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AN is a Complex Genetic Disease

10-fold increased risk among first-degree relatives of AN vs.
relatives of HC

Twin studies suggest 55-75% heritability

Likely multiple genes of modest effect interacting w/environment

Few data:

e Most candidate studies have focused on DA, 5-HT, and feeding
regulation pathways

e Mixed findings - in general, vastly underpowered, not
replicated

Several studies have suggested that genes mediating

appetite/satiety (preproghrelin, ghrelin R) are associated with
eating disorders



AN Affects Young Women, Associated with
Morbidity and Mortality

Complications
e Endocrine

— GH resistance, hypogonadism,
hypercortisolemia

— Abnormalities in appetite regulating
hormones

— Osteoporosis



Appetite-Regulating Hormones and AN

Some alterations are expected adaptation to starvation

Ghrelin- levels of this hormone made by the stomach
that stimulates eating are high

Others may be paradoxical-

PYY- levels of this hormone made by the intestine
that reduces appetite are also high

Persistence of abnormalities post-recovery raises
guestion of etiologic role



Normal Physiology: Ghrelin Falls After Meals,

Increases Between Meals
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Cummings et al. Diabetes 2001
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Presentation Notes
Plasma ghrelin levels in 10 HC (9F, 1M)

Diurnal rhythm and close association w/feeding

Fall in hr after each meal, increase nearly twofold b/t meals throughout the day, fall overnight

Conclusion: potential role for ghrelin in meal initiation


Ghrelin Increases Appetite and Caloric Intake

Fasting AM IV bolus 100mcg ghrelin normal subjects followed by
assessment of appetite, visualization of food one hour later; same
experiment w/placebo the next day

e Sig increase in appetite
after ghrelin

e Most reported a vivid
visualization of their
preferred meal after
ghrelin

Neuropsychopharmacology 2005)

Others have reported increased caloric intake wrenetal. icem 2001)
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Administration of IV ghrelin in HC increases appetite, visualization of food, caloric intake


Ghrelin and BMI

Fasting ghrelin levels in 28 HC (14 F, 14 M), 17 AN (16 F, 1 M),
11 obese (7 F, 4 M)
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Ghrelin levels inversely assoc w/bmi


Elevated Ghrelin in AN
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Misra et al. AJP-Endo 2005
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-Pulse study: 22 adolescent F with AN vs. 18 HC

-Increased mean ghrelin due to incr secr burst mass, amplitude

Girls with AN (gray line) had higher concentration of ghrelin than healthy adolescents (black line) over 12 hours. # p<0.1, *p≤0.05, **p≤0.01, ***p≤0.001


Persistent Abnormalities in Ghrelin
Post-Recovery

@ AN before treatment (n = 14)
AN after treatment (n = 14)
—{ control (n=12)
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Nakahara et al. J Psychiatr Res 2007
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-Mixed meal challenge: 14 AN-restrictive women before and after inpatient treatment vs. 12 HC

-Baseline ghrelin higher in AN before but not after recovery, compared to HC

-Post-meal ghrelin decreases in AN and HC

-120 min, 180 min ghrelin higher in AN after recovery vs. HC





-Ghrelin levels appear to normalize post-recovery, results regarding response to food intake have been mixed. Above study suggests persisten post-meal abnormalities post-recovery


Persistent Abnormalities in Ghrelin
Post-Recovery
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-Mixed meal challenge: 14 AN-restrictive women before and after inpatient treatment vs. 12 HC

-Baseline ghrelin higher in AN before but not after recovery, compared to HC

-Post-meal ghrelin decreases in AN and HC

-120 min, 180 min ghrelin higher in AN after recovery vs. HC





-Ghrelin levels appear to normalize post-recovery, results regarding response to food intake have been mixed. Above study suggests persisten post-meal abnormalities post-recovery


Persistent Abnormalities in Ghrelin
Post-Recovery
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-Mixed meal challenge: 14 AN-restrictive women before and after inpatient treatment vs. 12 HC

-Baseline ghrelin higher in AN before but not after recovery, compared to HC

-Post-meal ghrelin decreases in AN and HC

-120 min, 180 min ghrelin higher in AN after recovery vs. HC





-Ghrelin levels appear to normalize post-recovery, results regarding response to food intake have been mixed. Above study suggests persisten post-meal abnormalities post-recovery
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Normal Physiology: PYY Rises After Food Intake
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-PYY levels: 6 HC (3 M, 3F) fasted vs. after mixed meal

-PYY up by 208% after eating

-PYY increases in response to food intake, decreases after fasting

-36 AA polypeptide L type cells in GI mucosa


PYY Reduces Appetite and Caloric Intake
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-Effect of PYY (3-36) infusion on appetite, food intake in double blind placebo-controlled crossover: 12 obese (6 M, 6 F) vs. 12 lean HC (6 M, 6F)

(Rats mixed. ICV overeating, IV decreased eating)




PYY Levels are High in AN

PYY predicts

 Lower intake of fat
e Lower caloric intake
* Lower BMI

e Lower fat mass
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PYY does not normalize
with recovery

Misra et al. JCEM 2006
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-PYY levels: 23 girls with AN vs. 21 HC




Persistent Post-Meal Abnormalities in PYY
Post-Recovery
—&— AN before treatment (n = 14)

—&~ AN after treatment (n = 14)
—{1+ control (n=12)
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Persistent Post-Meal Abnormalities in PYY
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Hypotheses

Response of appetite-regulating hormones to consumption
of a mixed meal is abnormal in AN compared to controls.

Using fMRI, brain activity in regions implicated in appetite
regulation and food motivation circuitry will be abnormal in
AN compared with healthy controls both pre- (a) and post
(b)- meal intake.

Hormone abnormalities correlate to brain activity deficits.



®  Study Design: 20 AN, 20 AN-R, 20 HC

Key Enrollment Criteria: 18-25 yrs, no contraindication to MRI

o AN: DSM-IV criteria, <85% IBW, amenorrheic, restrictive subtype,

no significant binge/purge history, no antipsychotics

e  AN-R: DSM-IV criteria, restrictive subtype, no significant

binge/purge history, no antipsychotics, maintenance of 90-110%

IBW and regular menses >6 months

e HC:90-110% IBW, regular menses, no sig psychiatric or

disordered eating hx
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Fasting AM visit


Study Protocol

[Main visit}
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For our protocol, we start with a detailed pre-screening and screening process. We then bring subjects in for the main study visit. Subjects fast for 12 hours prior to their arrival at our center. Then undergo a fasting baseline blood draw for measurement of relevant hormones, followed by appetite and mood questionnaires. 



During the pre-meal fMRI session, subjects are presented with visual stimuli of food and non-food objects. I’ll show you an example of these in a moment. 



Appetite and mood questionnaires are administered again, and subjects complete stimuli ratings. 



Ghrelin, leptin, and PYY levels are collected just prior to the consumption of a standardized meal, and then at 30, 60, and 120 minutes following meal consumption.



Appetite and mood questionnaires are again completed, then subjects undergo a post-meal fMRI session, during which they view the same categories of visual stimuli. 



We collect a final set of appetite, mood, and stimuli ratings, as well as a bionutrition evaluation. (height, weight, BMI, % IBW, nutritional intake, activity assessment) 


. fMRI Paradigm

High Calorie — sweet
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Just to give you an idea of our fMRI paradigm, during each fMRI scan, subjects view pictures of high-calorie sweet food, high-calorie savory food, objects, Fourier-transformed blurred baseline images, and low-calorie foods in a block design.


Pre-meal

— "WPFC Insula

Amygdala: Emotion
Orbitofrontal Cortex: Reward

Medial Prefrontal Cortex: Visceral

Post-meal

Insula: Taste

Thalamus: Relay w/cortex



Summary/Conclusions

This study explores alterations in appetite-regulating hormonal
pathways and associated neurocircuitry in AN

Preliminary data indicate that the paradigm is effective, and
there appear to be differences in activation in AN vs. HC

Actively recruiting women ages 18-25 with current or past
history of restrictive AN

Goal is to increase our understanding of how appetite-regulating
pathways may be involved in the pathogenesis of AN, leading
to potential therapies
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Help provide insight into why some develop an as opposed to depression or anxiety when triggered.
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