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Abstract Background and aims: PradereWilli syndrome (PWS), the most common genetic
cause of obesity, is characterized by elevated morbility and mortality in all ages. In this
context, non-obese PWS children showed low frequency of metabolic syndrome (MetS), while
a comparable prevalence was observed in obese PWS and obese controls. Aim of this study was
to estimate the occurrence of MetS and its components in a large group of PWS adults, accord-
ing to obesity status.
Methods and results: A cross-sectional study was performed in 108 PWS aged 18.0e43.2 years
(87 obese and 21 non-obese) and in 85 controls with nonsyndromic obesity matched for age,
gender, and BMI with obese PWS.
drome; T2DM, type 2 diabetes mellitus; MetS, metabolic syndrome; BMI, body mass index; DELETED,
ng arm of chromosome 15 (del15q11eq13); UPD15, uniparental maternal disomy for chromosome 15;
pressure; HDL-C, high density lipoprotein cholesterol; HOMA-index, homeostasis model assessment
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Non-obese PWS showed lower waist circumference, insulin, HOMA-index, triglycerides, dia-
stolic blood pressure, and higher HDL-C than both obese PWS and obese controls (p < 0.017).
Obese PWS showed higher glucose and systolic blood pressure than both non-obese PWS and
obese controls (p < 0.017). MetS was found in 1/21 (4.8%) non-obese PWS, 36/87 (41.4%) obese
PWS and 39/85 (45.9%) obese controls. Non-obese PWS showed lower frequency for each MetS
component as compared with obese PWS and obese controls. PWS patients with deletion of the
chromosome 15q11e13 showed a lower risk for low HDL-C (p < 0.01) and a trend towards
a lower MetS risk (p < 0.06) compared to subjects without deletion.
Conclusion: Our findings suggest the main role that obesity status plays on the individual meta-
bolic risk clustering in PWS adults. Early identification of MetS could be helpful to improve
morbidity and prevent mortality in such patients.
ª 2012 Elsevier B.V. All rights reserved.
Introduction

PradereWilli syndrome (PWS) is a contiguous gene
syndrome caused by the non-expression of the paternal
alleles in the PWS region of chromosome 15q11e13 [1]. PWS
is the single most common known genetic cause of obesity
with an estimated population prevalence varying from
1:49,911 up to 1:91,802 [2]. The clinical picture of PWS
includes muscular hypotonicity, early childhood-onset
obesity, characteristic appearance, hypogonadism,
impaired growth hormone secretion, mild or severe mental
retardation, and behavioral disturbance [3]. Some of the
typical features of PWS seem to reflect a hypothalamic
dysfunction [4]. In the early period of life, PWS is charac-
terized by severe neonatal hypotonia, feeding problems
and a failure to thrive. In absence of intervention, weight
excess typically begins after 2e3 years of age and is later
exacerbated by hyperphagia with lack of satiety. Conse-
quently, a disproportionate accumulation of body fat
develops as early as in childhood [5] and leads progressively
to severe obesity by the adult age [3].

Retrospective studies estimated that yearly mortality
rates was 7% in PWS patients older than 30 years [6].
Reduced life expectancy seems to be due to the compli-
cations conventionally related to obesity, including
cardiovascular and respiratory problems as well as disor-
ders associated with type 2 diabetes mellitus (T2DM) [7].
Nevertheless, the factors determining the evolution to
cardiovascular disease and metabolic complications
remains to be still elucidated. In non-PWS populations,
several studies have shown that individuals with metabolic
syndrome (MetS) have an increased risk of T2DM and coro-
nary heart disease or are at a greater risk of developing
them [8]. In this light, MetS might be one of the risk factors
responsible for excessive mortality in PWS. The metabolic
profile of PWS adults, however, is usually characterised by
a healthier lipid profile and by a higher insulin sensitivity,
compared with matched nonsyndromic obese subjects [9].
These findings seem to be due to an atypically reduced
visceral fat depot, which is not common in nonsyndromic
obesity [10]. Nevertheless, data on fat distribution in PWS
are still conflicting [9,11]. In addition, impaired microvas-
cular function and subnormal exercise capacity have been
observed in young adults without ischemic symptoms [12],
and several cardiovascular risk factors are already present
in pre-pubertal children with PWS [13]. In this context, we
have recently demonstrated that non-obese PWS children
showed low MetS frequency, while a comparable preva-
lence was found in obese PWS and obese controls [14].

Since there are no data about the frequency of MetS in
adult patients with PWS, the aim of our study was to esti-
mate the occurrence of MetS in a large group of adults with
genetically confirmed PWS. We also looked for metabolic
differences between obese PWS and non-obese PWS
subjects, and between obese PWS and a control group of
patients with nonsyndromic obesity, matched for age-,
gender- and body mass index (BMI).
Methods

Patients

One hundred and eight patients with genetically confirmed
PWS, 47 males and 61 females, aged 18.0e43.2 years, were
included in the study (Table 1). All patients showed the
typical PWS clinical phenotype [15]. Seventy-three subjects
had interstitial deletion of the proximal long arm of chro-
mosome 15 (del15q11eq13) (DELETED), 27 had uniparental
maternal disomy for chromosome 15 (UPD15) and 2 indi-
viduals had a de novo translocation involving chromosome
15. In addition, a positive methylation test was demon-
strated in the remaining 6 PWS but the underlying genetic
defect was not identified. The methylation pattern analysis
of the PWS region was carried out according to standard
diagnostic protocols for Southern blot and bisulphite
methylation polymerase chain reaction [16].

At the time of the study, 23 subjects (10 males) had
T2DM (15 were treated with oral hypoglycemic agents
alone, 5 with insulin, 2 with insulin plus metformin, and one
was on diet only). Fifty-two patients (26 males) had
hypertension: 25 subjects were taking monotherapy (nZ 9)
or a combination therapy (n Z 16), while 27 individuals
were receiving no treatment. Two individuals were treated
for high triglycerides (1 male). Five subjects suffered from
hypothyroidism (2 males) and were biochemically euthyroid
on thyroxine substitution. Twenty-three females and 3
males were undergoing sex steroid replacement treatment.
All PWS were reported to have behavioral problems, and 40
patients were treated with neuroleptics (21 males).
Subjects were divided according to the presence of obesity
(see below) in obese PWS and non-obese PWS.



Table 1 Measurements of the study subjects. Abbreviations: nobPWS Z non-obese PWS; obPWS Z obese PWS;
obCTRL Z obese controls; P50 Z 50th percentile; P25 Z 25th percentile; P75 Z 75th percentile; HOMA Z HOmeostasis Model
Assessment index.

nobPWS (n Z 21) obPWS (n Z 87) obCTRL (n Z 85)

P50 P25 P75 P50 P25 P75 P50 P25 P75

Age (years) 21a 20 29 26a 21 30 28a 23 31
Weight (kg) 63.6a 56.8 68.9 99.0b 84.8 118.0 117.0c 105.9 138.0
Height (m) 1.50a 1.50 1.60 1.50a 1.40 1.50 1.70b 1.60 1.70
BMI (kg/m2) 26.2a 25 28 44.6b 36 52.9 42.6b 39.4 47.7
Waist (cm) 91a 81 95 121b 110 132 123b 113 138
Glucose (mg/dL) 78a 69 87 85b 78 100 80a 74 88
Insulin (mU/mL)a 4a 3 8 11b 7 16 12b 8 17
HOMAa 0.8a 0.5 1.8 2.4b 1.6 3.4 2.2b 1.6 3.9
Triglycerides (mg/dL) 67a 52 102 104b 79 137 123b 78 176
HDL-C (mg/dl) 53a 49 63 48b 38 60 44b 37 50
Systolic blood pressure
(mm Hg)

120a 110 120 120b 120 130 120a 115 130

Diastolic blood pressure
(mm Hg)

70a 70 80 80b 70 80 80b 70 80

Figures not sharing the same superscript letters are significantly different at p-level < 0.017 (WilcoxoneManneWhitney test with
Bonferroni’s correction for 3 groups).
a Available in 19 nobPWS, 72 obPWS and 83 obCTRL.
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As obese control group, a sample of 85 subjects affected
by nonsyndromic obesity (37 males, 48 females) was
recruited among patients hospitalized at Istituto Auxologico
Italiano Foundation for a multidisciplinary weight reduction
program for obesity and its complications, and matched to
obese PWS for gender (same), age (þ/� 1 year) and BMI
(þ/� 1) (Table 1). At the time of the study, 10 obese
control subjects had T2DM (7 males), 2 of them were
treated with insulin, 6 with oral antidiabetic drugs and 2
were on diet only. Thirteen subjects received a multi-drugs
therapy for hypertension (10 males). Finally, six individuals
(3 males) were taking treatment for lipid abnormalities.
Apart from insulin, no control subject was receiving any
hormone replacement. Six PWS patients and 5 obese
controls were cigarette smokers.

The entire study protocol was approved by the ad hoc
Ethical Committee of the Istituto Auxologico Italiano
Foundation. All patients and/or their parents gave their
written informed consent to participate to the study, when
appropriate.

Anthropometric and blood pressure measurements

Physical examination included determination of height,
weight and waist circumference (WC). Standing height was
determined by a Harpenden Stadiometer (Holtain Limited,
Crymych, Dyfed, UK). Body weight was measured to the
nearest 0.1 kg, by using standard equipment. BMI was
defined as weight in kilograms divided by the square of
height in meters. A BMI cut-off point of >30 was used to
define obesity. WC was measured in standing position
halfway between the inferior margin of the ribs and the
superior border of the crista. Diastolic and systolic blood
pressure (BP) were measured to the nearest 2 mmHg in the
supine position after 5 min rest, using a standard mercury
sphygmomanometer with appropriate sized cuff. The
average of three measurements in different days was used.

Laboratory analyses

The subjects were evaluated after a 12-h overnight fast.
Parents of PWS were instructed to strictly supervise all
food-related areas in order to avoid food consumption
before the blood sampling. Baseline blood samples were
drawn by venipuncture for determination of glucose, high
density lipoprotein cholesterol (HDL-C) and triglycerides. In
addition, insulin levels were measured in 91 PWS patients
(72 obese PWS) and in 83 obese control subjects (Table 2),
excluding all subjects treated with insulin therapy.
Enzymatic methods (Roche Molecular Biochemicals, Man-
nheim, Germany) were used for measurement of blood
glucose, HDL-C and triglycerides. Serum insulin levels were
measured by chemiluminescence (Immulite 2000). Insulin
resistance was measured by homeostasis model assessment
(HOMA-index), calculated as insulin (mU/mL) � [blood
glucose (mmoL/L)/22.5] [17].

Metabolic syndrome

According to the literature [18], we defined subjects with
MetS as having three abnormal findings out of the following
five parameters: central obesity, high systolic BP and/or
diastolic BP, high triglycerides, low HDL-C and raised fasting
plasma glucose. Central obesity was defined when WC was
�94 cm for men and �80 cm for women [19]. Hypertension
was defined in presence of systolic BP values �130 mmHg
and/or diastolic BP values �85 mmHg, or in case of anti-
hypertensive drugs use. Hypertriglyceridemia was defined
in presence of triglycerides values �150 mg/dl or in case of
a specific treatment. Low HDL-C level was defined in



Table 2 Odds of the metabolic syndrome and its components in non-obese PWS and obese PWS vs. obese controls (reference
group). The analysis was done both in the entire population (n 193) and in the non diabetic subgroup (n 160, of which 20
nobPWS, 65 obPWS and 75 obCTRL). Abbreviations: nobPWS Z non-obese PWS; obPWS Z obese PWS; HDL-C Z high density
lipoprotein cholesterol; NA Z not available. Odds ratio, 95% confidence intervals (L Z lower limit, U Z upper limit) and p-
values were obtained using exact logistic regression.

All (193) Non diabetics (160)

OR Exact-p 95% L 95% U OR Exact-p 95% L 95% U

highwc
nobPWS 0.02 0.000 0.00 0.14 0.02 0.000 0.00 0.15
obPWS 0.98 1.000 0.02 þ infinite 1.10 0.951 0.03 þ infinite

hightg
treatment 26.30 0.000 3.89 þ infinite 10.42 0.029 1.25 þ infinite
nobPWS 0.15 0.043 0.00 0.95 0.26 0.192 0.00 1.76
obPWS 2.22 0.039 1.04 4.92 3.12 0.012 1.25 8.41

lowhdl
nobPWS 0.24 0.032 0.42 0.91 0.35 0.172 0.06 1.39
obPWS 2.01 0.033 1.06 3.89 2.20 0.037 1.07 4.59

highbp
treatment 89.05 0.000 15.41 þ infinite 53.40 0.000 8.90 þ infinite
nobPWS 0.27 0.065 0.04 1.06 0.23 0.077 0.02 1.12
obPWS 0.79 0.640 0.37 1.70 0.99 1.000 0.44 2.25

highg
treatment 1.00 0.000 0.00 þ infinite N.A.
nobPWS 0.41 0.434 0.00 3.05 0.41 0.434 0.00 3.05
obPWS 0.87 1.000 0.22 3.45 0.58 0.625 0.12 2.59

ms
nobPWS 0.07 0.001 0.00 0.49 0.12 0.018 0.00 0.74
obPWS 1.20 0.660 0.63 2.30 2.10 0.058 0.98 4.64
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presence of HDL-C values <40 mg/dl in males and <50 mg/
dl in females. Raised fasting plasma glucose was defined in
presence of glucose levels �100 mg/dl, or in case of anti-
diabetic drugs use.

Statistical analysis

Continuous variables are reported as 50th, 25th and 75th
percentiles because of skewed distributions (ShapiroeWilk
test). Categorical variables are reported as the number and
percentage of subjects with the characteristic of interest.
Between-group comparisons (obese PWS vs. non-obese PWS
vs. obese controls) of continuous variables were performed
with the exact WilcoxoneManneWhitney test with Bonfer-
roni’s correction for 3 groups. Exact logistic regression was
used to test whether the odds of the metabolic syndrome
(1 Z yes; 0 Z no) and its components (high WC, elevated
triglycerides, low HDL-C, elevated fasting glucose and high
BP, all codes as 1 Z yes and 0 Z no) were similar in obese
PWS and non-obese PWS vs. obese control subjects after
correction for specific pharmacological treatment (1 Z yes
and 0 Z no). Exact logistic regression was also used to test
whether the odds of the metabolic syndrome (1 Z yes;
0 Z no) and its components differed in DELETED vs. UPD15
and translocated PWS subjects.

In order to remove the influence of T2DM on the risk for
MetS and its components, we have repeated the analysis
after exclusion of diabetic subjects.
Results

The measurements of the study subjects are given in Table
1. PWS patients showed lower weight and height than obese
controls. According to BMI values, 21 PWS subjects were
non-obese and 87 obese. BMI values were similar between
obese PWS and obese control subjects. Non-obese PWS
showed lower WC, insulin, HOMA-index, triglycerides, dia-
stolic BP, and higher HDL-C than both obese PWS and obese
controls. Obese PWS showed higher glucose and systolic BP
than both non-obese PWS and obese controls.

Figure 1 shows frequency of the MetS and its compo-
nents in non-obese PWS, obese PWS and obese controls.
The presence of MetS was found in 1/21 (4.8%) non-obese
PWS, 36/87 (41.4%) obese PWS and 39/85 (45.9%) obese
controls. Non-obese PWS showed lower frequency for each
MetS component as compared with obese PWS and obese
controls. In the comparison with obese controls as refer-
ence, odd ratios were significantly lower in non-obese PWS
except for high glucose and high BP (borderline) (Table 2),
while obese PWS showed higher odd ratios for high
triglycerides and low HDL-C, even if the lowest value of
the confidence interval was very close to 1 in both cases.
The odd ratio for MetS was significantly lower in non-obese
PWS but unchanged in obese PWS respect to obese
controls. PWS patients receiving antihypertensive and/or
antidiabetic therapy were all obese, with the exception of
one female treated with metformin. Specific treatments



Figure 1 Frequency of the metabolic syndrome and its components in obese PWS, non-obese PWS and obese controls. Abbre-
viations: obPWS Z obese PWS; nobPWS Z non-obese PWS; obCTRL Z obese controls; WC Z waist circumference;
TG Z triglycerides; HDL Z high density lipoprotein; BP Z blood pressure; MetS Z metabolic syndrome.
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had a significant effect on the risk for high triglycerides,
high glucose and high BP in obese PWS: treated
subjects showed higher values than untreated ones for all
these parameters (Table 2), suggesting that their treat-
ments were probably suboptimal. Looking to the compar-
ison for MetS components between DELETED PWS and non
DELETED PWS, independently from the BMI status,
DELETED patients showed a lower risk for low HDL-C
(p Z 0.01) and a trend towards a lower MetS risk
(p Z 0.06) (Table 3).

When all diabetics were excluded (Table 2), non-obese
PWS maintained a significantly lower risk for high WC and
MetS but not for high triglycerides and low HDL. Concerning
obese PWS, the odds were similar to those found in the
entire population.
Table 3 Odds of the metabolic syndrome and its compo-
nents in DELETED (n Z 73) vs. UPD15 (n Z 27) and trans-
located PWS (n Z 2), independently from BMI status. Odds
ratio, 95% confidence intervals and p-values were obtained
using exact logistic regression.

OR 95% CI Exact-p

High waist circumference 1.34 0.20e6.84 0.95
High triglycerides 0.48 0.14e1.68 0.29
Low HDL-C 0.29 0.10e0.77 0.01
High glucose 0.39 0.13e1.18 0.10
High blood pressure 0.71 0.27e1.87 0.59
Metabolic syndrome 0.38 0.13e1.03 0.06
Discussion

Factors that determine the high rate of death seen in PWS
are not fully clarified. In the general population, MetS is
believed to represent a strong risk factor for the subse-
quent development of atherosclerotic cardiovascular
disease and T2DM [20]. Concerning PWS individuals,
previous observation reported that obese children with PWS
have a similar prevalence of MetS to obese controls [14].
Thus, it is conceivable that MetS may be involved in the
pathogenesis of morbidity and early mortality in adult
patients with PWS. However, PWS subjects showed distinct
metabolic characteristics related to obesity that are not
comparable to what is observed in nonsyndromic obesity. In
this respect, most of subjects with MetS have insulin
resistance [18], whereas PWS adults seem to have a more
favorable insulin profile compared with obese controls
[9,21]. In addition, only few cases of coronary artery and
atherosclerotic heart diseases have been reported in PWS
subjects [2,22,23]. Nevertheless, this circumstance may be
simply related to an early mortality of PWS, since ischemic
heart disease is generally observed after middle age. In this
context, abnormal microcirculatory responses to ischemia
have been reported in young PWS adults as well as a trend
toward increased mean intimaemedia thickness [12].
Moreover, inflammatory markers, such as C-reactive
protein and interleukin-6, have been found significantly
increased in obese adults with PWS [24,25]. Altogether,
these findings are potentially associated with coronary
artery disease. In this respect, it is noteworthy to document
if the pathogenetic relationships between cardiovascular
disease and metabolic complications and the mechanisms
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responsible for the development of MetS in PWS adults are
common to those reported in nonsyndromic obesity.

Our study is the first to document the frequency of MetS
in a large cohort of adult patients with PWS. The lack of
data about the components of MetS in PWS patients might
be related to their lower life expectancy in comparison to
the general population and to the rarity of these patients.
On the whole, the number of PWS subjects diagnosed to
suffer from the MetS was 34.2%. However, our PWS pop-
ulation included both obese PWS and non-obese PWS indi-
viduals. Because the presence of obesity is strongly
associated with an increased risk of MetS [26], we
compared the metabolic profile of obese PWS with both
non-obese PWS and obese control subjects. For this
purpose, we have adopted the conventional BMI cut-off
point of >30 to define obesity, bearing in mind however
the limitation that BMI is an inadequate measure of
adiposity in PWS since it underestimates the severity of
obesity [27]. In spite of this, we have found that non-obese
PWS showed a more favorable metabolic status (lower
glucose, insulin, HOMA-index, triglycerides and diastolic
BP, and higher HDL-C), and a lower frequency for each
MetS component. In this context, low HDL-C, high BP and
DMT2 were present in only three, two and one non-obese
PWS, respectively. Consequently, MetS was observed in
only one patient of the group of 21 non-obese PWS (4.7%),
similarly to what was observed in normal-weight general
population of the same age range [28]. On the contrary,
obese PWS showed a metabolic pattern very similar to that
of obese controls, with the exception of higher glucose
levels in the PWS group. When all diabetics were excluded,
the same results were observed in obese PWS, while non-
obese PWS maintained a significantly lower risk for high
WC and MetS but not for the other variables. This was
probably due to the smaller number of subjects respect to
the previous analysis and the consequent lack of statistical
power.

In general, obesity status clusters with other MetS
components. However, since non-obese PWS showed an
unexpected increase of WC in approximately 50% of
subjects (52.3%), this finding could probably suggest the
need to use of different WC cut-off values in such patients.
It has to be underlined that very similar insulin levels and
HOMA-index values were seen in obese PWS and obese
control subjects. These findings are in contrast with the
bulk of evidence, i.e. with low insulin levels and reduced
insulin resistance both in children [29,30] and in adults
[31,32] with PWS. The identification of a selective reduc-
tion of visceral fat in adult PWS females after adjustment
for total adiposity has been advocated to explain a higher
insulin sensitivity, in comparison to matched obese pop-
ulation [10,27,33]. In this respect, a limitation of this study
is the lack of body composition measurement of our
patients. Dual-energy X-ray photon absorptiometry and
computed tomography seem to be the best available
technique to evaluate body composition, but their use is
impracticable for epidemiological studies because of the
high costs. The discrepancies among results on this matter,
however, may be related to the smaller number of subjects
taken into consideration by other reports respect to our, as
well as to the high BMI of our patients. In this regard, we
have previously showed a similar proportions of abdominal
subcutaneous and visceral fat in PWS and controls with
severe obesity in respect to previous studies [11]. Other
authors, however, have recently reported that PWS adults
and obese controls were similarly insulin resistant and had
similar insulin levels [34]. On the other hand, a subgroup of
PWS individuals does develop insulin resistance and the
absolute prevalence of T2DM in PWS subjects over the age
of 20 years is high [35]. In this context, we have previously
found that a clear relationship between obesity status and
insulin levels was still detectable in PWS children, as obese
subjects showed higher insulin levels and HOMA-index than
non-obese patients [14]. It is interesting to note that in the
present study the risk for high glucose levels was not
different between obese PWS and non-obese PWS, sug-
gesting that other factors beyond obesity are involved in
the risk. Furthermore, a familial component in insulin
resistance, as in non-PWS subjects, might also contribute in
PWS subjects [35].

In the present report we searched for a correlation
between MetS and molecular characteristics of the studied
PWS cohort, in a view of defining risk categories. The
existence of a specific genotypeephenotype correlation is
known in PWS [7]. We have found that DELETED subjects
showed a trend towards a lower MetS risk, with a lower risk
for low HDL-C in comparison to non DELETED patients.
These results seem to suggest that DELETED may constitute
a subgroup of patients with a healthier metabolic profile
among PWS adults.

In conclusion, we reported MetS frequency evaluated in
the largest cohort of PWS adults, with and without obesity.
Overall, our findings suggest the main role that obesity
status plays on the individual metabolic risk clustering in
PWS population. The risk for MetS and its components
seems to be unaffected by the presence of T2DM. Insulin
resistance seems to have the same metabolic impact in
both PWS and non-PWS obesity. Moreover, we were able to
provide some additional insight into the assessment of MetS
in PWS, by identifying UPD15 patients as those with more
risk. Altogether, our study confirms that improvement in
weight control remains the main goal of any PWS treatment
program. In addition, screening for associated MetS should
be a routine element of care and treatment for all obese
adults with PWS. Early identification and treatment of MetS
could be helpful to improve morbidity and prevent
mortality in these patients. Additional research, however,
is needed to better understand the role of body composi-
tion and other possible confounders, like diet and physical
activity, that may affect the prevalence of MetS and its
components in adult patients with PWS. Similarly, a larger
sample of patients is needed in order to analyze the
potential influence of neuroleptics, sex steroids and ciga-
rette smoking on our findings.
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[14] Brambilla P, Crinò A, Bedogni G, Bosio L, Cappa M, Corrias A,
et al. Metabolic syndrome in children with Prader-Willi
syndrome: the effect of obesity. Nutr Metab Cardiovasc Dis
2011;21:269e76.

[15] Holm VA, Cassidy SB, Butler MG, Hanchett JM, Greenswag LR,
Whitman BY, et al. Prader-Willi syndrome: consensus diag-
nostic criteria. Pediatrics 1993;91:398e402.

[16] Chotai KA, Payne SJ. A rapid, PCR based test for differential
molecular diagnosis of Prader-Willi and Angelman syndromes.
J Med Genet 1998;35:472e5.

[17] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and b-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:412e9.

[18] Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
Donato KA, et al. Harmonizing the metabolic syndrome. A
Joint Interim Statement of the International Diabetes Feder-
ation Task Force on epidemiology and prevention; National
Heart, Lung, and Blood Institute; American Heart Association;
World Heart Federation; International Atherosclerosis Society;
and International Association for the Study of Obesity. Circu-
lation 2009;120:1640e5.
[19] Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,
Franklin BA, et al. American Heart Association; National
Heart, Lung, and Blood Institute. Diagnosis and management
of the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute Scientific State-
ment. Circulation 2005;112:2735e52.

[20] Bruce KD, Hanson MA. The developmental origins, mecha-
nisms, and implications of metabolic syndrome. J Nutr 2010;
140:648e52.

[21] Zipf MB. Glucose homeostasis in Prader-Willi syndrome and
potential implications of growth hormone therapy. Acta Pae-
diatr Suppl 1999;88:115e7.

[22] Lamb AS, Johnson WM. Premature coronary artery athero-
sclerosis in a patient with Prader-Willi syndrome. Am J Med
Genet 1987;28:873e80.

[23] Page SR, Nussey SS, Haywood GA, Jenkins JS. Premature
coronary artery disease and the Prader-Willi syndrome. Post-
grad Med J 1990;66:232e4.

[24] Butler JV, Whittington JE, Holland AJ, Boer H, Clarke D,
Webb T. Prevalence of, and risk factors for, physical ill-health
in people with Prader-Willi syndrome: a population-based
study. Dev Med Child Neurol 2002;44:248e55.

[25] Hoybye C. Inflammatory markers in adults with Prader-Willi
syndrome before and during 12 months growth hormone
treatment. Horm Res 2006;66:27e32.

[26] Zalesin KC, Franklin BA, Miller WM, Peterson ED,
McCullough PA. Impact of obesity on cardiovascular disease.
Med Clin North Am 2011;95:919e37.

[27] Theodoro MF, Talebizadeh Z, Butler MG. Body composition and
fatness patterns in Prader-Willi syndrome: comparison with
simple obesity. Obesity 2006;14:1685e90.

[28] Park Y-W, Zhu S, Palaniappan L, Heshka S, Carnethon MR,
Heymsfield SB. The metabolic syndrome. Prevalence and
associated risk factor findings in the US population from the
Third National Health And Nutrition Examination Survey 1988-
1994. Arch Intern Med 2003;163:427e36.

[29] Krochik AG, Ozuna B, Torrado M, Chertkoff L, Mazza C.
Characterization of alterations in carbohydrate metabolism in
children with Prader-Willi syndrome. J Pediatr Endocrinol
Metab 2006;19:911e8.

[30] Haqq AM, Muehlbauer MJ, Newgard CB, Grambow S,
Freemark M. The metabolic phenotype of Prader-Willi
syndrome (PWS) in childhood: heightened insulin sensitivity
relative to body mass index. J Clin Endocrinol Metab 2011;96:
E225e32.

[31] Hoybye C, Hilding A, Jacobsson H, Thoren M. Metabolic profile
and body composition in adults with Prader-Willi syndrome
and severe obesity. J Clin Endocrinol Metab 2002;87:3590e7.

[32] Kennedy L, Bittel DC, Kibiryeva N, Kalra SP, Torto R,
Butler MG. Circulating adiponectin levels, body composition,
and obesity-related variables in PradereWilli syndrome:
comparison with obese subjects. Int J Obes 2006;30:382e7.

[33] Sode-Carlsen R, Farholt S, Rabben KF, Bollerslev J,
Schreiner T, Jurik AG, et al. Body composition, endocrine and
metabolic profiles in adults with Prader-Willi syndrome.
Growth Horm IGF Res 2010;20:179e84.

[34] Purtell L, Sze L, Loughnan G, Smith E, Herzog H, Sainsbury A,
et al. In adults with Prader-Willi syndrome, elevated ghrelin
levels are more consistent with hyperphagia than high PYY and
GLP-1 levels. Neuropeptides 2011;45:301e7.

[35] Butler MG, Bittel DC, Kibiryeva N, Garg U. C-reactive protein
levels in subjects with Prader-Willi syndrome and obesity.
Genet Med 2006;8:243e8.


	Metabolic syndrome in adult patients with Prader–Willi syndrome
	Introduction
	Methods
	Patients
	Anthropometric and blood pressure measurements
	Laboratory analyses
	Metabolic syndrome
	Statistical analysis

	Results
	Discussion
	References


