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Abstract

A BMI cutoff point at the 99th percentile for age and gender or at 40 kg/m2 has been suggested for

more aggressive treatment of adolescent obesity. The main objective of this study was to

determine the proportion of adolescents eligible for weight loss surgery (WLS) based on various

BMI cutoff points. Data was extracted from the electronic medical record database of an urban

pediatric ambulatory care center over 4 years. National data were used to calculate BMI

percentiles (Centers for Disease Control and Prevention (CDC), 2000). Eligibility for WLS was

based on a BMI percentile criterion (≥Cthe adult WLS cutoff point (≥40 kg/m2). The sample

consisted of 3,220 adolescents aged 12–17.9 years, of which 53% were female, 55% were of black

race, and 17% of Hispanic ethnicity. Overall, 88 (3%) adolescents had a BMI ≥40 kg/m2 and 236

(7%) had a BMI ≥99th percentile (P < 0.001). All adolescents with BMI ≥40 kg/m2 had a BMI

≥99th percentile. A total of 159/2,007 (8%) of 12–14.9-year olds had a BMI ≥99th percentile

compared with 77/1,213 (6%) 15–17.9-year olds (P = 0.10), whereas 43/2,007 (2%) of 12–14.9-

year olds had a BMI ≥40 kg/m2 compared with 45/1,213 (4%) 15–17.9-year olds (P = 0.003). In

summary, a relatively large proportion of adolescents from a diverse urban population would

qualify for WLS based on the percentile criterion. Fewer adolescents would be eligible based on

the adult WLS criterion, and younger adolescents would be less likely to be eligible for WLS than

older adolescents.
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INTRODUCTION

Pediatric obesity is a major public health threat (1). Like adults, children and adolescents

may have a wide range of associated medical problems including type 2 diabetes mellitus

(2), cardiovascular risk factors (3,4), sleep apnea (5), steatohepatitis (6), and pseudotumor

cerebri (7) among others, resulting in poor quality of life (8) and decreased life expectancy

(9). Of particular concern is the rapidly progressive nature of type 2 diabetes mellitus within

the first 5 years of diagnosis (10). As health risk increases with severity of obesity and the

presence of major obesity related morbidity, it is imperative that we identify adolescents

who may require more aggressive obesity treatment.

Starting at age 18 years old, a BMI ≥40 kg/m2 is used to define Class III obesity (extreme

obesity) (11). Class III obesity is associated with higher risk for complications among adults

(12,13). As a result, the adult weight loss surgery (WLS) criterion has been defined as a

BMI ≥40 kg/m2, or a BMI ≥35 kg/m2 in association with major medical complications of

obesity (e.g., cardiovascular disease, type 2 diabetes, sleep apnea) (12,14). WLS is more

effective than nonsurgical treatment of more severe forms of obesity in terms of weight loss

duration and treatment of comorbid conditions (15–17). Given the lack of studies and

medical concerns for the younger patient, the adolescent WLS criterion was initially defined

as BMI ≥50 kg/m2, or BMI ≥40 kg/m2 in association with serious medical complications of

obesity (type 2 diabetes, sleep apnea, pseudotumor cerebri) (18,19). As in adults, WLS is

associated with significant decrease in BMI (20,21) and obesity related comorbidities (22–

25). More recently, the Betsy Lehman Pediatric/Adolescent Task Force for WLS stated that

there is increasing evidence that the benefits of WLS outweigh the risks in adolescents with

severe forms of obesity and major obesity related morbidities (10).

As the percentile values that correspond to the BMI cutoff points used for adult Classes II

and III obesity (12) decrease with advancing age among adolescents and the 99th percentile

(26) appears to be less conservative at younger ages compared to the more severe forms of

adult obesity Classes in a National sample (Figure 1), the Pediatric/Adolescent Task Force

for WLS recommends the use of the adult obesity Class III, and Class II with major

comorbidity, rather than the BMI percentile criterion to identify potential candidates for

WLS (10). Thus, pediatric patients with the highest risk of obesity in adulthood and with

major obesity related morbidity would more likely be evaluated for WLS.

Although 4% of children and 7% of minorities in the United States have a BMI ≥99th

percentile (27,28), there are no studies that compare the prevalence of adolescents with a

BMI ≥99th percentile to adolescents with more severe forms of obesity based on the adult

obesity Class system. Therefore, we examined the prevalence of adolescents eligible for

WLS based on various BMI cutoff points.

METHODS AND PROCEDURES

Data source

Data for this study come from the Ambulatory Pediatric Practice at Boston Medical Center

(BMC). BMC is a private, not for profit, academic medical center that primarily serves
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children and adolescents from low-income families and minority communities. With regard

to socioeconomic factors, lacking health insurance or having public insurance (Free hospital

care, Medicaid, or Medicare) are directly associated with pediatric obesity. More than 50%

of BMC patients qualify for Free Care or Medicaid whereas >70% of obese children and

adolescents referred to the BMC Pediatric Weight Management Clinic are eligible (29).

Approximately 5% of these referrals have a major morbidity related to obesity (2% have

type 2 diabetes mellitus, 3% have sleep apnea, but they rarely have a diagnosis of

pseudotumor cerebri or severe steatohepatitis).

Definition of obesity and BMI criteria for WLS

We used the most recent BMI classification system recommended in the United States to

define obesity status. Pediatric patients with a BMI (weight/height2) ≥85th percentile for age

and gender based on the 2000 Centers for Disease Control and Prevention (CDC) growth

charts were classified as overweight and those with a BMI ≥95th percentile as obese

(26,30,31). Adolescents with a BMI ≥99th percentile for age and gender on the 2000 CDC

growth charts and those with a BMI ≥40 kg/m2 were classified as severely obese (27,28).

Adolescents with a BMI ≥35 kg/m2 were classified as less severely obese.

Primary and secondary outcomes

The primary outcome was the prevalence of adolescents eligible for WLS according to two

BMI cutoff points (≥99th percentile and ≥40 kg/m2) regardless of age (12–17.9 years) and

by age group (12–14.9 years and 15–17.9 years). The secondary outcomes included: (i) the

adolescents’ characteristics (age, gender, age at skeletal maturity, and race/ethnicity) by

BMI category; (ii) the adolescents’ mean weight and its range in each obesity category by

age in years, and the adolescents’ potential for BMI loss following WLS; and, (iii) an

estimation of the proportion of adolescents who may be eligible for WLS based on the

percentage of adolescents with a BMI between 35 and 39.9 kg/m2 and the prevalence of

major morbidity related to pediatric obesity.

Procedures and data analysis

De-identified patient data were extracted from BMC’s electronic medical record system

(Centricity; GE Medical Systems, Waukesha, WI) using Crystal Reports, a data reporting

software program. Variables extracted from the electronic medical record included weight

(in pounds and kilograms), height (in inches and centimeters), race and ethnicity, and age

(based on date of birth and patient visit). Data were captured for a 4-year period extending

from 1 September 2000 to 31 August 2004. Institutional review board approval was

obtained at the Boston University School of Medicine.

Data from patients ages 2–18 years old were extracted (n = 14,543 unique patient records) to

study prevalence rates of obesity by age, gender and race/ethnicity. Although patients had

multiple entries over the 4-year period, data were included only once in the analysis. Data

from the first patient record to fall within the 4-year period (2000–2004) were used in the

analyses. Data were excluded if they appeared to be erroneous based on values that were

implausible (e.g., height of 2 inches). Outliers were defined using the criterion of ±6 s.d.

from the sample mean. Among 14,543 patient records, 14,451 weight z-scores were obtained
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and 14,399 were within range. Height z-scores were obtained from 11,177 patients, and

11,093 were within range. BMI was calculated for those patients who had both weight and

height listed (10,993 patients). Of these patients, 10,797 had a BMI z-score within range.

There were no significant differences (P > 0.05) between the sample pool extracted from the

electronic medical record (n = 14,543) and those available for analyses (n = 10,797) with

respect to demographic variables (data not shown).

For this cross-sectional study, the adolescent sample consisted of 3,220 individuals aged 12–

17.9 years old who were further divided into groups based on their gender (girls and boys),

their race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and others), their

age (12–14.9 years and 15–17.9 years), and age at skeletal maturity (15–17.9 years for males

and 13–17.9 years for females). z-Scores and percentiles were computed using the methods

outlined by the CDC (26). BMI was calculated based on the weight in kilograms divided by

the squared height in centimeters.

Descriptive statistical analyses, Pearson χ2-tests, and Fisher Exact tests were used to

compare the proportion of adolescents in each BMI category and age group, by gender and

race/ethnicity. A two-sided P value at <0.05 was used to define statistical significance. Data

were analyzed using SPSS for Windows version 12.0.1 (Chicago, IL).

RESULTS

The sample consisted of 3,220 adolescents aged 12–17.9 years, of which 53% were female,

55% were of black race, and 16% of Hispanic ethnicity. Approximately 43% of the

adolescents were overweight (BMI ≥ 85th percentile) and 24% were obese (BMI ≥ 95th

percentile). Overall, 88 (3%) adolescents had a BMI ≥40 kg/m2 and 236 (7%) had a BMI

≥99th percentile, P < 0.001 (Table 1). A total of 159/2,007 (8%) of 12–14.9-year olds had a

BMI ≥99th percentile compared with 77/1,213 (6%) 15–17.9-year olds (P =0.10), whereas

43/2,007 (2%) of 12–14.9-year olds had a BMI ≥40 kg/m2 compared with 45/1,213 (4%)

15–17.9-year olds (P = 0.008).

All adolescents (88/88) with BMI ≥40 kg/m2 had a BMI ≥99th percentile. Among those with

a BMI ≥99th percentile, the percentage of adolescents with a BMI ≥40 kg/m2 increased with

age from 11% (6/56) adolescents in the very young age group (12–12.9 years) to 46%

(82/180) as they aged (13–17.9 years), and 27% (43/159) in the younger group (12–14.9

years) compared to 58% (45/77) in the older group (15–17.9 years). There was no

significant difference between adolescent boys and girls with a BMI ≥99th percentile

compared to those below the 99th percentile (7% vs. 7%, P = 0.99, Table 1). However, there

were gender differences among adolescents with a BMI ≥40 kg/m2: the percentage of

adolescent girls with BMI ≥40 kg/m2 (4% vs. 2%, P =0.002) and with a BMI 35–39.9 kg/m2

(6% vs. 3%, P < 0.001) were significantly higher compared to adolescent boys (Table 1).

There was no significant difference in the proportion of adolescents who had a BMI ≥40

kg/m2 and age at or above the age of skeletal maturity by gender (3% (14/532) adolescent

boys vs. 4% (58/1,344) adolescents girls, P > 0.05). However, 3% (14/532) of the

adolescents boys were at or above the age of skeletal maturity (15–17.9 years) compared to

1% (13/1,008) below the skeletal maturity age (12–14.9 years, P = 0.06) whereas 4%
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(58/1,344) of the adolescent girls were at or above the age of skeletal maturity (13–17.9

years) compared to 1% (3/336) of the adolescent girls below the age of skeletal maturity

(12–12.9 years), P = 0.002. Although we found no significant differences in the proportion

of adolescents in each of the more severe categories of obesity by ethnicity, P > 0.05 (Table

1), black adolescents were more likely than non-black adolescents to have a BMI ≥99th

percentile (9 % vs. 6%, P = 0.001) but not a BMI ≥40 kg/m2 (3% vs. 2%, P = 0.23).

The mean weight and range of adolescents age 12–12.9 years with BMI ≥99th percentile

was 90.9 (54.8–115.9) kg and those with BMI ≥40 kg/m2 was 110 (104.3–115.9) kg while

the mean weight and range of adolescents age 17–17.9 years with BMI ≥ 99th percentile

was 121.2 (101.2–177.0) kg and those with BMI ≥40 kg/m2 was 130.2 (109.7–177.0) (Table

2). Based on a theoretical BMI loss of 30%, the average BMI loss 1–2 years after surgery in

this study sample would be of ~13 kg/m2 reaching ~30 kg/m2 among mature boys and girls

(at or above their skeletal maturation age). We also estimated that ~7 (5% of 142)

adolescents may be eligible for WLS based on 142 adolescents with a BMI between 35 and

39.9 kg/m2 (Table 1) and the prevalence of major morbidity related to obesity (5%).

Therefore, we expect that over a period of 4 years, 88 adolescents with BMI ≥40 kg/m2 and

7 adolescents with BMI 35–39.9 kg/m2 and major comorbidities may be eligible for WLS

(total of 95 eligible adolescents) as opposed to 236 adolescents with BMI ≥99th percentile.

Based on the updated guidelines for pediatric/adolescents WLS, we expect that ~3%

(95/3,220) or 24 adolescents will be eligible for WLS at the BMC Pediatric Ambulatory

Care Center each year.

DISCUSSION

In this urban ambulatory care center serving mainly low-income, minority populations, we

found that ~7% of adolescents have a BMI at or above the 99th percentile. In contrast, Class

III obesity is less prevalent among younger adolescents (2% of the 12–14.9 years vs. 4% of

the 15–17.9 years) and adolescent boys (2% male vs. 4% female). That data are consistent

with previous data on prevalence of adolescents with a BMI above the 99th percentile in

NHANES (28) and the Bogalusa study (27). To our knowledge, this is the first study to

compare prevalence rates of WLS eligibility among adolescents using two distinct BMI

criteria, a percentile criterion and the adult obesity Class system.

One concern related to using the CDC growth chart’s 99th percentile cutoff point to define

more severe forms of obesity among adolescents is that an adolescent may be offered WLS

although s/he may not have required such surgery had s/he waited until adulthood. In our

sample study, 20% (48/236) of the adolescents with a BMI ≥99th percentile also had a

BMI<35 kg/m2 and 63% (148/236) had a BMI <40 kg/m2. This high percentage of

adolescents without Class II or III obesity among adolescents age 12–17.9 years with BMI

≥99th percentile is consistent with findings in the Bogalusa study: 12 % of children aged 5–

14 years old with a BMI ≥99th percentile had a BMI <35 kg/m2 as young adults and 35%

had a BMI <40 kg/m2 (27). Given the secular trend in severe obesity that particularly affects

minorities (28), an unacceptably large number of adolescents would qualify for WLS based

on the percentile criterion.
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We estimated that 3% of all adolescents may have Class III obesity (2.7%), or Class II

obesity and major morbidity related to obesity (0.2%), that would require a WLS assessment

at BMC. This corresponds to ~24 adolescents per year at BMC. As a comparison, it has been

estimated that adolescent WLS in the United States has increased fivefold, from 51 to 282,

between 1997 and 2003 (ref. 32). This survey used data from 2 to 3 million hospital

discharge records per year (sampling increased from 22 to 36 states during that study period)

and showed that the average number of adolescent WLS per hospital was ≤4 annually (32).

No hospital reported >12 WLS among adolescents in a year. However, between the early

1990s and 2003, the adult WLS nationwide rose from ~16,000 to >140,000 a year (33) and

>2,700 gastric bypass operations were carried out in 2003 compared to <150 in 1996 in

Massachusetts alone (34). Although adolescent WLS represents only 0.7% of all WLS

performed in 2003 (ref. 32), adolescent WLS is increasing in the United States and is

estimated to have reached several thousands a year (35). Therefore, the use of the updated

guidelines from the Betsy Lehman Pediatric/Adolescent Task force for WLS may be

associated with a dramatic increase in the number of adolescent WLS performed in

Massachusetts, especially in urban settings.

The timing of WLS among obese adolescents is especially controversial because of the rapid

neuroendocrine, skeletal and psychological maturation occurring during this period of life.

Although bone age is more advanced during the entire period of pubertal development,

growth spurt is lower in the obese adolescent compared to the nonobese adolescent and final

height at age 18 years is similar regardless of obesity status (36). The difference between

chronological and skeletal maturity (bone age) is ~1 year lower among obese adolescents

(37) and varies by race/ethnicity (38). In the general population, the linear growth spurt

typically occurs prior to Tanner IV and skeletal maturity is attained by age 13 in girls and 15

in boys. Thus, using Tanner stage (at least Tanner Stage IV) and/or skeletal maturity (>95%

the adult potential height on X-ray) will limit WLS to children above age 12 years old.

Another distinctive characteristic of the BMC data set compared to the National data on

adolescent WLS is the patients’ socioeconomic background. The pediatric population

assessed for weight management at BMC is predominantly a minority population (78%),

while the population in the recent National study of WLS (32) was predominantly white

(68%). Approximately 78–82% of obese adolescents in the recently surveyed hospitals had

private insurance (32), compared to 20–30% of pediatric patients at the BMC Pediatric

Weight Management Program. This difference in insurance status raises concerns about

access to WLS among underserved populations.

Our study has several strengths and limitations. The strengths include the large sample size,

consisting of 3,220 urban adolescents aged 12–17.9 years old. Although the overall sample

size was large and included an appropriate sample of black adolescents compared to other

prevalence study samples (27,28), there were relatively few severely obese adolescents who

were Hispanic or non-Hispanic white. The weight and height measurements were taken in a

clinical setting rather than measured in duplicates or triplicates. Skeletal maturity was

estimated using chronological age rather than a measure on a wrist X-ray. Although BMI is

considered the best tool to screen for body fat in adolescents (39), BMI does not distinguish

between overfat and overweight. BMI may overestimate body fat in individuals who have
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higher lean body mass and underestimate body fat in individuals who have lower lean body

mass. We have not conducted validation studies to estimate the amount of fat among

adolescents by categories of BMI; however, it has been demonstrated that body fat is

associated with higher BMI, especially above the 99th percentile (27,40).

In summary, the prevalence of extreme obesity based on the percentile criterion is relatively

high for this patient population (7%). A BMI ≥40 kg/m2 is a more conservative approach to

WLS (3%), especially among younger, compared to older adolescents (2% vs. 4%). The

estimated percent of adolescents with BMI 35–39.9 kg/m2 and at least one major

comorbidity is relatively small (0.2%). Thus, adolescents with the highest risk of obesity in

adulthood and with major comorbidities would more likely be evaluated for WLS. Tracking

studies of BMI, body fat, and major morbidities related to obesity by age and severity of

obesity are needed.
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Figure 1.
BMI values in percentile or in kg/m2 for cutoff points of severe obesity. (a) Adolescent girls.

(b) Adolescent boys. BMI values or percentiles were calculated based on the age at the

midpoint of the age category in years (e.g., value at 12.5 years for an individual in the age

category 12 (12–12.9) years old) using National growth chart data from the CDC (26); BMI

percentile values that correspond to a BMI = 40 kg/m2 are higher than the BMI = 99th

percentile and the BMI values that correspond to the 99th percentile are <40 kg/m2,

especially among younger adolescents. Adapted from the National growth charts data (26).
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Table 1

Adolescents characteristics by more severe categories of BMI

BMI ≥ 99th percentile BMI ≥ 40 (kg/m2) 35 ≤ BMI <40 (kg/m2)

n n (%) n (%) n (%)

Total sample 3,220 236 (7) 88 (3) 142 (4)

Age group

    12–14.9 years 2,007 159 (8) 43 (2) 77 (4)

    15–17.9 years 1,213 77 (6) 45 (4) 65 (5)

Gender

    Male 1,540 113 (7) 27 (2) 48 (3)

    Female 1,680 123 (7) 61 (4) 94 (6)

Age at skeletal maturity

    Males

      12–14.9 years 1,008 73 (7) 13 (1) 26 (3)

      15–17.9 years 532 40 (8) 14 (3) 22 (4)

    Females

      12–12.9 years 336 31 (9) 3 (1) 20 (6)

      13–17.9 years 1,344 92 (7) 58 (4) 74 (6)

Race/ethnicity

    Non-Hispanic white 230 15 (7) 8 (3) 11 (5)

    Non-Hispanic black 1,774 155 (9) 54 (3) 94 (5)

    Hispanic 522 30 (6) 8 (2) 15 (3)

    Others 694 36 (5) 18 (3) 22 (3)
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Table 2

Adolescent mean weight and range according to their BMI category and age (n = 3,220)

BMI ≥ 99th percentile BMI ≥ 40 kg/m2 35 ≤ BMI < 40 kg/m2

Age (years) n Mean weight (range) Mean weight (range) Mean weight (range)

12.0–12.9 703   90.9 (54.8–115.9) 110.0 (104.3–115.9) 93.6 (71.2–106.8)

13.0–13.9 673 101.2 (72.6–133.7) 111.5 (74.8–133.7) 100.9 (85.3–125.6)

14.0–14.9 631 109.2 (83.2–152.4) 115.9 (89.1–152.4) 103.5 (88.5–126.6)

15.0–15.9 548 117.1 (90.9–145.3) 125.7 (101.4–145.3) 103.7 (82.3–135.6)

16.0–16.9 440 118.8 (79.4–161.7) 122.1 (96.7–161.7) 106.2 (85.3–140.6)

17.0–17.9 225 121.2 (101.2–177.0) 130.2 (109.7–177.0) 102.6 (86.2–117.7)
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