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Abstract

Background—To determine the validity of body mass index (BMI) to identify excess fatness in

youth with Down syndrome (DS).

Methods—Using the CDC growth reference, we defined overweight (≥85th percentile) and

obesity (≥95th percentile) based on participants’ age- and sex-specific BMI z-scores, calculated

from measured height and weight. Percentage body fat (%BF) was measured by dual-energy X-

ray absorptiometry. We determined sensitivity, specificity, positive predictive value, negative

predictive value, and efficiency of BMI percentiles to identify excess adiposity relative to elevated

%BF cut-offs developed from the Pediatric Rosetta Body Composition project (Freedman et al.,

2009b) in 32 youth (20M/12F), ages 13–21 years with Down syndrome.

Results—For adolescents with Down syndrome using the cut-off points of 95th percentile for

BMI (obesity), sensitivity and specificity were 71% and 96%, respectively. Positive predictive

value was 83% and negative predictive value was 92%. Overall efficiency was 91%. Sensitivity

and specificity for BMI cut-offs above the 85th percentile (overweight) were 100% and 60%,

respectively. The positive predictive value was 41% and negative predictive value was 100%.

Overall efficiency was 69%.

Conclusion—On the whole, the obesity (≥95th percentile) cut-off performs better than the

overweight cut-off (85th–94th percentile) in identifying elevated fatness in youth with DS.

Introduction

Obesity in the general population of children in the US has become a significant health

concern, with a tripling in prevalence of childhood obesity over the last 20 years (Ogden et

al. 2010). With its tendency to track into adulthood (Guo et al. 2002) and association with

cardiovascular disease, diabetes, and certain cancers (Must and Strauss 1999), childhood

obesity threatens the gains in health and longevity that have occurred over the last century.
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Despite the high prevalence of obesity in the general population, there has been limited

information on the prevalence of obesity in children with Down syndrome (DS).

Down syndrome, a chromosomal disorder associated with trisomy 21, has an estimated

incidence in the US of 1 in 691 births per year (Centers for Disease Control and Prevention

2011b). Recent data suggest that the prevalence of DS is higher among males than females

(Shin et al. 2009). Children and adolescents born with DS may have congenital heart

abnormalities (Freeman et al. 1998) or other medical problems and are often overweight

(Chumlea and Cronk 1981, Cronk et al. 1985). Growth patterns of children with DS are

different from patterns in typically developing children; the pubertal growth spurt has been

reported to occur earlier (Arnell et al. 1996) and is decreased in children with DS (Myrelid

et al. 2002). Children with DS are reported to be significantly shorter than children of

similar ages without DS (Cronk et al. 1988) and to have shorter limb length (Jaswal and

Jaswal 1981). Data from the UK suggest that children with DS tend to grow along the 2nd

percentile on growth charts for the general population (Styles et al. 2002). Growth charts for

children and adolescents with DS have been developed in the UK and Republic of Ireland

(Styles et al. 2002), US (Cronk et al. 1988), and Sweden (Myrelid et al. 2002). Despite these

well-documented alternations in growth of children and adolescents with DS, data on their

body composition are scant. Fat-free mass (FFM) is known to increase with stature (Kelly et

al. 2009); thus the decreased stature in adolescents with DS would be expected to be

associated with lower FFM. One study reported decreased levels of FFM as measured by

dual-energy X-ray absorptiometry (DXA) in children and adolescents with DS compared to

typically developing (TD) children (Gonzalez-Aguero et al. 2011), while a second small

study (n=12 DS and n=10 TD) found no differences in FFM between children with DS and

TD children aged 5–11years (Luke et al. 1994).

Rimmer et al reported an obesity prevalence of 31% based on CDC criteria in a convenience

sample of 81 youth with DS surveyed via the internet (Rimmer et al. 2010), providing some

evidence that obesity is significantly higher in this population. Self-reported secondary

conditions such as elevated blood cholesterol and diabetes were more prevalent in

adolescents with cognitive disabilities who were overweight than those who were at a

healthy weight (Rimmer et al. 2010), highlighting the importance of identifying adolescents

with cognitive impairments who are overweight in order to prevent and treat potential co-

morbidities.

The purpose of this study was to evaluate the accuracy of the CDC growth reference to

identify excess adiposity in a cohort of adolescents with DS. Given their short stature,

distinct growth patterns, and decreased FFM, it is unclear whether the CDC BMI growth

reference used to identify obesity in TD children are appropriate for use in children with DS.

Accordingly, we hypothesized that adolescents with DS and a BMI in the range of 85–94th

percentile would have excess body fatness but would not be categorized as obese using the

recommended BMI cut-off for obesity.
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Methods

Participants

Adolescents and young adults with DS between the ages of 13–21 years participated in this

study. Participants were recruited from several sources, including an ongoing family-based

weight reduction study for adolescents with DS, the Massachusetts Down Syndrome

Congress, Special Olympics Massachusetts, and Craigslist™. The study was conducted at

the Clinical Research Center (CRC) at the Massachusetts Institute of Technology. Parents

gave informed consent for their offspring; participants themselves completed a brief assent

form. All females took a pregnancy test to ensure that they were not pregnant (a criterion for

participation). No females were excluded due to pregnancy.

Protocol

Participants were asked to abstain from eating two hours prior to their scheduled

appointment time. Weight was measured in light clothing or a hospital gown and pants on a

Seca scale. Height was measured on a wall-mounted stadiometer without shoes (Holtain,

Crosswell, UK). Body composition was measured by DXA. Participants were asked to

remove all metal items from their person, including items with clothing fasteners (i.e.

zippers, snaps), jewelry, and accessories. They were asked to lie still for approximately 2–5

minutes per scan. After the measurement of body composition, participants were offered a

light snack. The study was approved by the Massachusetts Institute of Technology

Committee on the Use of Humans as Experimental Subjects and the University of

Massachusetts Medical School Institutional Review Board.

Analyses

We used the CDC growth reference charts (Centers for Disease Control and Prevention

2011a) to identify overweight and obesity in a group of adolescents with DS because the

growth charts developed for children with DS in the UK and US do not include BMI

percentiles. Overweight was defined as a BMI ≥85th percentile and obesity was defined as a

BMI ≥95th percentile, based on participants’ age- and sex-specific BMI z-score calculated

from measured height and weight. Five of the male participants and one of the female

participants were between 20 and 21 years of age. We used the 20-year old cut-off point for

these six individuals to determine BMI percentile.

Body Composition by DXA—Body composition was determined by whole body DXA

measures using a Hologic QDR 4500A (S/N 45669 version 11.2, fan beam densitometer,

Waltham, MA). Lean soft tissue mass (LSTM) and bone mineral content (BMC) were

summed to determine FFM. Schoeller et al. (Schoeller et al. 2005) have determined that the

Hologic QDR 4500 overestimates FFM and underestimates fat mass in comparison to

criterion body composition measures and recommend that LSTM determined from the QDR

4500 be reduced by 5%. We applied the following equations recommended by Schoeller et

al. to calculate FFM and fat mass:
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This correction factor is used by NHANES (Ogden et al. 2011) in both children and adults.

Percentage body fat cut-offs—We classified obesity relative to elevated percentage

body fat (%BF) cut-offs, developed from the Pediatric Rosetta Body Composition Project

which enrolled 1196 participants, ranging from 5 to18 years of age (Freedman et al. 2009b).

These values correspond to a percentage body fat greater than 32% for males 12 to14.9

years of age and 29% for males > 15 years. For females the cut-off points are 39% for 12–

14.9 year olds, and 42% for females > 15years.

We categorized participants as overweight or obese based on CDC BMI percentile cut-off

points, and as having elevated body fatness measured by DXA based on cut-off points from

the Pediatric Rosetta Study (Freedman et al. 2009b). We considered the latter to be the gold

standard. We also calculated the fat-free mass index as FFM/height2.

Statistical analysis—Basic descriptive statistics (means, and standard deviations (SD),

ranges, percentages) were used to characterize the sample. The distributions of the key

outcome variables, percentage body fat and BMI z-score were examined for normality. We

used Spearman’s correlation coefficient as the measure of association between percentage

body fat measured by DXA and BMI z-score because BMI z-scores were not normally

distributed among males.

We calculated standard screening validity measures for BMI based definitions of obesity

(95th percentile BMI z-score) and overweight (85th percentile BMI z-score) to assess the

validity and accuracy of BMI with percentage body fat by DXA as the gold standard using a

two-by-two table (Himes and Bouchard 1989). We then determined the sensitivity,

specificity, positive predictive ability, negative predicative ability, and efficiency of BMI to

accurately identify elevated body fatness using standard definitions. Sensitivity is defined as

the proportion of truly obese subjects so classified (true positives); specificity is the

proportion of truly non-obese subject so classified (true negatives). The positive predictive

value of an obesity screening measure is the proportion of those who are identified as obese

by the indicator who are truly positive (obese). The negative predictive value of an obesity

screener is the proportion of those who are truly negative (non-obese). Efficiency is defined

as the proportion of all subjects who are correctly classified by the screening measure and is

equal to the sum of the true positives and true negatives divided by the total sample size.

These measures were calculated for the whole sample and for males and females separately.

Results

Thirty-four subjects, 22 males and 12 females, between the ages of 13 and 21 years

participated in the study; two males were excluded because their scans contained artifacts
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due to prior surgeries— and it was deemed that these could affect the estimates of lean soft

tissue mass. Mean height-for-age was at the 3rd percentile (z-score± SD; −2.546± 0.903)

weight-for-age was at the 43rd percentile (z-score was −0.346 ± 1.166) using the CDC

percentiles for TD children. Characteristics of the participants are presented in Table 1.

BMI z-score and percentage body fat

Mean BMI corresponded to the 78th percentile (z-score was 0.971 ± 0.81) in the sample.

Using overweight and obesity definitions based on BMI, 18.8% of the adolescents were

above the 95th percentile and thus classified as obese, and 34.4 % were between the 85th and

95th percentile and classified as overweight. For males, 25% were obese and 35% were

overweight. For females, 8.3% were obese and 33.3% were overweight. None of the

participants had BMI percentiles above the 99th percentile. Using the cut-off values for

percentage body fat from the Pediatric Rosetta Body Composition study, 21.9% of

participants had elevated body fat (25% of males and 16.6% of females). The fat-free mass

index, FFM/height2 in 21 of the 32 participants was above the mean for TD children.

A scatterplot of BMI z-score and percentage body fat by DXA is displayed in the Figure.

BMI z-score was moderately correlated with percentage body fat by DXA in both males and

females combined (r=0.50 p<0.01). In females, BMI z-score was highly correlated with

%BF by DXA (r=0.92, p<0.001). In males, BMI z-score was highly correlated with %BF

(r=0.76, p<0.001).

The validity of screening at both the 95th and 85th percentile is based on measures of

sensitivity, specificity, positive predictive value, negative predictive value and efficiency for

the total cohort and males and females separately, as illustrated in Table 2. In the entire

cohort, application of the 95th percentile BMI for the cut-off point for obesity yielded

sensitivity and specificity of 71% and 96%, respectively. The positive and negative

predictive value was 83% and 92%, respectively, and the efficiency was 91%. When these

measures were stratified by gender, sensitivity was 80% in males and 50% in females. There

was essentially no difference in specificity by gender. Positive predictive value improved in

females and efficiency was essentially the same for males and females.

Measures of sensitivity were higher with the 85th percentile as a cut-off point in comparison

to the 95th percentile, both in the entire cohort and when the sample was stratified by gender.

However, specificity and positive predictive value was much lower. The negative predictive

value using the 85th percentile cutoff was 100%. Efficiency was much lower in the entire

cohort, as well as in males and females separately. These values are tabulated in Table 2.

Four participants had a BMI less than the 50th percentile and 11 had a BMI percentile

between the 50th and 85th percentile. None of these 15 participants had elevated body

fatness. The number of youth misclassified at both the 85th and 95th percentile is presented

in Table 3.

Discussion

In this study we evaluated the accuracy of BMI percentiles developed for TD children to

identify obesity in adolescents with DS. We sought to determine whether the BMI growth
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charts for TD children would accurately predict excess fatness in adolescents with BMI

scores above the 95th percentile. We hypothesized that due to their altered body

composition, some adolescents with a BMI in the range of 85–94th percentile would have

elevated body fatness and the 85th percentile cutoff would be associated with high

sensitivity and positive predictive value.

We found that the obesity cut-off point in BMI growth charts for TD children performed

well in identifying youth with elevated fatness, whereas contrary to our hypothesis, the

overweight definition misidentified a large proportion of the participants as overweight who

did not have excess body fatness. These findings are similar to those found in TD children.

Freedman et al (Freedman et al. 2009b) report variable levels of body fatness in the 85–94th

percentile range for BMI. Approximately 30% of boys and girls who were in the 85–94th

percentile had body fat within the normal range and the rest were in the moderate and

elevated range of body fatness. The high positive predictive value we found using the 95th

percentile BMI cut point in our study of adolescents with DS may be due to the high

prevalence of obesity in this population overall, as BMI performs well in children with

elevated body fatness (Krebs et al. 2007).

The poor performance of the overweight cut-off was surprising, given that persons with DS

have lower FFM compared to persons without DS. For approximately 2/3 of participants the

FFM index was above the mean for TD children (Kelly et al. 2009), similar to findings by

Magge et al (Magge et al. 2008) in a study of younger children with DS suggesting that

FFM relative to body height may not be reduced. However because of known differences in

body proportions in individuals with DS (Jaswal and Jaswal 1981) further analyses with

measures of limb length would be required to verify this assertion.

There were several limitations in our study. First, we elected to include youth aged 13 – 21,

a broad age range, in anticipation with the challenges of recruiting participants with a low

incidence condition. Our initial recruitment was from our “Health U” weight reduction study

which included adolescents and young adults with DS up to age 21. Additionally, because

youth with disabilities are eligible for services up to their 22nd birthday, 20 and 21 years

olds are often grouped with adolescents. Second, the choice of cut-off points for obesity and

body fat influences findings (Freedman and Sherry 2009a) and there is no consensus on cut-

off points for excess body fatness in children. We used the elevated percentage body fat cut-

off points developed from the Pediatric Rosetta Body Composition Study, a large study of

TD children, but acknowledge it was based on a convenience sample, and the choice of cut-

off points were based on the distribution, rather than on health outcomes. Third, the body

composition measures published by Freedman et al that we based our cut-off points on were

based on a Lunar DPX while our scans were done on a Hologic QD4500A. There may be

differences due to the type of scanner. However, these cut-off points are consistent with

body fatness at the 70–85th percentile in the NHANES 1999–2004 which also used a

Hologic QD4500A (Ogden et al. 2011). A 2010 paper by Flegal and al suggests that the 75–

85th percentile of body fatness (Flegal et al. 2010) is indicative of high adiposity. Fourth,

given that our convenience sample was small and predominately white generalizability may

be limited. Several studies in adults and children have suggested racial differences in body

composition and that cut-off points for identifying overweight and obesity should be set at
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different levels of body fatness (Misra 2003, Freedman et al. 2008). Our small number of

non-white subjects precludes our ability to consider racial/ethnic differences in our study.

Our sample consisted of more males than females. This may reflect recent national data that

suggest that the prevalence of DS is higher in males than females (Shin et al. 2009).

However, all of our analyses were stratified by sex a priori. Only one of the females in our

study was obese. Future studies on a larger sample are needed to verify our findings. Finally,

although DXA is widely used in the measurement of body composition and has been shown

to correlate well with criterion measures for body composition (Tothill et al. 2001, Ellis and

Shypailo 1998), there are assumptions used in the calculation of soft tissue that may lead to

random and systematic error (Tothill et al. 2001).

Overall, in our relatively small sample of adolescents and young adults with DS, we found

that the CDC cutoff points for identifying obesity performed well for those who were above

the 95th percentile and those below the 85th percentile. The cut points perform well in

identifying those with high BMI, high body fatness, and normal BMI. However, as seen in

other studies for TD children, there is substantial misclassification in the range of 85–94th

BMI percentile for youth with DS. Gonzalez et al (Gonzalez-Aguero et al. 2011) have

shown that fat distribution is different for youth with and without DS. Further research is

needed on a larger population to confirm these findings and to determine if these cut-off

points are associated with adverse health outcomes in youth with DS.
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Figure.
Relationship between BMI z score and %body fat measured by DXA in youth with Down

syndrome (○ boys; □ girls) Spearman correlation (r=0.496, p<0.01).
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Table 1

Participant characteristics

Males (n = 20) Females (n = 12)

Age (yr)* 17.4 (2.6) 17.1 (2.5)

Race†

 White 17 (85.0%) 11 (91.7%)

 Black 0 (0.0%) 1 (8.3%)

 Multiple Race 2 (10.0%) 0 (0.0%)

 Missing 1 (5.0%) 0 (0.0%)

Height (cm) * 155.9 (5.6) 142.6 (3.9)

Weight (kg) * 63.5 (11.6) 50.2 (9.4)

BMI* 26.1 (4.1) 24.7 (4.4)

BMI z-score* 1.1 (0.9) 0.8 (0.7)

BMI Category†

 Normal 8 (40.0%) 7 (58.3%)

 Overweight (85–94th percentile BMI) 7 (35.0%) 4 (33.3%)

 Obese (≥95th percentile BMI) 5 (25.0%) 1 (8.3%)

FFM (kg) 
*,‡ 46.0 (63.7) 32.5 (37.6)

% Body Fat*,‡ 27.3 (5.0) 34.8 (5.1)

*
mean ± SD

†
N (%)

‡
corrected using DXA correction factor (Schoeller et al. 2005)
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Table 2

Validity of screening measures based on CDC BMI-for-age and body fatness by DXA*

Total
n = 32

Males
n = 20

Females
n = 12

95th percentile BMI

 Sensitivity 71% 80% 50%

 Specificity 96% 93% 100%

 Positive Predictive Value 83% 80% 100%

 Negative Predictive Value 92% 93% 91%

 Efficiency 91% 90% 92%

85th percentile BMI

 Sensitivity 100% 100% 100%

 Specificity 60% 53% 70%

 Positive Predictive Value 41% 42% 40%

 Negative Predictive Value 100% 100% 100%

 Efficiency 69% 65% 75%

*
gold standard measures based on the Rosetta Study (Freedman et al. 2009b). See Methods
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