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This case-control study was undertaken to examine whether early-onset morbid 

obesity is associated with cognitive impairment, neuropathologic changes, and behavioral 

problems.  We compared head MRI scans and cognitive, achievement, and behavioral 

evaluation of subjects with Prader-Willi syndrome (PWS), early-onset morbid obesity of 

unknown etiology (EMO), and normal-weight sibling controls from each of these groups.  

Head MRIs were done on 17 subjects with PWS, 18 with EMO, and 21 normal-weight 

siblings, while cognitive, achievement and behavioral evaluation were performed on 19 

patients with PWS, 17 individuals with EMO, and 24 normal-weight siblings.  The study 

was conducted on the General Clinical Research Center.  Patients were identified as 

EMO based on a history of obesity (BMI >95% or >150% of ideal body weight) before 

age 4 years.   

The Woodcock-Johnson Test of Cognitive Ability and Academic Achievement- 

Third Edition was used to assess general intellectual ability and achievement.  The 
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Behavioral Assessment System for Children was used to obtain information regarding 

behavioral symptoms.  The interpreters of the 3-dimensional (3-D) MRI scans were 

blinded to the diagnosis of the patients.  Two-way t-tests were used to analyze differences 

in means across groups. 

We found that the mean General Intellectual Ability (GIA) score of the EMO group 

was 77.4±17.8; PWS 63.3±14.2; and controls 106.4 ±13.0 (p=0.021 for EMO vs PWS; 

p<0.001 EMO vs sibs and PWS vs sibs). Achievement scores for the three groups were: 

EMO 78.7 ±18.8; PWS 71.2±17.0; and controls 104.8±17.0 (p=0.33 for EMO vs PWS, 

p<0.001 EMO vs PWS and PWS vs sibs). Significant negative behaviors and poor 

adaptive skills were found in the EMO group.  Intracranial abnormalities noted on MRI 

in individuals with PWS included ventriculomegaly, parietal lobe abnormalities, sylvian 

polymicrogyria, incomplete insular closure, and white matter lesions.  All 17 PWS 

subjects examined had some, if not all, of these findings, while none of the normal weight 

control subjects had any of these findings.   Five of the EMO subjects had white matter 

lesions, similar to those seen in patients with PWS, but none of the other intracranial 

abnormalities seen in subjects with PWS.  

We conclude that individuals with early-onset morbid obesity have significantly 

lower cognitive function and more behavioral problems than controls with no history of 

childhood obesity.  Additionally, we found that EMO and PWS subjects have MRI 

abnormalities that have not been described previously. 
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CHAPTER 1 
INTRODUCTION 

Childhood obesity is a major health problem throughout the world, with increasing 

prevalence, severity, and appearance at younger ages. Data from the International Obesity 

Task Force indicate that 22 million of the world’s children under 5 years of age are 

overweight or obese (1).  A number of environmental changes have occurred over the 

past decade, including reduced walking, increased portions sizes, and increased 

availability of inexpensive, high-fat/high-calorie foods.  Such evidence suggests that the 

rise in obesity among most age groups in the population is primarily due to external 

societal changes.  In contrast, since infants and very young children have limited access 

to these environmental factors, the development of obesity in the under-4-year-old age 

group is most likely due to genetic influences.  Determination of the etiology and 

consequences of childhood obesity is crucial to the understanding and ultimate treatment 

of this condition.  

Prader-Willi syndrome (PWS) is the most commonly recognized genetic cause of 

childhood obesity, characterized by infantile hypotonia, mental retardation, short stature, 

hypogonadism, early-onset obesity, and hyperphagia.  Typical psychiatric and behavioral 

manifestations include self-injury (e.g., nail biting and skin picking), explosive outbursts, 

and obsessive-compulsive behaviors.  PWS presents an opportunity to correlate 

neuropathologic abnormalities with the complex neurobehavioral phenotype. Only a few 

small studies of brain structure in PWS patients have been published.  One autopsy study 

reported cortical gyral malformations and heterotopic neurons in the cerebellar white 
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matter in a 6-month-old girl with PWS (2). Leonard et al; using traditional magnetic 

resonance imaging (MRI), reported abnormal Sylvian fissure morphology in four patients 

with PWS (3).  An abnormal cerebral gyral folding pattern was described using 3 

dimensional (3-D) MRI in one infant with PWS (4).  Abnormal pituitary findings have 

been well documented in patients with PWS (5, 6).  Recent advances in MRI technology 

allow the brain to be visualized in 3 dimensions permitting evaluation of in vivo 

neuropathology.   

Approximately 70% of PWS cases are due to a genetic deletion on chromosome 15 

(15q11-13), 25% of PWS cases are from a maternal uniparental disomy (UPD) of 

chromosome 15, and the remaining cases result from imprinting defects (7, 8).  The 

early-onset morbid obesity is the most significant health problem and the primary cause 

of morbidity and mortality in individuals with PWS.    

Adipose tissue produces various secretory proteins, including leptin, tumor necrosis 

factor-alpha (TNF-α), and adiponectin.  Obesity-induced abnormal levels of these 

“adipokines” cause increased insulin resistance, with resultant hyperinsulinemia, 

dyslipidemia, inflammation, and endothelial dysfunction.  Childhood obesity results in 

longer exposure to the adipokines produced by the adipose tissue, putting obese children 

at risk for developing the metabolic and cardiovascular complications of obesity at 

relatively younger ages.  By 6 – 12 years of age, one in four typical overweight children 

has hyperinsulinemia with impaired glucose tolerance, and 60% of these children have 

evidence of  hypertension, dyslipidemia, subclinical inflammation, and disturbed 

endothelial function (1, 9).   However, little is known about the effects of early childhood 

obesity on the developing brain. 
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Prader-Willi syndrome is an excellent model to help assess the causes and effects 

of early childhood morbid obesity, since it has a characteristic age of onset of obesity in 

addition to well-described learning difficulties and behavioral problems (10-13).  The 

most striking characteristic of patients with PWS is the development of morbid obesity 

by 2-3 years of age.  However, many children also have early-onset morbid obesity 

(EMO), but, to date, do not have a discernible genetic abnormality to account for their 

obesity.  This study was designed based on the hypothesis that the development of 

obesity early in life can cause damage to the developing brain, resulting in intracranial 

abnormalities, as well as cognitive and behavioral impairments. 
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CHAPTER 2 
METHODS 

Participants 

We evaluated subjects with PWS, a well-defined cause of childhood-onset obesity, 

mental retardation, and behavioral problems, as well as subjects with early-onset morbid 

obesity (EMO) of unknown etiology, in order to compare such factors as birth history, 

medical problems, age of onset of obesity, nutritional assessment, cognitive function, 

MRI findings, and behavior.  To reduce the effects of socioeconomic variables, the 

siblings of both of these obese groups served as the control group.  This study was 

approved by the University of Florida Institutional Review Board, and all participants 

and/or their guardians provided written informed consent. 

In this case-control study we compared head MRI scans and cognitive, 

achievement, and behavioral evaluation of subjects with PWS, EMO, and sibling controls 

from each of these groups.  The subjects with PWS served as an obesity comparison 

group for the children with EMO.  The study was conducted over two days on the 

General Clinical Research Center.  

Molecular testing was done on all PWS subjects using previously described 

methods (7). Overall, we studied 25 subjects with PWS who were recruited from the 

Genetics Clinic at the University of Florida. Ten PWS subjects with a deletion of the 

chromosomal 15q11-13 region and 7 with maternal uniparental disomy (UPD) of 

chromosome 15 (age 4 years to 39 years) had a 3-D MRI of their head (Table 2-1), while 
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11 subjects with deletion and 8 with UPD (age 4 years to 39 years) underwent cognitive 

and behavioral evaluation (Table 2-2).  All PWS subjects were obese before age 4 years. 

Subjects with EMO were recruited from the General Pediatric, Pediatric 

Endocrinology, and Pediatric Genetics clinics at the University of Florida.  Subjects were 

selected based solely on a history of weight >150% of ideal body weight (IBW) for 

height before the age of 4 years and no recognized syndromal cause of obesity.  Growth 

charts documenting the weight, height, and head circumference from birth were required 

for entry into the study to ascertain that the onset of obesity was before the age of four 

years.  The EMO subjects who underwent cognitive/achievement/behavioral evaluation 

and MRI were age 4-22 years (Table 2-1, 2-2).   

Sibling controls who were closest in age to the proband and who did not have a 

history of childhood obesity or a known genetic abnormality (e.g., Down syndrome) were 

recruited from both the PWS and the EMO families, although not every proband had a 

sibling.  The sibling controls were age 3.5 years to 43 years (Table 2-1, 2-2).   

All participants in the EMO group had a normal chromosomal analysis, as well as a 

normal fluorescence in situ hybridization and DNA methylation analysis using the small 

nuclear ribonucleoprotein N (SNRPN) probe located in the Prader-Willi region of 

chromosome 15 (7).  Sequence analysis of the melanocortin 4 receptor (MC4R) gene did 

not reveal any mutations (14).  Fragile X DNA testing done by polymerase chain reaction 

and Southern blot analysis (15) revealed no mutations.  No EMO subjects were found to 

have a leptin deficiency by commercial testing with a radioimmunoassay developed by 

Quest Diagnostics. 
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In addition to the extensive genetic testing described above, we also performed 

array-based comparative genomic hybridization (CGH) on all the EMO subjects 

searching for a chromosomal deletion or duplication that would explain their 

neurocognitive impairment and/or obesity.  A total of 174 genomic BAC (bacterial 

artificial chromosome) clones distributed across the length of the long arm of 

chromosome 15 were used for the microarray.  The highest density of clones is across the 

approximately 10 Mb 15q11-q14 interval encompassing the Angelman/Prader-Willi 

critical region, including the common deletion/duplication breakpoints. This particular 

microarray achieved a resolution of greater than one clone per megabase for the entire 

chromosome 15.  Additionally, over 130 clones (BACs and P1-derived artificial 

chromosomes) specific for the subtelomeric regions of all other chromosomes were 

included.  Also included were clones specific for the genomic regions for the SIM1 gene 

(chromosome 6q16.3) and a number of genomic regions (17p11, 22q11, and 10q23.3) 

implicated in autism spectrum disorders.  The validation of genomic clones, and 

production and analysis of array CGH experiments were carried out as described 

previously (16, 17).  Despite this extensive analysis, no segmental losses or gains were 

identified in any of the subjects in the EMO cohort. 

Only one EMO subject who underwent cognitive and behavioral testing did not 

have fragile X, MC4R, or array CGH done due to insufficient DNA.  However, his 

similarly affected maternal half brother did have this testing and was normal.  

Furthermore, fragile X testing on the mother was normal. 

Weight of Participants 

Age of onset of obesity for subjects with PWS was between 18 months and 36 

months, although the majority of the PWS subjects became obese after 24 months.  The 
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range of weight at their time of testing varied from ideal body weight (IBW) to 325% of 

IBW for height, and as a group were an average of 180% overweight.  The EMO group 

had more variation in age of onset of obesity (2 months to 3 years) and was more 

consistently and severely obese, being an average of 225% overweight at the time of 

evaluation (Figure 2-1).  However,  percent IBW underestimates the degree of obesity in 

PWS due to their decreased muscle mass (18).  None of the sibling controls were obese 

before age 10 years. 

Cognitive and Achievement Tests 

Cognitive and achievement testing was done using the Woodcock-Johnson Test of 

Cognitive Ability and Academic Achievement- Third Edition (WJ-III) (19).  The WJ-III 

is the most comprehensive test battery available for the clinical assessment of children 

and youth.  The Tests of Cognitive Ability on the WJ-III were designed to measure all the 

broad cognitive abilities (i.e., Fluid Reasoning, Comprehension-Knowledge, Visual 

Processing, Processing Speed, Long-Term Retrieval, and Short-Term Memory).  The 

Tests of Achievement measure scholastic performance in reading, mathematics, written 

language, knowledge, and academic skills.  Co-norming of the Tests of Cognitive Ability 

and Achievement on the WJ-III permits identification of ability/achievement 

discrepancies on the same standardization sample.  The WJ-III allows for testing of 

individuals from 2-79 years of age.  Results for the general population typically 

approximate a score of 100 ± 15. 

Behavioral Analysis 

Psychosocial adaptation of participants was measured with the parent, teacher, and 

youth self-report forms of the Behavioral Assessment System for Children (BASC) (20). 

The BASC is a nationally-standardized questionnaire designed to measure the adaptive 



8 

 

and problem behaviors of children and adolescents between the cognitive ages of 4-18 

years in school, home, and community settings.  Items are grouped into broad- and 

narrow-band scales (mean = 50, standard deviation = 15).  For the Behavioral Symptoms 

Index (BSI), which is an overall evaluation of negative behaviors (aggression, 

hyperactivity, withdrawal, depression, anxiety, and somatization), externalizing and 

internalizing problem behaviors scaled scores in the 41-59 range are average; in the 60-

69 range “at-risk”; and 70 and above “clinically significant”.  For the Adaptive Skills, 

scaled scores in the 41-59 range are average; in the 30-40 range “at risk”; and 30 or   

below “clinically significant”.All individuals were given the parent, teacher, and youth 

Behavioral Assessment System for Children (BASC) forms as applicable.  Unfortunately, 

the majority of the teacher BASC forms were not returned, and many individuals did not 

qualify to fill out the youth (self-report) BASC form, as the individual must be 

cognitively at least 8 years of age to complete this form.  Since all of the patients who 

participated in the study were accompanied by their parents, the most complete 

behavioral information was obtained from the Parent Assessment portion of the BASC.  

Administrators of both the WJ-III and the BASC tests were blinded as to the diagnosis of 

the patients. 

Socioeconomic Status 

Socioeconomic status (SES) was assessed for every subject by having the parents 

fill out a questionnaire detailing parental education and annual income prior to the visit.  

The answers were confirmed by verbal questioning at the time of the evaluation.   

Statistical Analysis for Cognition and Behavior 

This was a prospective nonrandomized study examining cognitive and behavioral 

scores in three different test groups – EMO, PWS, and sibling controls.  Each group was 
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compared in terms of scores on a standardized test of cognitive abilities (GIA) and 

achievement (which evaluates the presence of learning disabilities).  The primary analysis 

was a comparison via analysis of variance of the three groups (PWS vs. EMO vs. 

Control) on the basis of the (a) Age Standardized GIA and (b) Adaptive Skills (ADPT-T-

score) on the BASC controlling for gender.  If significant at p<0.05, this was followed up 

by two sample two-sided t-tests on each pair of groups.  Other variables were compared 

via two sample two-sided t-tests between the pairs of groups as secondary analyses to 

provide pilot information for future research.  Significant findings on secondary variables 

will need confirmation in a future study.  

MRI Scanning Procedure 

Subjects were not sedated for the MRI scans which were performed using a head-

dedicated 3 Tesla Allegro scanner (Siemens, Erlangen, Germany).  Both Turbo Spin 

Echo (TSE) and Turbo FLASH pulse sequences were used for quick whole-brain 

scanning and high-resolution scanning focused on the subcortical nuclei.  The anatomic 

MRI images included a 3D T1-weighted whole brain scan and 2-dimensional (2-D) 

proton density weighted and T2 weighted MRI images.  For the 2-D anatomic scan, a 

turbo spin echo (TSE) pulse sequence was used, which produces a protein density 

weighted image and T2 weighted image simultaneously.  The slice thickness was 3.8mm, 

with a matrix of 256x256 and a total of 36 transaxial slices to cover the whole brain.  For 

the 3-D scan, a 3D MPRAGE pulse sequence was used to collect T1 weighted 3-D 

anatomic MRI images. The matrix was 256x256, slice thickness was1.0~1.3mm, and 160 

axial slices were used to cover the whole brain. The scans were interpreted by two 

independent reviewers, one of whom is a board-certified neuroradiologist and the other 

has published extensively in the field of neuroradiology.  The reviewers were blinded to 
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the identity and diagnosis of the subjects.  Although 43 subjects underwent both the 

cognitive/behavioral testing and an MRI, some subjects only consented to participate 

only in cognitive/behavioral testing (n = 17) or MRI scanning (n = 13). 

Table 2-1: Characteristics of subjects undergoing MRI evaluation 
 PWS  EMO Controls 
N 17 18 21 
Age (yrs) .9-39 (mean = 11.4) 4-22 (mean = 10.9) 3.5-43 (mean = 19.5)  
Gender 11 M, 6 F 9 M, 9 F 8 M, 13 F 
Race 1 Hispanic, 16 White 2 Hispanic, 16 White 21 White 
M= Males   
F=Females 
 
Table 2-2: Characteristics of subjects undergoing cognitive, achievement and behavioral 

evaluation 
 PWS EMO Controls 
N 19 17 24 
Age (yrs)  4-39 (mean = 24.6) 4-22 (mean = 13.4) 4-43 (mean = 21.0) 
Gender 13 M, 6 F 8 M, 9 F 10 M, 14 F 
Race 2 Hispanic, 17 White 3 Hispanic, 2 Black, 12 White  24 White  
M = males 
F = females 
 

 
Figure 2-1.  Percentage of ideal body weight at time of evaluation.  EMO patients were 

significantly heavier at the time of evaluation than either PWS patients or than 
controls.  The white area encompasses weights >150% of ideal body weight 
(IBW).  The boxplots graph data as a box representing statistical values.  The 
boundary of the box closest to zero indicates the 25th percentile, a line within 
the box marks the median, the cross within the box indicates the mean, and the 
boundary of the box furthest from zero indicates the 75th percentile.  The 
whiskers above and below the box indicate the 90th and 10th percentiles.  
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CHAPTER 3 
COGNITIVE AND BEHAVIORAL FINDINGS 

Cognitive Results 

The three way ANOVA comparing the General Intellectual Ability (GIA) of the 

three groups, adjusting for gender, was significant at P<0.001.  EMO subjects were lower 

than the control siblings (p<0.001), with average GIA for EMO subjects being 77.4 ±17.8 

and the average GIA for sibling controls being 106.4 ±13.9 (Figure 3-1).  The mean GIA 

for the PWS group was 63.3 ±14.2, which was lower than controls (p <0.001).  The PWS 

group had a significantly lower mean than the EMO group (P=.020).   

Additionally, the EMO subjects had lower thinking ability (79.4 ±15.9 vs 109.3 ± 

12.3), cognitive efficiency (79.3 ±22.6 vs 103.2 ±12.0), phonemic awareness (90.1 ±13.3 

vs 114.7 ±11.5), and working memory (85.1 ±21.2 vs 106.9 ±14.2 ) than controls 

(p<0.001 for all measures).   

Achievement 

EMO subjects had a total achievement score (78.7 ± 18.8) on the WJ-III that was 

similar to the PWS (71.2 ± 17.0) group (p=0.33), but lower than the controls (104.8  ± 

17.0;  p<0.001) (Figure 3-2).  All broad areas of achievement measured by the WJ-III 

(math, reading, and written language) were significantly lower in EMO subjects than in 

the controls (p =0.017, <0.001, and 0.0014, respectively).   

Behavioral Findings 

The three groups differed significantly on the standardized adaptive skills score, 

adjusted for gender (p=0.0025).  The EMO subjects had inferior adaptive skills (38.5 ± 
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9.3) than the control group (50.8 ± 10.5, p=0.0020) (Figure 3-3). Individuals with EMO 

had a slightly higher (59.6 ± 15.7) score on the Behavioral Symptoms Index (BSI) than 

controls (51.6 ± 12.9), although this difference was not significant (p=0.14).   

Subjects with EMO did not have significantly worse externalizing behaviors (e.g., 

aggression and hyperactivity) than either controls (p = 0.10) or PWS subjects (p= 0.17). 

However, the EMO subjects had more internalizing behaviors (including anxiety, 

depression, and somatization) than either the PWS (p=0.020) or the control group (p= 

0.059) (Figure 3-4). 

Socioeconomic Status 

Although the PWS parents had a higher parental education (p= 0.02) and a higher 

annual income (p= 0.054) than the EMO parents, pooling the siblings from each group 

reduced any SES difference between the controls and either the PWS or EMO groups.  

Sub-analysis of the control group showed that there were no significant differences in 

GIA (p= 0.67) or achievement (p= 0.60) between the EMO siblings and the PWS 

siblings, suggesting that SES differences were probably not responsible for the disparity 

in GIA and achievement scores between the EMO patients and controls. 
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Figure 3-1.  Comparison of General Intellectual Abilities (GIA). EMO patients have a 

significantly lower GIA than controls (p <0.001; c). PWS patients also have a 
lower GIA than controls (p <0.001; b).  PWS patients have a lower GIA than 
EMO patients (p=0.020; a).  The shaded gray area (GIA = 85-115) represents 
the normal range for GIA, while the white area below 85 represents the 
borderline and mentally retarded range, and the white area above 115 
represents the above average range. 

    
Figure 3-2.  Comparison of total achievement scores.  EMO individuals have lower total 

achievement than controls (p = 0.001), but are not significantly different than 
PWS patients.  PWS patients also had achievement scores that were lower 
than controls (p=0.001).  The shaded gray area (achievement score 85-115) 
represents the normal range. 
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Figure 3-3.  Comparison of adaptive skills and problem behaviors. 

EMO patients had worse adaptive skills than controls (p = 0.002; (a) on the 

boxplot).   

EMO patients did not have significantly worse problem behaviors than controls 

(p=0.14), nor did PWS patients (p=0.86).  Plain gray shading is clinically significant and 

the stippled gray area is “at risk”. 

  
Figure 3-4.  Externalizing and internalizing behaviors as assessed by Parent BASC 

evaluation.  EMO patients had more internalizing problem behaviors than the 
PWS group (p=0.020; (a) on boxplot) and controls (p=0.059; (b) on boxplot). 
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CHAPTER 4 
MRI RESULTS 

All of the individuals with PWS had mild ventriculomegaly.  Abnormalities were 

also seen in the parietal lobe, the Sylvian fissure, and the insula in a subset of subjects 

with PWS.  These abnormalities were not seen in any of the EMO subjects or sibling 

controls (Table 4-1).   White matter lesions were noted in subjects with PWS over age 18 

years of age and in EMO subjects over 11 years of age, but in none of the sibling 

controls. 

White Matter Lesions 

White matter lesions were seen in 6 of 8 subjects with PWS over age 18 (Figure 4-

1a), but in none of the younger subjects with PWS or in any of the control subjects.  Five 

of the 18 EMO subjects had white matter lesions noted on brain MRI (Figure 4-1b).  All 

5 with white matter lesions were over age 11 years of age at the time of the study (age 

range 12 years to 22 years).  Only one of the six EMO subjects over 11 years of age did 

not have any white matter lesions.No relationship was found between the presence of 

white matter lesions and waist to hip circumference, duration of obesity, fasting insulin, 

glucose, or triglyceride levels (Table 4-2), or with fasting cholesterol, uric acid, and post-

prandial insulin, glucose, or triglyceride levels.  Patients with PWS had an average of 3 

white matter lesions on MRI (range 1-7), while the patients with EMO had an average of 

2 lesions (range 1-5).  More white matter lesions tended to appear with a greater degree 

of obesity (p=.09) in the EMO subjects (Table 4-2).  Accurate growth records, 
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particularly from early childhood, were not available for many of the older patients with 

PWS to determine their highest weight or duration of morbid obesity.   

Several of the EMO and PWS subjects had previous head MRIs at younger ages 

which did not show any evidence of white matter lesions, demonstrating that the lesions 

appear with increasing age.  These white matter lesions, which may be due to ischemia, 

vasculitis, or demyelination, were diffuse and found in different areas of the brain from 

subject to subject, however were consistently seen in the orbitofrontal cortex in both 

groups of patients 

Parietal-Occipital Lobe Abnormalities 

Subjects with PWS showed decreased volume of gray matter in the parietal-

occipital lobes resulting in broadening of the local sulci (Figure 4-2).  Six of the 

seventeen PWS patients had bilateral parietal-occipital lobe abnormalities, while 4 had 

isolated right-sided findings.  No obvious relationship was seen between the laterality of 

parietal-occipital lobe abnormalities and molecular class of subjects with PWS.  No such 

abnormalities were found in EMO patients, normal weight controls, or in any of the five 

PWS patients younger than 3 years of age.  The parietal-occipital lobe, which is 

necessary for somatosensory awareness and integration, has been found to be abnormal in 

individuals with obsessive-compulsive behaviors (21), which is a common feature of 

individuals with PWS. 

Sylvian Fissure Polymicrogyria 

Sylvian fissure polymicrogyria is associated with language disorders (22). The left 

Sylvian fissure allows integration of speech and language while the right Sylvian fissure 

is more involved in speech articulation (23, 24).  We found that 13 of 17 subjects with 

PWS had Sylvian fissure polymicrogyria.  Nine subjects with PWS had bilateral Sylvian 
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fissure abnormalities, all of whom had a deletion of 15q11-13.  One subject with a 

deletion had an isolated right Sylvian fissure abnormality.  Normal Sylvian cortical 

development was only seen in 2 subjects with a deletion and 2 subjects with UPD, 

although all 5 of our UPD PWS subjects had a normal right Sylvian fissure.   PWS 

individuals with UPD have fewer problems with articulation than patients with a deletion 

of chromosome 15 (25), which fits with our observation that 5/5 UPD PWS subjects had 

a normal right Sylvian fissure as opposed to only 2/12 deletion subjects.  All of the EMO 

and control subjects had normal Sylvian fissure morphology.  

Insula Closure 

The portion of the cortex located deep in the Sylvian fissure is the insula.  Most of 

the PWS subjects in our study showed failure of the insula to close completely (Figure 4-

3).  Eight subjects had bilateral insular abnormalities, while 5 had unilateral failure of the 

insula to close (3 right-sides, 2 left-sided).  Thus far, we have not observed any 

relationship between failure of the insula to close completely and clinical features (e.g. 

degree of obesity, appetite, etc) or the molecular class of the PWS subjects.  We also 

found no relationship between the age of the patient and abnormalities in either the 

Sylvian fissure or the insula.  None of the subjects with EMO or controls had insular 

abnormalities.  Interestingly, pain perception and autonomic control are functions 

ascribed to the insula (26), and these are frequently abnormal in PWS (18).  
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Table 4-1: MRI findings 
Diagnosis Ventriculomegaly Parietal-

occipital 
abnormalities 

Sylvian fissure 
polymicrogyria

Failure 
of insula 
closure 

White 
matter 
lesions 

PWS 17/17 10/17 13/17 13/17 6/17 
EMO   0/18   0/18   0/18   0/18 5/18 
Controls   0/21   0/21   0/21   0/21 0/21 
 
Table 4-2: Relationship between presence of white matter lesions and clinical phenotype 
Patients BMI 

SDS 
Waist:hip 
Ratio 

Fasting 
insulin 
mcIU/mL 

Fasting 
glucose 
mg/dL 

Fasting  
triglycerides 
mg/dL 

Duration 
of obesity 
(mos) 

+ WM 
lesions 

7.2±9.0 0.92±0.008 16.5±22.6  82.9 
±14.6 

155.7±119.5 151.8±29.5

- WM 
lesions 

4.0±6.0 0.991±0.001 13.75±8.79  92.4 
±23.6 

115.8±58 111.9±38.2

EMO 

t test p=0.09 p=0.30 p=0.76 p=0.32 p=0.43 p=0.63 
+ WM 
lesions 

1.9±1.2 0.95 ±0.007 4.17±3.49 82.8 
±18.9 

97.5±54.1 Data not 
available 

- WM 
lesions 

3.1±4.0 0.95 ±0.007 11.7±7.6 93.5 
±25.7 

103.3 ±52.2 Data not 
available 

PWS 

t test p=0.16 p=0.91 p=0.052 p=0.43 p=0.85 N/A 
All data is expressed as mean ± standard deviation. 
BMI: Body mass index; SDS: Standard deviation score 
 

 
Figure 4-1.  White matter lesions in subjects with early-onset morbid obesity.  (a) Marked 

white matter lesions, including a lacunar infarct (arrow) in a 33 year old 
patient with PWS with a history of long-standing obesity.  (b) Multiple white 
matter lesions in a 15 year old EMO patient with morbid obesity since age 9 
months. 
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Figure 4-2.  Abnormal parietal sulci. The control subject (a) has normal parietal lobes, 

while the PWS patient (b) has decreased gray matter in the parietal lobes, 
resulting in increased sulci size. 
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Figure 4-3.  Abnormal closure of insula.  The control subject (a) has a normal insula, 

while the PWS subject (b and c) has an insula that has failed to close 
completely. 
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CHAPTER 5 
CONCLUSIONS 

We have shown that early-onset obesity is associated with lower general 

intellectual ability, lower achievement, increased incidence of behavioral issues, and the 

occurrence of white matter lesions.  The lower cognitive function and behavioral 

abnormalities are independent of socioeconomic status.  These findings are even more 

striking when the EMO and the PWS groups are compared.  PWS is a syndrome that is 

well-known to result in mental retardation and behavioral problems.  Nonetheless, the 

EMO group had similar total achievement scores and behavioral scores that were similar 

or worse than subjects with PWS.  Although the PWS patients had a later age of onset of 

obesity than the EMO patients, PWS is a contiguous gene syndrome that results in the 

loss of expression of several imprinted genes on chromosome 15 which are normally 

expressed in the brain (7), which would explain the more severe total cognitive 

impairment seen in the PWS patients.  Our cognitive and behavioral findings for the PWS 

group are similar to the results found by other groups (10-13) 

We hypothesize that the lower cognition and achievement and increased behavioral 

problems in the non-PWS individuals with early-onset obesity were due to the abnormal 

hormonal and metabolic milieu that occurs with obesity.  Abnormal accumulation of 

certain metabolites, such as phenylalanine or galactose, either in utero or in early 

childhood, can result in neurological impairment and mental retardation which becomes 

obvious when the child is older (27-29).  These substances, which are naturally found in 

the body, can result in devastating neurological impairment if they are present in excess 
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during early development.  Elevated levels of these metabolites and their by-products 

may cause delayed or absent myelination of neurons in the brain (30).  Mental retardation 

is a known consequence of untreated children with phenylketonuria and galactosemia.  

Poorly controlled phenylketonuria has been shown to result in white matter lesions in the 

brain, which are thought to be associated with learning disabilities and behavioral 

problems (30).  Therefore, we postulate that alterations in levels of adipokines (such as 

leptin, adiponectin, or TNF-α), hormones (such as insulin), or neurotransmitters (such as 

neuropeptide-Y) could cause damage to the developing brain if present early in life 

before myelination of the brain is complete, similar to what is seen in phenylketonuria 

and other inborn errors of metabolism. 

Excess adipose tissue leads to an abnormal hormonal milieu including 

dyslipidemia, most often hypertriglyceridemia, as well as both leptin and insulin 

resistance, with subsequent hyperleptinemia and hyperinsulinemia (9).  Hyperinsulinemia 

has been related to cognitive impairment and to the development of Alzheimer’s disease 

(31).  Recent studies in mice show that hypertriglyceridemia prevents the entry of leptin 

to the brain, causing elevated peripheral leptin levels (32).  Leptin has been shown to be a 

neuroprotective hormone, so resistance to leptin at the blood-brain barrier may be 

harmful to brain development (33).  Studies in leptin resistant mice show white matter 

cysts and degenerative lesions on MRI (33).   

Previous studies in PWS have noted an abnormal cerebral gyral folding pattern (4), 

abnormal Sylvian fissure morphology (3), and pituitary gland abnormalities (5, 6), but 

these studies have studied fewer than 5 subjects.  Our study is the largest to date and is 

the first to identify parietal-occipital lobe abnormalities and insula aberrations in 
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PWS.We are also the first to identify white matter lesions in individuals with PWS and 

EMO.  The white matter lesions, as well as the other morphological brain abnormalities, 

were not seen in any of the sibling controls, none of whom had a history of childhood 

obesity.     The two PWS subjects over the age of 16 who did not have white matter 

lesions had both been receiving growth hormone treatment during childhood, and had had 

long-term control of their obesity (150% and 175% IBW), with no significant 

fluctuations in weight over time.  White matter lesions were seen in EMO patients as 

young as 12 years of age. Therefore, we postulate that the white matter lesions are due to 

the duration and/or severity of obesity during early childhood.  We will have to follow 

our cohort of young patients longitudinally to identify the pathogenesis and progression 

of the white matter lesions, however, we hypothesize that obesity-derived perturbations 

in adipokines, hormones, or neurotransmitters may be responsible for white matter 

lesions, as well as the cognitive, and/or behavioral impairment.  

Additional evidence for the hypothesis that early-onset obesity may contribute to 

decreased cognitive function comes from patients with PWS.  Anecdotally, patients 

whose weight was well controlled in childhood seem to do better cognitively than 

patients with PWS whose weight was poorly controlled during early childhood.  One 

study has shown that patients with PWS who were diagnosed in infancy before becoming 

obese, and who adhered to a dietary plan that prevented the early onset of obesity, had a 

statistically significant mean IQ score that was 20 points higher than those patients with 

PWS who were obese early in childhood (34). 

The EMO patients we studied were a heterogeneous group with no evidence of any 

known syndromal cause of obesity.  Extensive genetic testing for known causes of 



23 

 

cognitive impairment (e.g., chromosomal, PWS, and Fragile X syndrome, as well as array 

CGH) and obesity (MC4R and leptin mutations) were excluded.  The common factor in 

this group was the development of early-onset morbid obesity.  While we suspect that 

almost all of our EMO patients will eventually be found to have a genetic explanation for 

their early-onset obesity we feel that most of these patients will have a single gene defect 

causing the obesity with the cognitive impairment and behavioral problems occurring as 

secondary effects. 

Sleep apnea, which is common in individuals with obesity, has negative effects on 

cognition and behavior, most commonly causing executive dysfunctioning, impaired 

working memory, and anxiety/hyperactivity in children (35).  A magnetic resonance 

spectroscopy study in adults with a mean age of 48 years showed that absolute 

concentrations of N-acetylaspartate and choline were significantly reduced in the frontal 

white matter of patients with sleep apnea, leading the authors to conclude that the sleep 

apnea may be contributing to the development of cognitive executive deficits (36).  We 

have found that all patients with PWS have some degree of sleep apnea beginning in 

infancy , which is usually mild and has been treated as warranted (37).  We are 

conducting further studies to determine the role of the sleep apnea in our subjects with 

PWS and EMO in the development of white matter lesions and cognitive and behavioral 

issues, but at the current time we feel that sleep apnea is not playing a major role in most 

of our patients. 

Our study is the first to find a difference in GIA and behavior irrespective of SES 

between individuals with EMO and controls who were at normal weight during 

childhood.  A longitudinal study of individuals age 65-85 years with obesity showed a 
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correlation between high waist-to-hip ratio and memory decline, but no relationship 

between BMI and cognitive function (38).  Cross-sectional studies of adult males showed 

that intelligence test scores and educational level are inversely related to obesity (39, 40). 

Several Danish studies evaluating intellectual performance in males who underwent an 

obligatory draft board examination concluded that severe obesity was strongly associated 

with diminished intellectual performance (39-42).  Additionally, a study of 102 children 

found that those who were severely obese (>50% overweight) at an average age of  9.8 

years had a significantly lower performance IQ than control children (43).  However, the 

authors of all of these studies concluded that they were unable to distinguish whether 

reduced intellectual performance can be ascribed solely to obesity or if it is due to the 

association of obesity with lower socioeconomic status and lower educational level.  

Indeed, one recent study found that the differences in test scores between overweight and 

normal weight children could be explained by differences in socioeconomic variables 

(44).   However, none of the previous studies exclusively analyzed a group of subjects 

whose obesity began as early or who were as severely obese as our EMO group. 

Another consideration is that none of the IQ tests currently in use, including the 

popular Wechsler scales for children (WISC-III, 1991) and adults (WAIS-R, 1981), 

measures all the broad cognitive abilities (45) with the exception of the Woodcock-

Johnson tests (19).  The WJ-III, which was used in this study, was designed to sample 

various cognitive abilities and academic achievement for individuals ranging in 

developmental levels from 2 years to 79 years.  The WJ-III is the most comprehensive 

test battery available for the clinical assessment of children and youth.  In contrast to the 

WJ-III, the Wechsler IQ scores, which have typically been more widely used for IQ 
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testing, measure only a narrow range of cognitive abilities.  Furthermore, the Wechsler 

IQ scores cannot be compared across groups with a wide age span because they consist of 

three different tests (one for preschool children, one for school-aged children and youth, 

and one for adults) and their scores are derived from different samples.  All of the 

previous studies evaluating the relationship between cognitive function and obesity used 

either the WISC-III or the WAIS-R, neither of which is as comprehensive as the WJ-III, 

which was used in our study.   

One limitation of our study is the small sample size with few EMO/sibling matched 

pairs.  However, the GIA of our control siblings fell well within the standardized normal 

range, and we saw a highly significant difference between EMO subjects and normal 

controls despite the small sample size.  In the 4 EMO/sibling pairs studied thus far, we 

have found a difference in GIA greater than 2 standard deviations between the EMO 

patient and the sibling control.  Sibling matching is a strength of our study because it 

allows us to reduce the effects of genetic and socioeconomic factors as a cause of the 

difference in GIA.  Additional EMO/sibling pairs will be recruited to extend this study. 

Another limitation is the cross-sectional nature of this study.  We do not know 

whether the lower cognitive function, behavioral problems, and white matter lesions are 

due to the onset, duration, or the degree of obesity, and/or to the hormonal milieu 

associated with obesity.  Likewise, we are not certain whether the white matter lesions 

are related to the findings of cognitive dysfunction.  These questions will be addressed in 

future longitudinal studies with annual MRI of the brain and assessments of cognition, 

achievement, and behavior.  Further studies are also needed to correlate the GIA, 
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achievement, and behavioral findings with specific obesity-related metabolic and 

hormonal derangements.   

In conclusion, we have found a strong correlation between early-onset obesity and 

cognitive impairment, achievement, and behavioral problems, as well as the presence of 

white matter lesions.  This relationship is independent of any of the known causes of poor 

cognitive function and achievement, such as genetic abnormalities, low socioeconomic 

status, or other environmental factors.  Therefore, early childhood obesity alone may 

compromise cognitive ability and achievement, adding to the public health concern 

surrounding the epidemic of obesity in childhood and further emphasizing the need for 

early intervention. 
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