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Abstract

Prader-Willi syndrome (PWS) may represent a genetic form of human obesity. The purpose of this 

study was to determine whether the relationship between resting metabolic rate and body weight/

body composition was different in patients with PWS than in obese (body mass index 23–36) and 

lean (body mass index 15–20) controls. We determined body composition using bioelectrical 

impedance analysis (BIA) and skinfold thickness measurements in 36 subjects with PWS and in 

31 controls (20 nonobese, 11 obese). The BIA measures of percentage of body fat were 

significantly correlated with those determined from skinfold thicknesses in all three groups. 

Resting metabolic rate (RMR) was measured in all lean and obese controls and in 22 of the 36 

patients. Energy expenditure was compared among groups by comparing the regression 

relationship between RMR and either body weight or fat-free mass (FFM). The relationship 

between RMR and body weight and between RMR and FFM was different for patients with PWS 

than for lean and obese controls, who did not differ from each other. The nature of the relationship 

was such that patients with PWS had reduced rates of energy expenditure compared to controls, 

except for patients with the largest body mass and FFM. This suggests that a low energy 

expenditure exists initially for persons with PWS but may return to normal as obesity becomes 

greater. These results also suggest that reduced FFM is not the sole explanation for the lower 

energy expenditure seen in patients with PWS.
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The Prader-Willi syndrome (PWS) was first described in 1956,1 and subsequently over 700 

cases have been reported.1–4 The syndrome is characterized by infantile hypotonia, early 

childhood obesity, mental deficiency, short stature, small hands and feet, and hypogonadism. 

Chromosome 15 deletion is detectable in about one-half of the patients.1–4 The incidence of 

PWS has been estimated at 1 in 10,000 to 25,000 live births.5,6 In a review of published 

surveys of over 500 patients, a combined total of 94% were obese, with a range of obesity 

from 76% to 100%.7 Because of its high incidence, there is a great deal of interest in 

understanding how the obesity develops in PWS. Several components of energy balance may 

contribute, including hyperphagia, persistent hunger, decreased perception of satiety,6 and 

decreased resting metabolic rate (RMR).8–10
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The RMR varies widely among humans, but much of the variation can be explained by the 

subject’s body weight or body composition. The best predictor of RMR is fat-free mass 

(FFM).11 Differences in FFM usually account for differences in RMR between lean and 

obese subjects and between males and females.11 The FFM cannot explain all of the 

variation in RMR, however, and other, currently unidentified factors are likely involved. A 

central question regarding PWS is whether the reported low RMR is due largely to a low 

amount of FFM or whether other factors are involved. Results of a study by Schoeller et al.8 

suggest a low FFM can account for much of the low RMR seen in patients with PWS. The 

present study was undertaken to examine this question further.

MATERIALS AND METHODS

Subjects for this study were 36 patients with PWS and 31 controls (Table 1). Twenty 

controls were normal-weight children and 11 were nonsyndromic obese children. Lean 

subjects were defined as those with body mass index (BMI; calculated as weight in 

kilograms divided by height squared in meters) less than or equal to 20, and obesity was 

defined as BMI equal to or greater than 23. All measurements on patients were made at the 

1988 annual meeting of the Prader-Willi Association held in Louisville, Kentucky, or at 

Vanderbilt University School of Medicine in Nashville, Tennessee. All normal-weight and 

obese children were volunteers recruited by word of mouth and studied at Vanderbilt 

University. The obese controls were likely to be obese due to factors relating to diet or lack 

of physical activity, or both.

Resting Metabolic Rate

Resting metabolic rate was measured in all lean and obese controls and in 22 of the 36 

subjects with PWS. Measurements were made using a ventilated hood indirect calorimetry 

system (Sensormedics 2900 Oxygen Uptake System, Sensormedics Inc., Anaheim, CA). In 

the morning after an overnight fast, patients with PWS had their RMR measured for 15 to 20 

minutes after they had been lying quietly for at least 30 minutes. Efforts were made to keep 

them as quiet and inactive as possible during measurement periods. Metabolic rates were 

calculated from oxygen consumption using the equation of Weir.12

The RMR of obese and nonobese control subjects was measured at Vanderbilt University in 

the same manner as described for patients. Subjects arrived at the laboratory, rested for 30 

minutes, and were measured for 15 to 20 minutes.

Body Composition

Body composition for all subjects was determined using bioelectrical impedance analysis 

(BIA). The impedance analyzer was manufactured by Bio-dynamics (Bellevue, WA). 

Percentage of body fat and fat-free weight were determined using equations supplied by the 

manufacturer. Fat-free mass was calculated as body weight minus fat weight.

Body composition was also determined based on measurements of the triceps, subscapular, 

and suprailiac skinfold thicknesses. Percentage of body fat was determined from the sum of 

these skinfold thicknesses.13 All skinfold thicknesses were the average of at least three 

measurements at each site, always taken by the same person.
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Statistical Analysis

The relationships between RMR and measures of body weight and body composition were 

made using linear regression analysis.14 Comparison of RMR among the three groups was 

made using one-way analysis of variance.14

RESULTS

Figure 1 shows percentage of body fat measured by BIA compared with that measured by 

the sum of the three skinfold thicknesses. The correlation coefficient between the two 

measurements was 0.80. The individual correlation coefficients for the three groups were r = 

0.80 for lean controls, r = 0.91 for obese controls, and r = 0.74 for patients with PWS.

Figure 2 shows the linear regression relationship between total body weight and FFM for 

each of the three groups. The relationship for lean subjects was, as expected, different from 

the other two groups. The regression equations were not different for obese subjects and 

patients with PWS. This suggests that for a given body weight, patients were not fatter than 

obese subjects.

Figure 3 shows RMR in the patients and the two control groups. The value (expressed as 

kcal/hr) was significantly higher in obese than lean subjects and in lean subjects than 

patients with PWS (p < 0.05).

The top panel of Figure 4 shows the linear regression analysis relating RMR (expressed in 

kcal/hr) to body weight. There was a significant positive relationship between these values in 

all three groups. The regression line for patients with PWS was significantly different from 

those for normal and obese children, however.

The lower panel of Figure 4 shows RMR versus fat-free weight (as determined by BIA) of 

the subjects. Again, significant positive relationships existed for all three groups and, again, 

the relationship for subjects with PWS was different from those of normal and obese 

children. For the patients, the slope of the relationship was significantly higher, and the Y 

intercept was significantly lower, than for the other groups.

DISCUSSION

These results support those of others8–10 in that RMR for patients with PWS is significantly 

reduced in comparison to lean or obese children and adolescents. The reduction did not 

appear to be totally explained by a low FFM. A significant relationship between RMR and 

FFM was evident in all groups studied, but for patients with PWS it had a significantly 

different slope and Y intercept than that for lean and obese controls. The nature of the 

relationship suggests that a low rate of energy expenditure may be particularly apparent in 

individuals with low FFM (less obese patients) and may be an important factor in the further 

development of obesity in these individuals. Energy expenditure was closer to values 

predicted for controls in the patients with higher FFM, suggesting that energy expenditure 

may become normal as patients with PWS become increasingly obese.
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It is important to note that our comparison of RMR among groups was not influenced by 

differences in body composition. One must use care in comparing RMR in groups with 

different body composition. The value reflects all of the metabolic activity of the body at 

rest. A strong relationship exists between RMR and FFM (reflecting the most metabolically 

active portion of the body), but it is important to note that the regression line relating FFM to 

RMR does not pass through the zero point.11 The predicted RMR at zero FFM is usually 

300 to 500 kcal/day in adults.11 Thus, using FFM to predict RMR would lead to 

underestimations in subjects with low FFM and overestimations in subjects with high FFM. 

If the groups being compared differ considerably in body composition, a comparison of 

RMR/kg FFM might lead to erroneous conclusions. A more accurate method is to compare 

the relationship between RMR and FFM. We took this approach in the present study to avoid 

such problems.

The interpretation of these results depends heavily on measurement of body composition, 

and taking accurate measurements in children is difficult.15,16 It may be more difficult when 

the children are affected with obese conditions such as PWS. Bioelectrical impedance 

analysis is a promising technique, and many studies in adults have shown it agrees well with 

other more widely accepted methods.17,18 Although there are few studies of its validity in 

children, we found good agreement in all subject groups between percentage of body fat as 

determined by BIA and that using three skinfold thicknesses. The BIA measurements were 

determined using the equations provided by the manufacturer. In adults, other equations 

have been developed that appear to improve the correlation between BIA and underwater 

weighing,17 but they were not useful in our group of young individuals. Skinfold thicknesses 

appear to be a reasonable way to estimate body fat in subjects without13 and with PWS,19,20 

and in this study they agreed well with measurements derived from BIA. The BIA may be 

preferable, however, since it requires less training, is quicker, and probably produces results 

that are more consistent among persons making the measurements. Certainly more research 

is required concerning the accuracy of methods of measuring body composition in children 

and adolescents.

Our results suggest that most subjects with PWS have a lower rate of energy expenditure 

than would be expected from their body weight and FFM. The exceptions are those at the 

very highest levels of body weight and FFM who have an RMR not different from that 

predicted from control data. We can speculate that a low RMR might be present initially in 

PWS and play a causal role in the further development of obesity. The further development 

of obesity is then associated with increasing amounts of FFM and a return to normal energy 

expenditure.

These results are different from those reported by Schoeller et al.8 Using doubly labeled 

water to determine body composition, they reported that children with PWS had a lower 

proportion of FFM per unit body weight than obese children without PWS, and that RMR 

was similar in both groups when expressed per kilogram of FFM. These authors further 

suggested that patients with PWS do not show the increase in FFM usually seen when 

obesity develops, and that the syndrome may be similar to some reported genetic rodent 

models, in which an apparent defect occurs in partitioning energy between fat and lean body 

mass.21 Although our sample of obese children was small, we did not see any difference in 
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the relationship between body weight and FFM in those with and without PWS. It is 

possible that doubly labeled water provides a more accurate measurement of FFM in PWS 

than do other methods of determining body composition.

It is likely that the patients with PWS in the present study represented a population in whom 

dietary control is very high. All measurements were made at the annual meeting of the PWS 

Society, and parental involvement in this group may be indicative of a high degree of interest 

in the disease and willingness to try to control dietary intake. Certainly the average 

percentage of body fat in these children was lower than that often reported in similar 

patients,8 possibly as a result of greater dietary control. It should also be noted that the 

children with PWS were slightly older on average than controls. The most likely effect of 

age differences is on body composition and such differences were taken into account in 

comparing energy expenditure.

Obesity is an almost certain occurrence in patients with uncontrolled PWS since their caloric 

intake is high6 and their energy expenditure is low. Resting metabolic rate is the largest 

component of energy expenditure, but other components may be abnormally low as well. In 

particular, the thermic effect of food has been suggested to be a measure of food efficiency. 

Further work is required to determine if this is abnormally low in PWS. Differences in the 

amount and cost of exercise can also lead to differences in body weight regulation. There are 

conflicting reports concerning whether subjects with PWS show a lesser amount or cost of 

physical activity than do healthy children.22 Finally, more information is needed regarding 

total daily energy expenditure in PWS and whether daily oxidation rates of protein, 

carbohydrate, and fat differ in patients and in normal lean and obese subjects.

In summary, successful weight reduction in PWS is difficult to achieve since patients have 

an enlarged appetite coupled with a low rate of energy expenditure. It is important to attempt 

to increase energy expenditure with more physical activity as well as to control diet. The 

syndrome appears to be a form of genetic obesity and should provide a good model in which 

to study the interaction between genetics and nutrition.
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Fig. 1. 
The relationship between percentage body fat measured by bioelectrical impedance analysis 

(BIA) and by the sum of three skinfold thicknesses (triceps, subscapular, suprailiac). The 

line shows the best fit linear regression.
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Fig. 2. 
The linear regression relationships between body weight and fat-free mass (FFM) for each 

group. The regression lines are as follows: solid line, patients with PWS; dotted line, lean; 

dashed line, non-PWS obese. Patients with PWS with body weight greater than 100 kg are 

not shown.
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Fig. 3. 
Resting metabolic rate (RMR) is shown for each group in the study. Values are means ± 

SEM.
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Fig. 4. 
The linear regressions between resting metabolic rate (RMR) and body weight (top) and fat-

free mass (bottom) for each group in the study. The regression lines are as follows: solid 

line, PWS; dotted line, lean; dashed line, non-PWS obese. The regression line for patients 

with PWS was significantly different from that of the other two groups (p < 0.05).
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