ENDOCRINENEWS  AUGUST 2009

-
n

B COVER STORY: TRI-POINT SERIES

From The Endocrine Society’s Research Affairs Core Committee
Edited by Terry Brown, Ph.D., and David A. Ehrmann, M.D.

Abbreviations in this Article

BMI: body mass index

DS: pancreatico-biliary bypass
with duodenal switch

GLP-1: glucagon-like peptide-1

LAGB: laparoscopic adjustable

gastric band
NPY/AGRP: neuropeptide Y/agouti-related

peptide
PYY: peptide tyrosine tyrosine (YY)
RYGB: Roux-en-Y gastric bypass



ABOUT TWO-THIRDS
OF U.S. RESIDENTS
ARE OVERWEIGHT, and

of those, nearly half are obese. (P )
Alarmingly, subgroups growing the
fastest include Americans with BMI
> 35 kg/m?.2 (®°rf) Recent studies
have shown a positive association
of BMI and relative risk of death,
independent of other risk factors
such as smoking and preexisting
disease (in individuals 50-71 years
of age).? (%) Whereas behavioral
and pharmacologic interventions
designed to promote weight loss
remain the mainstay of treatment,
surgical interventions to reduce ca-
loric intake have become an im-
portant therapeutic option,
particularly in certain

clinical settings. The

basic and clinical sci-

ence underpinnings

of bariatric surgical
procedures are the

focus of this month’s

Tri-Point article.

By Roy G. Smith, Ph.D.

Dr. Smith is pro-
fessor and chair
of the Depart-
ment of Metabo-
lism and Aging at
The Scripps Re-
search Institute,
Jupiter, Fla.
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¢ Benefits of RYGB are medi-
ated by increased secretion
of gut peptides.

e RYGB exaggerates postpran-
dial increases in GLP-1 and
PWs-ze'

e Gut peptides cholecystokinin
and pancreatic polypep-
tide are not reproducibly
increased after RYGB.

e Ghrelin secretion does not
play a dominant role in ex-
plaining RYGB'’s benefits.

¢ RYGB benefits are consistent
with higher secretion of GLP-
1 and PYY, . from L cells.

The most commonly used bariatric
surgery procedures are the Roux-en-Y
gastric bypass (RYGB) and laparoscopic
adjustable gastric band (LAGB). They
were designed to reduce weight in
severely obese subjects (defined by
a BMI > 40 kg/m?) by restrictive and
malabsorptive mechanisms. However,
changes in malabsorption appear to be
transient and precede the adaptation
associated with an increase in peptide
tyrosine tyrosine (PYY). RYGB has be-
come the preferred procedure in the
United States, with a success rate of
about 80%. Intriguingly, even before
significant weight loss, this procedure
improves glucose tolerance and insulin
sensitivity. In the 3 years after RYGB,
patients show a progressive weight de-
cline and reach a body weight plateau
that is maintained directly and indi-
rectly through peripheral and central
mechanisms. Regulation is associated
with altered hormonal secretions from
the stomach, duodenum, and ileum.
Interestingly, in rats, ileal transposition
recapitulates RYGB's impact on weight
loss and glucose homeostasis without
affecting nutrient absorption.! Reloca-
tion of the ileum increases exposure to
nutrients of L cells containing PYY and
glucagon-like peptide 1 (GLP-1), impli-
cating these peptides as mediators of
weight loss and glucose homeostasis.

ENDOCRINENEWS ¢ AUGUST 2009

-
()



ENDOCRINENEWS  AUGUST 2009

-
D

Gut—Brain Peptides

RGYB's efficacy is likely explainable by modified secretion
of specific gut-brain peptides. Ghrelin and des-acyl ghrelin
stimulate appetite and locomoter activity.? Ghrelin neurons
in the arcuate nucleus synapse onto neuropeptide Y/agouti-
related peptide (NPY/AGRP) arcuate neurons and orexin
neurons in the lateral hypothalamus.? In addition to the an-
ticipated effect of reducing appetite, lowering ghrelin should
improve glucose tolerance and insulin sensitivity.* Based on
reductions in circulating ghrelin levels following RYGB, ghre-
lin was proposed to be the weight loss mediator.>-* However,
reports of RYGB-mediated ghrelin lowering are inconsistent.
Nevertheless, circulating ghrelin levels do not predict local
concentrations in the hypothalamus; therefore, a role for
hypothalamic ghrelin cannot necessarily be discounted.
Higher production of the satiety peptides cholecystokinin
and pancreatic polypeptide inhibit food intake, but RYGB
produces a sustained increase of neither cholecystokinin nor
pancreatic polypeptide.” The most consistent observation
following RYGB is exaggerated postprandial increases in the
gut peptides PYY and GLP-1.°® PYY, , the major circulating
form of PYY, acts on the neuropeptide Y Y2 receptor to sup-
press appetite.’ Besides inhibiting food intake, both PYY, .
and GLP-1 improve glucose homeostasis.™

RYGB in Rats and Humans

The diet-induced obese (DIO) rat model provides important
insights into the mechanisms regulating weight loss and
body weight stabilization after RYGB.! Comparisons between
DIO rats in which RYGB was successful (RYGB-S), DIO rats in
which weight loss was not sustained (RYGB-F), and pair-fed
DIO rats support a regulatory role for PYY, . and GLP-1. The
biphasic weight loss response to RYGB in DIO rats mimicked
that observed in morbidly obese humans. Reduced caloric
intake alone cannot explain RYGB's effectiveness, because
both pair-fed and RYGB-F rats regained weight after an initial
period of weight loss. Fecal output was greater in RYGB-S rats
than in RYGB-F and pair-fed rats. As weight loss reached a
plateau, leptin levels stabilized. In RYGB-F and pair-fed rats,
low leptin was associated with increased feed efficiency; sur-
prisingly, RYGB-S rats have even lower leptin levels, but they
exhibit negative feed efficiency. Hence, despite low leptin,
RYGB-S rats, in contrast to the others, fail to compensate
for energy insufficiency, implicating involvement of other
factors that suppress food intake. Hypothalamic PYY was
elevated in RYGB-S rats; similarly, PYY, _  is higher in hu-
mans after RYGB. PYY, _ inhibits food intake by suppressing
activity of the orexigenic NPY/AGRP neurons in the arcuate
nucleus. Consistent with a role for PYY, _, the ablation of PYY
predisposes mice to become obese.’® The hypothalamic-gut
peptide GLP-1 is also elevated selectively in RYGB-S, but not
RYGB-F or pair-fed rats. Like PYY, _, postprandial release of
GLP-1 is exaggerated in humans after RYGB, an effect that
is sustained for > 36 months.® GLP-1 suppresses food intake
and is a mediator of leptin action.'? Indeed, maintenance of
weight loss and sustained improvements in glucose tolerance
and insulin sensitivity observed in obese subjects following

RYGB is perhaps best explained by a combination of increased
GLP-1 and PYY, ,, and activation of downstream mediators.
To test how gut peptides are involved, researchers
conducted a randomized, double-blind study in groups of
patients, including those undergoing RYGB. The patients
received octreotide to inhibit the release of gut peptides.
The RYGB group receiving octreotide experienced an 87%
surge in food intake, which strongly suggests that RYGB's
benefits are mediated by anorexigenic gut peptides. Because
octreotide also inhibits release of the orexigenic gut peptide
ghrelin, it is unlikely that ghrelin plays a dominant role in
weight loss as a result of RYGB. Collectively, the published
experimental results from rodents and humans lead to the
conclusion that PYY, . and GLP-1 are the most important
contributors to sustained weight loss after RYGB.

By John C. Alverdy, M.D., F.A.C.S.

Dr. Alverdy is director of minimally inva-
sive surgery, and Sarah and Harold Lin-
coln Thompson Professor of Surgery and
vice chair of the Department of Surgery
at the University of Chicago, Ill.
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e |[f bariatric procedures are judged by % excess
body weight lost, DS > RYGB > LAGB.

e There is inadequate information to define the
precise role of gut hormones in the weight loss
response.

e Response to surgery may be a function of both
host genes and intestinal microbial genes.

¢ Understanding the central reward center
processing of food in response to the various
surgeries is now possible.




The most frequent operations performed for weight loss
purposes in the United States include an operation that
functions primarily as a mechanical restrictive device,
LAGB; a mechanically restrictive and foregut-diverting
procedure, RYGB; and a partially mechanically restrict-
ing and malabsorptive procedure—pancreatico-biliary
bypass with duodenal switch (DS). Each operation elicits
weight loss, although in terms of percentage of excess
body weight lost, the efficacy runs along the lines of DS
> RYGB > LAGB. To identify the mechanism(s) by which
weight loss occurs following these operations, most com-
parisons have been made between LAGB and RYGB. The
most striking differences between the anatomy of these
two operations is that, when properly completed, LAGB is
equally if not more mechanically restrictive than RYGB,
and the latter does not cause appreciable malabsorption.
Therefore, the observation that weight loss is accelerated
with RYGB over LAGB must be explained in terms of either
enhanced satiety or increased energy expenditure.

Although numerous reports have demonstrated that the
hormones ghrelin, GLP-1, and PYY, _ rise more following
RYGB compared with LAGB, in many cases these reports are
technically inadequate, involve too few time-point measure-
ments, and are not controlled for environmental noise, sleep
disorders, and other co-morbidities. Furthermore, most of
these studies were not carried out to late time points (> 2
years) in the course of weight loss, when significant intes-
tinal adaptation occurs.! Among experienced bariatric sur-
geons, it is axiomatic that weight gain, diminished satiety,
food cravings, and shifting to other behaviors that activate
adjacent central reward centers (e.g., alcohol intake, sex)
develop in a significant cohort of patients after bariatric
surgery.? Meta-analyses of large cohorts of patients demon-
strate that weight loss and resolution of co-morbidities is
greatest and most durable with DS, followed by RYGB and
LAGB. Although levels of potent satiety hormones such as
PYY, .. are elevated with DS > RYGB > LAGB, to attribute

3-36
causality to weight loss remains speculative.

Weighing Up the Hormones

That said, there are compelling reasons to consider a
weight loss operation to be the most effective if it results
in a hormone signature that most readily controls central
processing of satiety and energy expenditure. Although
measures (e.g., area under curve and numeric average)
of serum markers compared between patients undergoing
the various operations make it attractive to conclude that
hormone changes regulate success following surgery, es-
sentially no information exists comparing serum hormone
markers between successful and non-successful patients
who have had the same operation (within-group differ-
ence). Unexplored areas of investigation need to be ap-
plied to bariatric surgery patients to establish the roles of
hormones as energy balance regulators following weight
loss operations. Currently available tools must be applied
to answer two critical questions regarding hormonal roles in
bariatric surgery:

1. How do intestinal flora changes caused by weight loss
surgery affect intestinal hormones, plasma hormones,
and central processing of satiety signals and energy
expenditure? Numerous landmark reports have now
established that the intestinal microbial consortia
are key in regulating energy use via both central and
peripheral mechanisms.® The observation that fecal
transfer can express a change in body fat composition,
locomotion, and energy balance in animals makes a
compelling argument that the intestinal microbiome
itself is a contributing factor in obesity.* The ability
to interrogate the intestinal microbiota composition
and function using metagenomics (metabolomics and
genomics) has confirmed the long-held suspicion,
based on direct culture, that weight-loss surgery pro-
foundly influences the intestinal flora’s composition
and function.® This finding, coupled with numerous
reports demonstrating that intestinal flora directly af-
fect gut hormone expression patterns, begs for a more
complete understanding of how bariatric surgery shifts
energy balance via its intestinal microbiome effects.®
Thus, interrogating the microbial genome may be as
important as checking the host genome to further
understanding of how the various operations function
to achieve significant, sustainable weight loss.

2. How are plasma hormone markers processed centrally to
affect satiety and energy expenditure? Whereas plasma
hormone profiling may be enormously helpful to a
mechanistic understanding of bariatric surgery’s success
or failure, ultimately it will be important to understand
how these hormones are processed centrally to affect not
only satiety, but also energy expenditure. Discovering
leptin’s role in obesity raised excitement about prospec-
tive drug therapy, but the unexpected recognition that
obese patients have elevated leptin levels led to the
conclusion that central hyporesponsiveness to leptin
may play a role in obesity. Functional MRI can now be
used to determine the relative responsiveness of an
individual plasma hormone signature to satiety and
energy expenditure, allowing reward center excitation
in response to a fixed composition meal to be compared
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visually to satiety activation.” Understanding these
variable responses to different bariatric procedures
can then be used to refine their effects or eliminate
their use in specific cohorts of patients whose genetic
backgrounds or microbial flora render them resistant to
surgery. Such studies might help to clarify how agonist-
receptor interaction regulates body composition and
weight. This appears to be highly dependent on the
genetic background of the host, but also on compounds
released by the intestinal microbial flora and taken up
by the central nervous system.®

By Manu V. Chakravarthy, M.D., Ph.D.

Dr. Chakravarthy is associate director
of clinical research at Merck Research
Laboratories, Rahway, N.J.
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e Bariatric surgery procedures have markedly
increased in the past decade, concomitant with
decreases in surgical mortality rates.

e Compared with LAGB, RYGB causes greater
total body weight loss, more efficient diabetes
resolution, hyperlipidemia improvement, and a
dramatic decline in diabetes-related deaths.

e RYGB'’s surgical risk is higher than LAGB, so
long-term comparative trials are needed.

e Costs and risks of surgical interventions must
be balanced against public health costs of obe-
sity and its complications.

Current Therapeutic Strategies

Traditional approaches of lifestyle interventions (caloric
restriction, behavior management, exercise prescriptions)
and pharmacological therapies have largely been unsuccess-
ful in combating the obesity pandemic, mainly because the
weight loss induced by these interventions is modest and
short-lived. Perhaps not surprisingly, surgical approaches
to treat severe obesity have rapidly gained favor, especially
since the National Institutes of Health established guide-
lines in 1991 for the surgical therapy of morbid obesity
(BMI > 40, or = 35 with co-morbidities), now referred to
as bariatric surgery.

The annual frequency of hospital discharges in the United
States that included bariatric surgery increased 7-fold between
1996 and 2002,°> concomitant with decreases in surgical
mortality rates.® All-cause mortality is also reduced after
bariatric surgery, as shown by drops of 30% in the Swedish
Obese Subjects Study’ and of 40% in a retrospective cohort of

7,925 bariatric surgical patients, compared with non-surgical
obese patients.® Based on these striking findings and other
recent clinical trial data,® BMI thresholds could possibly be
lowered with revised indications for bariatric surgery.

Types of Bariatric Surgical Procedures

Broadly, bariatric procedures are classified as restrictive,
malabsorptive, or combined. Purely restrictive procedures
such as LAGB reduce the stomach’s volume to decrease food
intake and induce early satiety. Purely malabsorptive pro-
cedures such as hiliopancreatic diversion shorten the small
intestine to decrease transit time and nutrient absorption.
Combined procedures such as the RYGB incorporate both
restrictive and malabsorptive elements. The two most com-
mon procedures worldwide are LAGB and RYGB, which are
primarily performed laparoscopically, thereby significantly
curbing perioperative risk and contributing to the rapid
spread of obesity surgery.

The LAGB procedure is relatively simple and well stan-
dardized. The two available bands—Lapband and Swedish
Adjustable Gastric Band—have similar outcomes in postopera-
tive weight loss and complications.'® Because both bands are
adjusted by injecting isotonic liquid into a port, hydraulic
bands have potential complications such as port puncture.

By contrast, RYGB procedures are technically more com-
plex. The bypass typically includes a pouch volume of 20-30
ml, an alimentary limb of at least 75 cm, and a biliary limb of
at least 50 cm. With the laparoscopic approach, gastrojejunos-
tomy is usually performed with a circular stapler, placing the
anvil transgastrically to avoid esophageal injury. The Roux
limb is typically placed antecolic and antegastric, and closure
of defects in the Roux-limb mesentery and jejuno-jejunostomy
mesentery is needed to avoid bowel obstruction.

Bariatric Surgery Risks and Outcomes

RYGB, compared with LAGB, is associated with a greater
risk of perioperative complications. These include anasto-
motic leakage, gastric distension, gastrointestinal bleeds,
small-bowel obstruction, and nutritional deficiencies. Recent
reports have also highlighted endocrine complications,
especially hypoglycemia due to “dumping syndrome” and
hyperinsulinemia with nesidioblastosis.'? Concomitant with
these increased complications, patients undergoing RYGB, in
contrast to LAGB, had more reduction in total body weight
(25% vs. 14%),” greater efficacy of diabetes resolution (84%
vs. 48%)," a decline in hyperlipidemia (95% vs. 71%),*! and
a remarkable 92% plunge in diabetes-related deaths.” 8

Choice of Procedure

Despite the clear procedure-specific differences in dis-
ease outcomes, deciding on a specific bariatric procedure
must take a tailored rather than one-size-fits-all approach.
Furthermore, because RYGB carries increased surgical risk
compared to LAGB, long-term comparative trials of these
procedures are needed. One approach would be to consider
patients’ pre-surgery BMI and their co-morbidity status.
On balance, patients with more severe obesity (e.g., BMI



> 50 kg/m?) are generally considered good candidates for
RYGB or biliopancreatic diversion, whereas LAGB might be
more appropriate in milder degrees of obesity. 0f course, no
single operation is ideal for every morbidly obese patient
and all candidates for obesity surgery should receive full
disclosure about the various options as well as the risks
associated with each.

Summary

With data emerging on the safety and efficacy of bariatric
procedures,® combined with the limited efficacy of conven-
tional interventions to curb the obesity pandemic, it is time
to rethink the current therapeutic approach to obesity and
its complications. Costs and risks of surgical interventions
must be balanced against the costs and risks of these dis-
eases for public health. For bariatric surgery to become a
frontline therapeutic option, knowledge and skills will need
to be focused in specialized high-volume bariatric surgery
centers, where research and practice can be coordinated to
bring about the greatest benefit to patients. m

References:
Basic Researcher

1. Strader AD. Ileal transposition provides insight into the effective-
ness of gastric bypass surgery. Physiol Behav, 2006,88(3):277-282.

2. Toshinai K, Yamaguchi H, Sun Y, et al. Des-acyl ghrelin induces
food intake by a mechanism independent of the growth hormone
secretagogue receptor. Endocrinology, 2006,147(5):2306-2314.

3. Cowley MA, Smith RG, Diano S, et al. The distribution and
mechanism of action of ghrelin in the CNS demonstrates a novel
hypothalamic circuit regulating energy homeostasis. Neuron,
2003;37(4):649-661.

4. Sun Y, Asnicar M, Saha PK, Chan L, Smith RG. Ablation of ghrelin
improves the diabetic but not obese phenotype of ob/ob mice. Cell
Metab, 2006,3(5):379-386.

5. Cummings DE, Weigle DS, Frayo RS, et al. Plasma ghrelin levels
after diet-induced weight loss or gastric bypass surgery. N Engl J
Med, 2002;346(21):1623-1630.

6. Rodieux F, Giusti V, D'Alessio DA, Suter M, Tappy L. Effects of
gastric bypass and gastric banding on glucose kinetics and gut
hormone release. Obesity (Silver Spring), 2008;16(2):298-305.

7. Vincent RP, le Roux CW. Changes in gut hormones after bariatric
surgery. Clin Endocrinol (Oxf), 2008;69(2):173-179.

8. Vidal J, Nicolau J, Romero F, et al. Long-term effects of Roux-en-

Y gastric bypass surgery on plasma glucagon-like peptide-1 and
islet function in morbidly obese subjects. J Clin Endocrinol Metab,
2009,94(3):884-891.

9. Murphy KG, Dhillo WS, Bloom SR. Gut peptides in the regulation of
food intake and energy homeostasis. Endocr Rev, 2006,27(7):719-727.

10. Boey D, Lin S, Karl T, et al. Peptide YY ablation in mice leads to
the development of hyperinsulinaemia and obesity. Diabetologia,
2006;49(6):1360-1370.

11. Guijarro A, Suzuki S, Chen C, et al. Characterization of weight loss
and weight regain mechanisms after Roux-en-Y gastric bypass in
rats. Am J Physiol Regul Integr Comp Physiol, 2007,293(4):R1474-1489.

12. Goldstone AP, Mercer JG, Gunn I, et al. Leptin interacts with
glucagon-like peptide-1 neurons to reduce food intake and body
weight in rodents. FEBS Lett, 1997,415(2):134-138.

Clinical Researcher

1. Alverdy JC, Prachand V, Flanagan B, et al. Bariatric surgery:

a history of empiricism, a future in science. J Gastrointest Surg,
2009;13(3):465-477.

2. Ertelt TW, Mitchell JE, Lancaster K, Crosby RD, Steffen KJ, Ma-
rino JM. Alcohol abuse and dependence before and after bariatric
surgery: a review of the literature and report of a new data set. Surg
Obes Relat Dis, 2008,4(5):647-650.

3. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER,

Gordon JI. An obesity-associated gut microbiome with increased

I

capacity for energy harvest. Nature, 2006,444(7122):1027-1031.

4. Bickhed E Ding H, Wang T, et al. The gut microbiota as an envi-
ronmental factor that regulates fat storage. Proc Natl Acad Sci U S A,
2004;101(44):15718-15723.

5. Fetissov SO, Hamze Sinno M, Coéffier M, et al. Autoantibodies
against appetite-regulating peptide hormones and neuropeptides:
putative modulation by gut microflora. Nutrition, 2008,24(4):348—359.

6.  Batterham RL, ffytche DH, Rosenthal JM, et al. PYY modulation of
cortical and hypothalamic brain areas predicts feeding behaviour in
humans. Nature, 2007,450(7166):106-109.

7. Stice E, Spoor S, Bohon C, Small DM. Relation between obesity
and blunted striatal response to food is moderated by TaqlA A1
allele. Science, 2008;322(5900):449-452.

8. Rhee SH, Pothoulakis C, Mayer EA. Principles and clinical implica-
tions of the brain—gut—enteric microbiota axis. Nat Rev Gastroenterol
Hepatol, 2009,6:306-314.

troduction/Clinical Practitioner

1. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Fle-
gal KM. Prevalence of overweight and obesity in the United States,
1999-2004. JAMA, 2006,595:1549-1555.

2. Sturm R. Increases in clinically severe obesity in the United States,
1986-2000. Arch Intern Med, 2003;163:2146-2148.

3. Adams KF, Schatzkin A, Harris TB, et al. Overweight, obesity, and
mortality in a large prospective cohort of persons 50 to 71 years
old. N Engl J Med, 2006,355:763-778.

4. National Institutes of Health Consensus Development Panel.
Gastrointestinal surgery for severe obesity. Ann Intern Med,
1991;115:956-961.

5. Davis MM, Slish K, Chao C, Cabana MD. National trends in
bariatric surgery, 1996-2002. Arch Surg, 2006;141:71-74.

6. Buchwald H, Estok R, Fahrbach K, Banal D, Sledge I. Trends in
mortality in bariatric surgery: a systematic review and meta-analy-
sis. Surgery, 2007;142:621-632.

7. Sjostrom L, Narbro K, Sjostrom CD, et al. Swedish Obese Subjects
Study. Effects of bariatric surgery on mortality in Swedish obese
subjects. N Engl J Med, 2007,357:741-752.

8. Adams TD, Gress RE, Smith SC, et al. Long-term mortality after
gastric bypass surgery. N Engl ] Med, 2007,357:753-761.

9. O'Brien PE, Dixon JB, Laurie C, et al. Treatment of mild to moderate
obesity with laparoscopic adjustable banding or an intensive medical
program: a randomized trial. Ann Intern Med, 2006;144:625-633.

10.  Suter M, Giusti V, Worreth M, Héraief E, Calmes JM. Laparoscopic
gastric banding: a prospective, randomized study comparing the
Lapband and the SAGB: early results. Ann Surg, 2005,241:55-62.

11. Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: a sys-
tematic review and meta-analysis. JAMA, 2004,292:1724-1737.

12. Service GJ, Thompson GB, Service FJ, Andrews JC, Collazo-Clavell
ML, Lloyd RV. Hyperinsulinemic hypoglycemia with nesidioblasto-
sis after gastric-bypass surgery. N Engl J Med, 2005,353:249-254.

3

About this Series
e b

This is the 21st Tri-Point in the series of tri-point
perspective articles in Endocrine News. The topics,
authors, and outside reviewers are selected by The
Endocrine Society’s Research Affairs Core Committee
to explore subject areas from different angles. The
authors write their articles independently; drafts
are then reviewed by contributing co-editors and by
independent experts in the specific topic area.

If you have any comments about this feature,
please email endocrinenews@endo-society.org.

Find archived issues of the Tri-Point series on
the Endocrine News Web site, www.endo-society.
orglendo_news/index.cfm.

ENDOCRINENEWS ¢ AUGUST 2009

-
~





