 16.4 11.1
Thailand’ 1997 2nd and 3rd graders
Rural 7.4
Urban 23
UK® 1989 34 5.4
1998 9.2
Us‘ 1993 6-9 11.4 12.7

“Obesity was defined by IOTF standards (35).
bObesity was defined by IOTF standards (48).

“Obesity was defined as BMI = 95th percentile (45).

dObesity was defined by IOTF standards (40).

“Obesity was defined by body weight >120% of ideal body weight

within age- and gender-specific strata (41).

’Obesity was defined as > 97th percentile of weight-for-height using
Thai national standards (43).
$Obesity was defined by age- and gender-specific BMI>95th percentile

using British growth reference charts (39).

words, there is anegative correlation between SES and obesity prevalence, which
is not the case in the developed countries. The global nature of the progressive
rise in childhood obesity rates and the potential impact on the health of children
and adults are obvious. Thus, plans for reversing the global public health crisis
associated with obesity must surely include the control of childhood obesity.
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CONSEQUENCES

The rising epidemic of obesity has been appropriately declared a global public
health threat by WHO. As is discussed below, several cross-sectional and pro-
spective studies across various populations have provided evidence linking obe-
sity to substantial health and economic costs.

Mortality

The controversy surrounding the relationship between obesity and mortality
stems mainly from the fact that not all studies have confirmed the association
between the two. However, it is widely believed that certain factors contribute
to the negative studies: failure to control for smoking or occult/overt illness;
inappropriately controlling for medical conditions such as hypertension and
hyperglycemia (which are in fact related to obesity); and the use of BMI as a
surrogate for obesity (/2). For example, in a recent population-based cohort
study of 6296 elderly men and women in the Netherlands, WC showed a better
correlation with mortality than did BMI (50). In any case, it is clear that obesity
(defined as a BMI = 30 kg/m?) is associated with a high risk of premature death.
Two prospective studies (1960-1972 and 1982—-1996) of participants in the
American Cancer Society’s Cancer Preventive Study concluded that men and
women with a BMI of 30 or more had approximately 50—-100% higher mortality
than those with a BMI of less than 25 (57,52). In an analysis of data from six
prospective cohort studies (the Alameda Community Health Study, the
Framingham Heart Study, the Tecumseh Community Health Study, the Ameri-
can Cancer Society Cancer Prevention Study I, the Nurses’ Health Study, and the
NHANES I Epidemiologic Follow-up Study), Allison et al. (53) estimated that
approximately 280,000 deaths per year can be attributed to obesity among U.S.
adults. They also reported that more than 80% of the obesity-attributable deaths
occurred in individuals with a BMI of 30 kg/m? or more.

Comorbidities

The spectrum of obesity-related diseases ranges from type 2 diabetes mellitus
(DM) and cardiovascular disease to osteoarthritis and gallbladder disease. The
relative risk of a number of these health problems associated with obesity is
shown in Table 7 and Fig. 1.

TYPE 2 DIABETES MELLITUS

Mustetal. (54)used data from NHANES III to show that the prevalence of DM
increased with increasing weight category (Fig. 1A), a relationship that was
evident across racial, ethnic, and gender lines. Analysis of another U.S. study
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Table 7
Relative Risk of Health Problems Associated with Obesity
Greatly increased (relative Moderately increased Slightly increased
risk much greater than 3) (relative risk 2-3) (relative risk 1-2)
Type 2 diabetes CHD Certain cancers
Gallbladder disease Hypertension Reproductive hormone
Dyslipidemia Osteoarthritis abnormalities
. . . . Polycystic ovarian
Insulin resistance Hyperuricemia
syndrome
and gout

Dyspnea/Hypoventilation Tmpaired fertility

Sleep apnea Low back pain
Increased anesthetic
risk

Fetal defects

CHD, coronary heart disease.
Adapted from ref. 4.

(BRFSS) revealed that every 1-kg increase in self-reported weight was associ-
ated with a 9% increase in the prevalence of DM for the 1991-1998 period (36).
Remarkably, from 1999 to 2000, the average weight of U.S. adults increased by
0.5%, whereas the prevalence of DM increased by about 6% (36). Similar in-
creases in diabetes risk in the obese population have been reported in studies
conducted in Asia, Europe, and the Middle East. As previously noted, fat distri-
bution (i.e., visceral obesity) is an important contributor and in many instances
a strong predictor of the risk for developing DM.

HYPERTENSION

Several studies, including the Atherosclerosis Risk in Communities (ARIC)
Study, the Framingham Heart Study, the Nurses’ Health Study, and NHANES,
have shown that weight gain is clearly associated with increases in blood pres-
sure, an association that has been observed in both developed and developing
countries (55,56). In fact, in the analysis by Must et al. (54), hypertension was
the most common obesity-related comorbidity and its prevalence showed a strong
increase with increasing BMI class (Fig. 1B).

Fig. 1. (opposite page) The prevalence of type 2 diabetes mellitus (A) and Hypertension
(B) by BMI class. BMI is expressed in kg/m?. [ Adapted from an analysis of the NHANES
IIT data by Must et al. (54).]
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DYSLIPIDEMIA

The lipid abnormality most commonly associated with obesity is low high-
density lipoprotein (HDL) cholesterol with hypertriglyceridemia, a finding that
is more profound in visceral obesity (57,58). The small dense (atherogenic) low-
density lipoprotein (LDL) particles associated with this abnormality contribute
to the increased cardiovascular risk that is associated with obesity. Not surpris-
ingly, more stringent criteria for the recognition of low HDL (<40 mg/dL for men
and <50 mg/dL for women) and high triglycerides (>150 mg/dL) were proposed in
the recent guidelines issued by the National Cholesterol Education Program (59).

CARDIOVASCULAR DISEASE

Cardiovascular disease, which includes coronary heart disease (CHD), cere-
brovascular disease (stroke), and peripheral vascular disease, is the most signifi-
cant problem associated with obesity. This is reflected in the recent “call to
action” issued by the American Heart Association in response to the obesity
epidemic (60). Although the increased cardiovascular disease risk results partly
from the impact of obesity on dyslipidemia, hypertension, insulin resistance, and
impaired glucose tolerance or frank DM (617,62 ), longer term studies have shown
that obesity is also important as an independent risk factor for CHD (63,64).

GALLBLADDER DISEASE

Data from the Nurses’ Health Study suggest that the risk for gallstones
increases with higher body weight (65), which is also reflected in the analysis
done by Mustetal. (54). The same picture has been seen elsewhere (66 ), although
it should be noted that transnational comparisons are complicated because the
demographics of the study populations tend to be different as well as nonrepre-
sentative. It is worth mentioning that rapid weight loss is also associated with an
increased risk for the development of gallstones (4).

OSTEOARTHRITIS

The association of osteoarthritis with increasing BMI was also evident in the
study by Must et al. (54). From a purely mechanical viewpoint, it is logical that
obesity would be associated with an increased risk of joint dysfunction. How-
ever, there is also an inflammatory component involved in this process, presum-
ably owing to the release of cytokines; this would explain the observed increase
in osteoarthritis of the hands with obesity, even though the joints are not weight-
bearing (67).

CANCER

Several studies have found an association between obesity and an increased
risk for various cancers, particularly those that are gastrointestinal or hormone-
dependent. Examples include cancer of the colon, stomach, gallbladder, prostate,
breast, endometrium, ovary, cervix, and kidney (68—70). In arecent meta-analysis,
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Bengstrom et al. (71) estimated that excess body mass accounts for 5% of all
cancers in the European Union, or 72,000 cases of cancer annually. Along the
same lines, a panel of experts who recently reviewed over 4000 studies on this
subject concluded that 30—40% of all cases of cancer (3—4 million cases of cancer
per year worldwide) could be prevented by better diets together with mainte-
nance of physical activity and appropriate body weight (72).

PuLMONARY DYSFUNCTION

Obesity, especially of the upper body, is a risk factor for pulmonary diseases
such as obstructive sleep apnea and Pickwickian syndrome (obesity-
hypoventilation). If left unchecked, the pulmonary dysfunction can over time
cause right-sided heart failure or lead to sudden death secondary to an arrhythmia
during sleep (73).

ENDOCRINE DYSFUNCTION

Hormonal abnormalities associated with obesity include hyperinsulinemia
and insulin resistance, hypogonadism (in males), hyperandrogenism and ovula-
tory dysfunction (in females), decreased growth hormone levels, and
dysregulation of cortisol metabolism (74). These findings are particularly present
in visceral obesity and, as discussed above, are believed to underlie many of the
metabolic abnormalities associated with obesity.

PsycHosociAL PROBLEMS

Psychological problems associated with obesity include depression, low self-
esteem, and distorted body image; societal issues include unemployment, dis-
crimination, isolation, and marital stress (75). Women, especially those with
physical ailments, are usually the most affected. In addition, there are interesting
cultural differences; for example, although African-American women are two to
three times more likely to be obese than white women in the United States, they
(African-American women) face less social pressure regarding their body weight.

Economic Cost

Based on an estimated proportion of disease prevalence attributable to obe-
sity, Wolf and Colditz (76) calculated that the total cost attributable to obesity in
1995 in the United States was $99.2 billion. Approximately $52 billion was
direct medical cost, accounting for nearly 6% of the national health expenditure
inthe United States. It is noteworthy that this figure was recently revised t0 9.4 %.
Available estimates of the direct costs attributable to obesity (as percent of
national health care costs) around the globe include approx 2% for France and
Australia, 2.4% for Canada, and 4% for the Netherlands (77). Although no
estimates are currently available from the developing world, the data from the
Western world illustrate that the impact of this disease on health care resources
in the developing countries will be quite severe.
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Childhood Obesity

As discussed in the Childhood Obesity section above, childhood obesity has
reached epidemic proportions and continues to rise worldwide. Unfortunately,
obesity-associated disease risk factors present in adults also manifest in obese
children. For example, approximately 60% of overweight children in the
Bogalusa Heart Study had one cardiovascular risk factor such as hypertension,
hyperlipidemia, or hyperinsulinemia, and more than 20% of overweight children
had two or more risk factors (78). Equally alarming is a study conducted in the
Cincinnati area, which revealed a tenfold increase between 1982 and 1994 in the
incidence of type 2 DM among adolescents (79). In fact, type 2 DM was reported
to account for nearly 40% of all cases of new-onset DM in this age group.
Furthermore, children are especially vulnerable to the psychological and behav-
ioral consequences of obesity. Other comorbidities afflicting this age group
include orthopedic and neurologic problems, sleep apnea, and hepatic and gas-
trointestinal dysfunction. One of the most alarming aspects of this disease in
children is the known potential for the persistence of obesity and its associated
health risks into adulthood (80,81).

PREVENTION

The staggering health and socioeconomic burden imposed globally by obesity
makes the case for urgent action, and, like all public health problems, prevention
should be the cornerstone of such efforts. However, an understanding of the
causes of obesity (especially the factors driving the current global epidemic) will
considerably enhance the probability of success of any intervention.

Etiologic Classification

As previously stated, the underlying cause of obesity in most cases is the
chronic energy imbalance resulting from excessive energy intake relative to
energy expenditure. However, this positive energy balance is a consequence of
a complex interaction between environmental/societal influences (that affect
dietary and physical activity) and the biologic/genetic milieu. Although the
genetic contribution has been estimated from population studies to be as high as
40-70%, genetic factors cannot fully explain the current obesity epidemic. It is
obvious that the rapid increases in obesity rates have occurred in too short a time
for there to have been significant genetic changes within populations.

It is equally pertinent to note that specific and identifiable etiologies can only
be ascribed to a minority of cases of obesity and, as such, do not significantly
contribute to the current global obesity problem. However, it is important to be
aware of these specific causes during the clinical evaluation of obesity since a
number of these cases will be amenable to appropriate therapies. Examples
include endocrinopathies such as insulinoma, Cushing’s syndrome, hypothy-
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roidism, hypogonadism, polycystic ovarian syndrome; hypothalamic lesions sec-
ondary to trauma, surgery, or primary or metastatic tumor; genetic syndromes
like leptin deficiency, leptin receptor/melanocortin receptor defects, Prader-
Willi, Bardet-Biedl, and Down’s; and drugs such as insulin, sulfonylureas, glu-
cocorticoids, antiepileptics, antipsychotics, and depoprovera.

Factors Underlying the Current Epidemic

As is discussed below, the key features of the global obesity epidemic mainly
reflect the influence of environmental and societal factors on dietary and physi-
cal activity patterns. There has been a convergence toward increased consump-
tion of an energy-dense (usually high-fat) diet and a transition to amore sedentary
lifestyle.

GLoBAL Economy

The industrialization and consequent globalization of the food economy have
led to the increased availability of unhealthy and relatively cheap food products.
To make matters worse, the food industry has engaged in aggressive marketing
and advertising campaigns that have resulted in the consumption of ever increas-
ing portions of energy-dense, relatively nutrient-poor foods (82). An analysis of
data from NHANES III revealed that 33% of U.S. adults consume 45% of their
daily energy from “junk food” (83). Worse, 77-85% of 2—19-yr-old Americans
exceed the recommended intake of total fat, and 91-93% exceed the recom-
mended intake of saturated fat (84).

SOCIOECONOMIC STATUS

Several studies have shown that obesity is more prevalent among those of low
SES in developed countries, whereas the reverse is the case in the developing
world. Interestingly, as the less developed countries undergo economic growth
and attain higher levels of affluence, the positive relationship between SES and
obesity is replaced by the negative relationship seen in modern societies.

Itis not surprising that minority ethnic groups in developed countries are more
susceptible to obesity since poverty is common in these populations. Families
from the lower SES groups have more unemployment and live in unsafe neigh-
borhoods, which could result in less physical activity and more television watch-
ing. Unfortunately, they also tend to consume a cheap, energy-dense diet with a
high fat content, thereby facilitating the development of obesity. Limited educa-
tion is another contributory factor, which makes it less likely for these individu-
als to follow dietary recommendations and adhere to dietary guidelines.

In developing countries, the consequences of poverty are different: people in
the low SES are more likely to be engaged in heavy manual labor and tend to have
limited funds for food. Undernutrition rather than obesity is the problem in this
group. On the other hand, the emerging middle class in these countries tends to
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live in an urban environment with fewer ties to traditional values including the
usual diet. Members of this relatively well-to-do class also have more money to
indulge in junk food, have access to public/private transportation, and have jobs
that are less demanding in terms of physical activity, all of which would contrib-
ute to the development of obesity.

CuLTURAL NORMS

Cultural values are important determinants of people’s behavior as it relates
to food intake and physical activity. For example, the macronutrient composition
of the diet varies from place to place, as does the attitude toward physical activity.
Equally relevant is the body shape ideal in a given society, as exemplified in
many developing countries where “fatness” is viewed as a sign of health and
prosperity, vs the developed countries where the “anorexic” body image is por-
trayed as the ideal in the mass media.

Childhood Obesity

As is the case in adults, increase in energy intake and decrease in physical
activity are the primary environmental influences on childhood obesity. A num-
ber of studies have documented that the increase in obesity prevalence has par-
alleled the increased consumption of junk foods/snacks and decreased physical
activity in this age group (85—-87). Incidentally, children are especially vulner-
able since most decisions regarding diet and physical activity are beyond their
control. For example, parental concerns over safety have tended to limit time for
recreational activity and to limit activities such as walking or bicycling to school.
One obvious consequence is longer periods of television viewing, which leads
to prolonged/unsupervised exposure to direct advertisement of foods and drinks,
most of which are high in fat and/or simple sugars.

Critical Periods of Increased Susceptibility

To assist with intervention strategies, certain periods of life at which an indi-
vidual is especially vulnerable to weight gain have been identified.

» Prenatal—based on the postulate that early undernutrition may alter regulation
of food intake, thereby predisposing to later obesity.

» Adiposity rebound—early timing of the second increase in BMI (normally
between the ages of 5 and 7 yr).

» Adolescence—obesity at this stage significantly increases the risk for adult
obesity as well as adult morbidity (even if subsequent weight is normalized).

» Early adulthood—partly owing to reduced physical activity.

» Pregnancy—wide range of weight gain after pregnancy.

» Menopause—combination of reduction in physical activity and hormonal
changes.
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Strategies for Prevention

It is worth repeating the WHO position that obesity is a serious global public
health problem, requiring urgent action. As a result of the very limited success
of current therapies, prevention is likely to be more cost-effective and to have a
greater impact in the long run. The overall goal, in simple terms, would be to help
the public adopt a healthy diet and engage in an adequate amount of physical
activity. A key element for a successful program will be early detection to facili-
tate effective intervention at a number of age/BMI levels. First, primordial pre-
vention would prevent individuals with desirable BMIs from developing obesity.
Second, primary prevention would aim to prevent individuals at risk (overweight/
preobese category) from becoming obese. Finally, secondary prevention would
attempt to prevent worsening of obesity and comorbidities in already obese
individuals. A number of organizations, including WHO and the IOTF, have
been examining this issue in recent years. Some of the measures that would
address a fair number of the societal/environmental factors that are driving the
current global epidemic of childhood and adult obesity are given below.

PusLic/FAMILY/INDIVIDUAL

» Provision of good prenatal nutrition and health care as well as avoidance of
excessive maternal weight gain.

» Provision of a balanced diet and avoidance of excess high-calorie snacks in
infancy.

» Provision of adequate nutrition and physical education to preschool and school-
aged children.

» Maintenance of a healthy lifestyle through adolescence and adulthood.

» Promotion of walking and cycling as means of transportation.

Foob INDUSTRY/GOVERNMENT

* Production and promotion of food products low in dietary fat and energy.

» Improvements in the quality of food labeling as well as the institution of pricing
practices that encourage the purchase of healthy foods.

» Development and adoption of appropriate standards and guidelines for healthy
nutrition.

» Regulation of food marketing and advertising practices, especially those aimed
at children.

» Promotion of water rather than sugar-loaded beverages as the main daily drink.

HEeALTHCARE/MEDIA/EMPLOYERS

» Provision of adequate training in obesity care to physicians and other health care
professionals.

» Provision of medical insurance coverage for the prevention and treatment of
obesity.
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* Institution of well-designed public health campaign(s) to educate the public.

» Promotion of healthy foods/lifestyles/body image in the mass media.

 Provision of local recreational/exercise facilities.

 Provision of flexible working arrangements to allow time for adequate physical
activity.

It must be emphasized that the success of such programs will depend heavily
on cooperative and complementary efforts by governments, international agen-
cies, the food industry, media, employers, health care professionals, the insur-
ance industry, and the public at large.

CURRENT AND FUTURE THERAPIES

Asdiscussed previously, the health and economic consequences of obesity are
considerable to the individual patient and to society at large. It is therefore not
surprising that clinical guidelines for the management of obesity have been
published by several organizations including NHLBI, the North American
Association for the Study of Obesity, the American Association of Clinical
Endocrinologists, the Scottish Intercollegiate Guidelines Network, and the Royal
College of Physicians of London. In general, treatment is recommended for
individuals with a BMI of 30 kg/m2 or more as well as for individuals with a BMI
between 25 and 29.9 kg/m? or a high-risk WC if associated with two or more risk
factors/comorbidities. The recommended goal of therapy is the loss and long-
term maintenance of at least a 5—-10% reduction in body weight, as studies have
shown that a modest reduction in weight is associated with a marked improve-
ment in risk factors and comorbidities (4-6). Because of the complex nature of
this disease, the obvious and logical therapeutic approach (diet, exercise, and
behavior modification) is successful in only a minority of patients. Surgery is
reserved for those individuals with extreme or clinically severe obesity (BMI =
40 kg/m?), an intervention that is not without significant risk.

The limited success achieved with diet/exercise coupled with the realization
that obesity is a chronic disease requiring lifelong treatment has fueled the
intense drive to develop an effective drug therapy. Unfortunately, this attempt
has received a lot of negative press for a variety of reasons, ranging from the
inappropriate use of thyroid hormone, diuretics, and addictive sympathomimetics
to the withdrawal of fenfluramine/dexfenfluramine owing to associated valvular
heart disease and pulmonary hypertension (88,89). Although a few have ques-
tioned the wisdom of using pharmacologic agents to treat obesity (90), most
health care professionals and experts in this field lament the lack of safe and
effective drug(s) to complement lifestyle modifications (diet/exercise). Despite
the many challenges inherent in this enterprise, recent advances in the under-
standing of the mechanisms/pathways that regulate/modulate appetite and energy
expenditure (albeit studied mostly in rodents) have provided a number of poten-
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tial targets. Antiobesity drugs can be classified into those that (1) suppress appetite
(anorectics), (2) alter metabolism or nutrient partitioning, and (3) increase energy
expenditure.

Anorectics

The use of these drugs results in a reduction in caloric intake, leading to a loss
in body weight. A number of centrally acting anorectic agents may also increase
energy expenditure.

CATECHOLAMINERGIC AGENTS

These agents act by increasing the release of noradrenaline and/or block its
reuptake into neurons of the hypothalamus, an area of the brain that plays a
central role in energy homeostasis. Their side-effect profile, which includes
central nervous system stimulation and abuse/addiction potential, has limited
their use. Amphetamine and phenylpropanolamine are no longer in use;
phentermine is restricted to short-term use (maximum of 3 mo), and mazindol is
approved for use in extreme obesity and only in Japan.

SEROTONINERGIC AGENTS

Members of this class, such as fenfluramine and dexfenfluramine, which act
by enhancing the release and blocking the reuptake of serotonin, were withdrawn
from the market in the late 1990s because of valvular heart disease and pulmo-
nary hypertension. Some antidepressants such as fluoxetine and sertraline inhibit
serotonin reuptake but do not enhance serotonin release from nerve terminals,
which may explain the absence of any valvular heart disease or pulmonary hyper-
tension associated with their use. Although they are not approved for the treatment
of obesity, off-label use has demonstrated the induction of weight loss in some
obese patients. However, this effect may be transient, as significant weight regain
has been reported after several months of treatment with fluoxetine (917).

SEROTONIN-NORADRENALINE REUPTAKE INHIBITORS

Sibutramine, a serotonin-noradrenaline reuptake inhibitor that also has
dopamine reuptake inhibitory properties, is one of two drugs currently approved
for the long-term treatment of obesity. The drug undergoes extensive first-pass
metabolism, with formation of two metabolites, M1 (a secondary amine) and M2
(a primary amine), which mediate the pharmacologic activity of the parent
molecule (92). The inhibition of serotonin reuptake by these metabolites
enhances satiety, thereby decreasing caloric intake, while the effect on norad-
renaline reuptake enhances sympathetic outflow and is believed to cause an
increase in energy expenditure (93). There is no evidence of increased serotonin
release, which may explain why no valvular heart disease has been associated
with its use. However, the increased sympathetic activity was associated with
tachycardia and elevation of systolic/diastolic blood pressure in clinical trials.
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Table 8
Selected Long-Term Clinical Studies with Sibutramine

Initial  Weight

Duration  Dose weight loss
Study (wk) (mgld) (kg) (%) Comments
Bray et al., 24 0 95 -1.2 Dose range finding
1999 (98) 1 94 2.7
5 94 -39
10 91 -6.1
15 93 7.4
20 93 -8.8
30 95 94
Apfelbaum 52 0 97.7 +0.2 Weight maintenance after
etal., 10 95.7 -6.1 4 wk of VLCD
1999 (95)
James et al.,, 104 0 102.6 4.6 Weight maintenance after
2000 (94) 10 102.6 9.6 24 wk of treatment with
sibutramine 10 mg/d
Dujovneet 24 0 102 -0.6 Improvements in HDL
al., 2001 20 99.7 -4.9 cholesterol and
(97) triglycerides
Smith etal.,, 52 0 87 -1.8 Primary care setting
2001 (99) 10 87 -5.0
15 87 -7.3
Wirth and 48 0 98.2 +0.2 Patients who lost at least
Krause 15 (intermittent)  98.2 -3.5 2 kg or 2% after 4 wk
2001 (96) 15 (continuous) 98.6 —4.0 of treatment with 15 mg
sibutramine.

HDL, high-density lipoprotein; VLCD, very low-calorie diet.

This led to sibutramine being contraindicated in patients with congestive heart
failure, coronary artery disease, arrhythmias, stroke, and uncontrolled or poorly
controlled hypertension.

The effectiveness of sibutramine in inducing weight loss and achieving weight
maintenance has been demonstrated in several clinical trials. A number of long-
term clinical studies in humans are summarized in Table 8. Maximal weight loss,
usually less than 10% of baseline body weight, is achieved within 6 mo and is
maintained over 12 mo. In one European multicenter study (94), obese patients
who had lost more than 5% of their body weight (an average of 11.3 kg) after 6 mo
of treatment with 10 mg/d of sibutramine, were randomized to receive placebo
or 10 mg/d sibutramine. The dose of the drug was increased to 20 mg/d if weight
regain occurred. At the end of the 18-mo follow-up period, the placebo group had
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regained weight to —4.7 kg, whereas the sibutramine group showed only a slight
weight regain to —10.2 kg, compared with the —11.3-kg weight change from
baseline after 6 mo of sibutramine treatment for both groups. Similar results were
observed in another study (95), in which the initial weight loss was induced with
4 wk of a very low calorie diet. In a recently published multicenter study con-
ducted in Germany (96), 1001 patients who had weight loss of at least 2% or 2 kg
after 4 wk of treatment with sibutramine (15 mg/d) were randomized to receive
continuous placebo (wk 5-48) or sibutramine 15 mg/d (wk 1-48), or intermittent
sibutramine 15 mg/d (wk 1-12, 19-30, and 3748, with placebo during all other
weeks). Atthe end of the study, both the continuous and intermittent sibutramine
therapies were shown to be statistically equivalent, although there was greater
weight loss with the continuous treatment group.

Other beneficial endpoints reported for sibutramine include reductions in WC
and visceral adipose tissue as well as improvements in triglycerides and HDL
cholesterol. It should be noted that these changes were similar in magnitude to
those observed in patients who succeeded in losing weight while on placebo (97).

BUPROPRION

This is an antidepressant drug that is also used as a smoking cessation aid. It
presumably acts by inhibiting the reuptake of dopamine and possibly noradrena-
line but has little or no effect on serotonin reuptake. The results of a 26-wk
multicenter, randomized, placebo-controlled study in obese subjects with mild
to moderate depression were presented at the 2001 meeting of the North Ameri-
can Association for the Study of Obesity (NAASO) in Quebec, Canada. Subjects
who received buproprion in a sustained release form had a 4.6% weight loss from
baseline, compared with the placebo group, which had a 1.8% weight loss. Fur-
ther studies will be needed to show that this agent is sufficiently safe and effective
to be developed as an antiobesity agent.

TOPIRAMATE

During clinical trials evaluating the use of topiramate as a treatment for pa-
tients with epilepsy, it was noted that the drug reduced body weight in humans.
Topiramate is a sodium channel blocker that also stimulates y-aminobutyric acid
receptors and antagonizes glutamate receptors. Although the precise mechanism
of weight loss induction in humans has not been established, its efficacy was
sufficiently robust for the manufacturers (Johnson & Johnson, New Brunswick,
NJ) to initiate phase III obesity trials with the compound. However, the studies
were discontinued in early 2002 in order to develop a controlled release formu-
lation, apparently to enhance its tolerability. The major question remains whether
the side-effect profile will be sufficiently improved to allow continued develop-
ment of the drug.
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CANNABINOIDS

There are at least two cannabinoid receptors, one of which (CB,R) is largely
expressed in the periphery and does not appear to be involved in the regulation
of energy homeostasis. On the other hand, CB;R is predominantly localized in
the brain and is expressed in the hypothalamus, amygdala, hippocampus, basal
ganglia, cerebral cortex, and cerebellum (/00). Activation of CBR by agonists
such as tetrahydrocannabinol (THC) stimulates appetite, which is reflected in the
approval of THC for treating AIDS-associated anorexia. Thus, antagonism of
this pathway would be expected to reduce food intake and ultimately result in
weight loss. In fact, a CB;R antagonist (SR 141716) synthesized by Sanofi
Synthelabo (Paris, France), has been shown to reduce hunger, caloric intake, and
body weight in overweight or obese men (/01 ). Phase IIT human trials have been
initiated with this compound. Although only minor gastrointestinal adverse
events were observed in the phase II studies, some concern remains about poten-
tial central nervous system side effects associated with this pathway.

HISTAMINERGIC AGENTS

Intracerebroventricular (ICV) administration of histamine decreases food
consumption, whereas histamine antagonists increase food intake in animals
(102). Four histamine receptor subtypes have been characterized; the available
experimental data indicate that the modulation of feeding behavior by hista-
mine is predominantly mediated via the H; and H; receptors (/03). H; receptors
are located presynaptically, where they function as autoreceptors, regulating
histamine release. Currently, H; receptor antagonism is considered a better thera-
peutic target than H; receptor agonism, but there is some concern regarding the
potential impact of H; receptor antagonism on water intake (/04).

LEPTIN

Leptin is a 146-amino acid protein mainly produced by adipocytes; its circu-
lating levels reflect, to a great extent, the degree of adiposity or the amount of
energy stored in adipose tissue (/05). Although leptin has pleiotropic actions
including neuroendocrine, metabolic, reproductive, hematopoietic, and meta-
bolic regulation, its role in energy balance has received the most attention. It is
the product of the OB gene, which is mutated in the genetically obese (ob/ob)
mouse; its receptor is mutated in the diabetic (db/db) mouse and the fatty (fa/fa)
rat, which are also obese. Mutations in either leptin or its receptor, although quite
rare, have been reported in humans; these result in hyperphagia and early-onset
obesity (106,107). Binding of the peptide to its receptor on hypothalamic neu-
rons leads to increased expression of anorexigenic (appetite-suppressing) pep-
tides, such as melanocyte-stimulating hormone (a-MSH), cocaine- and
amphetamine-regulated transcript (CART), and corticotropin-releasing hormone
(CRH) and to decreased expression of orexigenic (appetite-stimulating) peptides
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such as neuropeptide Y (NPY), melanin-concentrating hormone (MCH), and
agouti-related peptide (AgRP). Evidence from several studies indicates that
leptin-induced reduction in body weight results from a decrease in appetite and
an increase in energy expenditure (/05).

The dramatic response of the ob/ob mouse and a leptin-deficient child to
exogenous leptin led to the mistaken belief that a cure for human obesity had been
found (108,109). It soon became apparent that the vast majority of obese humans
are not leptin-deficient but do in fact have very high circulating levels of the
protein. This has led to introduction of the concept that human obesity is a state of
leptin resistance, sometimes compared with the insulin resistance seen in the early
phases of type 2 DM, when hyperglycemia persists despite hyperinsulinemia.
The mechanistic basis of the resistance remains poorly understood but may
include impairment of leptin transport across the blood-brain barrier as well as
abnormalities of leptin receptor signaling (//0). Thus far, clinical trials in hu-
mans using both short- and long-acting formulations of leptin have produced
disappointing results (//1,112). These setbacks notwithstanding, there is no
doubt that the discovery of leptin was not only a major scientific accomplishment
but has led to a tremendous growth in our understanding of the neuroendocrine
pathways involved in energy homeostasis.

CiLiARY NEUROTROPHIC FACTOR

Ciliary neurotrophic factor (CNTF) is a growth factor that was observed to
induce weight loss during clinical trials on patients with amyotrophic lateral
sclerosis (Lou Gehrig’s disease). It has been suggested that CNTF acts via a
leptin-like pathway to suppress appetite, leading to weight loss. The initial clini-
cal studies revealed significant adverse experiences such as nausea, antibody
production, and reactivation of herpetic lesions (//3). A recombinant version,
named Axokine™ (Regeneron, Tarrytown, NY), is said to be less immunogenic
and less likely to cause nausea at the low doses being tested.

In phase II studies, 12 wk of treatment with Axokine™ was reported to induce
an average of 10 b more weight loss than placebo. Interestingly, the weight loss
was sustained for about 9 mo after discontinuation of drug therapy, a finding that
could reflect the induction of irreversible changes in the neuronal pathways that
regulate energy homeostasis. The publication of data from phase Il as well as the
ongoing phase III studies is eagerly awaited, and will hopefully shed more light
on the mechanism of action, efficacy, and side-effect profile of this molecule.

NEUROPEPTIDES

Since the discovery of leptin in the 1990s, there has been a dramatic increase
in the number of peptides implicated in the regulation/modulation of energy
balance. Although this has increased the number of potential targets, it has also
highlighted one of the biggest problems in developing an antiobesity drug—the
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presence of multiple redundant mechanisms for maintaining body weight. Many
of these peptides affect food intake when injected into various parts of the brain
such as the hypothalamus or the ventricles; others affect both food intake and
energy expenditure. The receptors for many of the neuropeptides have been
identified and shown to belong to the G-protein-coupled class of receptors. Both
the peptides and their cognate receptors are widely distributed in the brain,
especially in those regions known to be involved in body weight regulation, like
the hypothalamus. The overall strategy for drug development is to develop
antagonists to pathways involving orexigenic peptides and agonists to the path-
ways that involve anorexigenic peptides.

Neuropeptide Y. NPY is a 36-amino acid peptide that is highly conserved
across species and is one of the most potent stimulators of appetite known. Five
NPY receptors (Y-1, -2, -4, -5, and -6) have been cloned, but only the Y-1 and
Y-5 receptors are thought to mediate the NPY-induced modulation of energy
homeostasis (//4). Chronic central administration of NPY leads to weight gain
in rodents, whereas antisense oligonucleotides or NPY antibodies significantly
decrease feeding (/15). NPY also decreases thermogenesis and uncoupling pro-
tein 1 in brown adipose tissue and increases white fat storage (//4). Thus, NPY
regulates energy balance via effects on both appetite and energy expenditure.
Additional support for the role of NPY includes the observed increase in NPY
levels with starvation and in genetically obese rodent models such as fa/fa rats,
db/db mice, and ob/ob mice.

Surprisingly, NPY~~, Y1R~7~and Y5R - mice are not lean and remain suscep-
tible to diet-induced obesity, presumably as a consequence of compensatory
mechanisms or redundant inputs from non-NPY pathways (//5-118). However,
in NPY~mice, the degree of obesity is reduced when the ob gene is coexpressed,
indicating that NPY antagonists could be most effective when leptin levels are
low. Despite several years of research, there are still no published studies in
humans supporting the effectiveness of NPY antagonism in the treatment of
obesity. Potential liabilities include the increased seizure activity/alcohol pref-
erence exhibited by NPY~~ mice, as well as possible interference with NPY-
mediated effects on anxiogenesis and circadian rhythm.

Melanin-Concentrating Hormone. MCH is a 19-amino acid cyclic peptide
whose mRNA is predominantly expressed in the lateral hypothalamus and the
zona incerta (/19). Several studies in rodents have demonstrated the orexigenic
nature of this pathway. Unlike NPY-deficient mice, pro-MCH and MCH 1 recep-
tor-deficient mice are lean and hypophagic and have increased metabolic rate
(120). Hypothalamic MCH mRNA levels are elevated in ob/ob and fasted mice,
presumably as a result of the removal of the inhibiting effects of leptin on MCH
mRNA expression. In addition, chronic ICV infusion of MCH causes hyperph-
agia and obesity, as does overexpression of the prohormone of the MCH precur-
sor in transgenic mice (/2/). Based on the rodent data, it appears that MCH1
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receptor antagonists would be effective antiobesity agents. However, this remains
to be demonstrated in humans, who have the additional complexity of possessing
a second receptor, MCH2R, with an undetermined role in energy homeostasis.

Other Orexigenic Neuropeptides. Galanin is a 29-amino acid peptide that
is widely distributed in the central and peripheral nervous systems as well as in
endocrine organs. The highest mRNA expression is in the hypothalamus and
median eminence, and central administration has been shown to stimulate food
intake in rodents (/22). However, galanin knockout mice are not lean, and there
have been some studies in rodents showing that chronic administration failed to
induce sustained increase in food intake and body weight (/23 ). Thus more work
remains to be done to validate this pathway.

Orexin-A and -B, which are also called hypocretins, are derived from the same
precursor molecule, prepro-orexin peptide. These peptides and their receptors
OX1 and OX2 are widely distributed in regions of the brain involved in modu-
lating energy homeostasis. ICV injection of these peptides elicits an increase in
food intake but to a much lesser degree than is observed with NPY (/24). How-
ever, it is becoming apparent that this pathway is involved in much more than the
regulation of energy balance. For example, most cases of human narcolepsy are
associated with a deficiency of these peptides in the cerebrospinal fluid or in the
brain (/25). In addition, a mutation that caused an impairment of peptide process-
ing and trafficking was found in a young child with severe narcolepsy (126).
Thus, it is possible that antagonism of this pathway could have undesirable
effects on the sleep-wake cycle.

Melanocortins. a-MSH is one of several peptides derived from pro-
opiomelanocortin (POMC); it reduces body weight by decreasing appetite and
increasing metabolic rate. There are five melanocortin receptors (MCRs), but
only MC-3R and MC-4R, which are highly expressed in the hypothalamus, are
believed to be involved in energy homeostasis (/27). As previously stated, this
pathway is downstream of leptin. Mutations involving POMC processing or the
MC-4R signaling pathway are associated with obesity in humans as well as
rodents, thus providing the rationale for the development of MC-4R agonists as
antiobesity agents (/27,128). Recently, it was reported that 6 wk of intranasal
treatment with a peptide melanocortin receptor agonist induced a reduction in
body adiposity in lean subjects (/29). However, it is critical to develop a highly
selective agonist for this purpose, as highlighted by the fact that a nonselective
melanocortin agonist (MT II) caused penile erection in the absence of sexual
stimulation (/30). Several groups in academia and industry are actively engaged
in attempts to develop such a compound (/31).

Other Anorexigenic Peptides. Bombesin is a 14-amino acid peptide that was
originally isolated from the skin of the European frog, Bombina bombina. In
mammals, two bombesin-like peptides, neuromedin B (NM-B) and gastrin-
releasing peptide (GRP), have been identified and are believed to play a role in



150 Erondu

the regulation of energy homeostasis (/32). The NM-B-preferring receptor (BB1)
and the GRP-preferring receptor (BB2) are widely distributed in the central
nervous system and gastrointestinal tract, and the third receptor (BRS-3) is
restricted to the central nervous system, notably the hypothalamus. Although the
natural ligand for BRS-3 has not been identified, there is more interest in it since
BRS-37 mice (unlike BB17~ and BB2—/— mice) are obese and have other fea-
tures consistent with the metabolic syndrome (/33).

CRH is a 41-amino acid peptide that is involved in many physiologic pro-
cesses including adrenocorticotropic hormone production, depression, anxiety,
memory, learning, and energy homeostasis (/34). Chronic infusion of CRH into
the brains of animals inhibits food intake and activates the sympathetic nervous
system, thereby reducing body weight (/35). In arecent study, peripheral admin-
istration of CRH to healthy men and women resulted in an increase in resting
energy expenditure (/36). However, it appears that the CRH type 2 receptor,
which has a higher affinity for urocortin (another member of the CRH family),
is a better target, as activation of this receptor decreases food intake without the
undesirable effects such as anxiogenesis seen with CRH (/37).

Neurons containing cocaine-amphetamine-regulated transcript (CART) are
present in several hypothalamic nuclei and in the arcuate nucleus coexpress
POMC mRNA (/38). As previously stated, this gene is upregulated by leptin. It
is therefore not surprising that its mRNA is reduced in states of leptin deficiency
such as fasted rats and ob/ob mice. It is hoped that the identification and charac-
terization of the cognate receptor for CART will advance a development program
in this area.

GASTROINTESTINAL PEPTIDES

Ghrelin is an acylated 28-amino acid peptide that is predominantly produced
by the stomach, and stimulates the release of growth hormone (GH) from the
pituitary gland. Results of studies in rodents and humans indicate that this pep-
tide also has potent orexigenic activity, presumably via activation of the NPY
pathway. For example, peripheral administration of ghrelin stimulates appetite
in humans (/39), whereas its orexigenic effect in rats was abolished by an NPY-
1R antagonist (/40). One would therefore predict that ghrelin receptor antago-
nists would be efficacious in appetite reduction and consequently in body weight
reduction. However, infusion of ghrelin produced beneficial hemodynamic
effects in patients with congestive heart failure (/41). Thus, potential liabilities
of a ghrelin antagonist include potentially deleterious effects on the cardiovas-
cular system and on GH release.

Glucagon-like peptide-1 (GLP-1) was originally identified as one of the prod-
ucts of the processing of preproglucagon in the intestine, where it functions as an
incretin—inducing glucose-dependent insulin release from pancreatic B-cells.
In addition, it was shown to inhibit gastric motility, delay nutrient absorption,
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and induce satiety. Subsequently, GLP-1 expression was detected in the central
nervous system, especially in the hypothalamus, and it has been demonstrated in
rodents that both central and peripheral administration of this peptide increases
energy expenditure and decreases food intake, resulting in a reduction in body
weight (142).

In a meta-analysis of several studies involving the intravenous administration
of the peptide in humans, Verdich et al. (/43) concluded that the infusion reduces
energy intake in a dose-dependent manner in both obese and lean subjects. There
is considerable interest in this pathway for the development of antiobesity and
antidiabetic drugs. A number of approaches have been adopted to overcome a
major limitation owing to the extremely short half-life of the peptide; these
include the identification of long-acting GLP-1 analogs/mimetics, selective
inhibition of the degrading enzyme dipeptidyl peptidase IV (DPP-IV) and the
synthesis of DPP-IV-resistant analogs.

Cholecystokinin (CCK) is released in response to meals, especially those rich in
lipids and protein. It binds to two receptors, CCK , and CCKp, which are primarily
located in the gastrointestinal tract and brain, respectively. The anorectic effects of
the peptide are mediated via vagal signals from the brain that are triggered after
activation of the CCK, receptors. Validation of this pathway as a target for anti-
obesity therapy comes from both rodent and human studies, including the obese
phenotype of the CCK , 7~ mouse (144) and the induction of satiety and the reduc-
tion in food intake following infusion of CCK in obese humans (/45). It remains
to be seen whether chronic use of CCK 4 receptor agonists will be associated with
adverse effects such as gallstones, pancreatitis, and nausea.

Drugs That Alter Metabolism or Nutrient Partitioning

Included in this class are drugs that interfere with nutrient (especially fat)
absorption such as orlistat and compounds that target metabolic pathways, par-
ticularly lipid metabolism.

INHIBITION OF FAT ABSORPTION

Orlistat, an inhibitor of gastric and pancreatic lipases, is the second drug
currently approved for the long-term treatment of obesity. Itis a synthetic deriva-
tive of lipstatin, which is produced by Streptomyces toxitricini (146). Inhibition
of lipase activity decreases fat absorption by about 30%, leading to maintenance
of a caloric deficit over the long term, which would then result in a reduction in
body weight. There is negligible systemic absorption of orally administered
drug, and there have been no reported clinically significant interactions with
several drugs including warfarin, digoxin, pravastatin, nifedipine, phenytoin,
glyburide, and oral contraceptive pills (/46).

The efficacy of orlistat has been demonstrated in several clinical studies, some
of which are summarized in Table 9. On average, 1-2 yr of treatment with the
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Table 9
Selected Long-Term Clinical Studies with Orlistat
Initial
Duration Dose  weight  Weight loss
Study (wk) (mg tid)  (kg) at 52 wk (%) Comments
Hollander 52 0 99.7 —4.3 Obese patients with
et al., 120 99.6 -6.2 type 2 diabetes
1998
(147)
Sjostrom et 104 0 99.8 -6.1 European multicenter
al., 1998 120 99.1 -10.2 study
(148)
Davidson et 104 0 100.6 -5.8 U.S. multicenter study
al., 1999 120 100.7 -8.8
(149)
Finer et al., 52 0 98.4 5.4 Multicenter study in
2000 120 95.7 -8.5 the UK
(150)
Hauptman 104 0 101.8 —4.1 Primary care setting
etal., 60 100.4 -7.1
2000 120 100.5 -7.9
(151)
Muls et al., 24 0 91.2 -3.9 Obese patients with
2001 120 90.2 -6.9 hyper-
(152) cholesterolemia

drug produced an 8—10% body weight loss, compared with a loss of 4-6% in the
placebo-treated groups. In all these studies, the combination of orlistat and diet
was more effective than placebo plus diet in inducing and maintaining weight
loss. More importantly, the use of this drug led to significant improvements in
obesity-related risk factors such as blood pressure, glycemic control, and lipid
profile. However, there have been concerns related to the gastrointestinal adverse
effects, which include abdominal pain, fecal incontinence with oily stools, flatu-
lence, nausea, vomiting, and malabsorption of fat-soluble vitamins. Thus, the
drug is contraindicated in chronic malabsorption and cholestasis.

FATTY ACID SYNTHASE INHIBITION

Fatty acid synthase (FAS) catalyzes the synthesis of palmitic acid from
malonyl coenzyme A (CoA), which means that enzyme inhibition will result in
accumulation of malonyl CoA. Inrodents, central and peripheral administration
of C-75, a FAS inhibitor, has profound effects on food intake and body weight,
presumably by interacting with hypothalamic pathways such as NPY/AgRP
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(153). It has been proposed that the accumulation of malonyl CoA and possibly
long-chain fatty acyl CoA in hypothalamic neurons constitutes the molecular
basis for the appetite-suppressing effect of C-75. The next phase is the synthesis
of safe and potent FAS inhibitors for testing in rodents and hopefully in humans.

ACETYL-COA CARBOXYLASE INHIBITION

Acetyl-CoA carboxylase (ACC), which is comprised of two isoenzymes
encoded by separate genes, catalyzes the carboxylation of acetyl CoA to form
malonyl CoA. ACC1 is mainly expressed in the liver and adipose tissue, whereas
ACC2isenriched in the heart and skeletal muscle, where it is believed to function
in the outer membrane of the mitochondria. Unlike FAS inhibition, ACC inhi-
bition will be expected to lower malonyl CoA levels, which probably accounts
for the hyperphagia exhibited by ACC2~~ mice (154). However, these mice are
also lean and have reduced adiposity and body weight, providing a rationale for
the potential use of ACC2 inhibitors as antiobesity drugs. Potential liabilities
include cardiac toxicity, hyperphagia (secondary to low malonyl CoA) interfer-
ing with the antiobesity effects, and the difficulty in synthesizing selective
inhibitors.

ADIPONECTIN

This is an adipocyte-derived protein (additional names include AdipoQ,
Acrp30, apM1, and GBP28) that is reduced in obese mice and humans (/55). A
number of rodent experiments have provided evidence regarding the modulation
of fat metabolism, insulin sensitivity, and energy homeostasis by this protein.
For example, injection of adiponectin into obese or lipoatrophic mice decreased
blood glucose levels and reduced insulin resistance (/56,157). In addition, treat-
ment of mice with a recombinant globular head fragment of adiponectin pro-
duced anincrease in fatty acid oxidation as well as body weight reduction without
affecting food intake (/58). Results of ongoing studies will provide much-needed
clarity on the suitability of this target for obesity and DM therapy.

GrowTH HORMONE

Obese individuals secrete less GH than normal weight individuals, and admin-
istration of this hormone to GH-deficient individuals leads to enhanced lipolysis,
increase in metabolic rate, and improvements in fat distribution (/59). However,
chronic GH treatment in humans is associated with impaired glucose homeosta-
sis and other undesirable effects that have reduced enthusiasm for the use of the
hormone inlong-term treatment of obesity (/60). Interestingly, AOD9604 (Meta-
bolic Pharmaceuticals, Melbourne, Australia), a C-terminal fragment of GH
(acting via a GH-receptor-independent mechanism), stimulated lipolysis,
increased fat oxidation and induced weight loss in obese mice after 14 d of
treatment (/61 ). Furthermore, a recent press release claimed that weekly intra-
venous administration of this peptide to obese humans produced what was
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described as positive results in terms of safety, tolerability, and weight reduction.
In addition, the fat breakdown and weight reduction reportedly occurred after
single intravenous doses. More information will be needed to evaluate these
results and validate this approach for the long-term treatment of human obesity.

Drugs that Increase Energy Expenditure

B-Adrenergic agonism has been recognized as an appropriate target since the
resultant catecholamine release would be expected to increase metabolic rate and
consequently energy expenditure. However, the adverse cardiac effects seen
with thyroid hormone and other sympathomimetics such as ephedrine and caf-
feine have highlighted the potential dangers associated with this approach (8,/1).
Recently, a number of major pharmaceutical companies have filed patents on
selective thyroid hormone receptor modulators, indicating renewed interest in
this mechanism. It may well be that the selectivity of these new compounds will
lead to an acceptable safety profile to complement their presumed efficacy. It is
worth mentioning that p3-adrenergic receptor agonist research has yet to bear
fruit, despite years of positive results in mice, confirming the adage that mice are
neither men nor women.

Another target of interest is the uncoupling of electron transport from ATP
synthesis, which is mediated by three mitochondrial uncoupling proteins (UCP1-
3), and would be expected to result in thermogenesis (162). However, attempts
to validate this target have produced conflicting results.

CONCLUSIONS

The declaration by WHO, the U.S. Surgeon General, and several national
medical and scientific organizations that obesity is a global epidemic requiring
urgent action is a major first step in this “battle of the bulge.” We can now begin
to understand and confront the medical, economic, and social consequences of
the disease. It is hoped that this chapter has painted an appropriately balanced
picture, reflecting not only on the enormity of this challenge but also the numer-
ous advances that have been made in recent years.

This is certainly an exciting period in the field of obesity research and man-
agement, especially with the influx of many young, more molecularly oriented
scientists engaged in dissecting the pathways involved in energy homeostasis.
Based on past experience, a note of caution is, however, necessary. The devel-
opment of a single magic bullet that is sufficiently safe and efficacious for most
obese patients is unlikely. In the final analysis, prevention, especially early
prevention, is our best chance. This will require a concerted effort by all of us:
individual citizens, governments, international agencies, the food industry,
media, employers, health care professionals and the insurance industry.
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INTRODUCTION

Cardiovascular disease has reached epidemic proportions in the United States
and throughout the world and is the leading cause of death in both men and
women in the United States. For this reason, intense and extensive research
efforts have been carried out to identify risk factors for coronary artery disease
in order to develop preventive and treatment strategies. These investigations
have demonstrated that alterations in lipid metabolism adversely affect coronary
health. Fortunately, these risk factors involving lipids are amenable to modifica-
tion through dietary interventions and pharmacologic therapies.

LIPID STRUCTURE AND FUNCTION

Understanding lipid structure and metabolism is integral to aknowledge of the
lipid contribution to atherogenesis. Lipids are hydrophobic and insoluble in
plasma and therefore cannot be transported individually in circulation. Thus,
they are bound to a protein forming a lipoprotein molecule, in which they remain
at the hydrophobic center surrounded by a hydrophilic shell containing phospho-
lipids, free cholesterol, and proteins. The proteins of the hydrophilic outer shell
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Table 1
Characteristics of Apoproteins

Apoprotein Lipoprotein Function

Apo A-1 HDL, chylomicrons LCAT activator

Apo A-II HDL, chylomicrons Unknown

Apo A-IV  HDL, chylomicrons Unknown

Apo B-48 Chylomicrons Assembly of chylomicrons in the
small intestine

Apo B-100 VLDL, IDL, LDL Ligand for LDL receptor

Apo C-1 Chylomicrons, VLDL, IDL, HDL  Inhibition of hepatic uptake of
VLDL and chylomicron
remnants

Apo C-1I Chylomicrons, VLDL, IDL, HDL  Activates lipoprotein lipase

Apo C-1II Chylomicrons, VLDL, IDL, HDL  Inhibits lipoprotein lipase

Apo E Chylomicrons, VLDL, IDL, HDL  Ligand for LDL receptor

Apo(a) Lp(a) Covalently links with apo B to

create Lp(a)

HDL, high-density lipoprotein; IDL, intermediate-density lipoprotien; LCAT, lecithin/
cholesterol acyl transferase; Lp(a), lipoprotein (a); VLDL, very low-density lipoprotein.
Data from ref. /.

are called apoproteins and serve as either cofactors for enzymes required for
lipoprotein metabolism or as ligands for receptors. The functions of the
apoproteins and their associations with specific lipoproteins are summarized in
Table 1 (1).

There are five recognized lipoproteins categorized according to molecular
weight, size, individual lipid content, and biochemical function (Table 2). All
lipoproteins carry cholesterol, triglycerides, phospholipids, and apoproteins in
different proportions. The largest and the least dense of the lipoproteins is the
chylomicron, with triglycerides as the major constituent of its hydrophobic core.
The very low-density lipoprotein (VLDL) is slightly smaller and denser, with a
smaller amount of triglycerides and a greater amount of cholesterol compared
with chylomicrons. The intermediate-density lipoprotein (IDL) contains both
triglycerides and cholesterol esters, with a slightly higher concentration of the
former. The low-density lipoprotein (LDL) and the high-density lipoprotein
(HDL) carry primarily cholesterol in the hydrophobic core (2). However, the
major content of HDL is apoproteins.

In addition to the classically defined lipoproteins described above, yet another
lipoprotein form has been identified as a risk factor in the initiation and the
promotion of early aggressive atherosclerosis. Lipoprotein (a) (Lp[a]) isan LDL
molecule with an apoprotein B (apo B) on its surface linked covalently to an
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Table 2

Characterisitics of Lipoproteins

Lipoprotein Density (g/ldL) TG (%)  Cholesterol (%)  Phospholipids (%)

Chylomicrons 0.95 80-95 2-7 3-9

VLDL 0.95-1.006 55-80 5-15 10-20
IDL 1.006-1.019  20-50 20-40 15-25
LDL 1.019-1.063 5-15 40-50 20-25
HDL 1.063-1.21 5-10 15-25 20-30

TG, triglycerides. For other abbreviations, see Table 1 footnote.
Data from ref. /.
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Fig 1. Transport of chylomicron and chylomicron remnants following dietary ingestion
of nutrients. Chol, cholesterol; FFA, free fatty acids; HDL, high-density lipoprotien;
LDR, LDL receptor; LRP, lipoprotein receptor-related protein; PL, phospholipid; TG,
triglycerides.

apoprotein a. Increased levels of Lp(a) appear to accelerate the atherosclerotic
process independently of other risk factors (3).

There are two pathways by which the body acquires and then metabolizes
lipids. In the exogenous pathway (Fig. 1), dietary cholesterol and free fatty acids
derived from dietary fats are absorbed by the intestinal cells. Within the intestinal
cell, cholesterol is esterified and the free fatty acids combine to synthesize trig-
lycerides. Chylomicrons are assembled from the triglycerides and apop B-48, C-
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Fig. 2. Endogenous metabolic cascade for very low-density lipoprotien (VLDL),
intermidiate-density lipoprotein (IDL), and low-density lipoprotein (LDL). LDLR, LDL
receptor. For other abbreviations, see Fig. 1 legend.

II, and E. The chylomicrons are released into the circulation. The enzyme lipo-
protein lipase (LPL) secreted by portal venous endothelium plays a key role in
the subsequent metabolism of chylomicrons. This LPL uses apoprotein C-II as
a cofactor, hydrolyzes the triglyceride core of the chylomicron, and converts it
into the chylomicron remnant and free fatty acids, which are subsequently used
by adipose and muscle tissue. The chylomicron remnant is cleared from the
circulation by hepatocytes via the LDL receptor and apo E ligand action (/).
The endogenous pathway of lipids involves the synthesis and metabolism of
VLDL, LDL, and HDL (Fig. 2). The VLDL molecule is generated in the liver and
contains primarily triglycerides at its core, whereas apo B-100, C-II, and E are
found on its surface. Like chylomicrons, the triglyceride core is hydrolyzed to
free fatty acids by hormone-sensitive LPL, with the key hormone being insulin.
The VLDL remnant is then cleared from the circulation by hepatocytes or con-
verted to LDL by the removal of additional triglyceride content by hepatic lipase.
The LDL particle retains apo B-100 but loses the rest of the apoproteins (/).
Subsequently, the LDL molecule is removed from circulation by hepatocytes
and any other nucleated cell. Within the cell, the LDL is hydrolyzed to free
cholesterol, which is used to make cell membranes and hormones, or is esterified
and stored. The production of cellular cholesterol de novo by hydroxy-
methylglutaryl-coenzyme A (HMG-CoA) reductase and the regulation of LDL
receptors are mediated by a feedback loop. An increase in cellular cholesterol
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downregulates HMG-CoA reductase and LDL receptors on the cell surface and
vice versa (2).

HDL cholesterol formation occurs in the intestine and the liver. The initial
HDL molecule consists of phospholipids and apoproteins and acquires the req-
uisite outer shell components, including more apoproteins, free cholesterol, and
phospholipids, from the hydrolysis of VLDL and chylomicrons. The acquired
free cholesterol is then esterified by an enzyme, lecithin/cholesterol acyl trans-
ferase (LCAT), and converted to LDL and triglyceride-rich lipoproteins, which
are subsequently transferred back to hepatocytes. HDL also transports choles-
terol to the adrenal glands and to the gonads for the synthesis of steroid hormones.
The surplus free cholesterol in peripheral tissues is also collected by the HDL
molecule and then converted to LDL and to triglyceride-rich lipoproteins and
transported back to the liver. Finally, HDL acts as a carrier of apoproteins, which
contribute to the synthesis of VLDL and chylomicrons (2).

PRIMARY DISORDERS OF LIPID METABOLISM

Lipid derangements have traditionally been classified according to their
Frederickson phenotype. In this classification system, phenotype I is character-
ized by elevated chylomicrons and a triglyceride level in the 99th percentile.
Phenotype Ila includes subjects with total cholesterol levels in the 90th percen-
tile with elevated LDL and triglyceride levels; phenotype IIb manifests as total
cholesterol in the 90th percentile, with elevated LDL, VLDL, and apo B levels.
Both total cholesterol and triglyceride levels are above the 90th percentile in
subjects with phenotype III, whereas the VLDL and chylomicron levels are
elevated. Phenotype IV is characterized by elevated concentrations of VLDL,
with the total cholesterol and/or the triglyceride levels higher than the 90th
percentile. The triglyceride levels in phenotype V are in the 99th percentile, with
both elevated chylomicrons and VLDL levels (4). However, recently, this tradi-
tional classification system has been overshadowed by a newer one based on
better defined specific characteristics and patterns.

Primary Hypertriglyceridemia
FamiLiaAL CoMBINED HYPERLIPIDEMIA

Familial combined hyperlipidemia (FCH) is a common disorder probably
inherited in an autosomal dominant fashion. Epidemiologic studies have shown
that 1-2% of the general population suffer from this genetic defect and that it
accounts for one-half of all cases of familial coronary artery disease (5). Unfor-
tunately, these subjects present with no overt physical manifestations of hyper-
lipidemia such as xanthomata. The mechanism of this disorder involves the
overproduction of apo B-100 with consequential increase in VLDL and LDL,
leading to significant phenotypic variations. In some patients, both hyper-
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triglyceridemia and hypercholesterolemia ensue, whereas in others an isolated
elevation of either VLDL or LDL occurs. This variability is thought to be related
to the degree of the decreased function of lipoprotein lipase, the enzyme respon-
sible for the hydrolysis of the triglyceride core of both VLDL and chylomicron (/).

D1SoRDERS OF L1POPROTEIN L1PASE DEFICIENCY OR AP0 C-II DEFICIENCY

These disorders appear to be transmitted via an autosomal recessive gene. The
clinical manifestations include eruptive xanthomas, hepatomegaly, and sple-
nomegaly. These patients complain of abdominal pain and may develop pancre-
atitis. Lipemia retinalis has been noted in children and adolescents with this
disorder. The degree of hypertriglyceridemia is severe, with levels frequently
exceeding 2000 mg/dL. The lipemia in this disorder is exacerbated by estrogens
and pregnancy (2). The laboratory diagnosis in these disorders is based on demon-
stration of chylomicronemia. However, older adult subjects may also manifest
elevated levels of VLDL with decreased concentrations of both LDL and HDL (2).

MixeEp HYPERTRIGLYCERIDEMIA

Inthese disorders, the pathophysiologic mechanisms are not well defined. The
clinical presentations depend on the degree of lipemia. Most patients manifest
abdominal pain and pancreatitis, as well as eruptive xanthomas and lipemia
retinalis. In some patients, associations with insulin resistance, hypertension,
hyperuricemia, and obesity have been described (2). The laboratory diagnosis is
characterized by elevated levels of VLDL, representing endogenously generated
lipids, and by chylomicrons, representing exogenously acquired lipids. The
degree of lipemia is variable but is clearly exacerbated by alcohol intake, admin-
istration of estrogens, uncontrolled diabetes, and obesity (2).

FAMILIAL DYSBETALIPOPROTEINEMIA

Familial dysbetalipoproteinemia (FD) is an autosomal recessive disorder that
manifests with specific clinical findings such as tuberous xanthomas on the
extensor surfaces of the elbow and knee and xanthomas of the palmar creases
exhibiting an orange hue. The mechanism of disease involves apo E, a ligand for
the removal of triglyceride-rich lipoproteins from the circulation. In FD, patients
are homozygous for the expression of apo E2, which has a lower affinity for the
LDL receptor than other apo E proteins. Consequently, VLDL and chylomicron
remnants are not readily cleared and therefore accumulate in the circulation (2).

Primary Disorders of LDL Metabolism
FamiLiaAL HYPERCHOLESTEROLEMIA

Familial hypercholesterolemia (FH) is a common disorder occurring in 1 in
every 500 people in the United States (2). The clinical manifestations include
tendinous xanthomatosis most commonly involving the Achilles, the patellar,



Chapter 8 / Dyslipidemia 169

and the extensor tendons of the hands. Subjects may also have xanthelasma,
arcus corneae, and premature coronary artery disease. The defect in FH involves
the LDL receptor. A variety of mutations can occur that lead to the absence of or
a functional defect in the LDL receptor. In some subjects, the synthesis of the
LDL receptor is defective. In others, the transport of the receptor to the cell
surface is inhibited, whereas in still others, the LDL receptor is on the cell surface
but does not bind or internalize LDL lipoproteins. Typically, the serum choles-
terol level ranges from 260 to 400mg/dL (2).

FaMiLIAL DEFECTIVE Aro B-100

This disorder is autosomal dominant. Its clinical manifestations are similar to
those of FH and include tendon xanthomas and premature coronary artery dis-
ease. In this disease, the LDL receptor is normal. However, apo B-100, the ligand
for the LDL receptor, is dysfunctional. Consequently, LDL is not cleared readily
from the circulation, resulting in elevated LDL cholesterol levels (2).

Lp(a) HYPERLIPOPROTEINEMIA

As previously described, Lp(a) is an LDL molecule in which the apo B protein
is bound to apolipoprotein (a). Increased amounts of Lp(a) have been associated
with coronary artery disease and unstable angina. Plasma levels of Lp(a) greater
than 30 mg/dL are predictive of an increased risk for premature coronary artery
disease (6).

SMaLL, DENSE LDL PHENOTYPE

LDL cholesterol can be classified into phenotype A and phenotype B based on
its size, density, and composition. LDL phenotype A molecules are larger, fluffy,
and therefore less dense than phenotype B molecules. The phenotype B is associ-
ated with a greater risk of coronary artery disease. The amount of LDL phenotype
B in the circulation seems to be determined by both genetic and environmental
factors (7) such as diets rich in saturated fats and cholesterol.

PHYTOSTEROLEMIA ([3-SITOSTEROLEMIA)

In this disorder, patients readily absorb phytosterols and cholesterol in abnor-
mally large concentrations from the intestine, causing cholesterol levels as high
as 700 mg/dL, with a predominance of LDL. Tendinous and tuberous xanthomas,
premature coronary artery disease, polyarthritis, and a leukocytoclastic vasculi-
tis are the most common manifestations of this disorder (2).

CEREBROTENDINOUS XANTHOMATOSIS

The synthesis of bile acids is defective in this disorder, which results in increased
cholesterol levels and consequent accumulation of cholesterol in peripheral tis-
sues. Progressive neurologic dysfunction resulting in dementia, spasticity, and
ataxia typically ensue by the fifth decade, as well as premature coronary artery
disease, cataracts, and tendinous xanthomas (2).
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ABETALIPOPROTEINEMIA

Homozygotes for this disorder have essentially no apo B present in the serum
secondary to a mutation in the synthesis or secretion of the apoprotein. Conse-
quently, HDL is the only measurable cholesterol in circulation, and total choles-
terol levels are typically less than 90 mg/dL. This severe deficiency in VLDL,
LDL, and chylomicrons results in acanthocytic red blood cells, retinal degenera-
tion, malabsorption of fat-soluble vitamins, and progressive neurologic degen-
eration, which is usually present by late childhood (2).

Primary Disorders of HDL Metabolism
TANGIER DISEASE

This disorder of HDL metabolism is autosomal recessive and very rare.
Patients have a very low HDL level, elevated triglycerides, and low LDL levels.
Clinically, the disorder is detected in childhood or early adulthood during a
routine physical exam or during assessment of a sore throat because of the typical
large orange tonsils. These patients also manifest a peripheral neuropathy,
hepatosplenomegaly and premature coronary artery disease (8).

FamiLiaL HDL DEFICIENCY

This disorder is autosomal dominant and manifests as a serum HDL below the
50th percentile for age and gender. There are none of the systemic manifestations
associated with Tangier disease (§), except premature coronary artery disease.

SECONDARY CAUSES OF DYSLIPIDEMIA

The presence of dyslipidemia must be documented on more than one occasion
and after a 10—12 h overnight fast in order to pursue further evaluation. Before
considering a definitive therapy with antihyperlipidemic agents, secondary
causes must be excluded (Table 3). Treatment with antihyperlipidemic drugs
without correction of secondary causes is likely to be less than successful. The
vast majority of secondary causes can be excluded with a detailed medical his-
tory, a thorough physical exam, and routine laboratory tests. A history of high
saturated fat intake, alcohol binging, persistent abdominal pain, polyuria, noc-
turia, use of certain drugs, i.e., B-blockers or diuretics, the presence of various
xanthomata, edema, jaundice, and obesity on examination; simple laboratory
tests such as fasting glucose, creatinine, liver profile, thyroid-stimulating hor-
mone, urine dipstick for protein, and bilirubin help to identify the most common
secondary causes of abnormal lipid metabolism.

Diabetes Mellitus

The increased frequency of premature coronary events in subjects with diabe-
tes is widely recognized. Although this accelerated rate of atherosclerosis is not
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Table 3
Secondary Causes of Dyslipidemia

Diabetes mellitus
Hypothyroidism

Nephrotic syndrome

Chronic renal failure

Obstructive Liver Disease
Chronic use of certain medications (see in text for details)
Obesity

Diet rich in saturated fats
Syndrome X

Alcohol

Acute pancreatitis

Renal dialysis and transplantation
Dysgammaglobulinemia
Glycogen storage disorders
Porphyria

well understood, derangements in serum lipoproteins certainly play arole. Typi-
cally, subjects with both type 1 and type 2 diabetes manifest hypertriglyceridemia
and low HDL levels. This metabolic abnormality occurs with hyperglycemia and
seems to improve and sometimes normalize when euglycemia is attained and
maintained. Moreover, abnormalities of LDL metabolism are also frequently
noted in subjects with type 2 diabetes (9).

The mechanism of hypertriglyceridemia in diabetes appears to involve
enhanced synthesis of triglycerides from abundantly present circulating free
fatty acids because of unrestricted lipolysis owing to lack of insulin in type 1
diabetes and to insulin resistance in type 2 diabetes. Furthermore, decreased
activity of insulin-dependent hormone-sensitive LPL leads to decreased metabo-
lism and clearance of VLDL, a triglyceride-rich lipoprotein. The LDL choles-
terol in type 2 diabetes is more commonly phenotype B, and is therefore,
associated with a greater risk of atherosclerosis. Finally, the low HDL concen-
tration occurs because of several metabolic derangements. Inhibition in the con-
version of VLDL in the metabolic cascade may be one mechanism. Alternatively,
HDL in diabetes contains more triglyceride at its core, with formation of a larger
molecule causing interference in the accurate measurement of HDL. Addition-
ally, triglyceride-enriched HDL is prone to hepatic lipase activity, with produc-
tion of smaller HDL particles that are more readily cleared from the circulation
(9), causing the decline in its concentration.
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Hypothyroidism

In patients with hypothyroidism, the lipoprotein abnormality most commonly
seenis anelevated LDL level, although elevated levels of triglycerides and Lp(a)
have also been reported (/0). The mechanism of the lipid derangement is attrib-
uted to the decrease in the excretion of cholesterol through the biliary tree and the
inhibition in the activity of hepatic lipase. With thyroid replacement therapy, the
elevation in various lipids usually resolves unless other contributing factors such
as diabetes or primary lipid disorders coexist (2).

Nephrotic Syndrome

Lipoprotein abnormalities in nephrotic syndrome consist of an elevation in
both LDL and Lp(a) levels. The HDL cholesterol in nephrotic syndrome has a
greater subfraction of HDL3, which is less antiatherogenic than HDL2. The
mechanism of these abnormalities is not well defined. Increased hepatic synthe-
sis of apo B-containing lipoproteins, a decrease in LPL activity, and decreased
LDL receptor-mediated clearance of LDL (//) have been implicated.

Chronic Renal Failure

Chronic renal failure (CRF) lipoprotein abnormalities are characterized by
hypertriglyceridemia and a reduced HDL. The LDL particles in CRF tend to be
of the phenotype B variety and therefore are more atherogenic. Atherogenicity
is further enhanced by elevated Lp(a) levels. Decreased activity of both LPL and
hepatic lipase are presumed to induce decreased clearance of triglyceride-rich
lipoproteins. Unfortunately, these abnormalities do not resolve with the institu-
tion of dialysis or transplantation (//).

Obstructive Liver Disease

Primary biliary cirrhosis and other cholestatic liver disorders are associated
with abnormalities in lipid metabolism. Classically, elevated LDL and decreased
HDL levels are noted in the advanced stages of the disease (/2), with cholesterol
deposition manifesting as planar xanthomas and possibly also as peripheral
neuropathies (2).

Drugs

Many patients with hyperlipidemia frequently suffer from other comorbid
disorders and therefore receive complicated regimens of medications. Several of
these medications contribute to lipid abnormalities. The most frequently impli-
cated drugs are diuretics, B-blockers, sex steroids, glucocorticoids, cyclosporine,
retinoids, and antiretrovirals.

Hydrochlorothiazide and chorthalidone have both been shown to induce
adverse effects on lipid profiles, causing increases in both the LDL and triglyc-



Chapter 8 / Dyslipidemia 173

eride levels. fblockers raise the triglycerides and also appear to lower the HDL
level. The steroid hormones have variable effects on lipid metabolism. Anabolic
androgens decrease the HDL and increase the LDL levels, but physiologic
replacement of testosterone, administered topically as a patch or gel, does not
appear to have a significant effect on lipids. Unopposed estrogen therapy, espe-
cially in the supraphysiologic doses associated with oral contraceptives, may
cause a significant elevation in triglycerides in women susceptible to or demon-
strating underlying lipid abnormalities, whereas the selective estrogen receptor
modulator raloxifene decreases LDL and increases triglyceride levels. Cyclo-
sporine administration used in subjects with transplants is also associated with
variable forms of dyslipidemia, with raised LDL and triglycerides being the most
frequent. Oral retinoids are documented to raise triglyceride and LDL levels and
lower HDL levels (13). Most recently, the antiretrovirals have been recognized
to cause both hypertriglyceridemia and hypercholesterolemia (/4). Finally,
although these drug-induced dyslipidemias are well documented, the exact
mechanisms remain to be elucidated.

DIAGNOSIS

Clinical Features

Most patients with lipid abnormalities do not present with clinical manifesta-
tions. However, the presence of certain clinical manifestations prompt evalua-
tion of serum lipids in an individual patient. Xanthelasma, tendinous xanthomas,
palmar xanthomas, orange tonsils, lipemia retinalis, and arcus corneae may
indicate a specific lipid disorder. Recurrent abdominal pain may also indicate the
presence of markedly elevated triglyceride levels.

SCREENING

The National Cholesterol Education Panel (NCEP) recently published its
updated guidelines on the detection, evaluation, and treatment of hyperlipidemia
(15). These guidelines recommend the determination of a complete lipid profile,
including total cholesterol, HDL, LDL, and triglyceride levels after an overnight
10-12 h fast, in all adults 20 yr of age or older at intervals of 5 yr. As an alter-
native, a serum total cholesterol and HDL level may be determined in nonfasting
patients. However, if a total cholesterol level of more than 200 mg/dL or an HDL
level of less than 40 mg/dL is noted in a nonfasting state, a full lipid profile must
be obtained in order to design management strategies. The NCEP recommends
that the risk factors for coronary artery disease be evaluated and used with the
LDL level to determine the intensity of treatment. The highest risk category
encompasses subjects with known coronary artery disease or those with coronary
artery disease risk equivalents such as diabetes, current cigarette smoking,
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Table 4
Risk Factors for Coronary Artery Disease (Leading to Screening for Dyslipidemia)”

Everyone at age 20 yr or older should be screened every 5 yr

Physical exam findings suggestive of abnormal lipids such as xanthelasma, xanthomas,
or arcus corneae

Diabetes or impaired glucose tolerance

Visceral obesity

Chronic use of medications that alter lipid metabolism (diuretics, 3-blockers, sex steroids,
glucocorticoids, cyclosporine, retinoids, antiretrovirals)

Cigarette smoking

Hypertension (blood pressure > 140/90 mmHg or on antihypertensive agents)

Previous history of low HDL (< 40 mg/dL)

Family history of premature coronary artery disease (male first-degree relative younger
than 55 yr and female first-degree relative younger than 65 yr)

Age: (men 45yr old or more and women 55 yr old or more)

HDL, high-density lipoprotein.
“The screening test of choice would be a fasting lipid profile obtained after a 1012 h fast.

hypertension, low HDL, a family history of premature coronary artery disease, age,
and gender (Table 4). Moreover, the 10-yr risk of coronary artery disease may be
examined by the Framingham risk assessment criteria described in the new NCEP
guidelines (15). A subject with two major risk factors and a 10-yr risk of 20% or
higher belongs to the highest risk category and should receive the most intensive
therapeutic regimen, with a target LDL of less than 100 mg/dL (/5). The inter-
mediate-risk category includes subjects with at least two major risk factors for
coronary artery disease but with a 10-yr risk of less than 20% based on risk
stratification (/5). The recommended therapeutic goals for this population are
somewhat less stringent with an LDL target of less than 130 mg/dL. Finally, the
lowest risk category has less than two major risk factors for coronary artery
disease and the desirable LDL concentration of less than 160 mg/dL.

MANAGEMENT OF DYSLIPIDEMIA

Rationale

Without a doubt, coronary artery disease is associated with significant mor-
bidity and mortality. Therefore, researchers have spent tremendous amounts of
time and resources in arriving at interventions to prevent or delay the onset and
retard the progression of this disease. Most of these research efforts have been
directed toward lowering LDL levels, since elevated LDL concentrations have
been clearly linked to coronary artery disease.

Prior to the introduction of statins or HMG CoA-reductase inhibitors, three
major clinical trials attempting primary prevention of coronary artery disease
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through the use of other LDL-lowering medications were conducted. The World
Health Organization (WHO) Cooperative Trial, using clofibrate to reduce serum
cholesterol levels (16), documented a 20% reduction in first major coronary
events and a 25% reduction in nonfatal myocardial infarctions. However, the all-
cause mortality rate was significantly higher in the clofibrate-treated group,
raising concerns regarding safety. Another trial, the Lipid Research Clinics
Coronary Primary Prevention Trial, demonstrated the efficacy of cholestyramine
in reducing the number of coronary artery disease deaths (—24%) and the number
of nonfatal myocardial infarctions (—-19%), with no significant rise in the all-
cause mortality (/7). In the later Helsinki Heart Study in 1987 (18), gemfibrozil
was shown to be efficacious in the primary prevention of coronary artery disease,
with a decline in events of 34%. However, once again, the overall mortality in
the treatment group remained the same as that in the control group.

With the advent of the statins, several primary and secondary prevention trials
followed and are being continued. The West of Scotland Coronary Prevention
Study Group (WOSCOPS) clearly demonstrated the efficacy of pravastatin in
decreasing the risk of a fatal coronary events by 31% and the all-cause death rate
by 22% (19) in men without known coronary artery disease. In another primary
prevention trial, the Air Force/Texas Coronary Atherosclerosis Prevention Study
(AFCAPS/TexCAPS) (20), lowering cholesterol concentrations with lovastatin
decreased the relative risk of first major coronary events, myocardial infarctions,
episodes of unstable angina, and coronary revascularization procedures in both
men and women with mildly elevated serum total and LDL cholesterol levels.

The secondary prevention trials with the statins have been equally compelling.
The Scandinavian Simvastatin Survival Study (4S) demonstrated a relative risk
reduction in nonfatal coronary events, fatal coronary events, and all-cause mor-
tality (2/). The Cholesterol and Recurrent Events (CARE) study specifically
examined subjects with known coronary artery disease and average lipid levels
(22). This study demonstrated that the administration of pravastatin induced a
24% risk reduction for nonfatal and fatal coronary events in subjects with a total
cholesterol of less than 240 mg/dL with a mean LDL-C of 139 mg/dL. More
recently, the Long-Term Intervention with Pravastatin in Ischemic Disease
(LIPID) study group has shown a reduction in mortality from both coronary heart
disease (24%) and all causes (22%) in subjects with known coronary artery
disease (23). Most recently, the Myocardial Ischemia Reduction with Aggres-
sive Cholesterol Lowering (MIRACL) study demonstrated that high-dose
atorvastatin, initiated within several hours of an acute coronary syndrome, signifi-
cantly reduced the risk of death, nonfatal myocardial infarction, cardiac arrest,
and worsening angina as well as the incidence of both fatal and nonfatal strokes
(24). Thus, in the final analysis, treatment with lipid-lowering agents clearly and
unquestionably appears to improve both primary and secondary prevention of
coronary artery disease in subjects with hyperlipidemia.
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Table 5
Low-Density Lipoprotein (LDL) Cholesterol Goals

LDL goal LDL requiring
Risk category  (mgldL)  dietary therapy LDL requiring drug therapy

Highest risk— <100 =100 =130; may consider at 100-129
coronary
artery
disease or
equivalents

Intermediate <130 =130 =130 for a 10-yr risk of 10-20%
risk—two =160 for a 10-yr risk of <10%
risk factors
and 10-yr
risk <20%

Lowest risk— <160 =160 =190, may consider at 160189
none to
one risk
factors

Data from ref. /5.

Guidelines for the Treatment of Dyslipidemia

With the recent knowledge regarding the efficacy of therapy with statins, the
new NCEP recommendations evolved (Table 5). In the highest risk category, the
NCEP recommends that both lifestyle modifications and drug therapy be initi-
ated at diagnosis if the baseline LDL-C exceeds130 mg/dL. However, LDL-C
levels between 100 and 129 mg/dL may necessitate either intensification of
lifestyle modification and/or initiation of drug therapy at the discretion of the
provider. Subjects in the intermediate-risk category are divided into two further
subgroups, one with the 10-yr risk of 10-20% and the other with a 10-yr risk of
less than 10% according to the Framingham risk stratification criteria. In the first
subgroup, the NCEP recommends lifestyle modification for the initial 3 mo and
later adjunctive drug therapy if the LDL-C level remains above 130 mg/dL. In
the other subgroup, lifestyle changes should be instituted with a later addition of
drug therapy if LDL-C of less than 160 mg/dL is not attained. However, many
providers consider this goal less than adequate and use drugs to lower LDL below
130 mg/dL. Finally, the same recommendations were suggested by the NCEP for
subjects in the low-risk category. Nevertheless, for most health care providers
the LDL goal remains at less than 130 mg/dL in this group as well (Table 6). In
addition, the decision to initiate drug therapy at diagnosis may be based on the
presence of a single severe risk factor, multiple life-habit risk factors, or a 10-yr
risk approaching 10%. Finally, if the LDL-C is greater than 190 mg/dL, drug
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Table 6
Absolute Risk (%) of Developing Coronary Artery Disease
over 10 Years Based on Risk Factors

Absolute risk (%)

Risk factor with LDL of 130 mg/dL

Age 50 yr in men 6%

Hypertension: BP145/95 mmHg or on 10%
antihypertensive medications

Smoking 20%

Data from ref. /5.

treatment may be initiated with simultaneous emphasis on lifestyle modifica-
tions (15).

Management Options

The tools that are available for disorders of lipid metabolism include therapeu-
tic lifestyle changes and drugs. Weight loss, increased physical activity, and
attention to diet form the first-line options (Table 7). The Mediterranean diet has
been distinctly effective in achieving improvements in lipid profiles. However,
itmay not be appropriate for all ethnic populations to incorporate this diet because
of differing cultural eating habits. Unfortunately, lifestyle changes are inherently
difficult to maintain, and therefore patients frequently fail to attain the lipid
goals, necessitating pharmacologic interventions. The appropriate choice of
drugs should be focused on the type of the predominantly elevated lipid, namely,
elevation of triglycerides, LDL, or both as well as the level of HDL-C.

For the lowering of total and LDL cholesterol levels, the most common agents
presently used are the statins. These drugs are competitive inhibitors of HMG
CoA reductase because they are similar in structure to HMG-CoA. Their inhibi-
tory activity leads to the upregulation of LDL receptors and a decrease in release
of LDL into the circulation. All statins primarily lower LDL-C, with variable
reductions in triglycerides and increases in HDL. The most cost-effective of
these appears to be atorvastatin (25). The most common side effects are gas-
trointestinal upset, myalgias, and hepatic dysfunction. Rare side effects described
are insomnia, vivid dreams, neuropathies, and rashes. The myositis, rhabdo-
myolysis, and hepatic dysfunction seem to occur more frequently in subjects
simultaneously receiving other drugs metabolized by the cytochrome P450 sys-
tem because of the occurrence of undesirable circulating levels of statins. There-
fore, transaminases must be checked within the first 12 wk of treatment and
periodically thereafter to avoid hepatotoxicity. The combination of any statin
with niacin or fibrates has been reported to cause a myositis and rhabdomyolysis
with a significant prevalence in the elderly with impaired renal function (26).
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Table 7

Dietary Modifications for Cholesterol-Lowering
Component Modification
Total calories Enough to maintain or lose desired weight
Protein 15% of total calories
Carbohydrate 50-60% of total calories
Total fat 25-35% of total calories
Saturated fat <7% of total calories

Polyunsaturated fat ~ Up to 10% of total calories
Monounsaturated fat  Up to 20% of total calories
Fiber 20-30 g

Cholesterol <200 mg/d

The resins such as cholestyramine and colestipol bind bile acids in the intes-
tine, inducing interruption of their circulation to the liver via the portal vein and
therefore enhancing excretion. This process promotes greater synthesis of bile
acids by the liver using circulating cholesterol. However, the resins also promote
VLDL synthesis by the liver and may cause a worsening of hypertriglyceridemia.
The most common side effects of the resins include abdominal bloating, borbo-
rygmi, and constipation. In addition, these drugs tend to bind to other compounds
besides bile acids and to inhibit their absorption. Therefore, they should not be
administered with other medications (26). Finally, resins also inhibit the absorp-
tion of fat because of the unavailability of bile acids and may induce a deficiency
of fat-soluble vitamins in the long term.

Niacin, the oldest of the lipid-lowering agents, is documented to have various
effects on lipid metabolism. Mobilization of free fatty acids from peripheral
tissues is inhibited by niacin, resulting in decreased synthesis of VLDL and
therefore reduction in circulating triglycerides. Niacin also lowers Lp(a) levels,
transforms phenotype B LDL to less atherogenic LDL, and increases serum HDL
levels. Thus, niacin is the only agent that influences lipid metabolism toward a
healthy outcome. However, few subjects tolerate niacin because of the frequent
occurrence of side effects, the most frequent being cutaneous flushing. This side
effect can be alleviated in some patients with administration of aspirin 1/2 h after
each meal followed by a dose of niacin. Liver enzymes rise frequently with niacin
administration. However, this does not pose a hazard and does not necessitate
withdrawal unless these enzymes continue to rise instead of reaching a plateau.
Hepatic dysfunction is more common with niacin at doses greater than 2 g com-
pared with the statins. Unfortunately, the effective dose of niacin is usually 3—
6 g/d. In addition, niacin may induce impaired glucose tolerance in susceptible
populations and may worsen hyperglycemia in subjects with diabetes. More-
over, it may also raise uric acid levels with precipitation of gout in susceptible
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subjects. Another common side effect of niacin is gastrointestinal disturbances.
Flushing is more common with short-acting preparations whereas gastrointesti-
nal problems occur frequently with the sustained-release compound. Typically,
niacin is used in combination with a statin or a resin (26).

The fibrates, such as clofibrate, gemfibrozil, and fenofibrate, form the main-
stay of therapy for lowering triglyceride levels. They facilitate the oxidation of
free fatty acids by the liver and muscle, resulting in a decrease in release of VLDL
into the circulation. They also tend to increase both LDL. and HDL if the baseline
concentrations are especially low. However, in the presence of both elevated
triglyceride and LDL levels, the fibrates may lower the LDL. The most common
side effects include gastrointestinal upset, increase in gallstone formation, and
increased serum transaminases. Clofibrate can cause erectile dysfunction and the
syndrome of inappropriate diuretic hormone (SIADH) and is rarely used at present
because of the availability of safer, newer compunds. Finally, all the fibrates can
cause myositis and rhabdomyolysis when used in patients with impaired renal
function, especially when administered in combination with statins (26).

Unfortunately, some subjects will not be able to tolerate the traditional lipid-
lowering agents. Other therapies such as fiber in the form of oat bran or psyllium
powder, orlistat, neomycin, and dextrothyroxine have been shown to be some-
what efficacious. In the past, intestinal bypass surgery had been used, but it led
to significant morbidity. In children with a deficiency of the LDL receptor, a liver
transplant has proved to be an effective therapy.

REFERENCES

1. Ginsberg, Henry N. Lipoprotein physiology. Endocrinol Metab Clin N Am 1998;27:503-520.
2. Malloy M, Kane J. Disorders of lipoprotein metabolism. In: Greenspan and Gardner, eds.
Basic and Clinical Endocrinology, 6th ed., McGraw-Hill, New York, 2001, pp. 716-744.
3. Brown G, Stewart BF, Zhao XQ, Hinger LA, Poulin D, Albers JJ. What benefit can be derived
from treating normocholesterolemic patients with coronary artery disease? Am J Cardiol
1995;76:93C-97C.
4. Frederickson D. An international classification of hyperlipidemias and hyperproteinemias.
Ann Int Med 1971;75:471.
5. Williams RR, Hopkins PN, Hunt SC, et al. Population based frequency of dyslipidemia syn-
dromes in coronary-prone families in Utah. Arch Int Med 1990;150:582-588.
6. Stein J, Rosenson R. Lipoprotein Lp(a) excess and coronary heart disease. Arch Int Med
1997;157:1170-1176.
7. Slyper A. Low-density lipoprotein density and atherosclerosis. JAMA 1994;272:305-308.
8. Davignon J, Genest J Jr. Genetics of lipoprotein disorders. Endrocrinol Metab Clin N Am
1998;27:521-550.
9. Goldberg I. Diabetic dyslipidemia: causes and consequences. J Clin Endocrinol Metab
2001;86:965-971.
10. PucciE, Chiovato L, Pinchera A. Thyroid and lipid metabolism. Int J Obes 2000;24:s109-s112.
11. Mujamdar A, Wheeler D. Lipid abnormalities in renal disease. ] Roy Soc Med 2000;93:178-182.
12. CrippinlJ, Lindor KD, JorgensenR, et al. Hypercholesterolemia and atherosclerosis in primary
biliary cirrhosis: what is the risk? Hepatology 1992;15:858-862.



180 Putz and Kabadi

13. Donahoo W, KosmiskiL, Eckel R. Drugs causing dyslipoproteinemia. Endocrinol Metab Clin
N Am 1998;27:677-698.

14. Manfredi R, Chiodo F. Disorders of lipid metabolism in patients with HIV disease treated with
antiretroviral agents. J Infect 2001; 42:181-188.

15. Expert Panel. Executive summary of the third report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesteol in
Adults. JAMA 2001;285:2486-2497.

16. Report of Committee of Prinicipal Investigators. WHO cooperative trial on primary preven-
tion of ischaemic heart disease using clofibrate to lower serum cholesterol: mortality follow-
up. Lancet 1980;2:379-385.

17. Lipid Research Clinics Program. The lipid research clinics coronary primary prevention trial
results. JAMA 1984;251:351-364.

18. Frick M, Elo O, Haapa K, et al. Helsinki heart study: primary prevention tiral with gemfibrozil
in middle-aged men with dyslipidemia. N Engl J Med 1987;317:1237-1245.

19. Sheperd J, Cobbe SM, Ford I, et al. Prevention of coronary heart disease with pravastatin in
men with hypercholesterolemia. N Engl J Med 1995;333:1301-1307.

20. Downs J, Clearfield M, Wies S, et al. Primary prevention of acute coronary events with
lovastatin in men and women with average cholesterol levels. Results of AFCAPS/TexCAPS.
Air Force/Texas Coronary Atherosclerosis Prevention Study. JAMA 1998;279:1615-1622.

21. Scandinavian Simvastatin Survival Study Group. Randomised trial of cholesterol lowering in
4444 patients with coronary heart disease: the Scandinavian Simvastatin Survival Study (4S).
Lancet 1994;344:1383-1389.

22. Sacks F, Pfeffer MA, Moye LA, et al. The effect of pravastatin on coronary events after myo-
cardial infarction in patients with average cholesterol levels. N Engl J Med 1996;335:1001—
1009.

23. The Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID) Study Group.
Prevention of cardiovascular events and death with pravastatin in patients with coronary heart
disease and a broad range of initial cholesterol levels. N Engl J Med 1998;339:1349-1357.

24. Schwartz GG, Olsson AG, Ezekowitz MD, et al. Effects of atorvastatin on early recurrent
ischemic events in acute coronary syndromes. JAMA 2001;285:1711-1718.

25. Jones P, Kafonek S, Laapora I, Hunninghake D, et al. Comparative dose efficacy study of
atorvastatin versus simvastatin, pravastatin, lovastatin, and fluvastatin in patients with hyper-
cholesterolemia. Am J Cardiol 1998;81:582—-587.

26. Knopp R. Drug treatment of lipid disorders. N Engl J Med 1999;341:498-511.



9 Polycystic Ovarian Syndrome

Anuja Dokras, MpD, PhD,
and William I. Sivitz, MD

CONTENTS

INTRODUCTION
PATHOPHYSIOLOGY
DiagNosIs
TREATMENT
SUMMARY
REFERENCES

INTRODUCTION

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder
in women of reproductive age. The clinical presentation commonly includes
infertility, irregular menses, obesity, and hirsutism, and hence women may ini-
tially present to the gynecologist or reproductive endocrinologist. However,
women with PCOS are also at an increased risk for a number of medical problems
including diabetes, hypertension, coronary artery disease, and endometrial can-
cer and may first present to an internist, medical endocrinologist, gynecologic
oncologist, or cardiologist. Thus, PCOS is a multifaceted endocrine and meta-
bolic disorder, which needs early recognition and treatment to prevent long-term
complications. In this chapter we present current views on diagnosis and therapy.

PCOS affects 5-10% of premenopausal women (/). It is characterized by
chronic anovulation and hyperandrogenism soon after puberty. Drs. Stein and
Leventhal first described PCOS in 1935 in seven women with amenorrhea, hir-
sutism, and enlarged polycystic ovaries (2). These ovaries are classically asso-
ciated with multiple 2—8-mm cysts in a peripheral location, as well as a
hypervascular, androgen-secreting ovarian stroma that is typically increased in
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Table 1
Frequency of Clinical and Laboratory Features Associated
with Polycystic Ovarian Syndrome

Feature Frequency (%)
Chronic oligomenorrhea or anovulation 90
Hyperandrogenism - hirsutism, acne 70
Obesity 35-60
Polycystic ovaries on TVUS 70
Hyperinsulinemia 50-70

TVUS, transvaginal ultrasound.

volume. The clinical manifestations include hirsutism, acne, alopecia associated
with androgen excess and obesity, menstrual irregularities (amenorrhea, oligo-
menorrhea), and infertility secondary to chronic anovulation (3).

Given the variability in the clinical presentation, there is no strict definition
for this syndrome. The 1990 National Institutes of Health-National Institute of
Child Health and Development (NIH-NICHD) consensus conference stipu-
lated that clinical symptoms including chronic oligo-ovulation or anovulation
and hyperandrogenism should serve as the selection criteria for the syndrome,
and hormonal results should be used to exclude related disorders of the pituitary,
adrenals, and ovary (4). The frequency with which women exhibit these features
is shown in Table 1. Lean women may also exhibit features of PCOS and usually
have elevated luteinizing hormone levels (LH) but normal insulin levels. Another
subtype includes the HAIR-AN syndrome, characterized by hyperandrogenism,
severe insulin resistance, acanthosis nigricans, and missense mutations in the
insulin receptor (5,6).

PATHOPHYSIOLOGY

The two-cell, two-gonadotropin system needs to be reviewed in order to un-
derstand the pathophysiology of PCOS. In preantral and antral ovarian follicles,
LH receptors are present on theca cells, and LH plays a significant role in ste-
roidogenesis by regulating the entry of cholesterol into the cell and further con-
version of cholesterol to androgens (7). The conversion of progesterone and
17-hydroxyprogesterone to androstenedione is catalyzed by the enzymes 170.-
hydroxylase and 17,20 lyase. Both these steps are regulated by p450c17c and are
under the influence of factors such as amplitude of LH secretion, insulinemia,
and insulin-like growth factors (IGFs) (Fig. 1). During the menstrual cycle,
androstenedione is used as a substrate by the granulosa cells and converted by the
enzyme aromatase to estradiol. In women with polycystic ovaries, elevated lev-
els of androgens within the theca cells inhibit aromatase activity, and androgens
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Fig. 1. Schematic depiction of factors regulating the production of androgens by the theca
cell of the ovary. The conversion of cholesterol into androstenedione and testosterone
within the theca cell is regulated by cytochrome p45017a enzymes (17o-hydroxylase
and 17,20-lyase). These are further regulated by factors such as hyperinsulinemia and
increased free insulin-like growth factor (IGF)-1. Elevated androgens within the theca
cell inhibit the actions of aromatase and hence formation of estrogens in the granulosa
cell. GnRH, gonadotropin-releasing hormone; IGFBP1, IGF binding protein 1; LH,
luteinizing hormone.

are converted to their Sa metabolites (8). Hence, the follicles are unable to
change their microenvironment from androgen dominance to estrogen domi-
nance. Although new follicular growth is continuously stimulated in the ovary
in response to normal follicle-stimulating hormone (FSH) concentrations, the
follicles fail to achieve complete maturation, contributing to the polycystic
appearance. The increased estrogen levels in women with PCOS can be explained
on the basis of peripheral conversion of androstenedione to estrone.

The underlying mechanisms that lead to the dysregulation of relationships
among the hypothalamus, pituitary, and the ovary (resulting in elevated intrac-
ellular and peripheral androgens) still need investigation. Recently hyper-
insulinemia and insulin resistance have been implicated as pivotal in the
pathogenesis of PCOS through a number of mechanisms (Fig. 2), including
direct action on the theca cells; increasing the amplitude of LH secreted by the
pituitary; decreasing sex hormone binding globulin (SHBG) secretion by the
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Fig. 2.The effects of hyperinsulinemia on a number of organs contribute to peripheral
hyperandrogenism. Hyperinsulinemia directly or via luteinizing hormone (LH; pituitary)
and the insulin-like growth factor (IGF) system (liver) increases ovarian androgen pro-
duction. Elevated insulin levels can increase adrenal production of dehydroan-
drostenedione (DHEA), which may be reflected as elevated DHEA sulfate levels. A
decrease in sex hormone binding globulin (SHBG) secondary to hyperinsulinemiaresults
in elevated free androgen levels. IGFBP1, IGF binding protein 1.

liver; decreasing insulin-like growth factor binding protein 1 (IGFBP-1), thereby
increasing free IGF-1; and possibly increasing dehydroandrostenedione (DHEA)
secretion from the adrenals. The theca-interstitial compartment of the ovary
contains an intact IGF system, with both ligands and receptors supporting its role
in ovarian androgen production. Both insulin and IGFs have been shown to
synergize with LH in vitro to modulate steroidogenesis and especially androgen
production (9—/2). Furthermore, insulin may also act via the IGF-1 receptor to
increase androgen production in thecal cells (/3). In many women, both the pulse
amplitude and the frequency of LH are abnormally increased, resulting in chroni-
cally increased circulating LH concentrations. This may be an insulin effect or
may reflect an increase in gonadotropin-releasing hormone (GnRH) pulsatile
secretion (/4).

To summarize, a number of aberrations develop in women with PCOS that
(alone orin combination) lead to anovulation. The characteristic polycystic ovary
develops when the state of anovulation persists for a long time.
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Polycystic Ovarian Syndrome and Insulin Resistance

The association between insulin resistance and PCOS has been well recog-
nized for almost two decades. Insulin resistance refers to an impairment of insu-
lin-stimulated glucose uptake largely in skeletal muscle and an impairment in
insulin-mediated inhibition of hepatic glucose output. In skeletal muscle and fat,
insulin initiates several intracellular signals culminating in GLUT 4-mediated
glucose uptake. Insulin also has a vasodilator effect on the normal skeletal muscle
vasculature mediated by stimulation of endothelium-derived nitric oxide (NO).
In endothelial cells in vitro, insulin-stimulated NO production shares signaling
pathways similar to those mediating glucose uptake in muscle and fat (/15-17).

The presence of insulin resistance leads to increased p-cell insulin secretion
with compensatory hyperinsulinemia. Type 2 diabetes mellitus (DM) develops
when insulin resistance is accompanied by 3-cell dysfunction (15). Although a
controlled randomized study has not been performed to determine the exact
incidence, insulin resistance is present in approximately 50-75% of women with
PCOS (18). Many women with PCOS also have insulin resistance independent
of obesity (/9). In 50% of women with PCOS, insulin resistance appears to be
related to excessive insulin-independent serine phosphorylation of the $-subunit
of the insulin receptor, which probably modulates the activity of the key regula-
tory enzyme of androgen biosynthesis, cytochrome P450c17a (20).

Hyperinsulinemia and insulin resistance are thought to play a critical role in
the pathogenesis of PCOS and are associated with a high risk for type 2 DM,
hypertension, hyperlipidemia, and atherogenesis (Fig. 3). Obese, premenopausal
women with PCOS have a 31% incidence of impaired glucose tolerance, and
7.5% develop overt diabetes (6,21 ). Hypertension is uncommon in young women
with PCOS, but its prevalence increases to 40% in the perimenopausal period
(22). Although hypertension is common in patients with insulin resistance, it is
unclear whether this is secondary to direct sympathetic activation by insulin or
to insulin resistance to insulin-mediated vasodilation (23). Approximately 50—
60% of women with PCOS have android obesity, with increased waist-hip ratio
and an associated abnormal lipid profile—high triglyceride and low-density
lipoprotein (LDL) cholesterol and low high-density lipoprotein (HDL) and
apolipoprotein A-I levels (24). Also, impaired fibrinolytic activity reflected by
increased plasminogen activator inhibitor-1 (PAI-1) levels have been found in
women with PCOS (25,26).

Hence women with PCOS have a cluster of potent cardiovascular risk factors.
Hyperinsulinemia and insulin resistance are often associated with central obe-
sity, hypertension, dyslipidemia, atherosclerosis, and a predisposition to type 2
DM (Fig. 4). This constellation of features is known as the insulin resistance
syndrome or metabolic syndrome X (27). The Quebec Cardiovascular Study
demonstrated that hyperinsulinemia is an independent risk factor for develop-
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Fig. 3. Frequency of progression from hyperinsulinemia to type 2 DM in women with
polycystic ovarian syndrome (PCOS). Approximately 50-70% of women with PCOS
have hyperinsulinemia or insulin resistance, 30% have impaired glucose tolerance, and
7-10% have early-onset type 2 DM. It is not clear whether the earliest defect in the
progression from normal glucose tolerance to diabetes is insulin resistance or a subtle
defect in insulin secretion. However, insulin resistance is substantial early in the course,
and diabetes appears to develop when insulin secretion can no longer keep up with the
increased demand imparted by the resistance.

ment of coronary artery disease (28). The Insulin Resistance and Atherosclerosis
Study (IRAS) was the first large epidemiologic study to report a direct relation-
ship between insulin resistance and carotid artery thickness (an indicator of
atherosclerosis) in Hispanic and non-Hispanic white subjects (29). Several stud-
ies have estimated that women with PCOS are at an increased risk for develop-
ment of complications of coronary and cerebrovascular atherosclerosis, up to
even four- to fivefold (3/-34). Subclinical atherosclerosis has been demon-
strated by carotid ultrasonography to be prevalent in premenopausal women with
ahistory of anovulation and PCOS (30). In women undergoing coronary angiog-
raphy, women with PCOS have been observed to have more extensive coronary
artery disease (32). Therefore, it is not surprising that PCOS patients have a
sevenfold increased risk for myocardial infarction (22). It is also of interest that
hyperinsulinemia correlates significantly with a higher cardiovascular risk pro-
file in these women independent of obesity (35).

The endothelium is the target organ for a variety of cardiovascular risk factors.
Several studies have shown a correlation between endothelial dysfunction and
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Fig. 4. Potential effects of insulin resistance on known cardiovascular risk factors.

smoking, hypercholesterolemia, hypertension, poorly controlled type 1 and type
2 diabetes, and the obesity/insulin-resistant state (15,36 ). A recent study reported
a significant association between endothelial dysfunction and insulin resistance
in young first-degree relatives of patients with type 2 diabetes independent of the
traditional cardiovascular risk factors (37). One study has evaluated the effects
of PCOS on endothelial function and reported no change in endothelial function
in the conduit vessels. However, a major limitation of this study was the failure
to evaluate the resistance vasculature. Another study recently showed evidence
of endothelial dysfunction in women with PCOS (38). A recent observation that
may have important clinical implications is that metformin selectively improves
endothelium-dependent dilation by acetylcholine in patients with type 2 DM
(39). However, the potential for these drugs to ameliorate endothelial dysfunc-
tion and the elevated cardiovascular risk in women with PCOS has not been
systematically evaluated.

DIAGNOSIS

The clinical diagnosis of PCOS is usually made based on the history of oligo-
menorrhea or amenorrhea and hirsutism with or without obesity. The menstrual
abnormalities of PCOS could also present as intermittent breakthrough bleeding,
dysfunctional uterine bleeding, or menometrorrhagia. Some women may have
regular cycles after puberty and then develop oligomenorrhea associated with
weight gain. Hirsutism is excess terminal hair in a male distribution and is com-
monly noted on the upper lip, as sideburns, around the nipples, and as a linea alba
on the lower abdomen and inner thighs.
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Table 2
Recommended Laboratory Tests To Evaluate
Women with Features Suggestive of Polycystic
Ovarian Syndrome (Irregular Periods and Hirsutism)”

TSH, prolactin

Total testosterone

17-Hydroxy progesterone, DHEAS

Fasting glucose, fasting insulin

2-h GTT (if fasting glucose = 110 mg/100 mL)
Fasting lipid panel

DHEAS, dehydroandrostenedione sulfate; GTT, glucose
tolerance test; TSH, thyroid-stimulating hormone.

“Total testosterone levels are usually measured in women
with worsening hirsutism.

The current laboratory tests suggested in the evaluation of women with PCOS
are summarized in Table 2. Traditionally, the LH/follicle-stimulating hormone
(FSH) ratio was determined and found to be elevated at least twofold in about 40—
50% of these women. In addition, peripheral androgens (androstenedione, tes-
tosterone, and free testosterone) are elevated and SHBG levels reduced in many
of these patients. Of these tests, we recommend only the testosterone level, which
is useful to rule out a testosterone-producing tumor in patients with severe or
rapidly progressing hirsutism (total testosterone > 200 ng/mL).

Other endocrine disorders to be considered in the differential diagnosis include
hypothyroidism, hyperprolactinemia, adult-onset adrenal hyperplasia, and an
adrenal source of androgens. To exclude these conditions, we check thyroid-
stimulating hormone (TSH), 17-hydroxyprogesterone, and dehydroepiandro-
stenedione sulfate (DHEA-S) levels. (The sulfated form of DHEA is measured
in serum.)

Because of the strong association of diabetes with PCOS, we now recommend
a test for insulin resistance. However, the more specific and sensitive tests for
insulin resistance, such as glycemic clamp studies or the frequently sampled
intravenous glucose tolerance test (GTT), are invasive and expensive. Surrogate
tests that are used to predict insulin resistance include fasting insulin, fasting
glucose/insulin ratio, or glucose and insulin response to a 3-h GTT. A fasting
glucose/insulin ratio of less than 4.5 is used by some authors as a screening test
for insulin resistance in obese white women with PCOS and shows a good cor-
relation (r =0.73) with the insulin sensitivity index and fasting insulin level (40).
We routinely check a fasting glucose and insulin level in all women with PCOS
and when indicated obtain a 2-h GTT. Clinical findings suggestive of insulin
resistance in women with PCOS include body mass index (BMI) more than
27 kg/m?, waist to hip ratio more than 0.85, waist more than 100 cm, acanthosis
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nigricans (grey-brown velvety discoloration of the skin in the neck, groin, or
axilla or under the breasts), and numerous skin tags (41).

Ultrasound of the ovaries is not routinely obtained, as the findings are not
essential for the diagnosis. Approximately 75% of anovulatory women will have
polycystic ovaries (42), with 8—10 preantral and antral follicles less than 10 mm
in size seen along the periphery of the ovaries, which also have increased vol-
umes. In addition, 8—25% of normal women will have ultrasound features sug-
gestive of polycystic ovaries (43—45), and hence this finding alone is insufficient
to make the diagnosis in women with regular menses and no signs of
hyperandrogenism.

TREATMENT

The choice of treatment for PCOS is determined by the woman’s desire to
become pregnant. Therefore we will discuss treatment options in two categories:
(1) women not interested in fertility, and (2) women interested in fertility.

Women Not Interested in Fertility

The medical treatment for menstrual regulation and hirsutism is summarized
in Table 3.

MENSTRUAL REGULATION

The lack of menstrual regularity predisposes women with PCOS to a threefold
risk of endometrial cancer (46). Data from the Cancer and Steroid Hormone
study found a fivefold increased risk of endometrial cancer in women with PCOS
[Oddsratio (OR)5.4;95% confidence interval (CI) 2.4—12.3] (47). This increased
risk is attributed to prolonged periods of unopposed estrogens, resulting in mito-
genic stimulation of the endometrium. Peripheral aromatization into estrone and
low circulating SHBG levels, resulting in increased free estradiol concentra-
tions, further contributes to the chronic estrogen action on the endometrium.
Fortunately, most cases of endometrial cancer are detected at an early stage with
well-differentiated histology and good prognosis (48). Nonetheless, women with
PCOS who are not interested in fertility should be treated with oral contraceptive
pills (OCPs) or a 14-d course of cyclic progestin each month to induce regular
withdrawal bleed and prevent endometrial hyperplasia (49).

A newer alternative is metformin, which is a dimethyl biguanide and an
antihyperglycemic agent. It has been in clinical use since 1957 but was only
recently approved by the Food and Drug Administration for the treatment of type
2 DM. Metformin decreases hepatic gluconeogenesis, increases peripheral glu-
cose uptake, and decreases free fatty acid oxidation (50,57). The first study
describing its use in women with PCOS showed a 29% decrease in total testoster-
one, 39% decrease in free testosterone, 50% increase in SHBG, and menstrual
regulation with evidence of ovulation (52).



Table 3
Drugs Used for Menstrual Regulation and Hirsutism in PCOS
Drug Indication Dose Adverse effects Efficacy”
Oral contraceptives Menstrual regulation Low-dose, third-generation Weight gain, nausea, vomiting, +++
OCPs gallbladder disease,
migraine
Hirsutism +/++
Progestins (medroxy- Menstrual regulation 10 mg qd x 12—14 d each month  Bloating, depression +++
progesterone
acetate)

Glucophage Menstrual regulation 500 mg tid Abdominal discomfort, nausea, ++

diarrhea
Hirsutism +/—

Spironolactone Hirsutism 50-200 mg qd Hyperkalemia, irregular ++
bleeding, light- headedness,
gynecomastia

Flutamide Hirsutism 250 mg tid Diarrhea, cystitis, rectal bleeding, ++
liver injury

Finasteride Hirsutism 1 mgqd Sexual dysfunction, breast tenderness ++

Eflornithine HCI Hirsutism Apply thin layer to face bid Redness, rash, burning, tingling ++

13.9%

OCP, oral contraceptive pill.

a—, no efficacy; +, low; ++, moderate; +++, high; +/—, unkown.
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There are few randomized studies comparing the long-term outcomes in
women treated with OCPs versus metformin. In one study, women randomized
to metformin showed a decrease in BMI, fasting glucose, and testosterone levels
compared with the ethinyl estradiol-cyproterone acetate group (53). Although an
improvement in menstrual cyclicity was noted in six of eight subjects on
metformin, the efficacy of this treatment in preventing endometrial hyperplasia
and cancer needs to be evaluated.

HirsuTism

Because the response to medical treatment is slow (owing to the long hair
growth cycle), therapy needs to be continued for 1-2 yr and combined with
mechanical methods of hair removal such as plucking, waxing, laser photo-
therapy, and electrolysis. Medical treatment of hirsutism includes ovarian sup-
pression with OCPs, progestins, or GnRH analogs or antiandrogen compounds
such as spironolactone, flutamide, and finasteride. In addition to decreasing LH-
dependent ovarian androgen production, the estrogenic component of OCPs also
acts directly on the liver to increase SHBG. Furthermore, the progestins in OCPs
can directly inhibit Sa-reductase, which converts testosterone to dihydro-
testosterone. The response to low dose OCPs is comparable to that observed with
higher doses in patients with hirsutism (54). Similarly, progestational agents
including third-generation preparations such as desogestrel, gestodene, and
norgestimate when used alone have effects similar to those of low-dose OCPs.

Spironolactone, an aldosterone antagonist and antidiuretic, is the next most
commonly used drug. It competes for androgen receptors in the hair follicle,
inhibits the enzyme Sa-reductase, and may have a direct effect on inhibiting
ovarian steroid synthesis. The recommended doses are 50-200 mg daily, but the
response to this agent is also slow (6 mo). Spironolactone can cause irregular
menses and is teratogenic; hence it is usually prescribed in combination with
OCPs, although this may not significantly improve the outcome (55).

Flutamide inhibits the androgen receptor directly but has limited use because of
the severe hepatotoxicity reported in a small number of cases (56). Finasteride
inhibits Sa-reductase activity, hence decreasing the conversion of testosterone to
dihydrotestosterone, and has fewer side effects. A prospective randomized trial
compared the efficacy of flutamide, finasteride, ketoconazole, and ethinyl-estra-
diol-cyproterone acetate over a period of 360 d. Although an improvement in a
modified Ferriman-Gallwey score was noted in all four groups, there was no
statistically significant difference between groups (57). Another randomized
prospective trial compared the efficacy of spironolactone, flutamide, and
finasteride and showed similar effectiveness at 6 mo (58).

Eflornithine hydrochloride (HCI) cream (VANIQA(r)) is a topical medication
that can irreversibly block ornithine decarboxylase (ODC), an enzyme respon-
sible for regulating hair growth. This results in a decrease in the rate of hair
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growth as well as thinning of the hair. In a 24-wk randomized clinical trial,
women using eflornithine cream showed significant improvement in a four-point
physician global assessment with minimal side effects (59). In an 8-wk follow-
up study, it was found that the benefits diminished with discontinuation of the
cream. The long-term efficacy and side effects from this drug, as well as its
concomitant use with some of the above-mentioned agents, need to be examined.

METABOLIC SYNDROME

The metabolic syndrome seen in women with PCOS is associated with hyper-
lipidemia, early-onset diabetes, and hypertension and macrovascular coronary
artery syndrome. This underscores the importance of early intervention and
treatment. Lifestyle modifications including weight loss and nutritional and
exercise counseling remain the mainstay of therapy. In a recent multicenter,
randomized, prospective trial sponsored by the NIH, intensive lifestyle modifi-
cations in individuals with impaired glucose tolerance reduced the risk of pro-
gressing to diabetes by 58%, and metformin reduced the risk of diabetes by 31%
over a follow-up period of 3 yr (60; see also Chapter 5). Similar results for lifestyle
changes were reported in the recent Finnish Diabetes Prevention Study (6/). How-
ever, it is still unclear whether and how this applies to specific populations of
women with PCOS.

The treatment of women with PCOS diagnosed with diabetes during the pre-
liminary workup is clear; however, the treatment of women who have hyper-
insulinemia or a glucose/insulin ratio less than 4.5 remains controversial. In a
randomized control trial of 29 adolescents with hyperinsulinemia and obesity,
treatment with metformin resulted in an improvement in the fasting glucose and
insulinlevels and adecrease in BMI (62 ). These authors concluded that metformin
may complement dietary and exercise counseling in selected patients with
increased risk for diabetes.

In summary, women with PCOS who are not interested in fertility should be
prescribed steroid hormones to regulate their menstrual cycles. If they present
with a prolonged duration of amenorrhea, an endometrial biopsy should be per-
formed prior to starting medical therapy. Periodic screening tests should include
blood pressure checks, fasting lipids, glucose, and insulin. If they are obese or
hyperinsulinemic, they should be aggressively counseled regarding weight loss
and the use of insulin-sensitizing agents.

Women Interested in Fertility
MEepicaL TREATMENT

Most women with PCOS ovulate intermittently and can present with infertil-
ity. However, only a subset have infertility secondary to anovulation, and most
respond to ovulation-inducing agents. The current medical treatment strategy for
PCOS patients to regulate menstruation and treat infertility includes use of an
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estrogen receptor agonist/antagonist such as clomiphene citrate. Clomiphene is
typically administered in the follicular phase of the cycle, starting on d 3-5 for
a total of 5 d. The starting dose is 50 mg/d, and this may be increased in an
incremental manner until ovulation is detected, usually by measuring the
midluteal progesterone level. Women are asked to time intercourse every other
day for 1 wk starting 5 d after the last dose of clomiphene or to use an ovulation
prediction kit. This ovulatory dose is then maintained for three to six cycles. It
has been reported that 70% of women will ovulate at the 100-mg dose (63).
Furthermore, most clomiphene-initiated conceptions will occur within the first
six cycles. The common side effects associated with clomiphene include hot
flashes, mood changes, abdominal discomfort, visual symptoms, and a multiple
pregnancy rate of 5-8%. If there is no other cause for infertility, the pregnancy
rates in this population approach that of the normal population (63). Approxi-
mately 20% of women with PCOS fail to ovulate on maximum doses of clomi-
phene (150-200 mg/d) and are then candidates for combination therapy with
metformin or gonadotropins. Also, women who fail to become pregnant after
three to six cycles of clomiphene are then treated with combination therapy.

Weight loss counseling is also important. It has been reported that weight loss
of 5—7% of body weight will improve menstrual function (64-66). In a random-
ized trial, weight loss was associated with decrease in total testosterone and
insulin levels, and four of six women had documented ovulation (67). In contrast,
none of the five women in the control group ovulated. In another study, women
with PCOS were placed on a low-calorie diet and randomized to placebo versus
metformin (65). After 6 mo, the women in the metformin arm of the study had
greater reduction of body weight (mean 9.7 kg) and abdominal fat and a decrease
in serum fasting insulin (40%), testosterone (35%), and leptin levels. In addition,
they had a significant improvement in menstrual irregularity.

Insulin sensitizers may also have arole in the treatment of infertility in PCOS.
Approximately 80% of women with PCOS will respond to clomiphene, but only
50% will become pregnant. Although several studies have examined the role of
insulin-sensitizing agents in women with PCOS (68—70), the appropriateness of
administering insulin-lowering agents to women with normal fasting insulin
remains to be validated (7/). Obese PCOS women treated with metformin have
a reduction in cytochrome P450c17a activity and a decrease in serum free tes-
tosterone (72 ). Metformin therapy for only 5 wk improves both the spontaneous
ovulatory rate (34%) and clomiphene-induced ovulatory response (90%) com-
pared with 4 and 8%, respectively, in controls (69). Laboratory data in the same
study showed an improvement in the free testosterone and SHBG levels as well
as the insulin area under the curve. A randomized controlled trial conducted over
a 6-mo period showed similar improvements in biochemical profiles of women
with PCOS administered metformin compared with placebo (n=23) (58). In the
metformin arm of the study, the authors noted an increase in menstrual frequency
in 54.8% of women, and ovulation was detected in 74% of these women.
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The use of metformin in conjunction with clomiphene will reduce the number
of patients who will require gonadotropins for ovulation induction. This has
potential benefits owing to the side effects associated with gonadotropin therapy,
which include ovarian hyperstimulation syndrome (OHSS) and multiple gesta-
tion, as well as the lower cost and decreased patient monitoring requirements.
Women who fail to ovulate with clomiphene/metformin combinations can then
be treated with low-dose gonadotropins. In areview of 14 randomized controlled
trials, it was noted that ovulation induction with FSH compared with human
menopausal gonadotropin (HMG) resulted in a lower incidence of OHSS (OR
0.2; 95% CI1 0.08-0.46) (73) but no significant improvement in pregnancy rate.
On the other hand, addition of GnRH analogs to gonadotropin therapy showed
a trend toward improved pregnancy rates, but there was a higher risk of
overstimulation (OR 3.15; 95% CI 1.48-6.7). The addition of metformin to
gonadotropin stimulation has been associated with an orderly growth of follicles
and a lower risk of hyperstimulation (74).

The use of metformin in women with PCOS undergoing in vitro fertilization
has been recently examined. Women in the metformin arm had fewer follicles (p
< 0.005) and lower estradiol levels (p < 0.05) compared with the group that did
not receive metformin (75). In addition, the number of mature oocytes and more
than 4-cell-stage embryos was higher in the metformin group, suggesting a ben-
eficial effect of metformin on follicular and oocyte development. Troglitazone,
a member of the thiazolidinedione class of drugs, is another insulin-sensitizing
agent that has been shown to have similar beneficial effects on biochemical
parameters and menstrual function. However, troglitazone has been withdrawn
for sale in the United States because of potentially fatal hepatotoxicity. The two
available thiazolidinediones (rosiglitazone and pioglitazone) may have the same
favorable effects on menstrual function as troglitazone.

SURGICAL TREATMENT

Modern surgical treatment for PCOS consists of laparoscopic ovarian “drill-
ing.” Ovarian wedge resection was the first established treatment for anovulatory
PCOS women but was abandoned because of the increased risk of postoperative
adhesions (76). As previously mentioned, some women fail to respond to ovu-
latory agents such as clomiphene and have an exaggerated response to gonadot-
ropins. Hence, there has been an ongoing effort to develop laparoscopic ovarian
drilling as a relatively less invasive alternative to wedge resection. Several
observational trials have reported an improvement in both the spontaneous ovu-
latory rate and the response to ovulation-inducing agents. A review of six ran-
domized controlled trials comparing ovarian drilling with gonadotropins failed
to show a statistically significant difference between the two treatment groups
(77). However, multiple pregnancy rates were significantly reduced in the ova-
rian drilling arm (OR 0.61; 95% CI 0.17-2.16) This treatment remains an option
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for women who fail to respond to oral ovulation-inducing agents and cannot
afford expensive treatments including gonadotropins and assisted reproductive
technologies.

OBSTETRIC COMPLICATIONS

Women with PCOS have an increased risk of miscarriages of unclear etiology
(78,79). This has led several authors to recommend (for patients achieving preg-
nancy on metformin) that the drug be continued at least through the first trimester
(80). This is based on the hypothesis that metformin will lower the miscarriage
rate by decreasing insulin and PAI-1 levels (8/) and increasing glycodelin and
IGFBP-1 (81). Women with PCOS also have an increased risk of other obstetric
complications including diabetes and risks associated with multiple gestations.
In one study (82), the multiple pregnancy rate was 9.1% in women with PCOS
compared with 1.1% in controls, and the risk of developing gestational diabetes
was 20% in women with PCOS compared with 8.9% in controls. Interestingly,
PCOS was an independent predictor of gestational diabetes. In contrast, PCOS
was not a predictor of preeclampsia, as had been reported previously (83,84).

In summary, most women with PCOS will achieve a successful pregnancy.
However, a subset of these patients may fail to respond to oral ovulation-induc-
ing agents and will hyperrespond when administered gonadotropins. Newer regi-
mens including metformin and letrozole will decrease the number of women with
PCOS that will require assisted reproductive technologies.

SUMMARY

PCOS is a heterogenous disorder with an appreciable increase in risk of dia-
betes and cardiovascular complications by the perimenopausal period. Although
the short-term benefits of insulin-sensitizing agents are now being defined, it is
crucial to determine the long-term effects of these agents on delaying or decreas-
ing the risks of developing diabetes and hypertension.
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INTRODUCTION

Acromegaly is a chronic, insidious, disfiguring disorder of adulthood caused
by excess circulating growth hormone (GH) secretion occurring after epiphyseal
closure with protean clinical manifestations affecting almost every major organ
system. GH hypersecretion stimulates increased hepatic insulin-like growth fac-
tor (IGF-1) production, and both GH and IGF-1 contribute to the clinical features
of hypersomatotrophism.

Acromegaly is rare, with a prevalence that varies from 38 to 69 cases/million
depending on the community being studied (/-3 ) and an annual incidence of 3—
4 new cases/million people. It is estimated that in the United States approxi-
mately 1000 new cases of acromegaly are diagnosed annually.

More than 95% of cases of acromegaly are caused by GH secreting pituitary
adenomas, with nonpituitary disease rarely causing the syndrome. Acromegaly
is characterized by elevated circulating GH levels, which stimulate increased
hepatic IGF-1 secretion (4), (Fig. 1) both of which contribute to the clinical and
pathologic features of hypersomatotrophism (5). GH-secreting pituitary
adenomas are usually benign and may be slowly growing (densely granulated)
or rapidly growing (sparsely granulated), pure somatotropinomas (6), or mixed
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Fig. 1. (A) Normal GH/IGF-1 feedback loop. Growth hormone (GH), insulin-like growth
factor-I (IGF-1), growth hormone-releasing hormone (GHRH), and somatostatin (SRF)
feedback loop in the control of somatic growth. A stimulatory effect of GHRH and
inhibitory effect of SRF interact to result in GH secretion from the anterior pituitary. GH
stimulates IGF-1 production from the liver. This, in turn, has a negative feedback effect
on pituitary GH secretion and a positive feedback effect on hypothalmic SRF release.
Pituitary GH secretion has a negative autoregulatory feedback effect on pituitary GH
secretion as well as a negative feedback effect on hypothalmic GHRH secretion. GH
exerts an effect on somatic growth by direct action as well as indirectly via IGF-1. (B)
GH-secreting pituitary adenoma. Development of a GH-secreting pituitary adenoma
results in unrestrained pituitary GH hypersecretion with loss of the negative feedback
regulation from peripheral GH and IGF-1. (Adapted from ref. 4.)

GH-cell and prolactin (PRL)-cell adenomas, composed of two distinct cell types,
somatotrophs expressing GH and lactotrophs expressing PRL (7,8); or
plurihormonal tumors secreting any combination of PRL, thyroid-stimulating
hormone, adrenocorticotrophic hormone, or a-subunit (9) (Table 1). GH cell
carcinomas with distant metastases are very rare (/0) and must be distinguished
from benign, rapidly growing, locally invasive somatotropinomas, which do not
metastasize. Ectopic GH-secreting tumors canrarely occur in the sphenoid sinus,
pancreas, lung, ovary, and breast or can manifest as carcinoid tumors.
Nonpituitary tumors secreting growth hormone-releasing hormone (GHRH)
cause acromegaly by stimulating GH cell hyperplasia in the pituitary gland.
Hyperplasia is difficult to distinguish from a GH cell adenoma (//), but silver
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Table 1

Causes of Acromegaly

Prevalence (%)

Excess growth hormone secretion

Pituitary
Densely or sparsely granulated GH cell adenoma 98
Mixed GH-cell PRL-cell adenoma 60
Mammosomatotroph cell adenoma 25
Plurihormonal adenoma 10

GH-cell carcinoma or metastases

Multiple endocrine neoplasia-1 (GH-cell adenoma)

McCune-Albright syndrome (rarely; adenoma)

Ectopic sphenoid or parapharyngeal sinus pituitary adenoma
Extrapituitary tumor

Pancreatic islet cell tumor <1
Excess growth hormone-releasing hormone secretion
Central <1
Hypothalamic hamartoma, choristoma, ganglioneuroma <1
Peripheral 1

Bronchial carcinoid, pancreatic islet cell tumor, small cell
lung cancer, adrenal adenoma, medullary
thyroid carcinoma, pheochromocytoma

GH, growth hormone; PRL, prolactin.
Adapted from ref. 4.

staining may reveal an intact reticulin network without a surrounding pseudo-
capsule. Excess GHRH may be eutopic (derived from a hypothalmic hamartoma)
or ectopic (from a carcinoid tumor, pancreatic cell tumor, pheochromocytoma,
adrenal adenoma, or small cell carcinoma of the lung).

Elevated circulating levels of GHRH or GH in the absence of a pituitary
adenoma, with a significant arteriovenous hormone gradient across the ectopic
tumor source, confirm a diagnosis of ectopic acromegaly. Clinical and biochemi-
cal diagnosis of ectopic acromegaly is important, as a different therapeutic
approach is employed in that the ectopic GHRH-secreting tumor is surgically
resected if possible, reversing the GH hypersecretion, and pituitary surgery is not
performed. Somatostatin analogs suppress both ectopic GHRH tumor secretion
as well as pituitary GH secretion in patients with recurrent carcinoid tumor or
nonresectable or disseminated disease.

Acromegaloidism is a condition in which the soft tissue, skin changes, and
bony features of acromegaly occur in patients in the absence of a pituitary or
extrapituitary tumor. GH and IGF-1 levels are normal in these “acromegaloid”
patients, with some evidence of insulin resistance and defective IGF-1 binding
(12) and possibly a novel growth factor (/3).



204 Bonert and Melmed

Acromegaly is also associated with a number of genetic familial syndromes
(14),including McCune-Albright syndrome (polyostotic fibrous dysplasia, café-
au-lait pigmentation, sexual precocity, hyperthyroidism, hypercortisolism,
hyperprolactinemia, acromegaly), multiple endocrine neoplasia type 1 (MEN-1;
tumors of the endocrine pancreas, parathyroid, and anterior pituitary), Carney’s
syndrome (skin and cardiac myxomas, Cushing’s syndrome, and GH-secreting
adenomas), and familial acromegaly (familial GH-secreting adenomas). The
specific chromosomal localizations of the genes associated with these syndromes
have been identified.

CLINICAL FEATURES

The characteristic clinical manifestations of acromegaly are caused by periph-
eral actions of excess GH and IGF-1 (Table 2). Presenting clinical complaints
vary, with most cases being diagnosed by chance (Tables 3 and 4). However, as
70% of GH-secreting adenomas are macroadenomas (>10 mm), (/5) the central
features of an expanding pituitary mass are common. As with all pituitary masses,
suprasellar extension results in visual field defects caused by optic chiasmal
compression; lateral cavernous sinus extension impinges on cranial nerves III,
IV, V, and VI, causing diplopia or facial pain, and inferior extension may be
associated with cerebrospinal fluid rhinorrhea and nasopharyngeal sinus inva-
sion. Central pressure effects from the expanding pituitary mass are often asso-
ciated with headache and rarely hypothalamic and frontal lobe dysfunction.

Long-standing effects of GH hypersecretion on acral and soft tissues, as well
as on several vital organ systems and metabolic function, result in the character-
istic clinical manifestations of acromegaly (Fig. 2). The slow insidious change
in appearance results in a mean delay from time of onset of symptoms to diag-
nosis of 9 yr (1,16). Acromegaly is frequently diagnosed incidentally when
patients seek care for dental, rheumatologic, or orthopedic disorders (/7). Acral
enlargement results in the physical features of acromegaly including coarsening
of facial features, bulbous nose, fleshy lips, frontal bossing, spade-like hands,
and widened feet. Mandibular overgrowth causes widening of the maxilla, with
prognathism, teeth separation, jaw malocclusion and overbite (Fig. 3). These
slowly progressive subtle physical changes can often be appreciated by serial
review of old photographs. Patients volunteer or admit to increase in shoe, ring
or hat size on direct questioning. GH excess also results in generalized viscer-
omegaly with enlargement of tongue, salivary glands, thyroid, and heart.

Arthropathy

Mono- or polyarticular arthropathy with joint swelling, hypermobility, and
cartilaginous thickening (/&) is common in acromegaly, affecting 70% of
patients, up to half of whom are impaired in the performance of daily activities
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Table 2
Clinical Features of Acromegaly

Local tumor effects
Pituitary enlargement
Visual field defects
Cranial nerve palsy
Headache
Somatic
Acral enlargement
Thickening of soft tissue of hands and feet
Musculoskeletal
Prognathism
Malocclusion
Arthralgias
Carpal tunnel syndrome
Acroparesthesia
Proximal myopathy
Hypertrophy of frontal bones
Skin
Hyperhidrosis
Oily
Skin tags
Colon
Polyps
Cardiovascular
Left-ventricular hypertrophy
Asymmetric septal hypertrophy
Hypertension
Congestive heart failure
Sleep disturbances
Sleep apnea
Narcolepsy
Visceromegaly
Tongue
Thyroid
Salivary gland
Liver
Spleen
Kidney
Endocrine-metabolic
Reproduction
Menstrual abnormalities
Galactorrhea
Decreased libido, impotence, low sex hormone-binding globulin

(continued)
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Table 2 (continued)

Multiple endocrine neoplasia (1)
Hyperparathyroidism
Pancreatic islet cell tumors
Carbohydrate
Impaired glucose tolerance
Insulin resistance and hyerinsulinemia
Diabetes mellitus
Lipids
Hypertriglyceridemia
Mineral
Hypercalciuria, increased 1,25(OH)2 vitamin D3
Urinary hydroxproline
Electrolyte
Low renin
Increased aldosterone
Thyroid
Low thyroxine-binding globulin

Adapted from ref. /21.

Table 3

Presentation of Acromegaly

Chief presenting complaint

Frequency (%)

Menstrual disturbance

Change in appearance/acral growth

Headaches

Paresthesias/ carpal tunnel syndrome

Diabetes mellitus/impaired glucose tolerance

Heart disease

Visual impairment

Decreased libido/impotence

Arthropathy

Thyroid disorder

Hypertension

Gigantism

Fatigue

Hyperhidrosis

Somnolence

Other

Chance (detected by unrelated physical
or dental examination or x-ray)

13

2,090 -
Omwww»—n—-wwuwwmc\oo_

Adapted from ref. /7.
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Table 4
Signs and Symptoms of Acromegaly
Sign/symptom Screening test
TSweating (hyperhidrosis) with pungent odor IGF-1

Prognathism, mandible overgrowth

Carpal tunnel, especially bilateral

Visual field defect with diplopia

Widely spaced teeth, thickened tissue, persistent headache,
sleep apnea/snoring, amenorrhea/impotence, colon polyps,
unexplained 1 prolactin

IGF-1, insulin-like growth factor-1.

Supraorbital bulging
Coarse features

Frontal bossing

Enlarged nose

P .
rognathism Enlarged tongue and lips

(malocclusion)

Thyroid gland hypertrophy Skin tags

Galactorrhea
Cardiomegaly A Increased perspiration

"' l Hypertension

=/ Splenomegaly

SN X e
NN

Enlarged colon

Carpal tunnel syndrome —— — ST

----- ———— Enlarged hands (breadth)

\ / Osteoarthritis
TAIT

) J - Enlarged feet (breadth)

o4

Fig. 2. Clinical features in acromegaly. Schematic representation of clinical signs in
advanced acromegaly. (Adapted from ref. /123.)

(19-21).Knees, hips, shoulders, lumbosacral joints, elbows, and ankles are com-
monly affected. Crepitus, stiffness, and tenderness commonly occur, with severe
joint pain signifying irreversible joint degeneration. Carpal tunnel syndrome, (a
painful entrapment median nerve neuropathy), occurs in up to 50% of patients
and resolves early in the course of treatment. Dorsal spine kyphosis may result
from osteophytosis, disc space widening, and increased anteroposterior verte-
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Fig. 3. Jaw overbite due to mandibular overgrowth in acromegaly.

bral length (27). Severity of joint changes correlates with duration of excessive
GH secretion (2/). Reversibility of joint symptoms with therapy depends on the
degree of cartilage degeneration present.

Skin Changes

Hyperhidrosis with an unpleasant odor and oily skin occur early in the course
of acromegaly in up to 70% of patients. Skin thickening caused by glycosami-
noglycan deposition (22), and increased collagen production, result in facial
wrinkles, increased nasolabial fold, and heel pad thickness (23). Skin tags are very
common and are frequently associated with the presence of colonic polyps (24).
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Cardiovascular Disease

Cardiovascular disease accounts for approximately 60% of deaths in acrome-
galy (25) and is the most significant predictor of mortality. Coexisting hyperten-
sion and coronary artery disease occur (25-29), in addition to a specific GH/
IGF-1-mediated cardiomyopathy (25).

Twenty percent of patients have symptomatic heart disease, expanded extra-
cellular fluid volume owing to sodium and fluid retention, arterial hypertension,
accelerated atherosclerosis, and cardiac arrhythmias. Fifty percent of patients
have hypertension, with evidence of left-ventricular dysfunction in half (29).

Fifty percent of normotensive patients have left-ventricular hypertrophy and
asymmetric septal hypertrophy with subclinical left-ventricular diastolic dys-
function. Myocardial hypertrophy and interstitial fibrosis with lymphocytic
myocardial infiltrates have been demonstrated. Fifty percent of patients have
abnormal electrocardiograms, with ST-segment, T-wave abnormalities and
arrythmias. The presence of cardiac disease at diagnosis worsens prognosis, and
aggressive control of GH/IGF-1 improves cardiac function (30).

Respiratory Disease

Respiratory complications contribute significantly to morbidity and mortality
inacromegaly, accounting for 25% of deaths (25). Both upper airway obstruction
as well as central respiratory depression contribute to respiratory complication.
Prognathism, macroglossia, hypertrophied nasal structures, tracheal calcifi-
cation, and cricoarytenoid joint arthopathy contribute to significant upper airway
obstruction (3/-33). Laryngeal mucosal and cartilaginous hypertrophy leads to
vocal cord fixation and laryngeal stenosis with accompanying voice change (31).
These factors contribute to the difficulty in tracheal intubation often encountered
in patients undergoing anesthesia. Central respiratory center depression, as well
as upper airway obstruction, can result in sleep apnea and excessive snoring and
also contribute to paroxysmal daytime sleepiness (narcolepsy) (31).

Neuromuscular Disease

Carpal tunnel syndrome may occur, owing to increased edema (34). Proximal
myopathy may manifest as myalgia and proximal muscle weakness caused by
hypertrophy and necrosis of skeletal muscle fiber (35). A symmetric sensorimo-
tor peripheral neuropathy, distinct from diabetic neuropathy, may rarely occur in
patients who have had long-standing poorly controlled diabetes mellitus.

Endocrine Complications

Thirty percent of acromegalic patients have concomitant elevated serum PRL
levels, with or without galactorrhea (/5) owing to functional pituitary stalk com-
pression by the adenoma, with interruption of tonic hypothalamic dopamine
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inhibition (36) or concomitant GH and PRL hypersecretion from mixed GH-cell
and PRL-cell plurihormonal adenomas, monomorphous, mammosomatotroph
adenomas, and acidophilic stem cell adenomas (9).

Because most patients harbor macroadenomas, hypopituitarism develops from
compression of normal surrounding pituitary tissue by the expanding tumor mass
causing amenorrhea and impotence in half of acromegalic patients (15,37), with
secondary hypothyroidism and hypoadrenalism in approximately 20%.

Carbohydrate intolerance is caused by the direct antiinsulin effects of GH, and
patients may develop insulin-requiring diabetes mellitus (38), both of which
improve with lowering of the elevated GH levels. Hypertriglyceridemia, hyper-
calciuria, and hypercalcemia are well described in acromegaly (39). Acromegaly
may be associated with MEN-1 syndrome, and thus hyperparathyroidism resulting
in hypercalcemia can occur, as well as pancreatic tumors causing hypoglycemia.

Psychological Changes

There is no clear evidence for an increased incidence of psychological disor-
ders in acromegaly (40,41). However, decreased self-esteem could result from
disfigurement, and depression and apathy may occur as part of any chronic
disorder.

Colonic Polyps

Forty-five percent of patients with acromegaly have been reported to harbor
colonic polyps (38), which are potentially premalignant. However, a recent con-
trolled study did not confirm an increased incidence of polyps in acromegaly
(42). Skin tags are present in most patients harboring colonic polyps (24,43).
Colonoscopy is recommended for diagnosis of colonic polyps with resection of
these premalignant lesions.

DIAGNOSIS
Serum GH Levels

GH is secreted in a pulsatile manner, and normal serum levels fluctuate from
undetectable up to 30 ug/L (44). Thus evaluation of a random GH sample can be
misleading. In the clinical setting of suspected acromegaly, GH estimation after
an oral glucose load confirms the diagnosis. Serum GH levels that do not sup-
press to less than 1 pug/L 2 h after an oral glucose (75-g) load are diagnostic;
paradoxically, glucose may actually stimulate GH secretion in about 10% of
patients (45). Using newer, highly sensitive GH assays (46), random GH levels
in acromegalic patients may be less than 1.0 ug/L, and even as low as 0.37 ng/
L when IGF-1 levels are still elevated postoperatively (47). Thus biochemical
exclusion criteria for acromegaly mandate a random GH of less than 0.4 ug/L or
aGH nadir of less than 1 ug/L during oral glucose tolerance testing (OGTT), both
with normal IGF-1 levels (45).
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Serum IGF-1 Levels

Elevated serum IGF-1 levels are a reliable screening test for acromegaly (48),
and the degree of elevation correlates well with the log of serum GH determina-
tions (49). IGF-1 levels must be matched for age and sex. Pregnancy and puberty
also elevate serum IGF-1 levels. IGFbinding protein (BP)-3 levels are usually
elevated in acromegaly but provide no diagnostic advantage over IGF-1 (48).

Differential Diagnosis

IGF-1 levels are elevated in acromegaly, and GH levels fail to suppress to less
than 1 ng/L after an oral glucose load (49). More than 95% of patients harbor a
GH cell pituitary adenoma (4). However, it is important to confirm the rare
diagnosis of extrapituitary acromegaly to plan appropriate treatment. After the
biochemical diagnosis of acromegaly has been confirmed, anatomic localization
of a pituitary tumor is confirmed using pituitary magnetic resonance imaging
(MRI) with and without contrast. In rare patients who have a normal pituitary
MRI, a strong suspicion of extrapituitary tumor should be entertained, and
abdominal and chest computed tomography (CT) performed in an attempt to
localize the ectopic source preoperatively. Elevated circulating GHRH levels,
(50) normal pituitary MRI, and clinical and biochemical features of other tumors
known to be associated with extrapituitary acromegaly are indicators for
extrapituitary imaging. However, pituitary hyperplasia occurs in patients with
ectopic GHRH-secreting tumors, resulting in an enlarged pitutiary on MRI, which
may be difficult to differentiate from a pituitary adenoma.

TREATMENT
Goals of Therapy

Successful therapy for acromegaly involves tumor mass control and normal-
ization of GH/IGF-1 levels, while preserving normal anterior pituitary function,
to prevent long-term clinical consequences of GH hypersecretion (45,57 ). Mor-
tality associated with poorly controlled acromegaly is two to three times (24 ) that
of age- and sex-matched healthy controls (Fig. 4), and it is therefore important
to reverse the mortality rate by aiming for tight control of GH with normalization
of the GH/IGF-1 axis (5/). Clinical assessment of “cure” requires serum GH
levels to be suppressed to less than 1 ng/mL after an oral glucose load with a
normal age- and sex-matched serum IGF-1 level. Metabolic, acral, and soft tissue
effects of GH hypersecretion, including glucose intolerance, hypertension, arthritis,
and nerve entrapment syndromes, should also be reversed (5/). Current therapies
for acromegaly include surgery, radiation therapy, and medical management.

Surgery

The success of surgery is largely dependent on the expertise of the neurosur-
geon. Selective transsphenoidal surgery is the treatment of choice for somatotroph
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Fig. 4. Mortality in acromegaly. Mortality in patients with acromegaly (lower solid line)
is two to three times that of matched normal controls (upper solid line). (Reproduced from
Rajasoorya et al. Determinants of clinical outcome and survival in acromegaly. Clin
Endocrinol 1994;41:95-102.

cell adenomas confined to the sella (52-55). Fifty to 90% of patients with
microadenomas achieved postoperative GH levels of less than 2.5 ng/mL,
whereas less than 50% of patients with macroadenomas had postoperative GH
levels of less than 2 ng/mL after glucose (53) (Table 5). Using normalized IGF-
1 as a criterion for cure in 17 studies of 1284 patients, 82% of patients with
microadenomas had normal IGF-1 levels, whereas 47% of patients with
macroadenomas had normalized IGF-1 levels. A less invasive, endoscopic
transnasal surgical approach has been developed. Long-term results of this pro-
cedure are being evaluated.

Surgical complications occur in approximately 10% of patients, including
permanent diabetes insipidus, cerebrospinal fluid leaks, hemorrhage, secondary
empty sella syndrome, meningitis, and sinusitis (Table 6). Approximately 20%
of patients develop new hypopituitarism postoperatively, owing to surgical dam-
age of the surrounding normal pituitary tissue (56), which may require life-long
hormone replacement therapy. The incidence of complications is related to the
experience of the neurosurgeon as well as the tumor size. Approximately 7% of
patients experience tumor recurrence, as shown by 10-yr postoperative follow-up.

Radiation Treatment

Radiation therapy (conventional external deep x-ray therapy and proton beam
or heavy particle radiation therapy) has been used as primary or adjuvant therapy
for acromegaly (517), as it stops tumor growth and shrinks pituitary adenomas
(57). The major disadvantage of radiation therapy is the slow rate of cure, with
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Table 5
Percentage of Patients with Acromegaly Achieving GH Levels of Less
Than 2.5 ug/L after Transsphenoidal Surgery in Selected Series

Patients  Microadenomas Macroadenomas

(no.) in remission (no.)  in remission (no.) Year  Reference
224 72 49 1992 53

76 84 73 1994 126

78 54 30 1950 127
100 61 30 1996 128

72 59 14 1998 129
162 91 48 1998 47
139 91 46 1999 130

66 86 52 1999 131

Adapted from ref. 52.

the National Institutes of Health (NIH) reporting that it takes up to 20 yr after
radiation for 90% of patients to exhibit GH levels of less than 5 ng/mL (58).
Pretreatment GH levels directly affect the biochemical response. In patients with
GH levels of more than 100 ng/mL prior to radiation therapy, only 60% have a
GH of less than 5 ng/mL after 18 yr (59). During the first 7 yr after radiation, less
than 5% of patients normalize their IGF-1 levels (60), whereas only 70% normal-
ize IGF-1 levels during longer follow-up (617). Thus a very high percentage of
patients is exposed to continuing elevated GH levels in the initial years after
radiation.

The recent advent of stereotactic radiation, using the y-knife, has the potential
to control tumor mass and normalize GH/IGF-1 levels more rapidly with alower
incidence of hypopituitarism (62,63). Long-term follow-up of this therapy is
required (64).

SipE EFrECTS OF RADIATION THERAPY

Of patients who undergo conventional radiation therapy, 1-2% experience
hair loss, cranial nerve palsies, tumor necrosis with hemorrhage, and optic nerve
damage or pituitary apoplexy with visual loss (65-69). Lethargy, memory loss,
and altered personality are also reported (70). Half of patients treated with radia-
tion therapy develop hypopituitarism within 10 yr of receiving radiation treat-
ment (58,71), with an increased incidence annually thereafter (65), requiring
permanent replacement with gonadal steroids, thyroid hormone, and cortisone.
Secondary brain neoplasms arising in the radiation field have been rarely reported
(72,73). Radiation therapy is highly effective in shrinking GH-secreting
adenomas, but it takes 15-20 yr to control GH/IGF-1 levels in 90% of patients.
Radiation therapy is recommended for patients not cured by surgical or medical
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Table 6
Complications of Transsphenoidal
Pituitary Surgery

Transient
Diabetes insipidus
Cerebrospinal fluid leak and rhinorrhea
Inappropriate ADH secretion
Arachnoiditis
Meningitis
Postoperative psychosis
Local hematoma
Arterial wall damage
Epistaxis
Local abscess
Pulmonary embolism
Narcolepsy
Permanent (up to 10%)
Diabetes insipidus
Total or partial hypopituitarism
Visual loss
Inappropriate ADH secretion
Vascular occlusion
Central nervous system damage
Oculomotor palsy
Hemiparesis
Encephalopathy
Nasal septum perforation
Surgery-related mortality (up to 1%)
Brain, hypothalamic injury
Vascular damage
Postoperative meningitis
Cerebrospinal leak
Pneumocephalus
Acute cardiopulmonary disease
Seizure

ADH, antidiuretic hormone.
Adapted from ref. /22.

therapy, in view of the slow onset of action and high incidence of hypopitu-
itarism.

Medical Therapy

Several different medical therapies have been used in acromegaly, either alone
or in combination, to control GH secretion (Table 7). These drugs act at different
sites in the GH/IGF-1 pathway (Fig. 5).
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Table 7
Medical Therapy for Acromegaly

Dopamine agonist therapy
Short-acting: oral administration bid or tid
Bromocriptine (Parlodel®)
Long-acting oral administration biw
Cabergoline (Dostinex®)
Somatostatin analog therapy
Short-acting: subcutaneous administration tid or bid
Octreotide
Long-acting: intramuscular administration monthly or q 7, 10, or 14 d
Sandostatin LAR® depot
Lanreotide®
Growth hormone receptor antagonist therapy
Pegvisomant: subcutaneous daily administration

The hypothalamic peptides, somostatin (SRIF) and GHRH act together to
inhibit and stimulate, respectively, pituitary GH secretion. GH in turn stimulates
hepatic IGF-1 production. IGF-1 has a negative feedback on pituitary GH secre-
tion and a positive feedback effect on hypothalamic SRIF release. GH acts both
indirectly via IGF-1 and directly. Several medical therapies have been developed
that mimic or block physiologic actions of the different components of this com-
plex GH/IGF-1 feedback pathway, ultimately suppressing GH/IGF-1 action.

Dopamine Agonists

Dopamine inhibits GH secretion in about one-third of patients, suggesting the
use of dopamine agonists as a potential therapy for GH hypersecretion. High
doses of bromocriptine, a short-acting dopamine agonist administered orally two
to three times daily or cabergoline, administered orally biweekly, are used as
primary or adjuvant therapy for acromegaly (74).

Higher doses of dopamine agonist than those used to suppress hyper-
prolactinemia in patients with prolactinomas are required to suppress GH hyper-
secretion in acromegaly. Bromocriptine doses of up to 20 mg/d or more may be
required to suppress GH in acromegaly (75). Although 75% of patients experi-
ence amelioration of symptoms including reduced perspiration, fatigue, head-
ache, and soft tissue swelling, in only 15% of acromegalic patients are GH levels
suppressed to less than 5 ng/mL, with 15% of patients experiencing minimal
tumor shrinkage.

Experience with cabergoline, a long-acting dopamine agonist, is more lim-
ited, suggesting that up to one-third of acromegalic patients suppress GH levels
to less than 2 ng/mL (76-78). Side effects of dopamine agonists (especially the
high doses of bromocriptine that are required) include gastrointestinal upset,
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Fig. 5. Site of action of different medical therapies for acromegaly in the growth hor-
mone/insulin-like growth factor-1 (GH/IGF-1) pathway. Dopamine agonists and soma-
tostatin analogs bind to specific pituitary tumor receptors and inhibit pituitary GH
secretion. The GH receptor antagonists bind to hepatic GH receptors, preventing receptor
dimerization, thereby blocking the peripheral GH action, resulting in decreased IGF-1
generation. GHRH, growth hormone-releasing hormone.

nasal stuffiness, nausea, vomiting, headache, and postural hypotension resulting
in dizziness and (rarely) peripheral vasospasm.

Somatostatin Analogs

Five somatostatin receptor subtypes (SSTR1-5), are widely expressed and
mediate several physiologic functions including inhibition of pituitary GH hyper-
secretion, attenuation of insulin secretion, and regulation of gastrointestinal
secretion and motility (79).

Hypothalamic somatostatin (SRIF) inhibits pituitary GH secretion. SSTR2 and
SSTRS are preferentially expressed on somatotroph and thyrotroph cell surfaces
(80). Several somatostatin analogs, which mimic the physiologic actions of native
somatostatin, have been developed for treating acromegaly (Fig. 6).

Octreotide

Octreotide, an octapeptide, was the first somatostatin analog developed.
Octreotide is 45 times more potent than native somatostatin in suppressing GH
secretion and has a prolonged half-life of up to 2 h in the circulation (87) as
opposed to the 2-h circulating half-life of native SRIF. Octreotide weakly inhib-
its insulin secretion compared with native SRIF, whereas effects on gastrointes-
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Fig. 6. Amino acid sequences of the three available somatostatin analogs, compared with
endogenous somatostatin-14 (SS-14). (Reproduced from van der Lely AJ, Lamberts
SWIJ. Medical therapy for acromegaly. In Wass J, ed. Handbook of Acromegaly.
BioScientifica, Bristol, UK, 2001, p. 52.

tinal motility are more pronounced, resulting in some of the gastrointestinal side
effects of octreotide.

Octreotide binds to SSTR2 and SSTRS. The increased potency and prolonged
suppression of GH hypersecretion (82,83) and lack of rebound GH hypersecre-
tion on withdrawal contribute to the development of octreotide as a useful therapy
in acromegaly (84-87).

In a double-blind, placebo-controlled trial, octreotide administered subcuta-
neously significantly suppressed GH and IGF-1 levels in 90% of patients, with
integrated GH levels of less than 2 ng/mL in 25% of patients and IGF-1 normal-
ization in about 70% of patients (87) (Fig. 7).

An average daily dose of 150-200 ug tid or qid offers optimal responses;
maximum doses of 1500 mg/d can be used (88). Elderly male patients and patients
with lower pretreatment GH levels and smaller tumors exhibit greater sensitivity
to octreotide (89). Tolerance to the suppressive effects of GH hypersecretion
does not develop during long-term treatment with octreotide (90-92).

Long-Acting Somatostatin Analogs

Sandostatin LAR depot is a sustained release intramuscular depot preparation
of octreotide (93-96). A single, intramuscular, 10-, 20-, or 30-mg injection results
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Fig. 7. Effect of octreotide or placebo on hourly growth hormone (GH) levels in acrome-
galy. Mean percentage changes (+ SE of basal values) of serum GH concentrations in
patients with acromegaly treated with either 100 ug octreotide subcutaneously every 8 h
(n =52; a) or placebo (n = 47; b) subcutaneously every 8 h. Blood was sampled before
an injection and every hour for 8 subsequent h before treatment (baseline), at the end of
wk 2 and 4 of treatment, and 4 wk after discontinuation of treatment (washout). Octreotide
or placebo was administered just after the 0-h sampling. (Reproduced from Ezzat S,
Snyder PJ, Young WF, et al. Octreotide treatment of acromegaly: a randomized
multicenter study. Ann Intern Med 1992;117:711-718.)

in peak drug levels at 28 d with sustained suppression of integrated GH levels for
up to49d (Fig. 8). GH is suppressed after monthly injections forup to 18 mo (97).
IGF-1 levels are suppressed in 60—70% of patients receiving Sandostatin LAR
depot.

Lanreotide, a 30-mg slow release intramuscular preparation injectable every
7,10, or 14 d (98-100), suppresses integrated GH to less than 2.5 ng/mL in 60%
of patients and normalizes IGF-1 in 60-70% of patients (/00). It is not yet
approved in the United States.

CLINICAL RESPONSE TO SOMATOSTATIN ANALOGS

Octreotide reduces tumor size by 20-80% possibly in a dose-related fashion
in about a third of patients (87,/01,102), usually within the first 4 mo of initiating
therapy. Preoperative octreotide for 3—6 mo may improve postoperative bio-
chemical control (103,104).

Clinical features of acromegaly improve as GH/IGF-1 levels decrease during
chronic administration of octreotide (/03,/05). Headache frequently resolves
rapidly, within minutes of injection (/06). Soft tissue swelling, caused by sodium
and water retention in acromegaly, resolves rapidly with treatment in more than
70% of patients (87) and is accomplished by decreased swelling of face, feet, and
hands, and reduced parasthesias and numbness caused by nerve entrapment.
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Fig. 8. Long-term serum growth hormone (GH) responses to monthly LAR injections.
Results are expressed as mean ( SE of either 12-h or 8-h daily GH profiles. The dose of
Sandostatin LAR was 10 mg (n = 3), 20 mg (n = 2), or 30 mg (n = 3) every 60 d for
injections 1 and 2 and 20 mg (n =2),30 mg (n=5),or40 mg (n = 1) every 28 (n =4) or
42 d (n = 4) thereafter. GH profiles were taken at baseline (no treatment) and on the last
day of each injection. (Adapted from ref. 95.)

Improved control is associated with decreased blood pressure, heart rate, and
left-ventricular wall thickness (29,/07) in patients without cardiac, renal, or liver
disease. Octreotide improves left-ventricular ejection fraction and reduces sys-
temic arterial resistance, oxygen consumption, and fluid volume in patients with
cardiac failure. Joint function improves in those patients with bone and cartilage
involvement, which can be reversed with chronic therapy (/08). Sleep apnea
improves after several months (/09).

SipE EFFECTS

The side effects of somatostatin analogs, usually transient, are caused by the
inhibitory effects of somatostatin on gastrointestinal hormones, motility, and
secretion (84). Loose stools, flatulence, and nausea occur in approximately one-
third of patients.

Patients with diabetes mellitus have lowered insulin requirements, although
neither hypoglycemia nor hyperglyemia occur commonly. Reduced gallbladder
contractility and delayed emptying occur in up to 25% of patients on octreotide,
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with subsequent development of gallbladder sludge (//0,111). Clinically appar-
ent cholelithiasis is uncommon. The incidence of gallbladder sludge or stones
occurs most frequently in China (/717), Australia (/12 ), and the United Kingdom
(104). In the United States, serial ultrasound suggests that one-third of patients
experience echogenic gallbladder deposits, usually within 18 mo of initiating
therapy (/13), with no further episodes.

GH Receptor Antagonist Therapy

GH binds to its hepatic receptors, inducing dimerization, which signals a
cascade of molecular events culminating in IGF-1 generation (/ /4). Pegvisomant,
a genetically engineered GH analog, binds to the GH receptor (Fig. 9) and prevents
functional GH receptor dimerization, thereby preventing GH signal transduction
and subsequent IGF-1 generation (/15—117). This novel mechanism of action
inhibits peripheral GH action, rather than decreasing GH secretion. Pegvisomant
administered by daily subcutaneous injection normalizes IGF-1 levels in more
than 90% of patients, with decreased fatigue, soft tissue swelling and perspira-
tion (/17). Pegvisomant has not yet been approved by the Food and Drug Admin-
istration.

APPROACH TO THERAPY

Several different treatment modalities are available to attain tight control of
GH hypersecretion in order to improve morbidity and mortality in patients with
acromegaly. Multiple treatment options may be required, and an individualized
therapeutic approach is recommended for each patient (Fig. 10).

In assessing the role of surgery as primary therapy, the likelihood of cure must
be seriously considered. Surgery is the primary treatment for pituitary
microadenomas or macroadenomas that have not spread beyond the sella. How-
ever, 70% of acromegalic patients have macroadenomas at the time of presenta-
tion, which have spread beyond the sella turcica and are not amendable to curative
resection. There are no conclusive trials confirming that preoperative treatment
with somatostatin analog therapy improves the surgical outcome. Postopera-
tively, patients who are not “cured” require medical therapy. Dopamine agonist
therapy has a low efficacy but is inexpensive, with mild side effects, and can be
used initially. Subsequently somatostatin analog therapy can be instituted, ini-
tially by a subcutaneous injection of 50—100 ug with measurement of GH and
IGF-1 after 2 h (118) to assess efficacy. Tolerability and efficacy are assessed by
administering octreotide subcutaneously three to four times a day, for 34 d. If GH
levels are suppressed by more than 50% (97) and patients do not experience intol-
erable gastrointestinal side effects, therapy with Sandostatin LAR is initiated.

Patients treated with somatostatin analogs require assessment of postprandial
glucose levels every 3 mo. Gallbladder ultrasound is performed only if symp-
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Fig. 9. Action of growth hormone (GH) receptor antagonist. (A) Normally a single
molecule of GH binds two GH receptors through sites 1 and 2, and the GH signal trans-
duction pathway is activated. (B) Pegvisomant increases binding of the GH receptor to
site 1 and blocks binding at site 2 to prevent functional GH receptor dimerization, initia-
tion of GH action, and induction of IGF-1 synthesis and secretion. The peripheral effects
of excess GH are antagonized at the cellular level, independent of the presence of soma-
tostatin or dopamine receptors on the pituitary tumor. (Adapted from ref. /24.)

toms of cholelithiasis occur. The development of asymptomatic gallbladder
sludge does not require monitoring by serial ultrasound.

Primary medical therapy is recommended in patients who are at high risk for
surgery or anesthesia or those who refuse surgery. There is also a role for primary
medical therapy in patients with invasive macroadenomas not amenable to cura-
tive surgical resection, with a high likelihood of persistently elevated postopera-
tive GH levels, who will require somatostatin analog therapy postoperatively
despite surgery (/19).

In patients whose pituitary lesions abut the optic chiasm with visual field
defects, surgical resection is indicated. A second surgical resection is recom-
mended for patients with tumor recurrence.

Radiation therapy is indicated in patients who are intolerant to medical therapy
or fail to respond. However, medication may still be required for several years
after radiation, until GH levels are lowered.

The criteria for “cure” of acromegaly include a GH suppressed to less than
1 ng/mL after an OGTT and normal age- and-sex-matched IGF-1 levels.
Patients should be followed quarterly with titration of the dose of medication
until biochemical control is achieved. In patients with no residual tumor tissue
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Fig. 10. Algorithm for decision making in the treatment of acromegaly. GH, growth
hormone; IGF-1, insulin-like growth factor-1. (Adapted from ref. /25.)

remnant and biochemical cure, IGF-1 levels should be assayed annually with a
pituitary MRI repeated every 1-2 yr (121).

In patients with residual tumor tissue or those with hypopituitarism requiring
hormone replacement medical treatment, as well as patients who have received
pituitary radiation, testing of adrenal, gonadal, and thyroid reserve should be
performed semiannually and pituitary MRI annually. Mammogram and
colonoscopy should be performed annually in patients over the age of 50 yr,
especially if skin tags are present.
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