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Abstract
Objective—To assess the extent to which weight status in childhood or adolescence predicts
becoming overweight or hypertensive by young adulthood.

Research Methods and Procedures—We conducted a prospective study of 314 children, who
were 8 to 15 years old at baseline, and were followed up 8 to 12 years later. Weight, height, and
blood pressure were measured by trained research staff. Incident overweight was defined as BMI ≥
25 kg/m2 among participants who had not been overweight as children.

Results—More male subjects (48.3%) than female subjects (23.5%) became overweight or obese
between their first childhood visit and the young adult follow-up (p < 0.001). Being in the upper one
half of the normal weight range (i.e., BMI between the 50th and 84th percentiles for age and gender
in childhood) was a good predictor of becoming overweight as a young adult. Compared with children
with a BMI <50th percentile, girls and boys between the 50th and 74th percentiles of BMI were ~5
times more likely [boys, odds ratio (OR) = 5.3, p = 0.002; girls, OR = 4.8, p = 0.07] and those with
a BMI between the 75th and 84th percentiles were up to 20 times more likely (boys, OR = 4.3, p =
0.02; girls, OR = 20.2, p = 0.001) to become overweight. The incidence of high blood pressure was
greater among the male subjects (12.3% vs. 1.9%). Compared with boys who had childhood BMI
below the 75th percentile, boys between the 75th and 85th percentiles of BMI as children were four
times more likely (OR = 3.6) and those at above the 85th percentile were five times more likely (OR
= 5.1) to become hypertensive.

Discussion—High normal weight status in childhood predicted becoming overweight or obese as
an adult. Also, among the boys, elevated BMI in childhood predicted risk of hypertension in young
adulthood.
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Introduction
Obesity is a serious public health problem. During the past 2 decades, the prevalence of
overweight has more than doubled among children and adolescents in the United States.
According to the 1999 to 2000 National Health and Nutrition Examination Survey, ~30% of
adolescents are overweight or at risk for overweight (i.e., BMI ≥ national 85th percentile for
age and sex) (1). The period of late adolescence and early adulthood may be particularly
important in the maintenance of healthy weight. In the Coronary Artery Risk Development in
Young Adults (CARDIA) study (2), over a 7-year period in early adulthood, the prevalence of
overweight (defined using the previous cutoff point of BMI > 27.3 kg/m2) increased from 32%
to 50% among African-American women and from 13% to 24% among white women.

Weight status tracks with age, and the risk of an overweight child becoming an obese adult
rises with age (3,4). In one study among preschool children, an obese child was about twice as
likely as a non-obese child to become an obese adult (5). Adolescents who were overweight,
however, were almost 18 times more likely than their leaner peers to be obese in early adulthood
(6). In addition, overweight adolescents in the Bogalusa Heart Study were 8.5 times more likely
than their leaner peers to have hypertension as young adults (7). Less is known about the
relationship between childhood and adolescent weights in the normal weight range (i.e.,
children not classified as underweight, at risk for overweight, or overweight) and subsequent
changes in weight and blood pressure. To investigate these issues, we analyzed data from a
prospective cohort study based in an urban population in the Northeast.

Research Methods and Procedures
Sample

The cohort comprised 339 children, mostly white, in East Boston, MA, who were followed
annually between 1978 and 1981 (childhood) and then followed up again from 1989 to 1990
(young adult visit). The study population and methods have been described previously (8,9).
At entry into the cohort, the children were 8 to 15 years of age and attended a single school.
Annual measures (1978 to 1981) of demographic factors and medical history were obtained,
and both systolic and Korotkoff fifth sound diastolic blood pressure readings (three each visit)
were taken by a standard procedure using a random-zero sphygmomanometer at four visits
spaced 1 week apart. The children assessed per year varied slightly; 284 children in year 1,
282 children in year 2, 270 children in year 3, and 267 children in year 4. Participants were not
followed from 1981 to 1989. During that interval two participants died, thus leaving 337
members of the cohort. In 1989 and 1990, using clinic records and motor vehicle information,
information from family members, town and telephone directories, and other contact persons,
we located 334 (99%) of the surviving members of the original cohort, then 18 to 26 years old.
Of these, 319 agreed to participate in follow-up; however, two participants could be followed
only by telephone, leaving 317 (94%) with follow-up blood pressure data. There were three
visits spaced 1 week apart at the adult follow-up. Three blood pressure readings were taken at
each of the adult visits. Participants were excluded from the analysis if there was missing
information on weight and height in childhood (n = 1) or adulthood (n = 4) or missing
information on blood pressure (n = 3). Those reporting use of medication that raises blood
pressure (n = 28) were excluded from the blood pressure analyses. At baseline, 45 children had
a BMI of at least 25 kg/m2, the adult cut-off for overweight. In the analysis predicting the
development of overweight, these 45 children were excluded from the analysis. Thus, the final
sample comprised 269 young adults in the analyses predicting weight status and 286 people
in the analyses predicting young adult blood pressure.
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Exposures
BMI (kilograms per meter squared) was calculated from the measured weight and height
information at the first childhood visit. BMI values were used to compute gender-and age-
specific z scores and percentiles of childhood BMI, based on the national reference data from
the Centers for Disease Control and Prevention (10). The percentiles were considered as
continuous variables and made into a series of indicator variables (<10th, 10th to 25th, 25th to
50th, 50th to 75th, 75th to 85th, and ≥85th percentiles for age and gender). Children with a
BMI between the national 85th and 95th percentiles for age and gender were classified as at
risk for overweight, and those with a BMI > 95th percentile were classified as overweight.
High normal weight was defined as having a BMI between the 50th and 84th percentiles. In
the analyses, the high normal group was separated into two groups, 50th to 74th and 75th to
84th percentiles, and analyzed separately. The mean of three measures of blood pressure
readings collected on each of four occasions 1 week apart was used to estimate mean systolic
and mean diastolic blood pressures in each of the first 4 years of the study. The BMI and average
blood pressures from the participants’ 1st year in the study were used as the primary predictors
of adult outcomes. In secondary analyses, annual changes in BMI and blood pressure were
considered as additional predictors of the outcomes.

Outcomes
The U.S. Department of Agriculture and World Health Organization weight classification was
used to categorized adult BMI into underweight (BMI <18.5), healthy weight (18.5 ≤ BMI ≤
24.9), overweight (25 ≤ BMI ≤ 29.9), or obese (BMI ≥ 30) (11). Because very few people were
underweight at the adult visit, underweight and healthy weight were combined into a not
overweight category in analyses modeling the development of overweight or obesity.

Adult blood pressure was both considered as a continuous outcome (i.e., mean systolic blood
pressure and mean diastolic blood pressure) and collapsed into a dichotomous hypertension
variable: high systolic (≥140 mm Hg) or high diastolic (≥90 mm Hg) blood pressure or subject
report of taking medication to control blood pressure.

Statistical Analyses
All analyses were conducted with SAS software (SAS version 8.2; SAS Institute Inc., Cary,
NC). Linear and logistic regression models adjusted for age at baseline and length of follow-
up (i.e., from the subject’s 1st year in the study until the time of the young adult visit).
Information from the first childhood visit was used as the primary predictor of young adult
outcomes. However, mean annual changes in BMI or z scores of BMI were included in
secondary analyses predicting the development of obesity. There were too few incident cases
of hypertension to include the change variables in those analyses. Attempts to fit slopes to
describe the changes in BMI during childhood and/or adolescence were not successful due to
a lack of linear change patterns. A cruder estimate of annual changes in BMI was derived by
subtracting the first BMI measure from the last childhood measure and dividing by the number
of years in between the measurements. Due to the lack of a linear association between BMI
and time, caution should be used when interpreting those results. Analyses were stratified by
gender. To account for the non-linear relationship between age and the outcomes, age was
modeled as age and age2. The analysis of the development of overweight or obesity was limited
to the 149 female subjects and 120 male subjects who had a BMI < 25 kg/m2 (i.e., did not meet
the adult criteria for overweight) at their first childhood visit. The analysis of adult blood
pressure was limited to the 156 female subjects and 130 male subjects who were not on any
medication that would raise their blood pressure and had weight, height, and blood pressure
measurements taken at the adult visit. All p values are two-sided with an α level = 0.05.
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Results
At the first childhood visit, the mean age of the sample was 11.6 years for the girls and 11.8
years for the boys. Boys and girls were similar in terms of their systolic and diastolic blood
pressures at their first childhood visit (Table 1). The mean childhood BMI in both genders was
~20 kg/m2, and the prevalence of at risk for overweight or overweight at the first childhood
visit was 34% for girls and 32% for boys. In addition, the distribution of weight status was
similar in boys and girls at the first childhood visit (Figure 1). At the adult follow-up, however,
there were large gender differences. Among the participants who had BMI < 25 at their first
childhood visit, ~48.3% of the boys became overweight or obese by young adulthood,
compared with 23.5% of the girls (p < 0.001) (Table 1). In addition, the incidence of high blood
pressure at the young adult visit was greater among the male subjects (12.3%) than the female
subjects (1.9%) (p < 0.001).

Children who had been at risk for overweight or overweight (i.e., BMI ≥ 85th percentile for
age and gender) at the first childhood visit were very likely to be overweight as young adults.
Only 26 of the 103 children who were at risk for or overweight at their first childhood visit
were in the healthy weight range (i.e., 18.5 ≤ BMI < 25) as young adults. In addition, children
who were between the 50th and 84th percentiles of BMI for age and gender, the high end of
the normal weight status group, in childhood were also at elevated risk of becoming overweight
or obese. Approximately 13% of the children who had BMI less than the 50th percentile for
their age and gender at their first childhood visit became overweight or obese by the time of
the adult visit, in contrast with 33% percent of children with BMI between the 50th and 74th
percentiles. The contrast was relatively stronger among the female subjects (4% of those <50th
percentile vs. 14% of those between the 50th and 74th percentiles) than the male subjects (26%
of those <50th percentile vs. 58% of those between the 50th and 74th percentiles). The
relationship remained strong after adjustment for age and length of follow-up and exclusion
of participants who had a BMI ≥ 25 kg/m2 at their first childhood visit. For example, for girls
whose BMI was between the 50th and 74th percentiles in childhood, the odds were
approximately five times greater [odds ratio (OR)1 = 4.8, 95% confidence interval (CI) 0.9 to
26.6], and for girls between the 75th and 84th percentiles for BMI their odds were >20 times
greater (OR = 20.2, 95% CI 3.4 to 121.6) than their leaner peers of becoming overweight or
obese as young adults (Table 2). Independently of their baseline BMI or BMI percentile, gains
in BMI or BMI percentile during the childhood period of the study were predictive of becoming
overweight or obese. In models assessing the impact of gain in BMI, both baseline BMI and
change in BMI during childhood were independently associated with the risk of becoming
overweight or obese (data not shown).

There was a strong positive association between childhood and adult BMI. For example,
whereas girls whose BMI was between the 50th and 74th percentiles in childhood had a BMI
in young adulthood that was ~2 kg/m2 greater than the children whose BMI had been less than
or equal to the 50th percentile in childhood, girls between the 75th and 84th had a 3 kg/m2

increment, and those at or above the 85th percentile had a 6 kg/m2 increment (Table 3). A
similar relationship was seen among the boys (Table 3). The relationship between BMI in
childhood and adult BMI was similar for children 12 to 15 years old at baseline and those who
were 8 to 11 years old (Table 3).

Accompanying their lower prevalence and incidence of overweight and obesity at the young
adult visit, female subjects also had lower mean systolic (by 12.3 mm Hg) and diastolic (by
5.4 mm Hg) blood pressures than the male subjects. Childhood BMI was predictive of blood
pressure in young adulthood among the male subjects, but the relationship was stronger for

1Nonstandard abbreviations: OR, odds ratio; CI, confidence interval.
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systolic than diastolic blood pressure. In linear regression models adjusted for age at the first
childhood visit and length of follow-up, among the male but not the female subjects, childhood
BMI and age- and gender-specific percentiles and z scores of childhood BMI were directly
associated with adult systolic blood pressure (0.5 mm Hg per BMI unit and 1.7 mm Hg per
age-specific z score). The inclusion of baseline height in the model reduced the effect of relative
weight, so that it was no longer a significant predictor of systolic blood pressure among the
male or female subjects. In models assessing the impact of change in BMI, neither baseline
BMI nor change in BMI during childhood was independently associated with systolic pressure
at the young adult visit (data not shown).

Due to the paucity of cases of hypertension among the female subjects, analyses assessing
predictors of becoming hypertensive were restricted to the male subjects. Age-specific z score
of childhood BMI (OR = 2.2, 95% CI 1.2 to 3.9) or BMI itself (OR = 1.1, 95% CI 1.0 to 1.3)
predicted development of hypertension in young adulthood. Adjustment for height and baseline
systolic and/or diastolic blood pressure did not materially affect the results (data not shown).
None of the male subjects below the 50th percentile for BMI developed hypertension; thus,
the referent group was male subjects with a BMI less than 75th percentile for BMI at their first
childhood visit. Those who were between the 75th and 84th percentiles of BMI in childhood
were approximately three times more likely (OR = 3.6, 95% CI 0.7 to 18.2) and those who
were at or above the 85th percentile were five times more likely (OR = 5.1, 95% CI 1.4 to 18.1)
than male subjects below the 75th percentile to become hypertensive by the young adulthood
visit. When the model was further adjusted for whether the participant was overweight at the
young adult visit, the point estimates were identical, but the CIs became slightly wider (data
not shown).

Discussion
Among an urban sample of young people, weight status at the first childhood visit was strongly
predictive of becoming overweight or obese. Not only were children already in the categories
of overweight or at risk for overweight (≥85th percentile of BMI) at increased risk, but also
children in the upper part of the normal or healthy weight range (i.e., children between the 50th
and 84th percentiles of BMI for age and gender) were at increased risk for becoming overweight
or obese adults. This finding highlights the need for interventions aimed at a broader audience
than children who are already overweight.

Although other researchers have found that being overweight in childhood or adolescence is
a strong predictor of being overweight in adulthood, few studies have looked at the risk of
becoming overweight or hypertensive by strata of childhood weights that are grouped more
finely than overweight vs. not overweight (12,13). However, among 2617 participants in the
Bogalusa Heart Study, Freedman et al. (13) observed that children in the 50th to 74th percentile
were more likely than those with a BMI below the 50th percentile in childhood to become
overweight or obese adults and that the percentage of children who were overweight or obese
in adulthood increased with increasing BMI percentile in childhood. Thus, our results are
consistent with their findings. Because they did not provide information on the relationship
between childhood BMI and the development of hypertension, we cannot compare blood
pressure findings. Lauer et al. (14) observed that among 2445 young people, the correlations
between childhood and young adulthood BMI ranged from 0.45 to 0.74. Unfortunately, unlike
Freedman et al. (13), no information was presented on tracking within categories of baseline
BMI (e.g., underweight, normal weight, and overweight); therefore, we are unable to compare
our results more fully. Magarey et al. (15) assessed the tracking of overweight or obesity during
childhood and adolescence. They observed that children who were overweight at age 11 or 15
were approximately four times more likely than their leaner peers to be overweight or obese
at age 20. No information was presented on the gradient of risk within the acceptable (i.e., not

Field et al. Page 5

Obes Res. Author manuscript; available in PMC 2007 September 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



overweight or obese) group, thus precluding comparisons with our results. Our estimates of
the risk of an overweight youth being overweight as a young adult are stronger than those
observed by Whitaker et al. (6). The discrepancy is probably a reflection of our restricting the
comparison group to children with an age- and gender-specific percentile of BMI less than the
50th percentile instead of less than the 85th percentile. The inclusion of children between the
50th and 84th percentiles in the referent would dilute the magnitude of the effect due to mixing
of their increased risk with the much lower risk among leaner participants. Although Kvaaik
et al. (12) assessed the prospective association of four categories of BMI (quintiles) with weight
status at 33 years old among a sample of 485 Norwegians, it is difficult to compare the two
studies because the Norwegian sample was very lean, and the top quintile, which contained
individuals from approximately the 60th or 65th percentile for age according to the U.S.
guidelines, was used as the reference group. Nevertheless, both our study and Kvaaik’s have
observed that adolescent weight status was a strong predictor of weight status in young
adulthood.

In the Muscatine study, Lauer and Clarke (14) observed that both BMI in childhood and change
in BMI were correlated with blood pressure and BMI in adulthood. Similarly, Srinivasan et al.
(7) observed that in a biracial sample of 783 people, initially 13 to 17 years old and then
followed up when they were 27 to 31 years old, those who had been overweight as adolescents
were significantly more likely to report hypertension and high cholesterol as young adults.
Similar to our findings, Srinivasan et al. (7) found that male subjects were more likely than
female subjects to develop elevated systolic blood pressure and that overweight youth were
approximately four times more likely than children with a BMI between the 25th and 50th
percentiles to develop elevated systolic blood pressure. In addition, they observed a significant,
but weaker, association between overweight and elevated diastolic blood pressure. Our findings
extend those of Srinivasan et al. (7) by showing that boys in the upper end of the normal weight
range have increased risk of developing hypertension as young adults. We did not observe an
association with diastolic blood pressure, but our sample size was smaller. Moreover, diastolic
blood pressure in children is subject to more within-person variability than is systolic blood
pressure (16).

Because of our relatively small sample size, we could not conduct analyses stratified
simultaneously by multiple factors, such as age, gender, and baseline weight status. Although
female subjects with a BMI between the 75th and 84th percentiles and female subjects at or
above the 85th percentile of BMI appeared to be a higher risk than male subjects in the same
BMI category of becoming overweight by young adulthood, it is possible that the higher point
estimates are a function of the paucity of cases among the female subjects. In addition, we
lacked measurements during the intervening years between early adolescence and young
adulthood. Although BMI and age- and gender-specific percentile of BMI are widely used as
proxy measures of weight status and body fatness, it is important to remember that highly active
people who have substantial muscle mass may weigh slightly more than the standard for their
height despite low body fat. Thus, people may be overweight but not overfat, although the
correlation among BMI, BMI percentiles, and body fat is very high (17–19). BMI is not a direct
measure of body fatness; therefore, there will be some misclassification when weight status is
based on BMI alone because it does not take into account lean body mass. Despite these
limitations, there are many strengths to the current study, including very well-characterized
height, weight, and blood pressure measurements on each individual. Our observation that
excessive weight in boys predicted elevated blood pressure in early adulthood is consistent
with the findings of Must et al. (20) that male, but not female, subjects who had been overweight
as adolescents were two times more likely than leaner male subjects to die of coronary heart
disease and 13 times more likely to die of atherosclerotic cerebrovascular disease.
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The findings of our study underscore the potential seriousness of the increasing prevalence of
pediatric obesity in the United States. Although very lean children are unlikely to become
overweight adults, we observed that children in the upper end of the healthy weight range (e.g.,
50th to 84th percentiles) are at an elevated risk of becoming overweight or obese. Furthermore,
boys in the upper end of the healthy weight range are at an increased risk of becoming
hypertensive. These findings suggest that future interventions to prevent adult obesity and its
complications should include not only overweight children but also children and adolescents
as low as the 50th percentile of BMI for age and gender.
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Figure 1.
Distribution of childhood weight status among 314 girls and boys in the East Boston Blood
Pressure study. Girls are represented by the striped bars, and boys are represented by the solid
bars.
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Table 1
Mean age, BMI, and blood pressure and the prevalence and incidence of overweight and high blood pressure in
childhood and early adulthood among 314 participants in the East Boston Blood Pressure Study

Female subjects (n =
175)

Male subjects (n = 139)

First childhood visit
 Age (years) 11.6 (1.8) 11.8 (1.7)
 BMI (kg/m2) 20.3 (4.2) 20.1 (4.2)
 Age- and gender-specific z score of BMI 0.5 (1.0) 0.5 (1.1)
 Diastolic blood pressure (mm Hg) 57.4 (9.7) 58.1 (9.7)
 Systolic blood pressure (mm Hg) 100.3 (9.1) 101.5 (9.3)
 Overweight or at risk for overweight [n (%)]
  At risk for overweight 32 (18.3) 22 (15.8)*
  Overweight 27 (15.4) 22 (15.8)
 BMI ≥ 25 [n (%)] 26 (14.9) 19 (3.7)
 High blood pressure [n (%)]† 0 0
Adult visit
 Age (years) 22.0 (1.9) 22.2 (1.8)
 BMI (kg/m2) 23.8 (4.7) 25.9 (3.9)*

 Diastolic blood pressure (mm Hg)† 67.0 (7.3) 72.4 (10.7)*

 Systolic blood pressure (mm Hg)† 107.7 (8.9) 120.0 (9.4)*

 Became overweight or obese (n, %)‡ 35 (23.5%) 58 (48.3%)*

 Developed high blood pressure (n, %)† 3 (1.9%) 16 (12.3%)*

*
p < 0.001 for difference between males and females

†
One hundred fifty-six female subjects and 130 male subjects had blood pressures taken at the adult visit and were not on medications that would raise

their blood pressure. High blood pressure was defined as systolic blood pressure ≥ 140 mm Hg, diastolic blood pressure ≥ 90 mm Hg, or use of medication
to lower blood pressure.

‡
One hundred forty-nine female subjects and 120 male subjects who had a BMI < 25 at their first childhood visit were included in the analysis.
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Table 2
Childhood BMI metrics as predictors (odds ratios and 95% confidence intervals* for a one-unit or one-category
increase in the BMI metric) from a logistic regression analysis of becoming overweight in early adulthood among
269 young people in the East Boston Blood Pressure Study

Cases Male subjects (n = 120) Female subjects (n = 149)

BMI (kg/m2) 93 of 269 1.5 (1.3 to 1.8) 1.7 (1.4 to 2.1)
Age and gender-specific z score of BMI† 93 of 269 3.5 (2.0 to 6.1) 6.8 (3.1 to 15.0)
Age and gender-specific percentile of
BMI
 <50th percentile 14 of 104 1.0 (referent) 1.0 (referent)
 50th to 74th percentile 24 of 73 5.3 (1.9 to 14.9) 4.8 (0.9 to 26.6)
 75th to 84th percentile 15 of 34 4.3 (1.2 to 15.1) 20.2 (3.4 to 121.6)
 ≥85th percentile 40 of 58 13.2 (3.9 to 45.0) 48.2 (9.4 to 247.7)

*
Controlling for age, age2, and length of follow-up.

†
Per 1 z score increase
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Table 3
Childhood BMI metrics as predictors (β* and SE) of BMI at the young adulthood visit from linear regression
analysis among 314 young people in the East Boston Blood Pressure Study

Gender† Age at baseline‡

Male subjects (n =
139)

Female subjects (n
= 175)

8 to 11 years (n = 161) 12 to 15 years (n =
153)

BMI (kg/m5) 0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.7 (0.1)
Age and gender-specific z score
of BMI

2.2 (0.2) 2.5 (0.3) 2.2 (0.3) 2.6 (0.3)

Age and gender-specific
percentile of BMI
 <50th percentile 0.0 (referent) 0.0 (referent) 0.0 (referent) 0.0 (referent)
 50th to 74th percentile 2.2 (0.7) 2.0 (0.8) 2.4 (0.8) 1.9 (0.7)
 75th to 84th percentile 2.6 (0.9) 3.3 (1.1) 2.7 (1.1) 3.3 (0.9)
 ≥85th percentile 5.6 (0.7) 6.2 (0.7) 5.7 (0.7) 6.4 (0.7)

*
Estimates are increments of young adult BMI for a one-unit or one-category increase in the predictor.

†
Analyses controlled for age, age2, and length of follow-up (i.e., time between first childhood visit and young adult visit).

‡
Analyses controlled for age, gender, and length of follow-up (i.e., time between first childhood visit and young adult visit).
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