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Abstract
Persons with Prader-Willi syndrome have been known to have a high mortality rate. However,
intellectual disability, which usually accompanies Prader-Willi syndrome, is also associated with a
higher mortality rate than in the general population. In this study, the death rates in a longitudinal
cohort of people with Prader-Willi syndrome are compared with those for an epidemiologically
derived control sample of people with intellectual disability from other causes. We found that those
with Prader-Willi syndrome had a higher mortality rate than did controls. After the protective effect
of mild intellectual disability or average intellectual function was accounted for, the hazard ratio for
Prader-Willi syndrome versus controls was 6.07. Obesity and its complications were factors
contributing to the mortality identified in this study.

Evidence suggests that Prader-Willi syndrome carries a risk of significant morbidity and
mortality. Whittington and colleagues (2001) calculated an approximate death rate of 3% per
year for those with Prader-Willi syndrome compared to that of 1% per year for the general
population. Smith, Loughnan, and Steinbeck (2003) followed-up 36 adults with genetically
determined Prader-Willi syndrome who attended a clinic in Sydney; 28% died during the 10-
year period of follow-up.

Causes of death in the Prader-Willi syndrome population have been reported in both children
and adults (Nordmann, Eiholzer, l’Allemand, Mirjanic, & Markwalder, 2002; Oiglane, Ounap,
Bartsch, Rein, & Talvik, 2002; Schrander-Stumpel et al., 2004; Schrander-Stumpel,
Sijstermans, Curfs, & Fryns, 1998; Stevenson et al., 2004; Van Vliet, Deal, Crock, Robitaille,
& Oligny, 2004; Vogels et al., 2004; Zaglia, Zaffanello, & Biban, 2005). Schrander-Stumpel
et al. assessed the causes of death in 27 people with Prader-Willi syndrome who were not on
growth hormone treatment. They noted that causes of death in infants and children included
respiratory illness and sudden death associated with dysregulation of temperature, whereas
death in adults was associated with obesity and its complications, including cardiovascular
problems, diabetes mellitus, sleep apnea, and hypertension. Gastric dilation was also observed
in adults. Vogels et al. (2004) reported a similar difference in causes of death in childhood and
adulthood. Mortality in children is usually sudden and associated with respiratory infection
and high temperature, whereas the cause of death in adults is circulatory or respiratory.
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In recent reports investigators have shown that growth hormone treatment, although having
some positive outcomes in relation to decreasing weight for height index values and body fat
mass (Allen & Carrel, 2004; Eiholzer & Whitman, 2004), may also be associated with sudden
death in individuals with Prader-Willi syndrome (Sacco & Di Giorgio, 2005; Van Vliet, Deal,
Crock, Robitaille, & Oligny, 2004). Further studies are needed on the possible association
between growth hormone and sudden death.

However, intellectual disability is also characterized by increased risk of death compared to
the general population (Forsgren, Edvinsson, Nystrom, & Blomquist, 1996; Hollins, Attard,
von Fraunhofer, McGuigan, & Sedgwick, 1998; McGuigan, Hollins, & Attard, 1995).
Forssman and Akesson (1970) reported the mortality rate for those with mild intellectual
disability to be 1.7 times that of individuals in the general population. Prader-Willi syndrome
is usually associated with mild intellectual disability, but IQs can vary from average function
to moderate intellectual disability (Cassidy, Dykens, & Williams, 2000; Greenswag, 1987).

Given that high mortality rates have been reported in those with Prader-Willi syndrome, and
in those with intellectual disability in general, it remains unclear whether Prader-Willi
syndrome increases the risk of death beyond the risk associated with intellectual disability.
Such information would assist in planning the best targets for health promotion efforts for
individuals with Prader-Willi syndrome and in providing more accurate information on
prognosis.

Method
Participants were recruited in 1989, as part of the Australian Child to Adult Development Study
(ACAD). This study has two main cohorts: an epidemiological group (control group, described
below) and a cohort of young people with syndrome-specific diagnoses, including Prader-Willi
syndrome.

Prader-Willi Syndrome Group
Participants with Prader-Willi syndrome were recruited from specialist genetics clinics and
parents’ support associations. None of the Prader-Willi syndrome participants were infants
when recruited to the ACAD study. Only the participants with a confirmed genetic diagnosis
of Prader-Willi syndrome were included in the analyses. Genetic subtypes of the Prader-Willi
syndrome group are presented in Table 1. None of these participants had been treated with
growth hormone. The mean age at entry to the ACAD study was 17.7 years (SD = 8.1, range
= 31.8)

Control Group
In 1989-1990, we identified all young people 4 to 18 years of age who had intellectual disability
and lived in a number of geographically defined census regions in the Australian states of New
South Wales and Victoria (Einfeld & Tonge, 1996a). Participants from these regions are a rep-
resentative sample of young people with moderate and severe intellectual disability. In keeping
with other population samples, those with mild intel-lectual disability are underrepresented.
This is because some of these individuals have little dysfunction, so are not identified by service
agencies. Details of this control group are provided in Einfeld and Tonge (1996a, 1996b). A
detailed survey of the causes of intellectual disability in this cohort was reported by Partington,
Mowat, Einfeld, Tonge, and Turner (2000). Briefly, causes of intellectual disability were
divided into three main categories: known diagnosis (45%), descriptive diagnosis (28%), and
unknown diagnosis (28%). A known diagnosis was defined as chromosomal (21%), for
example, Down syndrome; monogenic (8%); either autosomal or X-linked; or environmental
(16%). A descriptive diagnosis was defined as neurological (18%), such as cerebral palsy;
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syndromic (4%); or autistic (6%). An unknown diagnosis was either nonsyndromic mental
retardation (19%) or nonsyndromic with at least one other clinical abnormality (8%). A
significant male excess in the sample was observed, particularly in the autistic, nonsyndromic
groups, and those with an X-linked monogenic disorder. The mean age of the control group at
entry to the ACAD study was 12.1 years (SD = 4.4, range = 18.3). The meanage of the control
group with mild intellectual disability or average IQ was 11.6 years (SD = 4.0, range = 16).

Procedure
As part of the fourth wave of data collection in the ACAD study, questionnaires were mailed
to all participants. Initial nonresponders were followed-up with a telephone call or letter from
the researchers. Notifications from caregivers of deaths in the control group and in the Prader-
Willi syndrome group were recorded. Cause of death was obtained from coroners’ reports when
possible.

Data Analysis
Cox proportional hazards regression in StataSE/8 (StataCorp, 2004) was used to estimate the
hazard ratio (ratio of risks of death in Prader-Willi syndrome and control group), controlling
for level of intellectual disability (moderate or below [the reference group] and mild or above).
Survival time was age at death or age at end of followup (September 9, 2003), 13 to 14 years
after the initial recruitment. Adjustment was made for the period at risk before the beginning
of observation (i.e., for age at entry to the study).

Results
Information on status as alive or deceased and level of intellectual disability was available for
93% of the control group. Participation rate for the Prader-Willi syndrome group was 94%.
Sample characteristics for both groups are presented in Table 2.

All 6 of the deaths that occurred in the Prader-Willi syndrome cohort happened in those with
a mild intellectual disability. Only 2 of the 27 deaths reported in the control group were of
those with mild intellectual disability. Death rates are presented in Table 3. Deaths in those
with Prader-Willi syndrome occurred at a rate about 4 times that of the control group. When
we compared the deaths in the Prader-Willi syndrome group to just the control group with mild
intellectual disability or average IQ, we found that the Prader-Willi syndrome death rates were
greater by a factor of 20. Figure 1 shows the survival rates for the control group (all levels of
intellectual disability) and the Prader-Willi syndrome group. Figure 2 shows the survival curves
separately, with 95% confidence intervals.

Results of the Cox regression analysis indicated that adjusting for the period of risk already
survived at entry to the study, those with Prader-Willi syndrome are 6.07 (95% CI 1.87,19.73)
times the risk (hazard) of death of the control subjects, after the protective effect of mild or
normal IQ is accounted for. Those with mild or average IQ have a risk hazard ratio of 0.30
(95% CI 0.11, 0.78) compared with those who have moderate, severe, or profound intellectual
disability levels, after the elevated risk associated with Prader-Willi syndrome is accounted
for.

We also examined the effect of the genetic type of Prader-Willi syndrome, and gender on death
rates, using odds ratios. Table 4 shows the gender, Prader-Willi syndrome status, and age of
person at death for those with Prader-Willi syndrome. All individuals had mild intellectual
disability. There were no significant difference in mortality rates depending on the genetic type
of Prader-Willi syndrome or gender. However, the sample size did not offer sufficient power
to detect any differences that may have been present.
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Discussion
As stated earlier, the control participants underrepresented those with mild intellectual
disability in the community. However, as previously described in detail (Einfeld & Tonge,
1996a), those with mild intellectual disability who were included in the control group were
likely to be known to services because of an additional problem, such as epilepsy or
psychopathology. If anything, they would be expected to have a higher death rate from such
added complications than would those with mild intellectual disability in the community. This
would have the effect of minimizing the resulting difference between death rates in the Prader-
Willi syndrome group and control group.

All of our Prader-Willi syndrome subjects were identified in childhood. Therefore, these
mortality rates do not reflect early deaths occurring in those with Prader-Willi syndrome from
hypotonia, feeding difficulties, or other infant complications.

Results show the utility of Cox proportional hazards analysis. It is more useful than death rates
because it accounts for intellectual disability level as well as Prader-Willi syndrome status and
provides an estimate of the protective effect of higher IQ levels.

It would be of considerable interest to establish death rates in larger samples of people with
Prader-Willi syndrome of the different genetic subtypes. If rates were found to be substantially
different, it would potentially provide new insights into genetic mechanisms underlying
appetite control.

Prader-Willi syndrome is a substantial risk factor for death, above the risk related to intellectual
disability alone. Those with Prader-Willi syndrome have higher mortality rates than those with
intellectual disability in general. They have a much higher estimated mortality ratio than a
comparison group with mild or borderline intellectual disability. The pattern of death in those
with Prader-Willi syndrome suggests that obesityrelated disease is a likely major risk factor.
Management of caloric intake is truly a life-and-death issue for people with this syndrome.
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Figure 1.
Kaplan-Meier survival estimates for control group and Prader-Willi syndrome group.
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Figure 2.
Kaplan-Meier survival estimates for control group and Prader-Willi syndrome group with
confidence intervals.
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Table 1
Genetic Subtypes of the Prader-Willi Syndrome Group

Genetic test result n %

Confirmed Prader-Willi syndrome 37 100
 Paternal deletion 18 49
 Maternal uniparental disomy 9 24
 Imprinting mutation 1 3
 Type unknown 9 24
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Table 4
Prader-Willi Syndrome (PWS) Participants Who Died

Gender PWS status Age at death Cause of death

Male Maternal uniparental disomy 20 Cardiorespiratory failure 4 weeks, morbid obesity
Female Paternal deletion 21 Cardiomegaly, morbid obesity
Male Paternal deletion 23 No death certificate available
Female Proven PWS, type unknown 32 No death certificate available
Male Maternal uniparental disomy 37 Adult respiratory distress syndrome, possible sepsis,

possible aspiration, right ventricular failure
Female Maternal uniparental disomy 43 Pneumonia, cerebro vascular accident, diabetes

mellitus

Note. All individuals had mild intellectual disability.
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