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Abstract

The prevalence of childhood obesity has increased over the past 3 decades. This study was designed to understand how
childhood body mass index (BMI) influences later risk of obesity. We calculated BMIs for children residing in Olmsted County,
Minnesota, between January |, 2005 and December 31, 2012 using medical records data. We defined homogenous BMI
trajectory clusters using a nonparametric hill-climbing algorithm. Overall, 16,538 (47%) children had >3 weight assessments at
least | year apart and were included in the analyses. Within the 8-year follow-up period, children who were younger than 2
years and overweight had a 3- fold increase of obesity (adjusted hazard ratio [HR] = 3.24; 95% confidence interval [CI] = 2.69-
3.89) and those aged 5 years and overweight had a 10-fold increased risk of obesity (adjusted HR = 9.97, 95% CI = 8.55-11.62).
Three distinct BMI trajectories could be distinguished prior to 5 years of age. The risk of developing obesity in those who are
overweight increased dramatically with increasing age. Interventions to prevent obesity need to occur prior to school age to

prevent children from entering unhealthy BMI trajectories.
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Introduction

The prevalence of obesity among children in the United States
between 2 and 19 years of age has increased from 14.5% in
1999-2000 to 17.0% in 2011-2014."* The number of children
who are severely obese has also increased to 5.8% in 2011-
2014.” Rates of childhood obesity have paralleled increasing
rates of childhood hypertension, type II diabetes, nonalco-
holic fatty liver disease, and musculoskeletal disorders.>®

A high body mass index (BMI) earlier in life is associ-
ated with an increased risk of obesity in adolescence and
adulthood.”® Changes in BMI over time contribute to the
development of obesity. Individuals who have similar pat-
terns in BMI changes over time, or “trajectories,” can be
grouped together using statistical models.” There is strong
evidence in children outside of the United States that BMI
trajectory can be determined prior to age 5 years.'**'

Studies of young children (<5 years of age) in the United
States have identified different patterns of BMI trajectories.

Li et al* evaluated BMI trajectory in a nationally represen-
tative sample of 1739 US children born between 1984 and
1990 and identified categories of early onset overweight,
late onset overweight (age 8 years) and normal weight.”
O’Brien et al* evaluated BMI trajectory in 653 hospitalized
patients in different US cities recruited in 1991 between
ages 2 and 12 years and observed that children could be
categorized into never overweight, overweight at preschool,
overweight at elementary school, and overweight at pre-
school followed by normal weight status. An analysis of
1093 children born between 1992 and 1995 in the Iowa
Fluoride Study observed that an increase in BMI trajectory
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in females in the first year of life was associated with ele-
vated BMI in young adulthood, but this was not seen with
an increase in the second year of life or in boys.”* These
studies are limited by small samples sizes and the fact that
the cohorts are from the 1980s to 1990s.

A-retrospective cohort study of 26 234 children in Denver
Health outpatient clinics among whom more than 90% lived
below the poverty level found that many obese children
were already overweight (20%) or obese (36%) by age 3
years.”> This study utilized a clinic and not a population-
based sample.

A need exists to evaluate BMI trajectories in large, US
population-based samples in order to advance our under-
standing of how changes in BMI at different ages influence
later risk of obesity. The objective of the study was to exam-
ine the associations between baseline BMIs and develop-
ment of obesity and BMI trajectories in children 0 to 18
years residing in a Midwestern US county between 2005
and 2012.

Methods
Study Population

We identified all children and adolescents ages 0 to 18 years
residing in Olmsted County, Minnesota, on January 1, 2005
using the Rochester Epidemiology Project (REP) research
infrastructure.”®?” The REP links together medical records
from multiple health care providers for the Olmsted County
population. We used this resource to identify 96% of the
population between 0 and 18 years of age residing in
Olmsted County based on US Census county estimates.
Overall, we identified 35,210 children as residents of
Olmsted County, Minnesota, on January 1, 2005.

Body Mass Index

Height (length for those younger than 2 years) and weight
data were obtained from the electronic medical records from
health care providers between January 1, 2005 and December
31, 2012. Data points outside the expected 1st and 99th per-
centiles were manually reviewed using medical records to
exclude errors in data entry. Additionally, we excluded
weights of pregnant adolescents <19 years of age from 6
months before to 3 months after the delivery date. To stan-
dardize BMI (kg/m?) measures by the child’s age and sex,
we used the Centers for Disease Control and Prevention
growth charts for children 2 to 18 years and the World Health
Organization measures for children <2 years of age.”** We
defined the baseline BMI as the individual’s first measure-
ment between 2005 and 2012. Overall, 16538 children
(47%) had >3 BMI measurements separated by at least 1
year, and were included in the analyses. Overweight was
defined as or BMI between the 85th and 94th percentile, and

obese was defined as BMI at or above the 95th percentile.
Under/normal weight was defined as BMI less than the 85th
percentile.

Statistical Analysis

The number and percent of children in different age groups
(0to <2, 2 to <5, 5to <13, 13+ years), sex, and race catego-
ries are presented overall and by baseline BMI group. We
compared the characteristics in each of the groups using >
tests for categorical variables. Proportional hazard regres-
sion stratified by age group was used to assess associations
between baseline BMI group and becoming obese during
follow-up. Per standard survival analysis procedures, indi-
viduals who were obese at baseline were excluded from
these analyses (not at risk for the outcome). Multivariable
models were used to adjust for sex, race, and age (continu-
ous). Results are presented as hazard ratios (HRs) with 95%
confidence intervals (CI).

A nonparametric hill-climbing algorithm (KmL) was
used to identify distinct, homogeneous clusters of BMI tra-
jectories within each age group. The optimum number of
clusters for each age group was determined using the
Calinski and Harabatz criterion.” Three trajectory clusters
were identified as optimum for children aged 2 years or
older at baseline, while 2 trajectories were identified as
optimum for children 0 to <2 years at baseline. However, to
enable comparability, the next best fit (3 trajectories) are
also presented for children 0 to <2 years. A plot of the aver-
age trajectory for each cluster was used to summarize the
overall change over time for each group. We assessed the
BMI trajectories separately by age group, race and sex, but
because the shapes of the trajectories were similar for both
sexes and all races, we present only the trajectories for sepa-
rate age groups. Analyses were performed using SAS ver-
sion 9.3 (SAS Institute, Cary, NC) and R version 2.14.0
(The R Foundation for Statistical Computing).

This study was approved by the Mayo Clinic and
Olmsted Medical Center Institutional Review Boards, and
the requirement for informed consent was waived. However,
we only included information from children whose parents
had provided authorization for their medical records to be
used for research,’*!

Results

Characteristics of the study population are summarized in
Table 1. The population was comprised of a comparable
proportion of males and females (49% males, 51% females),
and a majority of the children were white (81% white). At
baseline, 1,824 (11.0%) children were obese. Boys were
more frequently obese than girls, and children >5 years of
age were more frequently obese than younger children. The
highest prevalence of obesity was observed among Hispanic
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Table I. Characteristics of the Study Population at Baseline and by Weight at Last Follow-up.

Weight Group at Last Follow-up

Under/Normal Overweight; BMI Obese; >95th
Total Population Weight; BMI < >85th and <95th Percentile
(n = 16538), 85th percentile percentile (n = 1824),
Characteristic n (%) (n=12338), n (%) (n =2376), n (%) n (%) P
Sex <.0001
Male 8086 (48.9) 5879 (72.7) 1176 (14.5) 1031 (12.8)
Female 8452 (51.1) 6459 (76.4) 1200 (14.2) 793 (94)
Age (years) at first BMI <.0001
0to <2 2295 (13.9) 1775 (77.3) 309 (13.5) 211 (9.2)
2to0 <5 2537 (15.3) 2002 (78.9) 319 (12.6) 216 (8.5)
5to<I3 7243 (43.8) 5277 (72.9) 1096 (15.1) 870 (12.0)
13to 18 4463 (27.0) 3284 (73.6) 652 (14.6) 527 (11.8)
Race/ethnicity <.0001
Black 912 (5.5) 653 (71.6) 134 (14.7) 125 (13.7)
White 13,424 (81.2) 10,099 (75.2) 1912 (14.2) 1413 (10.5)
Asian 622 (3.8) 476 (76.5) 85 (13.7) 61 (9.8)
Hispanic 537 (3.2) 332 (61.8) 95 (17.7) 110 (20.5)
Other/Unknown 1043 (6.3) 778 (74.6) 150 (14.4) 115 (11.0)
Follow-up (years), media 6.0 (4.6-7.0) 6.0 (4.6-7.0) 6.0 (4.6-7.0) 6.0 (4.5-7.0) 29
(IQR)
Abbreviations: BMI, body mass index; IQR, interquartile range.
® Chi-square P value.
children (20.5%), while the lowest was observed among 100
Asian children (9.8%). The median length of follow-up for " el
this population was 6.0 years (interquartile range = 4.6-7.0), i u Overweight

and follow-up did not vary by BMI category. A majority of
the children who were obese at baseline (61.1%) remained
obese at last follow-up, while only 3.6% of the children
who were under or normal weight at baseline were obese at
last follow-up (Figure 1).

We examined the risk of becoming obese among chil-
dren who were overweight at baseline compared to chil-
dren who were under or normal weight. After adjusting
for baseline age, sex, and race, children who were over-
weight at baseline had a greater than 5-fold increased risk
of becoming obese during follow-up (adjusted HR =5.70,
95% CI = 5.20-6.25). We also observed a significant
interaction between baseline age and BMI category and
the risk of becoming obese during follow-up (interaction
P <.0001). Children who were overweight at any age had
a substantially increased risk of becoming obese during
follow-up. This risk increased dramatically with increas-
ing age (Table 2). After adjusting for sex and race, chil-
dren who were overweight in the 0 to <2 years age group
had more than a 2-fold increased risk of becoming obese
during follow-up. Children who were overweight by age
5 years or older had nearly a 10-fold increased risk of
becoming obese during follow-up compared to children
who were normal or underweight.

Obese

Proportion in each weight category at last follow-up

20
: .

0
Normal/under

Overweight Obese

Baseline weight category

Figure |. Changes from BMI group at baseline to BMI group at
last follow-up.

Finally, we assessed BMI trajectories during follow-up
by baseline age group. We evaluated trajectories by race and
sex and observed the trajectories to be similar, so we com-
bined sexes for all further analyses (data not shown). Overall,
children 0 to <2 years had similar BMIs at baseline, but
15.7% clustered into a trajectory of increasing BMIs over
time, while the remaining children fit into trajectories where
the BMIs remained stable over time (Figure 2, panel A).
Children between 2 and <5 years also had similar BMIs at
baseline; however, 11.3% of these children clustered into a
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Table 2. Risk of Becoming Obese (>95th Percentile for Age) Among Children Who Were Overweight (85th to <95th Percentile for
Age) Compared With Children That Were Normal or Underweight at Baseline.”

Risk of Becoming Obese by

Age at First BMI (Years)

0 to <2 Years 2 to <5 Years 5to <I3 Years I3 to I8 Years

Baseline BMI (n =2084), HR (95% ClI) (n=12321), HR (95% CI) (n=6373), HR (95% CI) (n = 3936), HR (95% ClI)
Unadjusted

Normal/underweight Referent Referent Referent Referent

Overweight 2.40 (19.7-2.92) 4.40 (3.51-5.52) 9.71 (8.28-11.39) 9.57 (7.73-11.84)
Adjusted for sex and race

Normal/underweight Referent Referent Referent Referent

Overweight 2.38 (1.95-2.90) 4.56 (3.63-5.72) 9.65 (8.23-11.32) 9.69 (7.82-12.00)

Abbreviations: BMI, body mass index; HR, hazard ratio.
? Analyses are stratified by baseline age group.

A. 0 to <2 years B. 2 to <5 years
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Figure 2. Body mass index (BMI) trajectory plots by age group.
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trajectory of BMIs that increased during follow-up (Figure
2, panel B). A similar pattern was observed for children >5
years of age. Children in these age groups clustered in 3 dis-
tinct trajectories. Overall, 15% of the children 5 to <13 years
at baseline clustered in a trajectory that increased over time
(Figure 2, panel C), while approximately 11.8% of the chil-
dren between 13 and 18 years stayed in an obese trajectory
over time (Figure 2, panel D).

Discussion

We observed that the risk of future obesity associated with
currently being overweight increased dramatically with
increasing age. We also observed that children of all ages
can be grouped into distinct BMI trajectories. These find-
ings underscore the critical need to offer effective dietary
and physical activity interventions to children and adoles-
cents who demonstrate increase in BMI or are overweight
in addition to interventions targeting those who are obese.

Overweight children of all ages had a 2- to 10-fold
increased risk of becoming obese over 8 years of follow-up
compared to children with baseline BMI or weight for
length in the normal or underweight categories. These data
are consistent with previous studies that have indicated that
children who are heavier at any age are at a higher risk of
becoming obese during follow-up compared to normal
weight children.”!%

Our data also show that the increased risk of obesity
among children who are overweight is present at all ages;
however, overweight older children are at a significantly
higher risk for becoming obese compared to younger chil-
dren. Children aged 5 years or older who were overweight
had an approximately 10-fold increased risk of becoming
obese compared with a 3- to nearly 5-fold increased risk in
younger children. Furthermore, young children (<5 years)
had very similar baseline BMIs, but BMI trajectories
diverged during the 8 years of follow-up. In children aged 5
years or older, baseline BMIs differed more substantially
across trajectories. Specifically, children >5 years who had
higher BMIs at baseline tended to remain in a BMI trajec-
tory that continued to increase over time. These data sug-
gest that a child’s BMI trajectory may be established prior
to age 5 years, which is consistent with what has been found
in previous population-based studies outside of the United
States.'™!"!>1719 Additionally, we observed no significant
differences in BMI trajectories between males and females,
which is consistent with other studies of BMI trajectory in
children.'®'"*?

A prospective cohort study of 9699 children born in
2000-2002 from a national representative sample from the
United Kingdom between ages 3 and 11 years found diver-
gence from normal BMI trajectories by age 3 years in the
obese group (3.1%) and age 5 years in the overweight
(14.4%) group.'” In addition, data from a longitudinal study

0f 2120 Canadian children born in 1997-1998 and followed
between the ages of 5 months to 8 years indicated that chil-
dren on a trajectory to obesity (4.5%) can be distinguished
from children on a healthy weight trajectory as early as 3.5
years of age.” A European birth cohort study with 12050
subjects found that BMI trajectories were defined by 3
years of age and that 1.5% of children were in the rapid
growth trajectory.'”> These BMI trajectory ages are similar
to our study but the percentage of children categorized in
the obesity trajectory varied from the 11% to 16% that we
observed in our study. This variance could be due to the dif-
ferent populations studied or the different study time frames
utilized. Our data likely reflect the more recent trends
toward increasing levels of overweight and obesity, result-
ing in an increasing number of children in the high BMI
trajectories.

When comparing with other BMI trajectory studies in
US populations, our cohort is more recent than those
recruited by Li et al*? (1984-1990), O’Brien et al** (1991),
and Kwon et al** (1992-1995) and involves a much larger
population size. The findings from our population based
cohort consisting of majority white children from the
Midwestern United States are similar to those seen in pri-
marily nonwhite, low-income urban population from
Denver, Colorado.” We noted that the Hispanic children in
our population were the most likely to be overweight or
obese at baseline. However, we did not observe a significant
interaction between race and baseline BMI, and the BMI
trajectories of all of the children in our study followed very
similar patterns over time. Our study may be limited by
small number of racial/ethnic minorities. Further research is
encouraged to explore racial and ethnic differences in BMI
trajectories throughout childhood and adolescence.

Strengths of our study include the large sample size of
children from a community sample with data on weight and
height and availability of clinically measured rather than
parent-reported weight and height measurements. However,
our study has several study limitations. First, we did not
have height and weight measurements on approximately
50% of our study population. However, the characteristics
of children with and without BMI data were very similar,
suggesting that our study sample represents the underlying
Olmsted County population. Our study sample characteris-
tics, which are 48.9% male, 29.2% <5 years of age, and
81.2% white, are representative of the 2005 US Census esti-
mates for the Olmsted County population with 51.3% male,
26.4% <5 years of age, and 75.1% white.** Second, weights,
heights, and lengths were obtained through standard clini-
cal care; this approach is likely less rigorous than obtaining
these measurements through a study protocol. Third, deter-
mining the number of BMI trajectories by statistical fit may
not correctly estimate the true number of trajectories.
However, our trajectories are very similar to those of trajec-
tories observed in a Colorado Medicaid,” population and
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multiple non-US populations.*'>'”" These similarities
suggest that similar BMI trajectories may also be observed
in other communities. Fourth, use of BMI as a surrogate for
adiposity may result in the misclassification of some chil-
dren, particularly children of different races or ethnicities,
as obese/overweight when they are not.>* Fifth, we had a
limited number of racial and ethnic minority children in our
population, potentially limiting the generalizability of our
results. Finally, we also did not adjust for socioeconomic
variables that are important confounders for development
of obesity. Adding socioeconomic status, though, would
ideally require multiple measurements, since unlike sex and
race, it can change over time.

We showed a 10-fold increased risk of obesity in later
life among children who were overweight by age 5 years.
Additionally, children at risk for obesity appear to enter a
trajectory leading to obesity early in life. Our data therefore
suggest that interventions for obesity may need to occur
early in life to prevent children from entering unhealthy
BMI trajectories. Future studies should evaluate risk factors
influencing BMI trajectory in larger populations with more
ethnic and racial diversity.

Authors’ Note

The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes
of Health or the Center for the Science of Health Care Delivery.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
study was made possible using the resources of the Rochester
Epidemiology Project, which is supported by the National Institute
on Aging of the National Institutes of Health under Award Number
RO1AG034676. This study was also supported by the Robert D.
and Patricia E. Kern Mayo Clinic Center for the Science of Health
Care Delivery Population Health Research Program.

References

1. Skinner AC, Skelton JA. Prevalence and trends in obesity and
severe obesity among children in the United States, 1999-
2012. JAMA Pediatr. 2014;168:561-566.

2. Ogden CL, Carroll MD, Lawman HG, et al. Trends in obe-
sity prevalence among children and adolescents in the United
States, 1988-1994 through 2013-2014.J4AMA.2016;315:2292-
2299.

3. D’Adamo E, Caprio S. Type 2 diabetes in youth: epidemiol-
ogy and pathophysiology. Diabetes Care. 2011;34(suppl 2):
S161-S165.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Rosner B, Cook NR, Daniels S, Falkner B. Childhood

blood pressure trends and risk factors for high blood pres-
sure: the NHANES experience 1988-2008. Hypertension.
2013;62:247-254.

. Taylor ED, Theim KR, Mirch MC, et al. Orthopedic compli-

cations of overweight in children and adolescents. Pediatrics.
2006;117:2167-2174.

. Wieckowska A, Feldstein AE. Nonalcoholic fatty liver dis-

ease in the pediatric population: a review. Curr Opin Pediatr.
2005;17:636-641.

. Cunningham SA, Kramer MR, Narayan KM. Incidence

of childhood obesity in the United States. N Engl J Med.
2014;370:1660-1661.

. Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C.

Being big or growing fast: systematic review of size and
growth in infancy and later obesity. BMJ. 2005;331:929.

. Genolini C, Pingault JB, Driss T, et al. KmL3D: a non-para-

metric algorithm for clustering joint trajectories. Comput
Methods Programs Biomed. 2013;109:104-111.

Garden FL, Marks GB, Simpson JM, Webb KL. Body mass
index (BMI) trajectories from birth to 11.5 years: relation to
early life food intake. Nutrients. 2012;4:1382-1398.

Giles LC, Whitrow MJ, Davies MJ, Davies CE, Rumbold
AR, Moore VM. Growth trajectories in early childhood, their
relationship with antenatal and postnatal factors, and devel-
opment of obesity by age 9 years: results from an Australian
birth cohort study. Int J Obes (Lond). 2015;39:1049-1056.
Koning M, Hoekstra T, de Jong E, Visscher TL, Seidell JC,
Renders CM. Identifying developmental trajectories of body
mass index in childhood using latent class growth (mixture)
modelling: associations with dietary, sedentary and physical
activity behaviors: a longitudinal study. BMC Public Health.
2016;16:1128.

Magee CA, Caputi P, Iverson DC. Identification of distinct
body mass index trajectories in Australian children. Pediatr
Obes. 2013;8:189-198.

Tu AW, Masse LC, Lear SA, Gotay CC, Richardson CG.
Body mass index trajectories from ages 1 to 20: results from
two nationally representative canadian longitudinal cohorts.
Obesity (Silver Spring). 2015;23:1703-1711.

Rzehak P, Wijga AH, Keil T, et al. Body mass index trajec-
tory classes and incident asthma in childhood: results from
8 European birth cohorts—a Global Allergy and Asthma
European Network initiative. J Allergy Clin Immunol.
2013;131:1528-1536.

Ziyab AH, Karmaus W, Kurukulaaratchy RJ, Zhang H,
Arshad SH. Developmental trajectories of body mass index
from infancy to 18 years of age: prenatal determinants and
health consequences. J Epidemiol Community Health.
2014;68:934-941.

Stuart B, Panico L. Early-childhood BMI trajectories: evi-
dence from a prospective, nationally representative British
cohort study. Nutr Diabetes. 2016;6:¢198.

Huang RC, de Klerk NH, Smith A, et al. Lifecourse child-
hood adiposity trajectories associated with adolescent insulin
resistance. Diabetes Care. 2011;34:1019-1025.

Pryor LE, Tremblay RE, Boivin M, et al. Developmental tra-
jectories of body mass index in early childhood and their risk



284

Journal of Primary Care & Community Health 8(4)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

factors: an 8-year longitudinal study. Arch Pediatr Adolesc
Med. 2011;165:906-912.

Smith AJ, O’Sullivan PB, Beales DJ, de Klerk N, Straker
LM. Trajectories of childhood body mass index are associated
with adolescent sagittal standing posture. Int J Pediatr Obes.
2011;6:€97-e106.

Johnson W, Soloway LE, Erickson D, et al. A changing pat-
tern of childhood BMI growth during the 20th century: 70 y
of data from the Fels Longitudinal Study. 4m J Clin Nutr.
2012;95:1136-1143.

Li C, Goran MI, Kaur H, Nollen N, Ahluwalia JS.
Developmental trajectories of overweight during childhood:
role of early life factors. Obesity (Silver Spring).2007;15:760-
771.

O’Brien M, Nader PR, Houts RM, et al. The ecology of child-
hood overweight: a 12-year longitudinal analysis. Int J Obes
(Lond). 2007;31:1469-1478.

Kwon S, Janz KF, Letuchy EM, Burns TL, Levy SM.
Association between body mass index percentile trajectories
in infancy and adiposity in childhood and early adulthood.
Obesity (Silver Spring). 2017;25:166-171.

McCormick EV, Dickinson LM, Haemer MA, Knierim SD,
Hambidge SJ, Davidson AJ. What can providers learn from
childhood body mass index trajectories: a study of a large,
safety-net clinical population. Acad Pediatr. 2014;14:639-645.
St Sauver JL, Grossardt BR, Yawn BP, Melton LJ 3rd, Rocca
WA. Use of a medical records linkage system to enumerate a
dynamic population over time: the Rochester epidemiology
project. Am J Epidemiol. 2011;173:1059-1068.

Rocca WA, Yawn BP, St Sauver JL, Grossardt BR, Melton
LJ 3rd. History of the Rochester Epidemiology Project: half a
century of medical records linkage in a US population. Mayo
Clin Proc. 2012;87:1202-1213.

Flegal KM, Cole TJ. Construction of LMS parameters for
the Centers for Disease Control and Prevention 2000 growth
charts. Natl Health Stat. 2013;63:1-3.

WHO Multicentre Growth Reference Study Group. WHO
Child Growth Standards: length/height-for-age, weight-for-age,
weight-for-length, weight-for-height and body mass index-for-
age: methods and development. Geneva, Switzerland: World
Health Organization; 2006.

St Sauver JL, Grossardt BR, Yawn BP, et al. Data resource
profile: the Rochester Epidemiology Project (REP) medical
records-linkage system. Int J Epidemiol. 2012;41:1614-1624.
Jacobsen SJ, Xia Z, Campion ME, et al. Potential effect of
authorization bias on medical record research. Mayo Clin
Proc. 1999;74:330-338.

Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan
SR, Berenson GS. The relation of childhood BMI to adult
adiposity: the Bogalusa Heart Study. Pediatrics. 2005;115:
22-27.

33. US Census Bureau. Intercensal Estimates of the Resident
Population by Five-Year Age Groups, Sex, Race, and
Hispanic Origin for Counties: April 1, 2000 to July 1, 2010
(Minnesota, Olmsted County). Washington, DC: US Census
Bureau; 2010.

34. Wang Y. Epidemiology of childhood obesity—methodolog-
ical aspects and guidelines: what is new? Int J Obes Relat
Metab Disord. 2004;28(suppl 3):S21-S28.

Author Biographies

Brian A. Lynch, MD, is an assistant professor of Pediatrics and
Community Pediatrics and Adolescent Medicine Vice Chair for
Research at Mayo Clinic. His areas of research interest include
childhood obesity, community engagement and early childhood
development.

Lila J. Finney Rutten, PhD, MPH, is a professor of Health
Sciences Research and the Scientific Director of Population
Health Science in the Robert D. and Patricia E. Kern Center for the
Science of Healthcare Delivery at Mayo Clinic. Dr. Rutten directs
a program of research focused on population health in primary
care and community settings. Her own research is focused on can-
cer prevention and control in primary care.

Jon O. Ebbert, MD, the associate director for the Robert D. and
Patricia E. Kern Center for the Science of Health Care Delivery
and Professor of Medicine at Mayo Clinic. His research focuses on
the promotion of a healthy lifestyle through tobacco cessation and
achievement of a healthy body weight.

Seema Kumar, MD, is an associate professor of Pediatrics at
Mayo Clinic. Her research focuses on the prevention and treat-
ment of childhood obesity and related comorbidities.

Barbara P. Yawn, MD, MSc, FAAFP, is retired Director of the
Department of Research at Olmsted Medical Center, Rochester,
MN, former Co-Principal Investigator of the Rochester
Epidemiology Project and Adjunct Professor of Family and
Community Health at the University of Minnesota. Dr. Yawn has
a broad range of practice-based research interests including
COPD, asthma, and post-partum depression.

Debra Jacobson, MS, is an assistant professor of Biostatistics in
the Department of Health Sciences Research at Mayo Clinic. Her
research focuses on the application of statistical methods in study-
ing disease trends over time and population health.

Jennifer St. Sauver, PhD, is an associate professor of
Epidemiology in the Department of Health Sciences Research at
Mayo Clinic and is also the Co-Principal Investigator of the
Rochester Epidemiology Project. Her research focuses on describ-
ing disease trends over time and identifying populations at high
risk of poor health outcomes.



