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Prader–Willi syndrome (PWS), the most common genetic cause of marked
obesity in humans, is usually due to a de novo paternally derived
chromosome 15q11–q13 deletion or maternal disomy 15 [(uniparental
disomy (UPD)]. Obesity is due to energy imbalance, but few studies have
examined fat patterning and obesity-related factors in subjects with PWS
(deletions and UPD) compared with subjects with simple obesity. We
examined for differences in fatness patterning and lipid, leptin, and
glucose and insulin levels in subjects with simple obesity and PWS and
adjusted for gender, age, and body mass index (BMI). Fasting peripheral
blood samples and cross-sectional magnetic resonance image scans at the
level of the umbilicus were obtained in 55 subjects ranging in age from 10.4
to 49 years: 20 PWS deletion, 17 PWS UPD, and 18 obese controls.
Subcutaneous fat area (SFA) and intra-abdominal visceral fat area (VFA)
were calculated. No significant difference was seen between the PWS
deletion subjects or PWSUPD subjects for fatness measurements or leptin
levels. Twenty-three of 37 PWS subjects met the criteria for obesity
(BMI> 95th percentile). No significant differences were observed for SFA
and VFA between the PWS subjects judged to be obese and control
subjects with simple obesity. There was an overall trend for decreased
VFA in the PWS subjects but not significantly different. VFA was
significantly positively correlated with both fasting insulin and total
cholesterol in PWS deletion subjects but not in PWS UPD subjects or
obese controls. Fasting insulin level was significantly lower in the obese
PWS subjects compared with subjects with simple obesity, and insulin
sensitivity (QUICKI) was significantly higher in PWS subjects with
obesity. Homeostasis model assessment (HOMA) and QUICKI values
were correlated and in opposite directions with triglycerides in the obese
PWS subjects but not in the obese controls. Subjects in each group were
stratified according to published criteria on the basis of their level of
visceral fat (e.g.� 130 cm2) to assess the influence of VFA on metabolic
abnormalities. In the obese PWS subjects, the fasting triglyceride, glucose,
and insulin levels, and HOMA value were significantly elevated, while the
QUICKI value was significantly lower in those with VFA� 130 cm2. Such
significant differences were not seen in the obese control group. Our results
indicate that VFAmay be regulated differently in PWS subjects compared
to individuals with simple obesity. Insulin resistance is lower in PWS
subjects and insulin sensitivity is higher compared with obese controls.
PWS subjects with increased VFA may be at a higher risk of obesity-
related complications compared to PWS subjects without increased VFA.

Prader–Willi syndrome (PWS) was first described
by Prader et al. in 1956 (1). This syndrome is
characterized by mental deficiency, infantile

hypotonia, hypogonadism, short stature, small
hands and feet, obesity, and minor facial anoma-
lies (2–7). Individuals with PWS usually present
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with feeding difficulties during infancy followed
by hyperphagia and early childhood obesity.
PWS is considered the most common genetic
cause of marked obesity in humans (4), and
understanding obesity in this syndrome may
yield useful information for those in the general
population with obesity. Approximately, 70% of
subjects with PWS have a de novo paternally
derived chromosome 15q11–q13 deletion, while
25% have maternal disomy 15 [(uniparental dis-
omy (UPD)], and the remaining subjects have an
imprinting defect.
The development of obesity requires an energy

imbalance with the rate of triglyceride synthesis
and fat storage exceeding that of fat mobilization
and utilization. The massive accumulation of adi-
pose tissue observed in PWS and the unusual fat
patterning (8) suggest abnormalities in fat mobi-
lization and oxidation or triglyceride synthesis
and storage. Furthermore, the unusual distribu-
tion of body fat observed in PWS subjects with
marked obesity remains after weight loss (9), but
excess fat continues even though normal weight is
achieved. Sex reversal fat pattern is seen in PWS
subjects with males having greater subcutaneous
fat area (SFA) compared with females, beginning
at an early age (8).
Plasma lipid profiles are reported to be similar

in subjects with PWS compared with obese con-
trols (10, 11); however, circulating free fatty acid
levels are elevated in PWS (10, 12–14). In add-
ition, fatty acid composition of adipose tissue tri-
glyceride is atypical in PWS individuals compared
to obese controls (15, 16). An early study of fat
utilization and transport suggested no irregular-
ities in PWS (13), although adipose tissue lipopro-
tein lipase activity was reported to be increased in
PWS suggesting an increased efficiency of trigly-
ceride storage (17). Furthermore, individuals with
PWS have smaller fat cell numbers but greater fat
cell size compared to individuals with simple obe-
sity (18, 19). Hence, the excessive fat accumula-
tion along with an unusual fat patterning in PWS
may result from defects in fat metabolism or
nutrient partitioning.
The health risks of obesity (such as the predis-

position to diabetes, hypertension, musculoskele-
tal, and cardiovascular diseases) are related not
only to the amount of total body fat but also to
regional fat distribution. Specifically, individuals
with a significant accumulation of intra-abdom-
inal visceral fat are particularly at risk of obesity-
related complications (20). The increase of visc-
eral fat plays an integral role in the development
of insulin resistance, glucose intolerance, and
hyperlipidemia in obese subjects without PWS
(21). Additionally, other studies have found that

visceral adipocytes, which express higher gluco-
corticoid-binding capacity and chronic stress,
may contribute to the deposition of intra-abdom-
inal fat and insulin–glucose homeostasis (20).
Because of an unusual fat patterning and the
known predisposition to type 2 diabetes in sub-
jects with PWS (7), we sought to determine
whether individuals with PWS differ from
subjects with simple obesity in terms of
body composition, absolute or relative amounts
of intra-abdominal visceral fat compared with
peripheral fat, insulin resistance, leptin, and
lipid data. In addition, few previous studies have
examined fat patterning and insulin resistance in
PWS individuals of all ages with the 15q deletion
or UPD.

Subjects and methods

Subjects

Fifty-five subjects were studied including 20 PWS
deletion [ninemales (eightCaucasian, oneAfrican-
American), 11 females (all Caucasian), aver-
age age of 22 years], 17 PWS UPD [nine males
(eight Caucasian, one Hispanic), eight females
(seven Caucasian, one Hispanic), average age
of 24 years], and 18 non-syndromic subjects with
obesity of unknown cause [eight males (six
Caucasian, two African-American), 10 females
(nine Caucasian, one African-American), average
age of 26 years with an age range of 11–49 years]
compared with an average range of 10.4–44 years
for all PWS subjects. The subjects were
recruited for genotype–phenotype studies in PWS
following informed written consent. All subjects
were examined by a clinical geneticist (Merlin G
Butler). No subject was on growth or thyroid
hormone treatment. Three of the 18 subjects
with simple obesity and five of the 37 PWS sub-
jects had a history of diabetes mellitus but were
not currently on insulin or oral hypoglycemic
agents.
The presence of the 15q11–q13 deletion was

identified by fluorescence in situ hybridization
using 15q11–q13 probes (e.g. SNRPN). All PWS
subjects showed abnormal methylation testing
with polymerase chain reaction (PCR) analysis
consistent with the diagnosis of PWS. The pres-
ence of maternal disomy 15 or UPD was deter-
mined by PCR using established methods with
polymorphic DNA microsatellites from the chro-
mosome 15q11–q13 region (22, 23). Height to the
nearest 0.1 cm and weight to the nearest 0.1 kg
were obtained for each subject in the clinical set-
ting. Waist circumference was obtained to the
nearest 0.1 cm with a steel tape measure at the
umbilicus level in the standing position. The hip
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circumference was obtained to the nearest 0.1 cm
at the greater trochanter level. The body mass
index (BMI), used to define obesity, which is
equal to weight in kilograms divided by height
in meters squared, was calculated for each sub-
ject. For adult subjects (�18 years of age), obe-
sity was defined as BMI� 30. For subjects less
than 18 years, obesity was defined as BMI> 95th
percentile using published standardized growth
charts for each sex (24).

Fat determination

Regional fat distribution (fat patterning) was
determined using T1-weighted magnetic reson-
ance images (MRIs) acquired on a commercial
clinical MRI scanner (SP63, Siemens Medical
Systems, Erlanger, Germany). The quantity of
abdominal subcutaneous and visceral adipose
tissue was determined from cross-sectional
abdominal MRI scans (Fig. 1) at the level of the
umbilicus (fourth lumbar vertebra) and converted
to pixels representing background, lean and fat
tissues using established protocols (25, 26). Cross-
sectional SFA and visceral fat area (VFA) in the
supine position were calculated by the number of
fat pixels divided by the sum of fat and lean pixels
providing the fractional volume of fat tissue
determined within the MR slice (25, 26). The fat
(SFA :VFA) ratio was calculated on each subject.
Furthermore, obese subjects in both groups
(PWS and controls) were stratified based on
their measurement for VFA using VFA value of

130 cm2 as a cutoff, as reported by Despres (27).
An area of approximately 130 cm2 was found as a
critical level for visceral adipose tissue, above
which an increased risk of metabolic abnormal-
ities was detected in both Caucasian men and
women from the general population (27).

Laboratory testing

Fasting (6–12 h) peripheral blood samples were
collected from the subjects in ethylenediaminete-
traacetic acid vacutainer tubes and the plasma
stored at �70 �C for assay at a later time. Stand-
ard enzymatic assay kits (Sigma Chemical Co.,
St. Louis, MO) were used to measure total
plasma cholesterol and triglyceride levels. Fasting
plasma glucose levels were calculated by the oxi-
dase method (Glucose Analyzer II, Beckman
Instruments, Fullerton, CA). Plasma insulin and
leptin levels were measured utilizing double-
antibody radioimmunoassay methods (28, 29).
Assessment of insulin resistance using the home-
ostasis model assessment (HOMA) was calcu-
lated as described elsewhere (30) using the
following formula: HOMA [fasting glucose (mg/
dl)� fasting insulin (mU/ml)/405]. The insulin
sensitivity index or QUICKI, defined as 1/[log
(I0)þ log (G0)], where I0 is fasting insulin and
G0 is fasting glucose (31), was also calculated
for each subject.

Statistical analysis

Overall differences in clinical, fatness patterning,
and obesity-related variables were identified
among the subject groups by utilizing the univari-
ate analysis of variance (ANOVA) to examine for
the impact of age, gender, and BMI as confoun-
ders. Parametric independent t-test was used
when no adjustment was needed for specific
variables (e.g. age). The Pearsonian correlation
coefficient (r) was calculated to determine
relationships between the variables. Correlation
data were plotted using a simple scatter plot to
observe for differences and pattern of association
among the variables in the two subject groups.
The SPSS statistical software version 10.1 was used
throughout (32). All p values were taken as
significant at <0.05.

Results

Statistical comparison between subject groups

Table 1 presents clinical, anthropometric, fatness,
and laboratory variables for the two studied
groups (PWS and obese control) and includes

Fig. 1. Magnetic resonance images through the umbilicus level
with segmented background, lean and fat.
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means, standard deviations, and sample size.
Twenty-three of the 37 PWS subjects (62%)
were obese based on BMI calculations (Table 2).
Clinical characteristics of the PWS group deter-
mined to be obese were compared with control
subjects with simple obesity and BMI calcula-

tions in the obese range. No statistical differences
were detected in the average measures for BMI,
triglyceride, cholesterol, leptin, glucose, SFA,
VFA, fat (SFA :VFA) ratio, waist or hip circum-
ferences, and waist-to-hip ratio in the obese PWS
group compared with obese controls. However,

Table 1. Clinical, anthropometric, fatness, and laboratory variables for Prader–Willi syndrome (PWS) subjects (deletion and
UPD) and obese controls: mean, SD, and number of subjects (in parentheses)

Variables PWS deletion PWS UPD
Obese (n¼ 23) and
non-obese (n¼ 14) Obese control

Age (years) 22.4� 7.4 (20) 24.2� 9.7 (17) 23.2� 8.5 (37) 25.9� 13.3 (18)
Gender (female/male) 11/9 8/9 19/18 10/8
Body mass index (kg/m2) 32.9� 5.3 (20) 31.8� 7.8 (17) 32.4� 6.5 (37)a 38.1� 5.8 (18)a

Following variables were analyzed by univariate analysis of variance (ANOVA) and were adjusted for age, gender, and BMI

Height (cm) 151.2� 7.9 (20) 149.9� 8.3 (17) 150.6� 8.0 (37)b 162.1� 10.2 (18)b

Weight (kg) 75.4� 15.0 (20) 71.2� 16.7 (17) 73.5� 15.7 (37)b 100.6� 20.6 (18)b

Waist circumference at umbilicus (in) 41.3� 5.8 (18) 43.0� 7.4 (11) 42.0� 6.4 (29) 46.6� 6.5 (18)
Hip circumference at greater trochanter (in) 44.7� 5.0 (18)c 42.6� 7.0 (12)c 43.9� 5.9 (30) 48.4� 5.6 (18)
Waist-to-hip ratio 0.93� 0.11 (18)c 1.02� 0.11 (11)c 0.96� 0.12 (29) 0.96� 0.08 (18)
SFA at umbilicus (cm2) 465.1� 152.6 (20) 419.1� 177.2 (17) 444.0� 163.7 (37) 547.0� 159.8 (18)
VFA at umbilicus (cm2) 104.5� 59.8 (20) 100.8� 52.1 (17) 102.8� 55.7 (37) 126.7� 60.1 (18)
Fat ratio (SFA : VFA) 5.7� 2.8 (20) 4.8� 2.2 (17) 5.3� 2.6 (37) 5.2� 2.9 (18)
Fasting leptin (ng/ml) 38.6� 19.2 (14) 43.1� 12.8 (5) 39.8� 17.5 (19) 41.7� 19.5 (11)
Fasting triglycerides (mg/dl) 141.1� 82.6 (19) 144.6� 86.0 (16) 142.7� 83.0 (35)d 252.4� 186.7 (16)d

Fasting total cholesterol (mg/dl) 176.9� 43.1 (19) 174.8� 36.4 (16) 175.9� 39.6 (35) 190.8� 37.7 (16)
Fasting glucose (mg/dl) 95.5� 25.2 (19) 81.9� 11.7 (16) 89.3� 21.1 (35) 105.9� 41.9 (16)
Fasting insulin (mU/ml) 14.2� 8.8 (17) 14.3� 10.1 (7) 14.2� 8.9 (24)b 24.8� 10.5 (17)b

HOMA (insulin resistance): (mg/dl� mU/ml)/405 3.8� 3.2 (17) 3.3� 2.7 (6) 3.7� 3.0 (23) 6.8� 4.4 (16)
QUICKI (insulin sensitivity): 1/[log(I0)þ log(G0)] 0.33� 0.04 (17) 0.34� 0.05 (6) 0.34� 0.05 (23)d 0.30� 0.02 (16)d

SFA, subcutaneous fat area; VFA, visceral fat area.
aSignificant difference was found between all PWS (obese and non-obese) and obese control subjects (t-test, p< 0.01).
bSignificant difference was found between all PWS (obese and non-obese) and obese control subjects (ANOVA, p< 0.01).
cSignificant difference was found between PWS deletion and PWS UPD groups (ANOVA, p< 0.05).
dSignificant difference was found between all PWS (obese and non-obese) and obese control subjects (ANOVA, p< 0.05).

Table 2. Clinical, anthropometric, fatness, and laboratory variables for obese Prader–Willi syndrome (PWS) and obese control
groups: mean, SD, and number of subjects (in parentheses)

Variables Obese PWS Obese control

Age (years) 22.7� 9.5 (23) 25.9� 13.3 (18)
Gender (female/male) 11/12 10/8
Body mass index (kg/m2) 36.5� 4.3 (23) 38.1� 5.8 (18)

Following variables were analyzed by univariate analysis of variance (ANOVA) and were adjusted for age, gender, and BMI

Height (cm) 149.5� 8.3 (23)a 162.1� 10.2 (18)a

Weight (kg) 81.9� 12.9 (23)a 100.6� 20.6 (18)a

Waist circumference at umbilicus (in) 44.2� 5.2 (22) 46.6� 6.5 (18)
Hip circumference at greater trochanter (in) 45.9� 4.8 (23) 48.4� 5.6 (18)
Waist-to-hip ratio 0.97� 0.12 (22) 0.96� 0.08 (18)
SFA at umbilicus (cm2) 537.2� 134.9 (23) 547.0� 159.8 (18)
VFA at umbilicus (cm2) 120.7� 57.9 (23) 126.7� 60.1 (18)
Fat ratio (SFA : VFA) 5.4� 2.4 (23) 5.2� 2.9 (18)
Fasting leptin (ng/ml) 42.9� 18.7 (13) 41.7� 19.5 (11)
Fasting triglycerides (mg/dl) 158.4� 90.3 (21) 252.4� 186.7 (16)
Fasting total cholesterol (mg/dl) 182.6� 36.1 (21) 190.8� 37.7 (16)
Fasting glucose (mg/dl) 92.5� 21.1 (22) 105.9� 41.9 (16)
Fasting insulin (mU/ml) 14.7� 9.9 (18)a 24.8� 10.5 (17)a

HOMA (insulin resistance): (mg/dl� mU/ml)/405 3.9� 3.4 (17) 6.8� 4.4 (16)
QUICKI (insulin sensitivity): 1/[log(I0)þ log(G0)] 0.34� 0.05 (17)a 0.30� 0.02 (16)a

SFA, subcutaneous fat area; VFA, visceral fat area.
aSignificant difference was found between obese PWS and obese control groups (p< 0.01).
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subjects with PWS were shorter as expected and
weighed less than the obese controls (ANOVA,
p< 0.01). In addition, fasting insulin values were
significantly lower for all PWS subjects (obese
and non-obese) or the obese PWS subjects alone
compared with obese controls (ANOVA, p< 0.01).
Insulin sensitivity (QUICKI) index was signifi-
cantly higher in all PWS subjects (obese and
non-obese) or the obese PWS subjects alone com-
pared with obese controls (ANOVA, p< 0.05 and
p< 0.01, respectively). Fasting triglycerides were
also lower in the total PWS group (obese
and non-obese) compared with obese controls
(ANOVA, p< 0.05) but did not reach significance
when comparing only obese PWS subjects with
obese controls (ANOVA, p¼ 0.10).
When only adult subjects were compared

between the two groups (PWS subjects with obe-
sity, n¼ 13; obese controls, n¼ 10), lower trigly-
ceride and insulin levels as well as higher QUICKI
values were found in the obese PWS adults com-
pared with obese control adults (ANOVA, p¼ 0.04,
p¼ 0.02, and p¼ 0.04, respectively). Such differ-
ences were not detected for subjects less than
18 years of age (PWS subadults with obesity,
n¼ 10; obese subadult controls, n¼ 8).
In addition, subjects in both obese groups (PWS

and controls at all ages) were grouped separately
based on their VFA level: �130 and <130 cm2 as
described elsewhere (27). The subject distribution
in each group after applying VFA stratification
was as follows: obese control (VFA� 130 cm2,
n¼ 7; VFA< 130 cm2, n¼ 11) and obese PWS
(VFA� 130 cm2, n¼ 7; VFA< 130 cm2, n¼ 16).
The presence of a cluster of metabolic abnormal-
ities was found within each stratified group. In the
control group, no significant differences were
detected in the subjects with VFA� 130 cm2 com-
pared with the subjects with VFA< 130 cm2. How-

ever, in the obese PWS group, fasting triglyceride,
glucose, insulin, and HOMA measurements were
significantly increased in the subjects with
VFA� 130 cm2 compared with the PWS subjects
with VFA< 130 cm2. As expected, the insulin sen-
sitivity index or QUICKI was significantly lower in
the PWS subjects with VFA� 130 cm2, but no sig-
nificant differences were found for leptin and total
cholesterol (Table 3).
All 37 subjects with PWS were classified into the

two genetic subtypes: deletion and UPD (Table 1).
Waist-to-hip ratios were significantly lower and
hip circumferences were higher in the PWS dele-
tion subjects compared with the PWS UPD group
(ANOVA, p¼ 0.04 and p¼ 0.03, respectively). When
only PWS adult subjects (PWS deletion, n¼ 13;
PWS UPD, n¼ 12) were compared, a trend was
detected for waist-to-hip ratio, but hip circumfer-
ences were still significantly higher in the PWS
deletion subjects (ANOVA, p¼ 0.06 and p¼ 0.01,
respectively).

Correlation analysis in obese subjects with PWS and
obese controls

The HOMA value was positively correlated with
both triglyceride and cholesterol levels in the
obese PWS subjects, but these correlations were
not significant for the obese controls. No signifi-
cant correlations were observed when comparing
HOMA with leptin in either obese group (Fig. 2).
In addition, HOMA was positively correlated
with VFA and negatively correlated with fat
ratio (SFA :VFA) in the obese PWS group, but
no significant correlation was seen between
HOMA and SFA or with BMI in the obese
PWS group (Fig. 3). The p value was equal to
0.05 for the correlation between HOMA and
waist-to-hip ratio in the obese PWS group.

Table 3. Laboratory variables analyzed in two obese groups [23 Prader–Willi syndrome (PWS) subjects and 18 controls]
stratified by degree of visceral fat area (VFA)

Obese PWS Obese control

Variables VFA� 130 cm2 VFA< 130 cm2 p value VFA� 130 cm2 VFA< 130 cm2 p value

Fasting leptin (ng/ml) 40.7� 16.2 (6) 44.8� 21.8 (7) 0.454 38.5� 27.0 (5) 44.3� 12.6 (6) 0.688
Fasting triglycerides (mg/dl) 226.3� 98.1 (7) 124.5� 66.3 (14) 0.006a 368.3� 228.2 (7) 162.2� 73.5 (9) 0.317
Fasting total cholesterol (mg/dl) 203.1� 30.1 (7) 172.3� 35.3 (14) 0.100 188.7� 39.4 (7) 192.4� 38.6 (9) 0.363
Fasting glucose (mg/dl) 113.7� 24.2 (7) 82.5� 9.3 (15) 0.000a 125.0� 58.1 (7) 91.0� 13.7 (9) 0.144
Fasting insulin (mU/ml) 24.9� 9.6 (6) 9.6� 5.0 (12) 0.000a 21.6� 8.8 (7) 26.9� 11.4 (10) 0.671
HOMA (insulin resistance):
(mg/dl� mU/ml)/405

7.35� 3.49 (6) 2.04� 1.25 (11) 0.000a 7.47� 6.23 (7) 6.20� 2.58 (9) 0.165

QUICKI (insulin sensitivity):
1/[log(I0)þ log(G0)]

0.30� 0.03 (6) 0.36� 0.05 (11) 0.007a 0.30� 0.03 (7) 0.30� 0.02 (9) 0.417

VFA stratification based on published study (27).
Obesity status determined by BMI.
aSignificant p values calculated using univariate ANOVA and adjusting for age, gender, and BMI.
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These correlations were also analyzed in the
obese control group, and positive correlations
were found between HOMA and both SFA and
VFA but absent when insulin resistance or the
HOMA value was correlated with fat ratio.
Furthermore, HOMA was positively correlated
with BMI in the obese controls. No significant
association was noticed between HOMA and

waist-to-hip ratio in the obese control group
(Fig. 3).

Correlation analysis in PWS genetic subgroups
(deletion and UPD)

Correlation values for obesity-related factors in
PWS genetic subgroups are summarized in
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Fig. 2. Scatter plot and correlation data for insulin resistance [(homeostasismodel assessment (HOMA)] and triglycerides, cholesterol, and
leptin for both obese subjects with Prader–Willi syndrome (PWS) (solid line) and obese controls (dashed line). Obesity was determined for
each subject using body mass index (BMI). For adult subjects (�18 years of age), obesity was defined as BMI� 30. For subjects less than
18 years, obesity was defined as BMI> 95th percentile using published standardized growth charts for each sex (24).
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Table 4. Total cholesterol levels were positively
correlated with glucose, triglyceride, and VFA in
the PWS deletion group only. Strong positive
associations were seen in the controls between
insulin level and weight, BMI, and SFA, but no
associations were identified for either PWS
genetic subgroup. In contrast, strong correlations
were found between insulin level and both VFA
and SFA :VFA ratio in only the PWS deletion
subject group but not in obese controls and UPD.
Both VFA and triglyceride levels showed positive
correlations with age of subject in the obese con-
trol group but not in the PWS subject groups.
PWS deletion and PWS UPD subjects showed a
significant positive correlation for glucose and
triglyceride levels but not for the obese subjects.
There was a significant positive correlation
between insulin and glucose for the PWS deletion
group only but not for the PWS UPD or obese
control subjects. Insulin and triglyceride levels
were significantly positively correlated for PWS
deletion subjects but not for PWS UPD or obese
subjects. The PWS deletion group showed a sig-
nificantly positive correlation for insulin and
total cholesterol levels, but this association was
not found in the PWS UPD or obese subjects.

Gender differences

The impact of gender differences on each studied
variable was also examined in each obese subject
group. In the control group, as expected, males
were taller than females. No significant differences
were seen between obese PWS males and obese
PWS females for the analyzed variables. We also
sought differences in body composition and
obesity-related variables within and between the

two obese groups (PWS and control) based on gen-
der. Overall, obese PWS males (n¼ 12) were signif-
icantly shorter and weighed less than the obese
control males (n¼ 8) (ANOVA, p< 0.01). In add-
ition, obese PWS males (n¼ 12) had significantly
lower triglyceride levels than the obese control
males (n¼ 8) (ANOVA, p¼ 0.02). Height was signif-
icantly shorter in the obese PWS females compared
with obese control females. In addition, insulin
levels were significantly lower while insulin sensi-
tivity (QUICKI) was higher in the obese PWS
females compared with obese control males
(ANOVA, p¼ 0.01 and p¼ 0.02, respectively).

Discussion

Abdominal obesity has emerged as a strong
predictor for non-insulin-dependent diabetes
mellitus. Adiposity, localized in the abdominal
region, specifically visceral fat compared with
subcutaneous fat, is associated with high lipid
levels (20). Elevated very low-density lipoprotein
levels and decreased high-density lipoproteins are
also influenced by fatness patterning in the gen-
eral population. However, there is a paucity of
data on fatness relationships with lipid and other
obesity-related variables in PWS, particularly
those classified with the 15q11–q13 deletion or
UPD. Moreover, an unusual fatness pattern has
been reported in PWS (8, 33), further supporting
our study.
In addition to investigating differences in obesity-

related factors between PWS subjects with
obesity at the time of evaluation and obese con-
trols, we examined general differences between all
PWS subjects (regardless of their obesity status).
These comparisons were performed to determine

Table 4. Correlation values for obesity-related factors in PWS genetic subgroups and obese controls

PWS deletion PWS UPD Obese control

Variables r p n r p n r p n

Age and VFA �0.12 0.62 20 0.26 0.31 17 0.51 0.03a 18
Age and triglycerides �0.14 0.57 19 �0.28 0.29 16 0.55 0.03a 16
Glucose and triglycerides 0.72 0.00a 18 0.70 0.00a 16 0.26 0.33 16
Cholesterol and glucose 0.74 0.00a 18 0.40 0.13 16 0.13 0.63 16
Cholesterol and triglycerides 0.79 0.00a 19 0.37 0.16 16 0.31 0.24 16
Cholesterol and VFA 0.55 0.01a 19 0.10 0.71 16 �0.00 0.99 16
Insulin and weight �0.04 0.87 17 0.27 0.56 7 0.61 0.01a 17
Insulin and BMI 0.24 0.35 17 0.21 0.65 7 0.84 0.00a 17
Insulin and SFA 0.16 0.54 17 0.17 0.72 7 0.68 0.00a 17
Insulin and VFA 0.74 0.00a 17 0.70 0.08 7 0.01 0.95 17
Insulin and fat ratio (SFA : VFA) �0.62 0.01a 17 �0.57 0.18 7 0.47 0.06 17
Insulin and triglycerides 0.80 0.00a 16 0.78 0.07 6 �0.10 0.71 16
Insulin and cholesterol 0.59 0.02a 16 �0.04 0.94 6 �0.31 0.24 16
Insulin and glucose 0.75 0.00a 17 0.78 0.07 6 0.20 0.46 16

n, number of subjects; p, p value (asignificant values); r, Pearson’s correlation coefficient; SFA, subcutaneous fat area; VFA,
visceral fat area.
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whether a relationship exists between the obesity
status in PWS and obesity-related variables.
However, no significant differences were detected
when comparing these variables [i.e. leptin, trigly-
cerides, cholesterol, glucose, insulin, HOMA, and
QUICKI as well as fat (SFA :VFA), and waist-
to-hip ratios] between obese and non-obese PWS
subjects (data not shown).
The fasting insulin level was significantly lower

and insulin sensitivity was higher in obese PWS
subjects compared with obese controls. A signifi-
cantly positive correlation was detected between
HOMA and triglycerides in obese subjects with
PWS but not observed in obese controls. Butler
et al. (11) reported previously fasting plasma lipid
(triglycerides, total cholesterol, HDL cholesterol,
and LDL cholesterol), glucose, and insulin levels
from 16 PWS deletion, 10 PWS non-deletion or
UPD patients (age range of 7–39 years with a
male/female ratio of 14 : 12), and 32 obese sub-
jects, ranging in age from 8 to 33 years with a
6 : 26 male-to-female ratio, and found no signifi-
cant difference in the levels of both insulin and
triglycerides in PWS and obese individuals (11).
HOMA was also positively correlated with

VFA but not correlated with SFA in the obese
PWS group, which resulted in a negative correla-
tion between HOMA and fat (SFA :VFA) ratio.
A positive correlation was seen between HOMA
and both VFA and SFA in the obese controls. In
addition, stratified VFA data showed differences
in the cluster of metabolic abnormalities in rela-
tion to VFA between the two obese groups. The
observed differences between obese subjects with
PWS and obese controls further suggest that fat
metabolism might be regulated differently in
PWS compared to simple obesity.
Moreover, previous studies have found that

peripheral fat distribution is more prevalent in
PWS subjects (34), which may also impact on
insulin resistance or insulin sensitivity. Earlier
studies on PWS adult females have shown a selec-
tive reduction in visceral fat, which may explain
the observed reductions in insulin via increased
hepatic insulin extraction and triglyceride levels
(26). We did not identify significantly reduced
visceral adiposity in PWS adult females as noted
in the literature (26), but a trend did exist for a
lower quantity of visceral adiposity in PWS com-
pared to obese controls. For example, the level of
visceral adipose was lower (136 vs 154 cm2,
respectively) in our adult females with PWS
(n¼ 6) compared with adult female controls
(n¼ 6), but not statistically different. The amount
of VFA or SFA (or fat ratio) did not differ
significantly between obese control and obese
PWS groups. However, our obese control group

showed a higher percentage (39%) with
VFA� 130 cm2 compared with our obese PWS
group (30%). In our study, visceral fat was mea-
sured at the umbilicus level (at fourth lumbar
vertebra), while Goldstone et al. (26) calculated
visceral fat at the fourth and fifth lumbar area. In
addition, we found lower insulin levels in obese
PWS females compared with obese control
females and higher QUICKI indices in the PWS
females. Additionally, lower triglyceride levels
were found in obese PWS males compared with
obese control males. These observations support
fewer health-risk factors in the PWS population.
We assessed for differences between the two

subgroups of PWS (deletion and UPD) and
found that waist-to-hip ratios were significantly
lower and hip circumferences were higher in sub-
jects with PWS deletion compared with PWS
UPD. Furthermore, correlation analyses for obe-
sity-related factors revealed differences between
the two genetic subgroups. For example, signifi-
cant positive correlations were seen between cho-
lesterol and glucose, triglycerides, and VFA in the
PWS deletion subjects, but these correlations
were absent in the PWS UPD group (with rela-
tively similar sample size). Therefore, the results
may suggest differences in mechanisms relating to
fatness patterning between the two genetic sub-
groups of PWS (deletion and UPD).
Although the average age for the PWS subjects

in our study was 22 years, a previous study
demonstrated significantly low-insulin levels in
pediatric PWS subjects, which may be attributed
to differences in insulin metabolism in obese PWS
subjects compared with obese non-PWS controls
(11, 34). Additionally, the same study found that
the adult PWS group had lower insulin levels,
even though not statistically significant, com-
pared with both non-obese and obese controls
(34). In the current study, lower triglycerides
and insulin levels as well as higher QUICKI
values were detected in the obese PWS adults
compared with obese control adults. However,
these differences were not evident for subjects
less than 18 years of age. A small group size or
effects of aging could be a factor in these observa-
tions.
Fatness patterning and quantity of fat or fat

ratio may impact differently on insulin and lipid
profile in each subject group and may be a pro-
tective factor with lower insulin resistance and
lower insulin and lipid levels in PWS. Insulin
resistance and sensitivity measurements and
their relationships to obesity-related variables
were more favorable in the PWS group compared
to obese controls. Thus, the chronic, long-term
status of obesity in PWS seems to not impact as
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negatively on obesity-related factors as found in
subjects with simple obesity. Following the VFA
stratification reported by Despres (27), individuals
with PWS with VFA� 130 cm2 were found to have
similar levels of insulin resistance and insulin sen-
sitivity compared to obese controls with the same
level of VFA. However, those PWS subjects (males
and females) with lower VFA (<130 cm2) had sig-
nificantly less insulin resistance and more insulin
sensitivity than in the obese subject group. This
observationwould suggest that those PWS subjects
with increased VFA may be at a higher risk of
obesity-related complications compared to PWS
subjects without increased VFA and should be
monitored accordingly.
The results from our study were interpreted

after adjusting for age, gender, and BMI to
reduce the probability of skewed results gener-
ated by these factors which may contribute to
differences in metabolic traits. Small sample size
and multiple statistical tests may impact on the
interpretation of results; therefore, additional
studies with larger sample sizes would be recom-
mended to further address possible factors
identified contributing to obesity and obesity-
related variables in PWS and obese subjects
from the general population.
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