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Abstract 

Background: Research on aging in Prader–Willi syndrome (PWS) is limited, although people with PWS are 
living longer. Individuals with PWS present with high fat mass, low lean mass, and low levels of physical 
activity (PA). Previous reports in children and young adults with PWS show inadequate nutrient intake and 
body fat percentage indicating obesity. Previous studies in PWS rarely included individuals beyond young 
adulthood, especially studies conducted in the United States. This study includes adults from 18 to 62 years of 
age, and includes 19 of the estimated 60 adult individuals with PWS in Oklahoma. Because individuals with 
PWS are living longer, information must be provided on aging with PWS. This study is a report of the initial 
data for a planned longitudinal study on aging with PWS.
Objective: Determine associations between body composition, diet, PA, and a timed walk for adults with PWS, 
and to assess adequacy of dietary intake for those individuals aging with PWS.
Design: This cross-sectional investigation determined dietary habits, PA, and body composition of adults with 
PWS, and tested associations between these variables.
Results: Participants ranged in age from 18 to 62 years. They had healthier body composition, at 26.8% body 
fat, than previously reported. Mean body mass index (BMI) was in the overweight range at 26.7. Those who 
consumed higher amounts of fat (as a percent of total kilocalories) had statistically significant lower body fat 
percentage, but this may simply reflect that individuals with lower body fat percentages felt freer to consume 
fat. Mean steps taken per day was 7631.7 steps but only 16% of participants met healthy PA recommendations 
despite participating in daily structured exercise. All participants’ diets met Dietary Guidelines for macro-
nutrient distribution, but 80% were deficient in calcium, 100% were deficient in dietary vitamin D, and 87% 
were deficient in fiber. Sample size was small, so it was difficult to reach statistical significance, despite seeing 
clinical significance.
Conclusions: Recommend working toward healthy PA recommendations for all age groups by decreasing time 
in sedentary activity. Recommend increasing vitamin A and D fortified dairy products and high-fiber foods, 
and consider dietary supplementation, especially for calcium, vitamin D, and fiber.
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Much of the research in Prader–Willi syndrome 
(PWS), especially in the United States, has 
been conducted with children and young 

adults, with few studies including adults beyond the age 
of 35. The focus of this study is adults with PWS and the 

associations between body composition, diet, physical 
activity (PA), and walking a timed distance. PWS was 
first described in literature in 1956 (1) and has a reported 
prevalence rate from 1 in 20,000 to 1 in 10,000 live births 
(2), with similar prevalence for gender (3), ethnicity and 
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socioeconomic level. PWS is due to the loss of expression 
of several genes on chromosome 15 (2). Untreated PWS 
is characterized by uncontrolled eating, obesity, low lean 
body mass, low PA, mild to moderate intellectual disabil-
ities, hypotonia, hypogonadism, short stature, and behav-
ioral challenges (4), along with inability to vomit, skin 
picking, and lowered sensitivity to temperature and pain 
(5). Behavioral and psychiatric problems are also present 
and interfere most with quality of life in adolescence and 
adulthood (2).

Hypothalamic dysfunction is a factor in PWS and 
can result in central hypothyroidism, central adrenal in-
sufficiency, growth hormone (GH) deficiency, and hypo-
gonadotropic hypogonadism (6). Individuals with PWS 
typically present with lethargy, delayed motor develop-
ment, decreased motor competencies, lower cognitive 
function, and behavioral challenges (2). GH treatment 
normalizes height (7, 8) and improves body composition, 
but it does not normalize body composition (7–9). Treat-
ment with GH results in lower fat mass and higher lean 
mass (10), which can improve resting metabolic rate.

Resting metabolic rate is lower in individuals with PWS. 
Individuals with PWS have a low energy expenditure (11), 
with caloric needs as much as 20–40% less than individu-
als without the syndrome (12, 13). The best predictor of 
resting metabolic rate is fat-free mass (11) and body mass 
(14). Low lean mass and reduced PA are factors in low 
energy expenditure (12).

Morbidity in PWS is six times higher than other intel-
lectual disabilities (15), with the mortality rate reported 
as 3% per year across all ages (16, 17) and up to 7% per 
year in those over 30 years of  age (16). Early diagnosis of 
PWS and prevention of  overweight are key factors in pre-
venting early causes of  death (18). Obesity is recognized 
as the main risk factor for death across all age groups 
(19). Adults are prone to premature death from cardio-
vascular disease, pulmonary problems, and type 2 diabe-
tes (2, 20). Excess fat mass appears to be less likely to 
develop metabolic complications in PWS than in typical 
cardiac or obese patients, which is due to individuals with 
PWS having reduced visceral fat mass (8). The severity 
of  obesity can be managed by early diagnosis, dietary 
restrictions, controlling access to food, regular exercise, 
appropriate behavioral counseling, and hormonal re-
placement (3).

Diet intervention, specifically kilocalorie (kcal) restric-
tion, is a common treatment for preventing obesity in 
individuals with PWS. In adults with PWS, hyperphagia 
may be due to an abnormality of  the satiety response to 
food intake (21, 22) or hormonal and neuroendocrine de-
fects (23). Controlling food intake has contributed to the 
maintenance and prevention of weight gain and has been 
shown to improve anthropometric indices for individu-
als with PWS (24). Relying on cognitive controls to resist 

food can be almost impossible for individuals with PWS 
(5), so physical restraints, such as locked food cabinets 
and refrigerator, are utilized in the homes of  individuals 
with PWS. In past studies, individuals following low kcal 
diets had lower BMIs and lower body fat percentages 
(24, 25). Restrictive diets, though, have been reported 
to result in shorter stature (26). In children with PWS, 
macronutrient intake has been reported to be within the 
U.S. Dietary Guideline recommendations, but fiber in-
take was less than 12 g per day (27). Another study in 
young children with PWS reported dietary deficiencies, 
including deficiencies in vitamin D, tocopherol, calcium, 
and iron (28). Individuals with PWS were more likely to 
take multivitamin, vitamins C and D, calcium, and fish 
oil supplements (29).

Besides dietary intervention, PA can help in prevent-
ing obesity. Individuals with PWS tend to be less active 
than obese individuals and spend more time in sedentary 
activities and less time in lifestyle PA, but similar time in 
moderate to vigorous PA (30). Daily muscle training has 
been found to increase PA and lean body mass (31). Chil-
dren and adults with PWS exhibit little vigorous PA and 
appear to perform few activities focused on improving 
muscle strength (32). In children with PWS, more PA has 
been associated with lower BMI and reduced engagement 
in self-injury behaviors, such as skin picking (33). It is 
unclear whether more sedentary time in individuals with 
PWS causes increased fat mass or whether higher fat mass 
restricts PA (34), but there is considerable hypoactivity in 
individuals with PWS despite long-term GH therapy and 
the absence of severe obesity (35). In children with PWS, 
muscle mass adequately responds to enhanced PA (36), 
which should improve body composition.

PA can be objectively measured using an accelerom-
eter or a timed walk test. Accelerometers reliably mea-
sure movement in a period of time and have been used 
in many populations, including the PWS population. In 
PWS, accelerometers may underestimate energy expendi-
ture and intensity of exercise due to reduced mean height, 
coordination of movements, lower maximum oxygen 
consumption, and increased mean weight (37). Besides 
accelerometers, the 6-minute walk test has been used 
with individuals with PWS (30). The 6-minute walk test 
has been used in multiple populations to measure overall 
fitness and is endorsed by the American Thoracic Soci-
ety. The test is feasible and objective in assessing exercise 
capacity and may better reflect everyday activity capacity 
than lab tests (38). A walking distance of less than 350 m 
walked in the 6-minute walk is associated with increased 
mortality (39).

Lower amounts of PA and lean mass have made weight 
management difficult in individuals with PWS when com-
pared to typically developing individuals (13, 40, 41). 
Individuals with PWS who reach or maintain a weight 
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appropriate for their height remain over fat (12). Body 
composition in individuals with PWS resembles that of 
sedentary individuals and classic GH deficiency (42). The 
abnormal body composition phenotype in youth with 
PWS may be better described as sarcopenic (muscle loss), 
characterized by a reduced content of muscle mass and 
increased adipose tissue, whether or not they are receiv-
ing GH (43). The etiology of this abnormal body com-
position phenotype is likely multifactorial, including 
GH deficiency, decreased PA, autonomic nervous system 
dysfunction, primary muscle abnormalities, and pubertal 
delay (43).

Body composition, whether measured by BMI, body fat 
percentage, or waist/hip ratio, is an indicator of health risk 
in the typical population. For typical adults, BMI greater 
than 30 indicates obesity and health risk (44). Individuals 
with PWS typically have increased fat mass and decreased 
lean body mass (9, 40, 42), with muscle mass decreased 
by 25–37% (9). Waist-to-hip ratio can be an indicator 
of increased risk of cardiovascular disease (45). For the 
general population, healthy waist-to-hip ratio recommen-
dations are less than 0.9 for males and 0.85 for females 
(46). Increasing lean body mass should be a priority in the 
management of individuals with PWS (47).

When measuring body composition, dual-energy 
X-ray absorptiometry (DXA) has been considered the 
gold standards, but research has compared the accuracy 
of bioelectrical impedance analyzer (BIA) versus DXA. 
The correlation between DXA and BIA varies from rea-
sonable to ‘almost perfect’ and is partly affected by the 
formula used with BIA (48–50). Studies have shown that 
BIA is a valid instrument for patients with a BMI up to 
34 kg/m2 (51), but the correlation decreases with a BMI 
greater than 35 kg/m2 (52). The differences between BIA 
and DXA increased with the waist-to-hip ratio and the 
differences were higher in males than females (52). DXA 
measurements are challenging for participants aged 6 
months to 5 years because the test subject must remain 
still during the procedure (53). This would also be a con-
sideration for attempting measurements in participants 
who are developmentally disabled.

Choosing a BIA equation that is adapted to the pop-
ulation being studied continues to be a limiting factor of 
BIA (51). BIA has been used in many populations, includ-
ing PWS. One PWS study showed a mean body fat per-
centage of 45.9%, with no significant correlation between 
gender or genotype (54).

The purpose of this study was to determine associa-
tions between body composition, PA, diet, and walking 
a timed distance in adults with PWS, to determine nutri-
tional adequacy of diets, and to take a snapshot of indi-
viduals throughout the aging process, by including older 
adults as well as young adults. The long-term objective of 
this study is to improve the quality of life of individuals 

with PWS by informing individuals and caregivers about 
the importance of PA and diet on quality of life through-
out the lifespan, and to provide preliminary data regard-
ing aging with PWS.

Specific Aim 1: Determine the association between 
PA measures (accelerometer data and activity logs) 
and body composition/obesity measures (BMI, waist/hip 
measurements, and body fat percentage) in individuals 
with PWS.

Specific Aim 2: Assess the association between body 
composition and the macronutrient distribution (percent 
carbohydrate, fat, and protein) of dietary intake.

Specific Aim 3: Determine the association between the 
ability to walk a timed distance (meters walked in 2 and 
6 min), using the walk test, and PA measures (accelerome-
ter and activity log data) for individuals with PWS.

Specific Aim 4: Assess the adequacy of dietary intake, 
as a categorical variable of did/did not meet, of individ-
uals with PWS, compared with dietary reference intakes.

Present investigation

Methods
Adults with PWS across the state of  Oklahoma were 
recruited for participation. Contact was attempted 
by presenting the study at the Oklahoma PWS Asso-
ciation conference, sending e-mails to the Oklahoma 
PWS Association membership list, and through word 
of  mouth. Participation was limited to individuals aged 
18 and older. Consent was obtained from guardians and 
assent from the individuals participating in the study. 
Data collection involved obtaining anthropometric 
measurements, body composition, a walk test, PA mea-
surements, food intake information, and a brief  medical 
history. This study was approved by the University of 
Oklahoma Health Sciences Center Institutional Review 
Board.

Anthropometric measurements
Anthropometric measurements included: (1) height, mea-
sured using a metric stadiometer to the nearest 0.1 cm, 
and (2) weight, using the weight measurement provided 
by the BIA, which reports weight to the nearest 0.1 kg.

Body composition
Body composition was measured using the Tanita 
TBF-300A BIA and waist-to-hip ratio. Body fat anal-
ysis was measured with foot-to-foot bioelectrical im-
pedance. Waist-to-hip ratio was assessed by measuring 
the waist circumference above the pelvic bone and the 
hip circumference at the widest point in the hip area. 
A metric fiberglass tape was used to prevent stretch of 
the instrument, and the measurements were made to the 
nearest 0.1 cm.
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Walk test
The walk test followed the American Thoracic Society 
guidelines (38). When the walk test was completed in-
doors, the longest possible track with the least number 
of turns was utilized. When the walk test was completed 
outdoors, the participant set the pace and the researcher 
walked near the participant pushing a distance measuring 
wheel. Distance was measured at 2 and 6 min. The time 
was measured by the stopwatch feature on a smart phone, 
and distance was measured using a measuring wheel.

Physical activity measurements
The ActivPal® accelerometer was used to collect infor-
mation about movement in the form of steps per day and 
position, standing versus sitting/lying. The accelerometer 
was worn in the middle of the right thigh for up to 7 days, 
with a goal of a minimum of 4 days of usable data. The 
accelerometer was made waterproof by placing it in an 
extra-large finger cot and adhering it to the thigh using a 
piece of Tegaderm® transparent film dressing. Caregivers 
were instructed to check the accelerometer daily for wa-
terproofing and were educated on how to reapply Tega-
derm® as needed. A PA log was completed by caregivers 
at a time corresponding to the wearing of the accelerom-
eter to aid in interpretation of activity registered on the 
accelerometer.

Food intake
Each participant’s caregiver was asked to keep a detailed 
3-day food and beverage diary. Food diary information 
was entered into FoodWorks® (55) nutrient analysis 
software, and intake information was compared to the 
Dietary Reference Intake for the appropriate gender and 
age. The macronutrient distribution was also obtained 
using FoodWorks®.

Medical history
A brief  medical history was completed by the guardian 
or caregiver using a questionnaire. The questionnaire in-
cluded genotype of PWS, GH usage, medications, and 
comorbidities. The medical history provided information 
on confounders for statistical analyses.

Data analysis
Statistical analysis was completed using the SAS program. 
Linear regression analysis was used for Specific Aims 1, 2, 
and 3. Logistic regression was used for Specific Aim 4. 
Linear regression was used to test the association between 
total energy intake and body fat. Age, gender, height in 
centimeters, average daily steps, and weight in kilograms 
were all considered possible confounders and were ex-
amined in the model. All statistical tests were conducted 
assuming a 10% chance of a type 1 error.

Results
With approximately 100 known cases of PWS in Okla-
homa (56), we estimate the adult population to be 60 or 
fewer individuals. Nineteen individuals chose to partici-
pate in the study, consisting of 11 males and 8 females. 
Participant characteristics are shown in Table 1.

Age range for participants was 18–62 years. BMI ranged 
from 20.9 to 35.0 among males and 19.5–34.9 among fe-
males. Steps were averaged for each individual who had 
at least 4 days of usable data. Average steps per day mea-
sured by the accelerometer were 7325.4 (3844.3–11338.8) 
for males and 7894.29 (3844.3–18769.0) for females. 
Body  fat percentage range was 17.3–31.6 for males and 
16.6–41.9 for females. Waist-to-hip ratio was 0.81–1.68 
for males and 0.78–0.99 for females.

When sorting the data by age groups over the adult 
spectrum (see Table 2), it appears that BMI, body fat per-
centage, and waist-to-hip ratio were higher for those over 
40 years. Average steps were similar for the young adults 
(up to 30 years) and the older adults (over 40 years), but 
distance walked in both the 2- and 6-minute walk tests 
was about 20% less in those over 30 years compared to 
those under 30 years. The changes from the young adults 
(≤30 years) to the older adults (>30 years) may be the re-
sult of aging, or that interventions were not in place early 
in life for older adults to help attain a healthy weight or 
PA level.

Specific Aim 1: Of the participants, 50% met the World 
Health Organization guidelines (46) for waist-to-hip ratio 
for decreased health risk (four males and five females). 
When adjusted for BMI, age, and gender, waist-to-hip 

Table 1.  Descriptive characteristics of participants

Participants N Average age  
(years) ± SEM

Average  
BMI ± SEM

Average  
steps/day ± SEM

Average body fat 
percentage ± SEM

Average waist/hip ratio 
± SEM

All 19 34.5 ± 4.3 26.7 ± 1.26 7631.7 ± 1171 26.8 ± 1.7 0.93 ± 0.07

Male 11 35.1 ± 3.9 27.4 ± 1.58 7325.4 ± 1173.6 25.0 ± 1.44 0.97 ± 0.09

Female 8 34.6 ± 4.83 25.7 ± 2.19 7894.3 ± 2021.2 27.1 ± 3.48 0.85 ± 0.03

Typical ideals 18.5–24 10,000 Varies 0.9 male 
0.85 female

SEM, standard error of the mean.

‘Typical ideals’: normal BMI range, steps per day (62), waist-to-hip (46).
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ratios were not associated with PA (p = 0.7481, t = −0.33, 
df = 1). In addition, there was no evidence of interaction 
between waist-to-hip ratio and BMI (p = 0.4067, t = −0.87, 
df = 1), waist-to-hip ratio and gender (p  =  0.4936, 
t = −0.71, df = 1), or waist-to-hip ratio and age (p = 0.3920, 
t = 0.89, df = 1). Adjusted for BMI, age, and gender, body 
fat percentage was not associated with PA (p = 0.1496, 
t = −1.55, df = 1). In addition, there was no evidence of an 
interaction between body fat percentage and BMI 
(p = 0.9177, t = −0.11, df = 1), body fat percentage and age 
(p = 0.5474, t = 0.62, df = 1), or body fat percentage and 
gender (p = 0.0594, t = −2.13, df = 1).

Specific Aim 2: Dietary information was kept by 15 
of the 19 participants. There was no evidence of age or 
gender confounding the statistical model or effect mod-
ification in the relationship between body fat percentage 
(BF%) and the percent of kcals from either carbohydrates, 

protein, or fat. Percent of kcals from carbohydrates was 
not associated with BF% (p = 0.2187, t = 1.29, df = 1). 
There was no association between BF% and percent of 
kcals from protein (p = 0.1710, t = 1.45, df = 1). Percent 
of kcals from fat was significantly negatively associated 
with BF% (p = 0.0800, t = −1.90, df = 1) (Fig. 1).

Specific Aim 3: The ability to walk a timed dis-
tance, as measured by the 2- and 6-minute walk tests, 
was not significantly associated with average daily 
PA, as measured by the average steps per day, for the 
2-minute walk test (p = 0.1525, t = 1.54, df  = 1) or 
the 6-minute walk test (p = 0.1341, t = 1.62. df  = 1). 
While not at a level of  significance, there did appear 
to be a positive association between PA and distance 
walked in the walking tests (Fig. 2). Age is negatively 
correlated with distance walked during a 2-minute walk 
(p = 0.0034), with distance walked decreasing 2.0 steps 

Table 2.  Descriptive data by age group

18–30 years old (n = 8) ± SEM 30–40 years old (n = 6) ± SEM Over 40 years old (n = 5) ± SEM

BMI 27.99 ± 2.27 23.61 ± 1.02 30.50 ± 2.08

Average body fat % 26.40 ± 3.26 23.87 ± 1.73 30.80 ± 2.93

Waist-to-hip ratio 
(Male and Female)

0.88 ± 0.03 
M: 0.96 F: 0.82

0.90 ± 0.03 
M: 0.90 F: 0.89

1.01 ± 0.20 
M: 1.08 F: 0.91

Average steps per day 8243.19 ± 2237.1 5411.51 ± 1379.84 8379.74 ± 1660.86

2-minute walk (m) 148.75 ± 16.09 119.00 ± 7.30 99.20 ± 18.38

6-minute walk (m) 447.13 ± 41.60 348.17 ± 20.93 349.00 ± 38.44

Fig. 1.  Association between Body Fat Percentage and Average Dietary Fat Intake.
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(95%CI: 0.8, 3.2) for each 1-year increase in age. Fig. 3 
shows age is negatively correlated with distance walked 
during the 6-minute walk test (p = 0.0029), with dis-
tance walked decreasing 6.8 steps (95%CI: 2.7, 10.8) 

for each 1-year increase in age. Gender was not associ-
ated with a decrease in distance walked on a 2-minute 
walk (p = 0.5397, t = 0.63, df  = 1) or a 6-minute walk 
(p = 0.9567, t = 0.06, df  = 1).

Fig. 2.  Association between Average Steps and 6-Minute Walk Test.

Fig. 3.  Association Between Age and 6-Minute Walk Distance.
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Specific Aim 4: Calcium recommendations based on 
the U.S. recommended dietary allowances [RDA (57)] 
(based on age and gender) were met by 20% (3/15) from 
diet alone (95% CI: 4.33%, 48.09%); gender, BMI, and 
BF% were not associated with meeting calcium recom-
mendations. Sodium recommendations from the U.S. Di-
etary Guidelines (58) were met by 66.67%, whose average 
sodium intake was below 2,300 mg daily (95% CI: 38.4%, 
88.2%); gender, BMI, and BF% were not associated with 
meeting sodium recommendations. Fiber guidelines 
based on the U.S. Daily Value (59) were met by 13.33% 
(2/15) (95% CI: 1.66%, 40.46%); gender, BMI, and BF% 
were not associated with meeting fiber guidelines. None 
of the participants with dietary intake information met 
vitamin D recommendations from diet alone. Gender 
(X2 = 0.2679, df = 1, p = 0.6048), BMI (X2 = 0.0.3673, df 
= 1, p = 0.5445), and BF% (X2 = 0.0057, df = 1, p = 0.9398) 
were not associated with meeting calcium dietary refer-
ence intakes. Gender (X2 = 0.1339, df = 1, p = 0.7144), 
BMI (X2 = 0.0131, df = 1, p = 0.9089), and BF% 
(X2 = 0.1908, df = 1, p = 0.6622) were not associated with 
meeting sodium dietary reference intakes. Gender 
(X2 = 2.0192, df = 1, p = 0.1553), BMI (X2 = 1.4566, df 
= 1, p = 0.2275), and BF% (X2 = 0.6012, df = 1, p = 0.4381) 
were not associated with meeting fiber dietary reference 
intakes. This analysis addresses dietary intake of these 

nutrients, but some participants took these nutrients in 
supplement form (Table 3).

Table 4 shows p-values with associated F-tests for tested 
covariates with total energy intake (kcals), along with tests 
for effect modification. Gender was a significant effect 
modifier, so the final model was stratified by gender sta-
tus (p = 0.0293). In addition, weight in kilograms showed 
evidence of a confounding association and was adjusted 
for in the final model (p = 0.0058). After adjusting for the 
individuals weight (kg), total energy intake (kcals) was 
not associated with body fat, among males (F = 0.33, 
p = 0.5943). However, adjusted for weight (kg), total en-
ergy (kcal) was associated with body fat, among females 
(Fig. 4). After adjusting for weight, females showed a 
body fat decrease of 1% for each 100 kcal increase in total 
energy intake (95%CI: 0.269%, 2.39%, p = 0.0234).

The study looked at comorbidities as possible con-
founders (Table 5). Almost 50% of participants did not 
have any comorbidities. Diabetes and hypertension were 
equally divided between the age groups, with only one 
participant from each age group having each disease. Of 
the six individuals with diabetes or hypertension, four 
were classified as obese (BMI > 30), and the remaining 
two individuals were overweight (BMI > 24). The other 
noted comorbidities did not have trends related to age 
or BMI.

Discussion
People with PWS are living longer, but there is a dearth of 
information about aging with PWS. This cross-sectional 
study looks at aging in PWS with specific emphasis on 
body composition, diet, and exercise. This study provides 
preliminary data for a longitudinal study on changes oc-
curring with aging in PWS. We were able to capture about 
30% of the estimated adult population in Oklahoma, with 
a wide range of ages from 18 to 62 years. This is unique 
because most studies in PWS are with children and rarely 
include individuals beyond 35 years of age.

While the mean BMI of 26.7 is above the ideal range 
for health in typically developing individuals, it is lower 
than many previous studies in PWS. Of our participants, 
37% were within the recommended BMI range of 18.5–
24. BMI may underestimate adiposity in individuals with 
PWS (34), but it does offer a comparison within the PWS 
population. Our study showed slightly lower waist-to-hip 
ratios than Lin et al. (54) but higher than findings by Hoy-
bye for men (60). A possible reason for improved BMI 
and waist-to-hip ratio is earlier intervention for diet and 
exercise for younger individuals, but those over 30 have 
often reached morbid obesity at some time in their lives. 
Only one individual over 35 years had a BMI within nor-
mal range, but all were below 35, which shows that inter-
vention later in life is also effective for improving these 
health risk indicators.

Table 3.  Number of participants taking dietary supplementation

Vitamin 
and mineral 
supplement

Number of 
participants  

(n = 19)

Participants 
18–29 years 
old (n = 8)

Participants 
30–40 years 
old (n = 6)

Participants 
over 40 years 

old (n = 5)

MV 10 3 4 3

Calcium 6 1 4 1

Vitamin D 5 1 2 2

Table 4.  F-tests and associated p-values for suspected confounders 
and suspected effect modifiers in the association between total 
energy intake and body fat

Variable and test Type 3 
F-statistic

p

Gender effect modifier 6.27 0.0293a

Average steps effect modifier 0.12 0.7349

Average steps covariate 0.57 0.4658

Height in centimeter effect modifier 2.44 0.1463

Height in centimeter covariate 0.11 0.7480

Age (years) effect modifier 0.19 0.6681

Age (years) covariate 0.40 0.5412

Weight (kg) effect modifier 0.01 0.9150

Weight (kg) covariate 11.19 0.0058b

aGender significant effect modifier, stratified by gender; bWeight (kg) did 
show evidence of confounding and was left in the final model.
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Our study showed much lower body fat percentage than 
most studies (12, 42, 44, 60, 61). Possible reasons for this 
might be: (1) earlier diagnosis and intervention for those 
under 30 years, (2) stronger efforts toward maintaining 
body weight within recommended guidelines for all age 
groups, (3) emphasis for all age groups to incorporate ex-
ercise into daily routines, and (4) use of GH in younger 
individuals with PWS.

Despite typically lower caloric intake, macronutrient 
intake from diet, shown in Table 6, was within or near-
within U.S. Dietary Guidelines (58). Other studies in chil-
dren with PWS also found similar intake ranges (27, 29). 
Overall, our study with adults was comparable to these 
findings in children but ranged higher in fat and protein, 
and lower in carbohydrate. The statistically significant 
finding that higher average intake of fat (as a percent of 
total kcals) may be associated with body fat percentage 
may simply reflect that individuals with lower body fat 
percentages felt freer to consume fat. When individuals 
are overweight, they may have a tendency to limit fat in-
take due to higher caloric density.

Fiber intake was below recommendations based on the 
U.S. Daily Value (59). While this is typical for American 
intake patterns, it is not ideal. Because individuals with 
PWS often take medications that increase constipation, it 
is important to encourage healthy fiber and fluid intake. 
An additional difficulty in obtaining adequate fiber is that 
high-fiber foods tend to be more expensive and most of 

Table 5.  Number of participant reporting diagnoses in addition to 
PWS

Number of 
participants 

(n = 19)

Participants 
under 30 

years (n = 8)

Partici-
pants30–40 
years (n = 6)

Participants 
over 40 years 

(n = 5)

No 
comorbidities

10 4 4 2

Hypertension 3 1 1 1

Diabetes and 
prediabetes

3 1 1 1

Hypercholes-
terolemia

2 0 2 0

Scoliosis 1 1 0 0

Information obtained from medical history questionnaire.

Table 6.  Macronutrient distribution in diet as a percentage of 
kcalories (energy)

Study findings U.S. Dietary Guidelines

Carbohydrate 39–60% 45–65%

Protein 15–31% 10–35%

Fat 12–38% 20–35%

Sodium 2,273 mg ± 213.9 <2,300 mg

Fiber 16.9 gm ± 1.2 25 gm (U.S. daily value)

Note: U.S. Dietary Guidelines (58).
Findings are the percent of kcals from carbohydrate, protein, and fat as 
compared with average daily kcals consumed by each participant.

Fig. 4.  Association between Body Fat Percentage and Total Energy Intake Adjusted for Weight (kg), Among Females with PWS.  
( p = 0.0234, bkcal = −0.01).
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our participants are dependent on government assistance 
for their food dollar.

Our study found dietary deficiencies in vitamin D (3.17 
mcg ± 0.49) and calcium (805.6 mg ± 82.1) which is sim-
ilar to previous studies among children with PWS. Most 
participants, though, took a multivitamin, vitamin D, 
and/or calcium supplements. Because many individuals 
were low in vitamin D and calcium intake, it is important 
to consider meeting the need through supplementation, 
although sun exposure is an easy, inexpensive consider-
ation for a source of vitamin D.

Individuals with PWS have been found to be less active 
than obese individuals and spend less time in light and 
lifestyle PA (30). Exercise is important for maintaining 
lean body mass, which impacts mobility, metabolism, and 
health risk. While this study had three individuals meet-
ing or exceeding the 10,000 step recommendations (62) 
for health, there were also participants who did not reach 
an average of 5,000 steps daily. Despite most participants 
including at least 30 min of structured exercise daily, they 
still failed to meet the 10,000-step recommendation. This 
indicates that structured exercise is only part of the goal, 
and that limiting sedentary time is also important. Walk-
ing a distance of less than 350 m in the 6-minute walk test 
is associated with increased mortality (39) for the typical 
population. Participants in this study walked further than 
350 m, on average, indicating physical capacity adequate 
for decreased mortality risk based on standards for the 
typical population.

While most results in this study did not show statisti-
cal significance due to small sample size, there were sev-
eral areas of clinical importance. The improved BMI and 
body fat percentage compared to studies in the past show 
that current levels of intervention, such as nutrition edu-
cation and the assistance of state of Oklahoma programs, 
may be helping prevent obesity in individuals with PWS. 
Overall, individuals with PWS in Oklahoma are doing 
fairly well with PA, but efforts need to continue toward 
meeting the activity recommendations of 10,000 steps 
daily (62). This can be accomplished by incorporating 
formal exercise, but helping individuals with PWS stay 
active through the day is also important. Ways to do this 
might include exercise breaks at work and limiting sitting 
or sleeping during the day. Dietary deficiencies indicate a 
need to focus on sources of calcium, vitamin D, and fiber 
along with considering supplementation.

Limitations of  the study were sample size, limited doc-
umentation of  dietary intake, and use of  BIA rather than 
DXA. While we captured over 30% of the adult popu-
lation, the population of  individuals with PWS is fairly 
small. While we do not hope for a large population of  in-
dividuals with PWS, expanding the study to other states 
would increase the pool of  potential participants. Di-
etary documentation was limited, with some individuals 

having less than 3 days of  usable data. One difficulty 
with documentation is that most adult participants live 
in homes where they are cared for by staff. This means 
there are various caregivers throughout the day being 
tasked with keeping the documentation. For future stud-
ies, researchers should try to limit the amount of  docu-
mentation required from staff  members or explore other 
avenues to encourage more accurate completion of  the 
documentation.

Body fat percentage was measured with foot-to-foot 
bioelectrical impedance. The researcher acknowledges 
that DXA is considered the standard for measurement 
by many, but DXA was not easily available to partici-
pants around the state of Oklahoma, and DXA to DXA 
has not proven to be correlated. Bioelectrical impedance 
analysis offered a portable solution to collected body fat 
percentage data without excessive cost or travel for the 
participant.

One concern prior to the start of  the study was that 
the tendency toward skin picking and obsessive-compul-
sive disorder among individuals with PWS might limit 
the ability to wear the accelerometer for at least 4 days 
for data collection. This turned out to be unfounded, 
with only two individuals refusing to wear the acceler-
ometer for at least 4 days and one individual being agi-
tated during data collection, so the accelerometer was 
not attempted.

A possible bias of the study is that approximately half  
of the participants in this study were clients of the primary 
researcher prior to the study. Of the participant group, 15 
had received nutritional services from a dietitian prior to 
the study; it is assumed that this did not impact results. 
It should be clarified that although these individuals and 
their staff  received intervention and education regarding 
nutrition, the dietitian can only increase awareness of 
the needed diet and PA information but cannot enforce 
compliance.

An assumption made for dietary recalls was that it was 
assumed that documentation was a true reflection of ac-
tual intake. Difficulties with this could be participants’ 
compulsion to sneak food, which is part of the syndrome. 
Individuals with PWS have been known to sneak food, 
such as a jar of peanut butter, and eat it without staff  
knowledge.

Conclusions 
The only significant associations found in this study were 
between fat intake for women and body fat percentage, 
and kcalorie intake and body fat percentage. This is be-
lieved to represent individuals with acceptable BMI and 
BF% feeling freer to consume more fat and kcalories in 
their diets. Body fat percentage is lower in adults with 
PWS in Oklahoma compared to previous studies. Adults 
with PWS were deficient in calcium, vitamin D, and fiber, 
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which could be combatted by adding vitamin A and D 
fortified dairy and whole grain products to the diet, along 
with considering vitamin, mineral, and fiber supplemen-
tation. PA in adults of all ages with PWS is below healthy 
guidelines and could be increased by limiting sedentary 
time throughout the day, as well as ensuring at least 30 
min of structured exercise daily.
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