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Abstract

According to the National Health and Nutrition Examination Survey in 2007, nearly half of all American children are
either overweight or obese. Retrospective chart review identified patients with the diagnostic codes for overweight,
obese, and/or excessive weight gain. Inclusion criteria were current age between 2 and 20 years, a minimum of
5 visits with weight and height measurements, and a body mass index (BMI) at or above the 85th percentile. A total
of 184 patients met inclusion criteria. More than half the children became overweight before age 2, and all patients
were obese or overweight by age 10.The rate of gain is approximately | excess BMI unit/year, therefore causing most
children to be overweight by age 2 (R? = .53). This study indicates that the critical period for preventing childhood

obesity in this subset of identified patients is during the first 2 years of life and for many by 3 months of age.
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Background

Obesity in children has become one of the most promi-
nent public health concerns in the United States today.!
The epidemic appears to be affecting children at younger
ages, with an increasing number of children under age
4 with abnormally high body mass index (BMI).? Ini-
tially, the focus of research and intervention had been on
treatment after the child had developed medical prob-
lems related to his or her obesity, such as hypertension’
or diabetes,* but recently this has shifted to earlier rec-
ognition and prevention strategies.>® Over the past 2 years,
the terminology has reflected the new emphasis on
recognizing that an overweight child is not just at risk
anymore. It is now acceptable to refer to children with
a BMI of 95th percentile or greater as “obese” and chil-
dren with a BMI at or above the 85th percentile but
less the 95th percentile as “overweight” versus the more
innocuous terms of overweight and at risk for being
overweight categories. Recognition and treatment of
overweight and obese children has suffered because
of the complex problems of parental underrecognition
of their child’s weight problem and the physician belief
that children will lose their “baby fat” as they get older.”"!
The most recent comprehensive national survey con-
ducted by the Centers for Disease Control and Prevention

(CDC) in 2005-2006, called the National Health and
Nutrition Examination Survey, indicates that 16% of
American children are obese and an additional 32% are
overweight.'?

Since the early 1980s, the prevalence of obesity among
2- to S-year-old children has increased steadily, espe-
cially among African American and Latino children.!>!#
In addition, childhood obesity is a strong positive pre-
dictor for adult obesity.'>!* The higher the child’s BMI
percentile and the older the child, the greater the risk
the child has becoming an overweight adult, with 80%
to 90% of obese adolescents becoming obese adults.'*!
For this reason, it is important to intervene as early as
possible to prevent the risks of childhood obesity. The
American Academy of Pediatrics (AAP) recommends
an annual BMI screening as a part of preventive primary
care for children and adolescents.'®
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However, reports show that the overweight or obese
child is still not recognized or documented as having an
elevated BMI by the primary physician over half the
time.!” The inability and denial of this problem is shared
by all the interested stakeholders: the parent, the child,
and, to a lesser degree, the physician.'®!'® Unfortunately,
the “chubby’ healthy baby myth is alive and well despite
the high prevalence of childhood obesity, with only 20%
to 50% of overweight children being diagnosed and
even fewer receiving documented or effective treat-
ments.'71%2° Barriers to BMI screening range from lack
of familiarity with BMI charts, agreement among pro-
viders on who to screen, and skepticism about treatment
effectiveness. 8?22

The objective of our study was to identify a child
who is overweight and then extrapolate when that child
first became overweight while in the care of their pri-
mary care provider. This information will hopefully
allow health care providers to focus on a critical “tip-
ping point” period when the child is most at risk for
becoming overweight and design appropriate age-
specific guidelines to help prevent future childhood and
subsequent adult obesity and the medical complications
they acquire.

Patients and Methods

We established 2 cohorts of patients identified from the
billing databases of the Virginia Beach Tidewater Chil-
dren’s Associates (TCA) private practice and the general
academic pediatric practice at the teaching hospital
Children’s Hospital of The King’s Daughters (CHKD).
The diagnoses for overweight (278.00-278.02) or exces-
sive weight gain (783.1) were searched and charts were
pulled for review. The 2 cohorts were chosen because
they were of similar size and to represent a predomi-
nately private insurance practice versus a predominately
Medicaid practice. The TCA practice has more than
30 000 visits per year and approximately 12 000 total
patients, and the CHKD practice sees 32 000 visits per
year with approximately 15 000 total patients. To be
included in the cohort, the patient must be at least 2
years old but no older than 20, have at least 5 visits with
documented weight and height data recorded at the
practice, and be overweight during 1 of their visits. In
concordance with the CDC guidelines, this study defined
overweight as having a BMI at or above the 85th per-
centile for visits of age 2 or greater. For children less
than age 2 meeting the visit criteria overweight was
defined as having a weight/length ratio at or above the
85th percentile.?® Patients with a genetic or metabolic
disorder that may impair their weight/height ratio, such
as Turners, Prader Willi, cystic fibrosis, and diabetes,

were excluded from the cohort. Retrospective data
including patient demographics, health insurance, birth
information, comorbidities, and weight and height mea-
surements for all visits were extracted when available
from the patient’s charts.

For each visit with weight and height measurements,
the BMI or weight/height? (kg/m?) was calculated for
age of visit 2 years or older and weight/length ratio
(kg/m) for less than age 2. These values were compared
with the gender-specific and age-specific growth chart
data table to determine the percentile.

Statistical Analysis

Two approaches to describing the age at which children
become overweight were used. The first involved an
“onset age” calculation, which was defined as the age
at which a patient was first observed, in an office visit,
to be overweight and after which he or she remained
overweight for at least half of the recorded visits. The
second approach involved statistical modeling (using
hierarchical linear modeling [HLM]) to create a com-
posite of individual weight change trajectories. These
were transformed to deviations from the 50th and
85th percentiles (based on population estimates pro-
vided by the CDC), so that ages corresponding to
crossing a normal weight threshold (50th percentile)
and exceeding a clinical cutoff (85th percentile) could
be determined.

Because there are no national BMI norms for children
younger than age 2, the patient’s BMI for visits less than
age 2 is matched against the national gender-specific
and length-specific weight/length data table to obtain
the BMI discrepancy units. This method also effectively
removes the curvilinear shape of expected weight change
over childhood, allowing for reasonable linear modeling
of discrepancy scores.

Growth plots for patients and all related analyses
were based on BMI discrepancy by age of visit. Using
various regression and multilevel model-based methods,
an x-intercept was calculated to represent the age at
which overweight children deviated from the 50th and
85th percentiles.

Data files were maintained with Microsoft Access
2007 with appropriate password-protected security
measures. Basic analyses were performed with SPSS Sta-
tistics Package version 17.0 (SPSS Inc, Chicago, IL).
Multilevel/hierarchical models were examined using
Hierarchical Linear and Nonlinear Modeling Package
version 6 (HLM; Scientific Software International Inc,
Lincolnwood, IL).

The study protocol was approved by the institutional
review board at Eastern Virginia Medical School.
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Table |. Demographic Characteristics of the Patient
Population at VA Beach TCA and CHKD Clinic*

Characteristics VA Beach TCA CHKD
Charts reviewed 262 218

N Il 73
Gender (%)

Male 57.7 47.3
Mean age (months) 144 121
Ethnicity (%)

Black 28.8° 94.5°

White 46.0° 2.2°

Other 25.2° 3.3
Health insurance (%)

Private 62.1° 12.1°

Medicaid 27.9° 87.9°

Other 10 0
Mean birth weight* (kg) 35 32

Abbreviations: VA Beach TCA Virginia Beach Tidewater Children’s
Associates; CHKD, Children’s Hospital of The King’s Daughters.
?All percentages are calculated from the total number of patients.
PIndicates that the 2 groups had a difference with a P value <.001.
‘Not every patient in the cohort has a documented birth weight in
the medical record.

Results

Among the 480 medical records that were reviewed,
184 patients met all inclusion and exclusion criteria and
had complete visit/weight data. Patient demographics
for the patient population at the private practice and the
general pediatric outpatient clinic are shown in Table 1.
The suburban patient population at the private practice
is predominantly White, with the majority of patients
having private health insurance. In contrast, the general
pediatric population represents mostly an inner-city
patient population and is predominantly African American
with 87.9% on Medicaid. The mean age for the patient
cohort at VA Beach TCA is 12 years (SD = 3.67) and at
CHKD 10 years (SD = 4.32). When birth data were
available by record versus history, the patients in both
cohorts had average birth weight and were, on average,
full-term gestational age. Despite observed demographic
differences between the 2 study populations, average
BMI and BMI discrepancy from the 50th percentile at
the first, last, and middle visits were not significantly
different.

Onset and Tipping Age

Observed onset age was assigned for 111 (58.1%) of the
subjects who were observed to have an onset of at BMI
greater than the 85th percentile after their initial visit
and maintenance of at-risk or above BMI for at least
half of their subsequent visits. Of the remaining subjects,
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Figure |. Observed onsets for BMI greater than 85th
percentile (cases greater than 85th percentile at first
observation excluded)
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Figure 2. Observed onsets for BMI greater than 85th
percentile (cases greater than 85th percentile at first
observation included)

55 (28.7%) had a BMI at or above the 85th percentile
at their initial visit, although these subjects were seen
in-clinic for their first visit at an older age (median = 3
months vs median = 0 months). Twenty-five (13.1%) of
the subjects did not maintain BMI at or above the 85th
percentile after onset was documented. Seven of these
cases had initial visit above-threshold scores and failed
to maintain.

Based on the subjects with observed onset, the median
onset age was 22 months, with an interquartile range of
48 months. Twenty-five percent of the subjects had an
observed onset that occurred at or before 5 months of
age. When including the first visit onset subjects, the
median age of onset drops to 15 months, with 25% of
the subjects having onset at or before 3 months of age
(see Figures 1 and 2).

Using robust error estimation, an unadjusted HLM
demonstrated a statistically significant (P <.001) increase
in gap between study children’s BMI values and the
national norms. This discrepancy increased at a rate of .083
units per month (just less than 1 unit per year), crossing
the 50th percentile at around age 1.5 months (predicted
BMI deviation from 50th percentile = —0.12 + .083
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Figure 3. Change in BMI gap between patients and
population norms over time (both 50th and 85th percentile
reference norms plotted)

[age in months]). All the model adjustment variables
(ethnicity, insurance, sex, etc), including the study/clinic
from which they were derived, were nonsignificant. As
such, adjusted effects are not reported (see Figure 3).

Using the same method to predict deviation from the
85th percentile from national BMI norms, a statistically
significant (P <.001) increase in the gap between study
children’s BMI values and national norms was observed
across time, such that BMI discrepancy increased at a
rate of .072 units per month, crossing the 85th percen-
tile at around age 21 months (predicted BMI deviation
from 85th percentile = —1.52 + .073 [age in months]).
See Figure 3.

Discussion

Although a young child and adolescent may have high-
risk periods for excessive weight gain, our study further
emphasizes that obese children can become overweight
during their infant/toddler/preschool years.!>?* Both the
onset age and the tipping age indicates that approximately
half of the overweight children became overweight at less
than 2 years of age and 90% at less than 5 years of age.
Despite the identified mean age of 12 years, all patients
in our cohort were overweight or obese by 10 years of
age. The fact that both the onset age, determined from the
patient’s actual visit data, and the tipping age, determined
from the best fit predictive regression model of that data,
yielded the same results demonstrates that our analyses
accurately interprets the data and provides a predictive
tool for parents and practitioners.

Some studies have focused on the preschool period
as the crucial time for the development of obesity.>”!!
There is a theoretical “adiposity rebound” between the
ages of 3 to 7 years, where the BMI starts to increase
after reaching its lowest amount.!'?> However, this devel-
opmental increase has been shown to be in body fat and
not lean muscle tissue.'!

To our knowledge, this is the first study that pred-
icatively can determine when obese children become
overweight. Our results correlate with prior findings that
show that rapid weight gain occurs during the first 2 years
of life.>”$2° Although the reason for this early rapid
weight gain is not well understood, it has been suggested
that improper diet, early introduction of solid food,
and inadequate physical activity may lead to excessive
weight gain.® Food preferences are also set at an early
age, probably by age 2, so the introduction of nutritional
advice and safeguards would need to be instituted much
earlier to avoid the difficult behavior changes needed
when the child is much older.?’

Both the overall and the hierarchical logistic models
reveal that, as a group, overweight children begin gaining
excess weight shortly after birth at the rate of 1 excess
BMI unit/year. At this rate, these children become over-
weight at approximately 2 years of age. It has been well
established that socioeconomic status and race/ethnicity
influence the prevalence and degree of childhood
obesity.'>!"?® Despite having a significantly different
ethnic and socioeconomic composition for the 2 practice
cohorts, the gains of excessive weight were at approxi-
mately the same rate and age. This shows that the results
obtained from our study may generalize across a variety
of patient groups at this very young age and that race/
ethnicity may take on a larger role at older ages.

One of the factors that this study also highlights is that
most children or young adolescents were not recognized
until they were much older than their tipping point.
Dr Philip Nader uses a simple example in his book You
Can Lose Your Baby Fat by showing that a normal
weight for a 3-year-old child is 32 pounds. If children
weighed only 4 pounds heavier at 36 pounds they would
be overweight on the BMI scale, and if they weighed
38 pounds they would be considered obese.? If pediatri-
cians are not doing a BMI measurement on children
between the ages of 2 to 3, then this “minor” weight dif-
ferential may not raise a red flag for the primary care
physician, thereby missing this early opportunity to dis-
cuss weight concerns with the parents.

Limitations

The sample size is small, but the number of measure-
ments allows some degree of accuracy and validates the
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numbers toward earlier screening. Reconciling the
parameter changes of weight/height ratio to BMI dis-
crepancy unit is a statistical manipulation that allows the
data to be integrated and helps reveal an observable
change. Other authors have tried to analyze the 0- to
2-year period and have suggested using the World Health
Organization growth standards versus the CDC charts as
a way to reveal this increase better.’ This study was a
retrospective review with the inherent problems of miss-
ing data and selected data based on the number of charts
that were not included >50%. Unfortunately, we cannot
generalize our results to all patients who are overweight
for several reasons. Our patients were identified after the
diagnosis had been established and therefore were self-
selected as children who did not “thin out.” Prospectively
speaking, there may have been some children who were
unrecognized as overweight during their toddler years,
and then later thinned out and were never diagnosed as
being overweight. These children would not be counted
in our study so our curve may be somewhat exaggerated
for every child who is overweight as a toddler. In addi-
tion, there may be children who have not been recognized
by their pediatrician as overweight or obese because the
practice is not doing universal screening.

Conclusions

The CDC and AAP consider childhood obesity a dominant
national health concern (Healthy People 2010, AAP
policy statement). By identifying when children become
overweight, the results from this study allow health care
providers to target intervention at the most critical period
of the child’s life. This research methodology can be fur-
ther expanded to a large-scale national cohort to examine
the process of excessive weight gain adjusted for various
parameters of interest. It may even be possible to create
a nomogram, much like the predictive bilirubin charts
used to guide the use of phototherapy, and institute
interventions as the risk for overweight and obesity pass
certain thresholds. Because this study shows that older
identified overweight children arise from excessive
weight gain in infancy/toddlers, future research should
investigate prevention and treatment strategies to miti-
gate excessive weight gain at this early stage. Childhood
obesity is associated with higher risks for developing
comorbid diseases including hypertension, dyslipidemia,
type 1I diabetes, and sleep apnea.>*3!32 As preventative
measures against childhood obesity, we recommend that
health care providers begin screening for excessive weight
gain as early as possible. Preventative clinical strategies
may be to consider the crossing of 2 growth percentiles
upward before age 2 as similar to falling downward
2 growth percentiles in children who we deem at risk for

failing to thrive. These types of measures may need to be
done in the first year of life, but definitely by age 2.

Currently, most of our treatment for obesity start after
the problem has already spiraled out of control. Getting
parents and children to change habits that have already
taken hold is a monumental challenge fraught with road-
blocks and disappointments. This study indicates that
we may need to discuss inappropriate weight gain early
in infancy to affect meaningful changes in the current
trend of obesity.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest
with respect to the authorship and/or publication of this
article.

Funding

The authors received no financial support for the research
and/or authorship of this article.

References

1. Anderson PM, Butcher KE. Childhood obesity: trends and
potential causes. Future Child. 2006;16:19-45.

2. Bundred P, Kitchiner D, Buchana 1. Prevalence of over-
weight and obese children between 1989 and 1998: popula-
tion based series of cross sectional studies. BM.J. 2001;322:
326-328.

3. Cook NR, Gillman MW, Rosner BA, Taylor JO,
Hennekens CH. Prediction of young adult blood pressure
from childhood blood pressure, height, and weight. J Clin
Epidemiol. 1997;50:571-579.

4. Sorof J, Daniels S. Obesity hypertension in children: a
problem of epidemic proportions. Hypertension. 2002;40:
441-447.

5. Taveras EM, Rifas-Shiman SL, Belfort MB, Kleinman KP,
Oken E, Gillman MW. Weight status in the first 6 months
of life and obesity at 3 years of age. Pediatrics. 2009;123:
1177-1183.

6. Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C.
Being big or growing fast: systemic review of size and
growth in infancy and later obesity. BM.J. 2005;331:929.

7. Dennison BA, Edmunds LS, Stratton HH, Pruzek RM.
Rapid infant weight gain predicts childhood overweight.
Obesity (Silver Spring). 2006;14:491-499.

8. Monteiro PO, Victoria CG. Rapid growth in infancy and
childhood and obesity in later life: a systemic review. Obes
Rev. 2005;6:143-152.

9. He M, Evans A. Are parents aware that their children are
overweight or obese? Do they care? Can Fam Physician.
2007;53:1493-1499.

10. Etelson D, Brand DA, Patrick PA, Shirali A. Childhood
obesity: do parents recognize this health risk? Obes Res.
2003;11:1362-1368.



Clinical Pediatrics XX(X)

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Nader PR, O’Brien M, Houts R, et al; National Institute of
Child Health and Human Development Early Child Care
Research Network. Identifying risks for obesity in early
childhood. Pediatrics. 2006;118:¢594-¢601.

Ogden CL, Carroll MD, Flegal KM. High body mass index
for age among US children and adolescents, 2003-2006.
JAMA. 2008;299:2401-2405.

Ogden CL, Carroll MD, Curtin LR, McDowell MA,
Tabak CJ, Flegal KM. Prevalence of overweight and obe-
sity in the US, 1999-2004. JAMA. 2006;295:1549-1555.
Stettler N, Kumanyika SK, Katz SH, Zemel BS,
Stallings VA. Rapid weight gain during infancy and obesity
in young adulthood in a cohort of African Americans. Am
J Clin Nutr. 2003;77:1374-1378.

Guo SS, Wu W, Chumlea WC, Roche AF. Predicting
overweight and obesity in adulthood from body mass index
values in childhood and adolescence. Am J Clin Nutr.
2002;76:653-658.

American Academy of Pediatrics. Overweight and obesity.
http://www.aap.org/healthtopics/overweight.cfm. Accessed
December 22, 2009.

Benson L, Baer HJ, Kaelber DC. Trends in the diagno-
sis of overweight and obesity in children and adolescents:
1999-2007. Pediatrics. 2009;123:¢153-¢158.

Barlow SE, Bobra SR, Elliot MB, Brownson RC,
Haire-Joshu D. Recognition of childhood overweight dur-
ing health supervision visits: does BMI help pediatricians?
Obesity (Silver Spring). 2007;15:225-232.

Dorsey KB, Wells C, Krumholz HM, Concato JC. Diag-
nosis, evaluation, and treatment of childhood obesity in
pediatric practice. Arch Pediatr Adolesc Med. 2005;159:
632-638.

Louthan MV, Lafferty-Oza MJ, Smith ER, Hornang CA,
Franco S, Theriot JA. Diagnosis and treatment frequency
of overweight children and adolescents at well child visits.
Clin Pediatr. 2005;44:57-61.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Flower KB, Perrin EM, Viadro CL, Ammerman AS. Using
BMI to identify overweight children: barriers and facilita-
tors in primary care. Ambul Pediatr. 2007;7:38-44.

Perrin EM, Flowers KB, Ammerman AS. Body mass
index charts: useful yet underused. J Pediatr. 2004;144:
455-460.

Speiser PW, Rudolf MCJ, Anhalt H, et al. Childhood obesity.
J Clin Endocrinol Metab. 2004;90:1871-1887.

Jasik CB, Lustig RH. Adolescent obesity and puberty: “the
perfect storm”. Ann N Y Acad Sci. 2008;1135:265-279.
Williams SM. Weight and height growth rate and the timing
of adiposity rebound. Obes Res. 2005;13:1123-1130.
Karaolis-Danckert N, Buyken AE, Kudig M, et al. How
pre- and postnatal risk factors modify the effect of rapid
weight gain in infancy and early childhood on subsequent
fat mass development: results from the Multicenter Allergy
Study 90. Am J Clin Nutr. 2008;87:1356-1364.

Papas MA, Hurley KM, Quigg AM, Oberlander SE,
Black MM. Low-income, African American adolescent
mothers and their toddlers exhibit similar dietary variety
patterns. J Nutr Educ Behav. 2009;41:87-94.

Shrewsbury V, Wardle J. Socioeconomic status and adi-
posity in childhood: a systematic review of cross-sectional
studies 1990-2005. Obesity (Silver Springs). 2008;16:
275-284.

Nader P, Zive M. You Can Lose Your Baby Fat. San Diego,
CA: Phil Nader Publications; 2008.

van Dijk CE, Innis SM. Growth-curve standards and the
assessment of early excess weight gain in infancy. Pediat-
rics. 2009;123:102-108.

Ito H, Nakasuga K, Ohshima A, et al. Excess accumula-
tion of body fat is related to dyslipidemia in normal-weight
subjects. Int J Obes Relat Metab Disord. 2004;28:242-247.
Dietz WH. Health consequences of obesity in youth: child-
hood predictors of adult disease. Pediatrics. 1998;1019:
518-525.



