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ABSTRACT

Background: Childhood obesity has been recognised as a major public health concem. The purpose of this study
was fo defermine specific shifting patterns of BMI and skinfold fainess of the United States (U.S.) children across
different age and sexes groups between 1985/87 and 2012.

Methods: The data of 9,366 children aged 8-15 years from two nationally representative surveys, i.e., 1985/87
National Children and Youth Fitness Study | & Il and 2012 National Health and Nutrition Examination Survey
National Youth Fitness Survey, were analysed. Specifically, changes of BMIbased obesity prevalence and shiffing
pattemns of measured anthropometric data including BMI, height, weight, skinfold body fat percentage (skinfold-
fat%), subscapular skinfold and triceps skinfold from 1985/87 to 2012 were estimated by age and sex using the
1985/87 quartiles as the baseline.

Results: Significantly increased obesity prevalence were confirmed for both boys (increased by 159.06%, P <0.001)
and girls (increased by 49.79%, P <0.001) from 1985/87 to 2012. Except for height, all other measures in 2012
experienced an unbalanced shifting pattern, mainly from other quartiles info the 4" quartile of 1985/87.
Conclusions: The shifting of both boys' and girls’ BMI and skinfoldfat% in 2012 were all concentrated in the 4th
quartile of 1985/87, indicating a significant increase in BMI and skinfoldfat% not only in U.S. children from
1985/87 to 2012, but also in the overweight and obese subgroups, which serves as a serious warning for the

U.S. childhood obesity epidemic.
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INTRODUCTION countries [1,2], with a predicted global estimation of a
9.1% prevalence of childhood overweight and obesity

Childhood obesity is regarded as a major public by 2020 vyear [3]. In the United States (U.S.), the
health concern in both developed and developing prevalence of obesity was 17.0% with 5.8% morbid
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obesity for 2 to 19+yearold children and adolescents in
2011-2014 [4]. Childhood obesity has been found to be
positively associated with multiple health issues, including
musculoskeletal pain [5], cardiovascular disease [6] and
thyroid cancer [/]. Childhood obesity was also identified
as a predictor for obesity in adulthood and becomes a
maijor global public health concern [8]. Seeking accurate
and comprehensive measurements of childhood obesity
is essential to develop targeted and effective prevention
actions and treatments.

There are numerous ways fo measure body faf,
including sophisticated  laboratory methods, such as
magnetic resonance imaging (MRI) and dual energy X-ray
absorptiometry (DXA), or practical field measures, such
as Body Mass Index (BMI) and skinfold-based body fat
percentage (skinfold-at%). Among the field measures, BMI,
which is easily derived from height and weight, has been
the most utilised in population based on surveillance and
epidemiological studies [?,10]. Moreover, the Centers of
Disease Control and Prevention (CDC) of U.S. established
sex-age specific percentile standards using BMI to define
children’s normal weight, overweight and obese weight
status [11]. BMI, however, has a limitation on the
accuracy of body fatness assessment during childhood
and can misclassify a muscular youngster as obese [12-
14]. Fortunately, skinfold-based body fat percentage,
a field measure which assesses percentage of body fat
by measuring skinfold thicknesses of different specific
sites on the body, has demonstrated a high accuracy for
defermining obesity even though it requires more fraining,
time, cost and facilities [13]. Therefore, combining BMI
and skinfoldfat%, measures should improve the accuracy
of obesity prediction and provide more information on the
changes of obesity prevalence.

So far, most childhood obesity studies [15,16] have
only focused on obesity prevalence or frends of obesity
prevalence estimated from either BMI or skinfoldfat%. For
example, a significant linear increase of obesity prevalence
from 1999-2000 to 20092010 was found for U.S. boys
and adolescents [aged 2-19 years| using only BMI [17].
However, children with high fat but lean mass cannot be
accurately categorised based on BMI only. Moreover,
shifting patterns for obesity measures in the past decades
are far from conclusive in that specifically, compared to
children from decades ago, how are children getting
fatter and is there any shifting that has occurred in their
BMI and body fatness during the past decadese Thus,
underlying shifting patterns of obesity measures based on
BMI and skinfoldfat% should be investigated. Therefore,
by comparing data from two nationally representative
U.S. children and youth fitness surveys [i.e., the 1985/87
National Children and Youth Fitness Study [NCYFS] | & |l
and the 2012 National Health and Nutrition Examination
Survey National Youth Fitness Survey [NNYFS]), the
specific aims of this study were: 1) to examine the changes

in obesity prevalence from 1985/87 to 2012; 2) to

investigate shifting patterns of BMI and skinfold-at% from
1985/87 to 2012 and defermine where the changes
occurred; and 3] fo analyse age and sex difference in
ferms of a shifting pattern.

METHODS

Surveys and participants

1985/87 NCYFS | & II. Both NCYFS | and NCYFS
Il are surveys of a nationally representative sample
performed by the U.S. Department of Health and Human
Services Offices for Disease Prevention and Health
Promotion in 1985 and 1987, respectively, using a selF
weighting sampling design to maximise the efficiency of
national estimates. The NCYFS | study was designed to
investigate the skinfold-fat% and obesity sfatus of children
aged 10 to 18 years. The NCYFS Il study was launched
fo estimate the physical finess and physical activity
habits of children aged 6 to @ vears [18,19]. Defailed
information regarding the NCYFS | & Il sampling design,
clinical measures and individuaHevel data are available
through National Technical Information Services (http://
www.ntis.gov/).

2012 NNYFS. The National Center for Health Stafisfics
(NCHS) oversees the National Health and Nutrition
Examination Survey (NHANES) program to assess the
health and nutritional status of children and adults in the
U.S. A multistage probability sampling design was used
fo select participants that would be representative of the
civilian nonvinstitutionalised U.S. population. The NCHS
department conducted the 2012 NNYFS in conjunction with
the NHANES fo assess children and feens’ physical activity
and fitness levels (aged 3 to 15 years|, through inferviews
administered in home and physical tests performed in stateof-
the-art mobile examination centres. All children in the 2012
NNYFS survey were selected through a multistage probability
sampling design and represent noninstituionalised children
in the U.S. [20]. Detailed information regarding the NNYFS
sampling design, clinical measures and individuaHevel data,
can be found on its website (http://www.cdc.gov/nchs/
nnyfs/about_nnyfs.him).

Measures

Children’s height, weight, subscapular skinfold and
friceps skinfold were all measured in both 1985/87 and
2012 surveys. Height was assessed by a stadiometer and
weight was measured by a digital scale. According to
standard anthropometry profocols and procedures, skinfold
thicknesses measurements were conducted by wellHrained
anthropometrists. The subscapular skinfold was measured
at the inferior angle of the right scapula and the triceps
skinfold was assessed at the upper arm midpoint mark on
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the posterior surface of the right arm. Both subscapular
and friceps skinfolds were measured to the nearest whole
millimetre (mm) using lange skinfold caliper (Cambridge
Scientific Industries, Cambridge, MD) in 1985/87 NCYFS
I/1l and to a tenth of @ mm using Holtain skinfold caliper
(Holtain Ud, Crosswell, Crymmych, Dyfed, Great Britain) in
2012 NNVYFS. BMI was calculated by weight in kilograms
divided by height in mefers squared. The 2000 sex-specific
BMHorage growth charts from the CDC were used fo
calculate age and sex specific BMI percentiles [11]. BMI-
based obesity prevalence was assessed by a BMI value
greater than or equal fo the 95th percentile in the same
age and sex [11,21]. Skinfoldfat% was estimated using
Slaughter’s sex and age specific equations [22] based on
friceps and subscapular skinfolds thicknesses. Though the
overlapping age range for both 1985,/87 NCYFS |/1l and
2012 NNYFS surveys is 6 to 15 years [yrs.), only boys and
girls aged 8 to 15 years were included in this analysis due
fo Slaughter's equations, the only equations that employed
subscapular and friceps skinfolds, being restricted to the
age range of 8 fo 15 years. (Sum = subscapular skinfold +
friceps skinfold):

Girls (8-15 yrs.):  Skinfoldfat% = 1.33*(Sum)? -
0.013*(Sum)*2.5 (1)
Prepubertal Boys (8-10 yrs.): Skinfoldfat?% = 1.21*(Sum)

- 0.008*(Sum)2 - 1.7 2)
Pubertal Boys (11-13 yrs.): Skinfoldfat% = 1.21*(Sum) -
0.008*(Sum)? - 3.4 (3)
Postpubertal Boys (14-15 yrs.]: Skinfold-fat% = 1.21*(Sum)
- 0.008*(Sum)?2 - 5.5 (4)
Girls when (Sum] >35 mm (8-15 yrs.): Skinfoldfat% =
0.546*(Sum) + 9.7 (5)
Boys when (Sum)] >35 mm (8-15 yrs.): Skinfoldfat% =
0.783*(Sum) + 1.7 (6)

Comparability

In terms of comparability across the 1985/87
NCYFS I/1l and 2012 NNVYFS surveys, testing procedures
for measuring height, weight and two skinfold thicknesses
were the same. There were only two minor differences
between the 1985/87 NCYFS I/Il and 2012 NNYFS
surveys. The first was the sample size, with 8,467 children
from the 1985/1987 NCYFS I/1l and 899 children from
the 2012 NINVYFS aged 8 to 15 years. The difference in
the sample size can be ignored in this study since both
the 1985/87 NCYFS I/Il and 2012 NNYFS surveys
used nationally representative samples, and taking into
account that data from 2012 NNVYFS were weighted
according to sampling standard and data from 1985/87
NCYFS 1/1l survey applied a selfFweighting sampling
design to maximise the efficiency of national estimates.
The second difference was that skinfold thicknesses in
1985/87 NCYFS I/1l were rounded to the nearest whole
mm, whereas skinfold thicknesses in 2012 NNYFS were

measured to the nearest fenth of a mm. This difference
should not have a large influence on the comparability of
the two datasefs. Thus, the procedures in the 1985/87
NCYFS I/1l and the 2012 NNYFS were considered to be
sufficiently comparable [18-20].

Among a fotal of 9,738 participants, 369 (229
from 1985/87 NCYFS | & ll) were excluded because of
missing data and 3 were excluded due fo extremely high
values on skinfoldfat% (91.65%, 95.56%, and 95.56%).
The remaining 9,366 children (8,467 children from the
1985/87 NCYFS | &I, 50.28% boys, and 899 children
from the 2012 NNVYFS, 49.39% boys) aged 8 to 15
years were included in the analysis.

Both 1985/87 NCYFS /Il and 2012 NNYFS
studies were approved by their corresponding Research
Ethics Review Board. This study used de-identified public
dota and was deemed exempt from human subjects
review by the University of lllinois at Urbana-Champaign
Institutional Review Board.

Statistical analyses

Descripfive stafisfics for BMI, height, weight, skinfoldHai%,
subscapular skinfold and triceps skinfold were computed. The
prevalence of BMibased obesity in 1985/87 and 2012
was analysed and compared. Shifting patterns of BMI, height,
weight, skinfoldfat%, subscapular skinfold and triceps skinfold
were examined by age and sex. Since those variables were
not normally distributed across age and sex according to the
Kolmogorov-Smimov fest, a nonparametric statistical test (i.e.
WilcoxonMannWhitney test] was used 1o fest the statistical
significance on the mean differences of BM\, height, weight,
skinfoldfat%, subscapular skinfold and friceps skinfold from
1985/87 and 2012. Since data of 1985/87 were self-
weighted, o perform the mean difference tests and the BMI-
based obesity prevalence changes fests, only unweighted
data of 2012 were used. Since analyses of shifting patterns
were conducted by age and sex separately, adjustments for
age and sex were not necessary. Finally, using values of 25",
50" and 75" percentiles of BMI, height, weight, skinfold-
fat%, subscapular skinfold and triceps skinfold in 1985,/87
NCYFS I/1l as the baselines or cutoff reference standards,
the corresponding measurement variables' disfribution in
the 2012 NNVYFS, ie., % of the participants in each of
quartiles based on the 1985,/87 percentile cutoff standards,
were calculated. Stafistical analyses were conducted using
SAS version 9.3 software (SAS Insfitute Inc., Cary, North
Carolina). All statistical fests were 2+ailed and used an alpha

level of 0.05.

RESULTS

Of the overall 9,366 participants aged 8 to 15
years, their mean age was 11.5vearold (SD = 2.34),

Shifting Patterns of BMI and Skinfold Fatness



"\

chph

ORIGINAL ARTICLES

and 4,685 were girls and 4,681 were boys. Table 1
reports descriptive stafistics on means and standard errors
of BMI, height, weight, skinfoldfat%, subscapular skinfold
and friceps skinfold on 1985/87 and 2012 years by
age and sex. Overall, except for height, the mean values
of BMI, weight, skinfoldfat%, subscapular skinfold and
friceps skinfold had statistically increased from 1985/87
to 2012 for both boys and girls. Almost all boys” BMI and
weight had notably increased from 1985/87 to 2012,
the exceptions were boys ages 8 and 14 years old. Girls'
BMI and weight were found to have remarkably increased
at ages 8, 10 and 12 from 1985/87 to 2012. Boys
ages 8 to 15 had substantially higher skinfoldfai% and

skinfold thicknesses in 2012 than boys in 1985/87.
Additionally, girls ages 8, 10 to 13, and 15 had
significantly higher skinfoldfat% and skinfold thicknesses in
2012 than girls in 1985/87.

Table 2 reports the comparison results of BMl-based
obesity prevalence from 1985/87 to 2012 by age and
sex. The overall BMI-based obesity prevalence in 1985/87
was 7.62% (95% Cl = [6.82-8.42]) for boys and 7.09%
(6.32-7.87) for gifls. In contrast to boys" and girls" in
1985/87, the weighted BMIbased obesity prevalence
was higher for both boys (19.74% [14.80-24.67]) and
girls {10.62% [10.60-10.63]) in 2012. Among those,

the prevalence of BMlbased obesity was substantially

TABLE 1. Descripfive statistics of BMI, height, weight, skinfold-fat%, subscapular skinfold and triceps skinfold by age and sex (Mean (SE))

BOYS
BMI Height Weight Skinfold-fat% Subscapular Triceps
Year Age (yr.) n
(kg/m?) (mm) (kg) (%) (mm) (mm)
560 17.00(0.12) 132.24(0.27) 29.93(0.28) 17.10(0.33) /.48 (0.21) 10.84 (0.22)
9 578 17.60 (0.13) 137.30 (0.25) 33.39(0.31) 18.81(0.36) 8.34 (0.24) 12.01(0.24)
10 252 18.05(0.21) 143.21 (0.52) 37.1310.53) 18.97(0.53) 8.23(0.34) 12.24(0.37)
1 544 18.82(0.13 147.22 (0.32) 41.01 (0.39) 18.33(0.41) 8.86(0.27) 12.731(0.27)
1985/87 12 565 19.34 (0.14) 153.15(0.37) 45.61 (0.45) 18.22 (0.41) 8.94 (0.26) 12.52(0.27)
13 582 19.77(0.13) 160.26 (0.38) 51.09 (0.4¢) 16.96 (0.35) 8.55(0.21) 11.38(0.25)
14 575 20.88 (0.15) 166.83 (0.36) 58.37(0.54) 15.15(0.41) 9.40 (0.206) 10.68 (0.25)
15 581 21.55(0.15) 172.01 (0.33) 63.87(0.52) 15.04 (0.39) 9.49(0.21) 10.42 (0.26)
Overall | 4237 | 19.22(0.06) 152.29 (0.24) 45.76(0.24) 17.19(0.14) 8.70 (0.09) 11.54 (0.09)
8 57 | 18.19(0.47)* | 132.48(0.81) | 32.23(1.06) | 20.77(1.15)* | 9.60(0.77)* | 13.18(0.80)*
9 48 18.63 (0.48)* 132.19(0.92) | 33.05(1.25)* | 22.63(0.92)* | 11.19(0.78)* | 15.09 (0.74)*
10 55 19.58 (0.68)* 137.52 (1.04) | 37.53 (1.65)* | 23.02 (1.47)* | 10.72(0.97)* | 14.93 (1.03)*
11 48 18.83 (0.69)* | 136.93 (1.23)* | 35.79(1.65)* | 23.53 (1.32)* | 12.22(1.08)* | 15.90 (1.11)*
lzlg\]lv;ighied 12 72 20.03 (0.61)* | 142.78 (0.97)* | 41.33 (1.60)* | 24.45(1.40)* | 11.76(0.96)* | 15.72(0.96)*
13 54 19.54(0.51)* | 144.18 (0. QQ)* 41.21 (1.45)* | 24.22(0.96)* | 12.77(0.91)* | 15.99 (0.69)*
14 57 | 20.36(0.56) | 150.80(1. 46.92 (1.76) | 22.05(1.18)* | 11.49(0.82)* | 14.49 (0.73)*
15 53 20.41 (0.57)* 151.31 (0. Q]) 47.20 (1.62)* | 24.26 (0.90)* | 12.91(0.77)* | 15.72(0.73)*
Overdll | 444 | 20.92(0.22)* 153.55(0.75] | 50.74(0.85)* | 22.03 (0.49)* | 11.64(0.32)* | 14.35(0.32)*
8 57 18.23 (0.45) 132.82 (0.73) 32.42(1.02) 20.76 (1.06) ?.34 (0.71) 13.35(0.75)
9 48 19.95(0.72) 137.95(1.08) 38.53 (1.76) 24.44 (1.66) 11.41(1.07) 16.22(1.19)
10 55 19.90 (0.65) 142.62 (0.99) 41.05(1.72) 24.33(1.47) 11.80(0.99) 15.60(1.01)
11 48 20.21(0.59) 150.75(1.19) 46.62 (1.89) 22.15(1.23) 11.47(0.86) 14.66 (0.78)
%ﬁighhd 12 72 21.62(0.52) 156.38 (0.97) 53.33 (1.55) 24.85(1.38) 13.25(0.92) 16.38 (0.89)
13 54 21.99(0.64) 164.81 (1.07) 50.77(1.89) 21.86(1.53) 11.73(0.98) 14.17(1.00)
14 57 21.44(0.57) 168.63 (0.86) 61.39(2.00) 18.45(1.31) 11.04 (0.84) 12.74(0.75)
15 53 22.99(0.57) 173.67 (1.10) 69.65 (2.01) 20.51 (1.33) 12.62(0.84) 13.44(0.78)
Overdll | 444 20.83(0.22) 153.51 (0.74) 50.44(0.83) 22.34(0.50) 11.68 (0.33) 14.69(0.33)

Notes: IndividuaHevel data (N = 9,633) came from 1985,/87 NCYFS I/Il and 2012 NNYFS. Standard errors (SE] are in parentheses; Means and SE

were weighted to the US population for weighted 2012 NNYFS; * P < 0.05
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varied across different ages for both boys and girls. The
BMI-based obesity prevalence in 1985/87 ranged from
5.50% to 10.38% for boys and from 4.02% to 9.14%
for girls. The weighted BMl-based obesity prevalence in
2012 year ranged from 16.96% to 25.25% for boys and
7.08% to 14.80% for girls. Among all ages and sexes,
Q-yearold boys (increased by 143.26% relatively which
was caleulated by (25.25-10.38)/10.38) and 15-year-
old girls [increased by 200.20%) had the significantly
highest increase from 1985/87 to 2012. Overall, more
boys (increased by 159.06%) are becoming obese than
girls (increased by 49.79%) from 1985/87 to 2012.
Table 3 reports the descriptive values of 25", 50"
and 75" percentiles of BMI, height, weight, skinfold-at%,
subscapular skinfold and triceps skinfold in 1985/87 by

age and sex, which were applied to the 2012 survey as

cutoff reference standards fo estimate shifing patterns of
measures from 1985/87 to 2012.

Table 4 reports the percentages of BMI, height
and weight in 2012 by age and sex according to the
quartiles of the cutoff standards in 1985/87. If there is
no change/shifting, all distributions of the four quartiles
in 2012 should be 25% as they were in the 1985/87
survey. If there is a shifting, but a balanced one, then,
there should be a decreased or increased percentage in
the 1¢ quartile, no change in the 2 and 3 quartiles, but
a corresponding increased or decreased percentage in
the 4" quartile. However, Table 4 illustrates unbalanced
shifting patterns from the lower quartiles to the higher
quartiles. For example, BMI in the 4" quartile had the
highest percentage compared with the other three quartiles

for both boys and girls (44.15% [39.94-48.36]; 39.16%

TABLE 1. Descriptive statistics of BMI, height, weight, skinfold-fat%, subscapular skinfold and triceps skinfold by age and sex (Mean (SE))

GIRLS

8 569 | 17.18(0.13) | 131.57(0.26) | 29.94(0.29) | 20.13(0.31) | 9.29(0.26] | 13.57(0.23)

9 597 | 17.75(0.14) | 137.27(0.27) | 33.74(0.34) | 21.41(0.34) | 10.32(0.29) | 14.48(0.26)

10 289 | 18.12(0.19) | 143.93(0.47) | 37.70(0.51) | 20.25(0.39) | 9.26(0.30) | 13.57(0.32)

1 551 | 19.23(0.15) | 149.14(0.32) | 43.03(0.44) | 21.41(0.31) | 10.46(0.25) | 14.13(0.25)

1985/87 12 551 | 19.92(0.16) | 154.60(0.32) | 47.79(0.46) | 22.06(0.30) | 10.87(0.24) | 14.49(0.26)
13 533 | 20.53(0.16) | 158.43(0.30) | 51.61(0.46) | 23.22(0.32) | 11.57(0.26) | 15.51(0.27)

14 572 | 20.99(0.14) | 161.22(0.27) | 54.49(0.38) | 24.17(0.29) | 12.19(0.25) | 16.20(0.25)

15 568 | 21.79(0.15) | 162.16(0.29) | 57.28(0.45) | 25.36(0.28) | 12.87(0.24) | 17.30(0.26)

Overall | 4230 | 19.50(0.06) | 150.01(0.20) | 44.76(0.21) | 22.38(0.11) | 10.95(0.09) | 14.99 (0.09)

8 64 | 21.69(0.57)* | 156.10(0.95) | 53.35(1.67)* | 24.36(1.41)* | 13.18(0.94)* | 15.86(0.90)*

9 47 | 21.53(0.52) | 154.52(1.07) | 51.82(1.52) | 26.28(1.04] | 14.54(0.88)* | 17.58(0.88)

10 62 | 22.32(0.69) | 164.84(1.11) | 60.84(2.12)* | 22.13(1.52)* | 12.02(0.97)* | 14.24(1.00)*

1 61 | 21.43(0.49) | 159.93(0.92)* | 55.03 (1.49)* | 26.62 (0.91)* | 14.32(0.79)* | 17.89 (0.80)*

gg‘]”;igh'ed 12 60 | 22.01(0.60)* | 168.82(0.85) | 63.11(2.05/* | 19.36(1.37)* | 11.59(0.87)* | 13.23 (0.79)*
13 60 | 22.14(0.47) | 161.50(0.81) | 57.97(1.51) | 27.17(0.78)* | 14.47(0.75)* | 18.50 (0.69)*

14 65 | 22.81(0.57)* | 173.01(1.13) | 68.66(2.06) | 19.60(1.32)* | 12.25(0.83)* | 12.79 (0.78)*

15 36 | 22.67(074) | 160.93(1.07) | 58.64(1.97) | 27.49 (1.09)* | 15.20(0.95)* | 18.37(0.97)

Overall | 455 | 20.59(0.20)* | 149.94(0.60) | 47.30(0.69)* | 25.20(0.35)* | 13.38(0.31)* | 16.82(0.29)*

8 64 | 18.03(0.44) | 131.67(0.86) | 31.63(1.10) | 21.73(0.86] | 10.371(0.75) | 14.50(0.65)

9 47 | 18.58(0.60) | 135.95(1.20) | 34.80(1.50) | 23.55(1.26] | 11.86(1.00] | 16.19(1.07)

10 62 | 19.29(0.51) | 143.69(0.95) | 40.33(1.39) | 23.74(0.97) | 12.12(0.86) | 15.96(0.72)

1 61 | 19.94(0.51) | 151.00(0.90) | 45.88(1.49) | 24.27(0.88) | 12.65(0.76) | 15.95(0.71)

%ﬁigh"*d 12 60 | 21.28(0.49) | 154.33(1.11) | 51.15(1.50) | 26.39(1.05] | 14.421(0.86) | 17.90(0.92)
13 60 | 21.71(0.48) | 160.30(0.98) | 56.09(1.54) | 27.20(0.91] | 14.46(0.78) | 18.69(0.82)

14 65 | 22.09(0.47) | 161.55(0.78) | 57.88(1.50) | 27.40(0.77) | 14.471(0.74) | 18.87(0.68)

15 36 | 22761079 | 161.23(1.11) | 59.17(2.21) | 27.50(1.10) | 15.30(0.97) | 18.29(0.9¢)

Overall | 455 | 20.38(0.20) | 149.78(0.61) | 46.81(0.70) | 25.15(0.35) | 13.12(0.30) | 17.00(0.29)

Notes: IndividuaHevel data (N = 9,633) came from 1985,/87 NCYFS /Il and 2012 NNVYFS. Standard errors (SE) are in parentheses; Means and SE

were weighted fo the US population for weighted 2012 NNYFS; * P < 0.05
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TABLE 2. The comparison of BMI-based obesity prevalence in 1985/87 and 2012 by age and sex.
BOYS OBESITY, % (95% Cl) GIRLS OBESITY, % (95% Cl)
AGENR) | 1985/87 | ymchees | weowe | P YAE 1985/87 | uweonen | weiowte | P VALE
8 (7.2%2%1.09; (l 0.31]78?,04) 0 2%&?%) 0.008 (0.7?21] T ) [55?2%?58] (9.797%],85) 0.206
9 (7.8@1%?87] (9.3223823.'32) (6.2285-4245.23) 0.027 (o.cgi?? 16) [4.%2%?07; Uo.%%iw]g,zz) 0.172
10 (A.zgiiséso; i o%tljigg,n) 0 oégiggso) 0.002 (3.762'%7.43; (o.c;7é?2]5?.’28) (1 4]3%3?1,43) 0.013
n 516055 | B14s1se) | 076738 0.205 5727625 | 15853565 | 110527040 0.075
12 (5.8%11] é.AOi (1 5_(2)%82.00) (6. 0361 1) <0.001 1@.2%1158.86; (7.2148'2% o |n 2_]5331?3_08) 0.040
13 Bésras | 1133581 | 8333003 <0.001 wsosas | 0385508 | 7072 0.931
14 wSiosa | 13393874 | (6énsase <0.001 paitey | 1050 | v dien 0.171
15 (3,505578.5@; (6.23]7632%5.309) (é.@@?%é%) 0.002 3. e ) | J&Q%?sm 0 4.]71?91.87) 0.003
Overall 665842 | 17363473 | 114802467 <0.001 65787 | nodaidao | 110605663 | <000

Notes: IndividuaHevel data (N = 9,633) came from 1985,/87 NCYFS | & Il and 2012 NNYFS. 95% confidence intervals are in parentheses

TABLE 3. The 25", 50", 75" percentiles of BMI, height, weight, skinfold-fat%, subscapular skinfold and triceps skinfold for boys

and girls in 1985/87

BMI (KG/M?| HEIGHT (MM) WEIGHT (KG)
BOYS PERCENTILE GIRLS PERCENTILE BOYS PERCENTILE GIRLS PERCENTILE BOYS PERCENTILE GIRLS PERCENTILE
‘(;Sr"; 25n | son | 7sn | 25% | s0m | 750 | 250 | s0n | 75n | 258 | s0m | 7sm | 25 | son | 750 | 250 | son | 7s5m
8 1530 | 1630 | 17.80 | 15.10 | 16.37 | 1860 | 127.00| 132.08 [ 137.16 [ 127.00 | 132.08 | 127.00 | 25.40 | 28.58 | 32.21 | 25.40 | 28.58 | 25.40
9 1560 | 16.83 | 1867 | 1547 | 1683 | 19.13 | 132,08 | 137.16 | 142.24 | 132.08 | 137.16 | 13208 | 28.12 | 32.21 | 3620 | 2767 | 31.75 | 28.12
10 | 1589 | 17.36 | 19.38 | 1601 | 17.61 | 1943 [ 137,16 | 142.24 | 147.32| 13070 [ 143.51 [ 137.16 | 31.30 | 35.38 | 4173 | 32.21 | 36.20 | 3130
1M1 | 1660 | 1820 | 20.16 | 1662 | 1856 | 21.03 | 142.24 | 147.32 [ 152.40 | 143.51 [ 149.20 [ 142.24 | 34.47 | 30.01 | 45.81 | 3583 | 41.73 | 34.47
12 | 1704 | 1844 | 2083 | 1750 | 19.18 | 21.37 [ 14732 | 15240 | 157.48 | 140.86 | 15494 [ 14732 | 38.10 | 4354 | 5171 | 4082 | 4581 | 38.10
13 | 1751 [ 1923 | 2117 [ 1789 | 1995 | 22.51 | 153.67 [ 160.02 | 166.37 | 153.67 | 15875 [ 153.67 | 43.00 | 49.00 | 58.06 | 44.00 | 50.80 | 43.09
14 | 1859 | 2020 | 22.30 | 18.83 | 20.53 | 22.48 | 16129 [ 167.64 | 172.72| 157.48 [ 16120 [ 161.20 | 50.80 | 57.15 | 63.96 | 48.53 | 53.52 | s50.80
15 | 1920 | 2086 | 22.80 | 19.43 | 2128 | 23.30 [ 166.37| 17272 [ 177.80 | 157.48 | 162.56 | 166.37 | 56.25 | 62.14 | 69.40 | 49.90 | 5570 | 56.25
SKINFOLD-FAT% (%) SUBSCAPULAR (MM) TRICEPS (MM)
8 1167 | 1465 | 1885 | 14.53 | 18.08 | 2393 | 500 | 600 | 700 | 600 | 700 | 1000 | 700 | 900 | 1200 [ 900 | 12.00 | 17.00
9 1268 | 1656 | 21.90 | 15.45 | 1970 | 25.14 | 500 | 600 | 900 | 600 | 800 | 1200 | 8.00 | 10.00 | 1500 | 10.00 | 13.00 | 18.00
10 | 1367 | 1656 | 2100 | 1545 | 1890 | 2393 | 500 | 600 | 900 | 600 | 800 | 1000 | 800 | 1100 [ 1500 | 10.00 | 12.00 | 16.00
1 | 1197 [ 1570 | 2185 [ 1635 [ 1970 | 2570 | 500 | 600 | 10.00 | 600 | 800 [ 13.00 | 800 | 11.00 | 16.00 | 10.00 | 13.00 | 17.00
12 | 1197 | 1486 | 2103 | 1723 [ 21.21 | 2514 | 600 | 700 | 1000 | 7.00 | 900 | 1200 | 800 | 11.00 | 1500 | 10.00 | 13.00 | 17.00
13 | 1098 | 1301 | 1935 | 1808 | 2193 | 26.75 | 600 | 700 | 900 | 800 | 1000 | 1400 | 7.00 | 1000 | 1400 | 11.00 | 14.00 | 18.00
14 | 888 | 1181 | 1725 | 1970 | 2320 | 2769 | 600 | 700 | 10.00 | 800 | 1100 [ 1400 | 7.00 | 900 | 1200 | 12.00 | 1531 | 19.00
15 | 987 | 1276 | 1725 | 2121 | 24.55 | 2813 | 700 | 800 | 10.00 | 9.00 | 1200 [ 1500 | 7.00 | 9.00 | 1200 | 13.00 | 16.00 | 2000
Notes: Individuallevel data (N = 8,467) came from 1985,/87 NCYFS | & .

[33.95-44.38], respectively). Regarding boys, the higher
percentages in the 4" quartile were confributed to mainly
from the 1% and 2" quartiles and for girls mainly from the
2" and 3 quartiles. Subgroup variations in age, with the
exception of 14-yearold boys, were also observed, e.g.,
both boys and girls at age 12 had the highest percentages
in the 4" BMI quartile (59.63% [48.12-71.13]; 49.55%

[41.28-57.82], respectively). Shifting patterns among
different measures were distinct from each other, e.g.,
while major shifting patterns were found in both boys' and
girls" weight, the changes in height were relatively small.
Table 5 reports the percentages of skinfold-fat%,
subscapular skinfold and friceps skinfold in 2012 by age
and sex according fo the quartiles of the cutoff standards
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TABLE 4. Boys’ and girls’ percentages of BMI, height and weight in 2012 year across 1985/87 quartiles

BOYS GIRLS
'I ST 2ND 3RD 4TH 'I ST 2ND 3RD 4TH
AGE (YR) QUARTILE (%) QUARTILE (%) QUARTILE (%) QUARTILE (%) QUARTILE (%) QUARTILE (%) QUARTILE (%) QUARTILE (%)
BMI
8 17.22 16.13 26.45 40.20 16.34 23.23 27.53 32.89
(5.51-28.93) (6.50-25.76) (14.05-38.85] | (25.97-54.43) (0.00-32.86) (8.77-37.70) (10.99-44.07) | (19.08-46.70)
9 16.63 10.66 25.15 47.56 21.88 22.51 21.97 33.65
(1.99-31.27) (2.79-18.53) (4.46-45.84) (28.84-66.28) (5.12-38.63) (6.22-38.79) (6.66-37.28) (9.29-58.01)
10 18.23 15.54 22.16 44.07 24.02 18.61 Q.54 47.83
(5.22-31.25) (6.10-24.98) (10.31-34.01) | (26.11-62.03) (7.65-40.40) (12.17-25.05) (0.74-18.35) [32.95:62.70)
1 24.58 11.35 19.47 44.59 27.40 14.50 21.57 36.53
(8.49-40.67) (0.92-:21.79) [5.28-33.67) (34.88-54.31) (11.90-42.91) (6.0622.93) [6.19-36.94) (24.62-48.44)
12 15.82 7.19 17.36 59.63 20.71 12.91 16.83 49.55
(9.8621.77) (0.72-13.67) (7.5527.18) (48.12-71.13) (6.00-35.43) (5.61-20.22) (4.1629.49) (41.28-57.82)
13 8.11 32.82 15.83 43.24 18.01 17.68 25.37 38.94
(0.64-15.57) (14.67-50.97) (5.27-26.40) [30.62-55.87) (5.47-30.56) (6.56-28.80) (14.69-36.06) | (19.71-58.17]
14 24.38 21.67 29.66 24.30 18.19 23.32 25.22 33.27
(10.36-38.40) | (10.03-33.31) | (15.56-43.75) | (10.04-38.55) (3.26-33.12) (9.50-37.15) (9.69-40.75) (23.92-42.61)
15 16.03 14.57 26.59 42.80 27.43 13.95 17.97 40.66
(2.8529.22) (5.05-24.09) (14.78-38.41) | (28.46:57.14) (7.94-46.91) (0.00-28.28) (4.60-31.34) [21.23-60.08)
Overall 17.53 15.67 22.64 4415 21.43 18.55 20.86 39.16
(12.27-22.79) | (11.69-19.65] | (19.0926.20) | (39.94-48.36) (15.61-27.24) | (12.12:24.98) | (16.44-25.28) | (33.95-44.38)
Height
8 10.70 33.79 31.51 23.99 19.23 35.23 17.72 27.81
(0.33-21.07) (21.85-45.74) | (15.2647.76) | (14.02-33.97) (3.48-34.98) (21.41-49.06) (5.68-29.77) (17.85-37.77)
9 22.82 19.05 31.74 26.39 39.27 18.65 20.33 21.74
(9.64-35.99) (5.25-32.85) [16.0647.42) (6.20-46.58) (27.95-50.60) | (10.94-26.37) (7.69-32.97) [5.43-38.006)
10 27.88 20.36 21.93 29.82 32.51 17.69 26.00 23.80
(17.47-38.30) (6.51-34.20) (10.76-33.11) | (16.99-42.66) (17.44-47 .58) (9.94-25.44) (8.91-43.08) (13.35-34.25)
1 10.73 36.27 7.94 45.06 14.66 2413 31.94 29.27
(2.24-19.22) (20.80-51.74) (1.7614.12) [29.82-60.30) (2.01-27.31) (10.10-38.17) | (20.79-43.09) | (13.5544.99)
12 .77 17.23 28.16 42.84 26.46 18.07 20.69 34.79
(1.45-22.09) (3.08-31.38) [7.11-49.20) (31.74-53.95) (16.94-35.98) (4.01-32.13) (6.14-35.24) (18.78-50.81)
13 10.68 18.49 32.60 38.23 16.48 34.14 15.50 33.88
(0.73-20.64) (4.34-32.63) (22.61-42.60) | (21.23-55.22) (6.2526.71) (23.62-44.66) (5.48-25.51) (18.40-49.37)
14 14.86 30.98 31.79 22.37 25.03 22.03 20.97 31.97
(1.7627.97) (14.6647.30) | (14.8648.72) | (13.74-31.00) (14.31-35.76) | (15.49-28.57) | (11.06-30.88) | (24.55-39.39)
15 12.52 32.92 24.33 30.23 25.10 40.46 5.16 29.27
(1.1023.94) (21.59-44.25) | (10.15-38.51) | (12.14-48.32) (5.04-45.16) (19.80-61.13) (0.00-11.74) (11.29-47.25)
Overdll 15.35 25.48 26.50 32.67 24.51 25.51 20.76 29.22
(12.48-18.23) | (20.23-30.72) | (20.40-32.59) | (26.58-38.76) (19.13-29.88) | (20.86:30.16) | (16.44-25.07) | (23.00-35.44)
Weight
8 16.83 18.49 28.39 36.29 20.88 21.24 20.29 37.60
(3.69-29.97) (8.79-28.19) (15.3541.43) | (25.0547.52) (5.86-35.90) (8.02-34.45) (2.12-31.4¢) [23.11-52.09)
9 20.71 12.54 21.36 45.38 21.86 27.73 22.38 28.03
(8.09-33.34) (4.37-20.71) (2.58-40.14) (23.84-66.93) (4.93-38.78) (14.23-41.24) | (11.90-32.87) (9.95-46.10)
10 15.66 19.57 27.79 36.98 29.07 15.66 Q.47 45.80
(4.33-26.98) (6.91-32.22) (12.43-43.16) | (22.22-51.73) (15.73-42.42) (6.28-25.04) (0.77-18.18) [31.22-60.38)
1 20.76 21.11 Q.42 48.70 16.36 22.42 23.71 37.51
(4.95-36.57) (5.00-37.23) (0.00-19.3¢) (34.83-62.58) (0.00-33.08) (6.35-38.49) (7.67-39.75) [22.55-52.47)
12 14.56 11.04 17.97 56.43 16.63 19.60 17.00 46.77
(8.87-20.25) (2.11-19.97) (6.05-29.89) (44.02-68.84) (4.58-28.67) (10.52-28.69) (4.73-29.28) [36.53-57.00)
13 5.02 11.68 39.55 43.76 16.71 24.85 18.84 39.60
(0.00-10.88) (3.1920.18) (23.24:55.85) | (28.10-59.41) (1.68-31.73) (13.02-36.68) (6.27-31.42) (19.38-59.81)
14 26.74 24.36 20.86 28.05 16.08 30.99 28.02 24.91
(7.7045.77) (11.37-37.3¢) (8.70-33.01) (13.14-42.95) (4.15-28.01) (15.83-46.15) | (13.49-42.55) | (18.11-31.70)
15 18.89 8.91 27.74 44.45 20.44 26.29 18.90 34.37
(1.44-36.34) (0.71-17.11) (16.11-39.38] | (30.52-58.39) (5.67-35.22) (13.51-39.07) (0.81-36.99) [12.83-55.90)
Overdll 17.30 15.71 23.90 43.08 19.66 23.39 19.89 37.05
(12.2522.36) | (11.90-19.53) | (20.40-27.40) | (38.70-47.47) (13.2626.07) | (17.99-28.80) | (13.8825.90) | (31.63-42.4¢)

Notes: IndividuaHevel data (N = 9,633) came from 1985,/87 NCYFS | & Il and 2012 NNYFS. 95% confidence intervals are in parentheses.
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of 1985/87. Similarly with BMI, unbalanced shifting
pattemns in skinfoldfai% were found. Skinfoldfat% in the
4"t quartile had the highest percentage compared to other
quartiles for both boys and girls (49.06% [43.69-54.44];
42.56% [35.10-50.01], respectively). The unbalanced
shifting patterns for boys’ and girls’ skinfoldfat% mainly
occurred from the 1¢ and 2" quartiles to the 4™ quartile
and these patterns differed slightly across different ages
as well. For example, boys age 15 (53.92% [39.35-
68.48)) and girls age 12 (59.53% [46.29-72.78]) had
the highest percentages in the 4" skinfold-fat% quartile, but
the highest percentage in the 4™ skinfoldfat% quartile was
not found for girls ages 8, 11 and 14. Similarly, the higher
percentages in the 4" quartile of subscapular and triceps
skinfold were also found mostly to have shifted from the 1¢
and 2 quartiles.

Table 6 reports the BMI-based overweight/obese and
obese percentages in the 4" quartile by age, sex and year.
The reason fo only report the sfafistics in the 4" quartile is
because all overweight/obese children, according fo the
CDC cutoff standards, were falling info the 4" quartile
for both 1985/87 and 2012. Regarding boys, the
percentoge of overweight/obese in the 4" quartile had
changed from 81.10% to 90.88% from 1985/87 to
2012 and corresponding changes for obese were 30.67%
to 59.93%, respectively. Similarly, for girls, overweight/
obese percentages in the 4" quartile had changed
from 84.35% to 86.09% from 1985/87 to 2012
and corresponding changes for obese were 28.46% to
37.77%, respectively. Boys age 14 (76.22% to 94.28%)
and girls age 15 (71.63% to 87.58%) had the highest
increase in overweight/obese percenfages from 1985/87
to 2012 compared fo other age subgroups. Generally,
especially for boys, the percenfages in overweight/obese
and obese subgroups were notably higher for the children

in 2012 compared to 1985/87.

DISCUSSION

Using data from two nationally representative surveys,
the 1985/87 NCYFS | & Il and the 2012 NNYFS,
this study examined the changes of BMIbased obesity
prevalence and investigated the shifting patterns of BMI and
skinfoldfat% among children age 8 to 15 from 1985/87
to 2012. From 1985/87 to 2012, the BMlbased obesity
prevalence of boys and girls had increased by 159.06%
and 49.79%, respectively, which shows more boys were
becoming obese than girls over the past decades. A
similar study [17] reported a significant increase in BMI
from 1999-2000 to 2009-2010 in adolescent males,
but not in females. The higher observed increased BMI-
based obesity prevalence for boys compared to girls was
consistent with similar finding from previous studies in
other countries, such as China [23], India [24] and other
European countries [25].

The unique aspect of this study was to examine the
obesity shifting patterns of 2012 NNYFS by using the
quartiles of the 1985/87 NCYFS | &Il as the baselines. If
the increase is "balanced”, one should see a percentage
decrease in the first quartile, no percentage change in the
2" and 3 quartiles and the same percentage increase
in the 4" quartiles since the moved-out percentages
to the upper quartile should be filled by the moved-in
percentages from the lower quartiles. The findings were
that the unbalanced shifting patterns occurred with two
interesting features: 1) there is a skewed shifting mainly
to the 4" quartile subgroups of overweight and obese
and 2) there is a slight sex difference in terms of shifting,
with the higher percentages in the 4" quartile contributed
mostly from 1 and 2 quartiles for boys, but from the 2
and 3¢ quartiles for girls. The observed results of shifting
patterns from the lower quartiles to the highest quartile
were supported by similar findings that decreased
prevalence of underweight and increased prevalence of
overweight in the past decades were found for children
and adolescents in the U.S. [26], China [26], ltaly [27]
and Indonesia [28].

Another disfinctive aspect of this study is that the
reason for BMI shiffing was examined simultaneously.
Except for height, children’s other measures |(including
weight, subscapular skinfold and triceps skinfold) in 2012
experienced an unbalanced shiffing mainly into the 4"
quartile compared with children in 1985/87. Thus, it is
the weight, not the height, which made the BMI skewed
shifting happened. This is consistent with the finding of an
earlier study that children and adolescents’ weight had
increased @ pounds from 1963/65 to 1999-2002 [17].

Moreover, the skewed shiffing of BMI is further
confirmed or crossvalidated by skinfolds, another fatess
measure employed in this study. Both boys and girls
were found to have the highest percentoges in the 4"
quartile of skinfoldfai% and skinfold thicknesses in this
study. The skewed shifting patterns of skinfoldfai% and
skinfold thicknesses mostly contributed from the 1+ and
2" quartiles, which indicafes the number of boys and
girls that are overweight or obese substantially increased
from 1985/87 to 2012. These findings are consistent
with results from Olds et al. [13] that U.S. children and
adolescents had a constant increasing rafe trend of 1.02%
body fatness, 0.6 mm on subscapular skinfold, and
0.38 mm on friceps skinfold per decade from 1956 to
2000. It should be noted that skinfoldfat% values varied
considerably between boys and girls across all the ages (8
fo 15). Boys aged @ to 12 years and girls aged 10 to 12
years had higher increments in skinfold-fat% from 1985/87
to 2012. These results are consistent with studies [29,30]
that boys around age 12 had the highest skinfold fatess
during their growth and development stage, and girls
around age 10 gained more skinfold fatness compared
with younger girls. Additionally, the finding of boys" higher
percentages than girls in the 4™ quartile of skinfoldfat%
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TABLE 5. Boys’ and girls’ percentages of skinfold-fat%, subscapular skinfold and triceps skinfold in 2012 year across

1985/87 quartiles
BOYS GIRLS
AGE 'I ST 2ND 3RD 4TH 'I ST 2ND 3RD 4TH
(YR.) QUARTILE (%) | QUARTILE (%) | QUARTILE (%) | QUARTILE (%) QUARTILE (%) | QUARTILE (%) | QUARTILE (%) | QUARTILE (%)
Skinfold-fat%

8 4.08 21.13 21.35 53.45 11.74 16.98 36.78 34.50
(0.009.59) (10.35-31.90) (7.52-35.18) (36.99:69.90) (1.11-22.37) (5.26-28.70) (25.3048.206) (19.94-49.06)

9 11.81 12.89 24.82 50.48 19.63 23.64 13.51 43.22
(0.59-23.03) (3.69-22.10) (8.71-40.92) (32.0568.90) (5.06-34.20) (13.78-33.50) (3.32-23.70) (22.8363.61)

10 19.09 12.78 17.96 50.17 12.11 20.09 19.91 47.88
(5.76-32.42) (6.67-18.89) (6.67-29.25) (33.98-66.3¢) (5.06-19.1¢) (4.20-35.99) (9.80-30.03) (30.98-64.78)

n 12.84 15.44 25.71 46.02 14,42 11.62 39.40 34.56
(0.38-25.29) [5.19-25.69) (11.49-39.93) (31.86:60.18) (4.0624.77) (1.74-21.49) (23.56-55.25) (21.87-47.25)

12 7.24 19.53 20.58 52.65 17.18 16.01 7.28 59.53
(1.15-13.33) (8.85-30.22) (10.46-30.69) (39.18:66.12) (6.31-28.04) ([4.91-27.11) (0.05-14.50) (46.29-72.78)

13 4.42 22.45 29.52 43.61 6.44 17.05 28.92 47.58
(0.00-10.17) (6.25-38.66) (11.9047.14) (24.67-62.55) (0.00-16.73) (7.21-26.90) (11.49-46.306) (25.28-69.88)

14 2,13 28.99 28.91 39.98 5.27 27.07 37.25 30.41
(0.00-6.45) (16.8041.18) (15.59-42.22) (24.8555.11) (0.00-10.68) (12.90-41.24) (23.04-51.406) (17.60-43.21)

15 11.93 12.30 21.85 53.92 17.43 16.12 20.67 45.79
(0.79-23.06) [5.26-19.35) (10.80-32.91) (39.3568.48) (0.00-34.8¢) (0.00-34.32) (6.46-34.87) (26.98-64.61)

Overall Q.22 18.20 23.52 49.06 12.51 18.70 26.23 42.56
era (5.40-13.04) (14.29-22.10) (19.82-27.23) (43.69-54.44) (8.18-16.84) (15.50-21.90) (21.05-31.42) (35.10:50.01)

Subscapular
skinfold

8 12.05 17.89 9.93 60.13 20.00 15.32 28.43 36.26
(3.63-20.47) (5.80-29.98) (0.06-19.80) (47 .94-72.32) (8.62-31.37) (3.97-26.67) (16.1540.71) (20.79-51.73)

9 11.57 8.36 33.60 46.47 10,34 39.58 14,31 35.78
(0.00-25.1¢) [0.59-16.14) (16.25-50.94) (28.3564.59) (0.00-21.69) (23.34-55.82) (2.47-26.14) (12.01-59.54)

10 4.58 18.16 28.36 48.90 14.88 23.12 14.03 47.97
(0.00-11.03) (3.65-32.67) (15.41-41.32) (34.17-63.62) (3.55-26.22) (7.80-38.45) (1.86-26.19) (29.70:66.24)

n 57 15.11 34.33 44.84 5.89 22.10 31.43 40.57
(0.00-14.61) (2.84-27.38) (20.75-47.91) (33.24-56.44) (0.02-11.77) (8.39-35.81) (18.50-44.37) (26.20-54.94)

12 11.90 11.63 27.29 49.18 14.11 14.74 16.82 54.34
(4.64-19.17) (4.42-18.83) (16.54-38.04) (35.76:62.60) (1.43-26.79) (3.49-25.98) (5.57-28.06) (41.43-67.24)

13 19.03 8.96 31.83 40.19 10.07 12.85 37.68 39.40
(12.32-25.73) (0.00-18.27) (16.69-46.96) (24.72-55.65) (1.13-19.01) (6.82-18.88) (23.18-52.19) (22.97-55.83)

14 5.65 20.55 35.57 38.23 6.82 22.21 32.59 38.39
(0.00-11.90) (8.68-32.42) (19.12-52.02) (22.10-54.36) (0.79-12.84) (9.10-35.31) (17.44-47.73) (25.69-51.10)

15 13.08 12.43 21.32 53.17 6.14 36.72 17.64 39.50
(0.00-27.29) (2.14-22.72) (11.30-31.34) (38.36:67.97) (0.00-15.55) (11.49-61.94) (0.54-34.74) (20.32-58.68)

Overall 10.43 14.08 2772 47.78 11.25 22.18 24.80 41.77
era (8.23-12.63) (9.66-18.50) (23.90-31.53) (42.92-52.63) (7.34-15.17) (17.42-26.94) (19.49-30.11) (35.39-48.14)

Triceps skinfold

8 9.38 15.73 30.21 44.68 8.23 27.19 40.72 23.87
(2.38-16.37) [5.96-25.49) (17.17-43.25) (28.98-60.39) (1.03-15.43) (15.89-38.48) (29.43-52.02) (10.06-37.67)

9 13.34 14.55 27.14 44.97 21.67 20.17 20.74 37.42
(2.1624.51) (3.63-25.48) (8.53-45.74) (23.37:66.58) (6.91-36.43) (11.12:29.22) (10.50-30.98) (16.98-57.85)

10 8.01 28.81 18.78 44.40 10.79 25.04 14.99 49.18
(0.00-18.45) (11.83-45.79) (4.59-32.97) (27.17-61.63) (3.18-18.41) (10.97-39.12) (6.46-23.51) (33.12:65.25)

n 11.37 20.10 34.03 34.50 12.08 17.81 34.32 35.79
(0.00-23.50) (6.96-33.25) (21.3546.71) (17.33-51.67) (0.82-23.34) (8.62-27.00) (18.01-50.63) (22.19-49.39)

12 11.85 21.21 16.43 50.51 16.62 11.98 17.08 54.32
(5.03-18.66) (11.71-30.72) (9.04-23.82) (36.59-64.44) (5.05-28.18) (3.68-20.28) (4.93-29.23) (36.78-71.86)

13 11.32 28.30 19.89 40.49 12.64 7.31 31.98 48.07
(0.00-22.69) (8.20-48.40) (6.97-32.81) (20.77-60.21) (1.95-23.33) (1.78-12.84) (14.26-49.70) (24.32-71.82)

14 7.57 30.21 17.21 45.00 6.01 29.05 26.90 38.04
(0.99-14.16) (11.78-48.65) (4.45-29.97) (27.7562.24) (0.92-11.10) (13.01-45.08) (14.68-39.13) (20.57-55.51)

15 10.21 24.41 10.27 55.12 20.65 16.66 22.98 39.72
(0.00-21.20) (17.33-31.48) (2.39-18.15) (37.97-72.26) (4.50-36.80) (4.58-28.74) (6.58-39.37) (16.74-62.69)

Overdll 10.41 22.93 21.22 45.45 12.85 19.72 26.49 40.94
era (6.62-14.19) (18.22-27.64) (18.69-23.75) (38.87-52.02) (8.04-17.67) (16.34-23.11) (21.08-31.90) (32.88-48.99)

Notes: Individualevel data (N = 9 633) came from

1985,/87 NCYFS | & Il and 2012 NNVYFS. 95% confidence infervals are in parentheses.
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TABLE 6. The BMI-based overweight/obese and obese percentages in the 4* quartile by age, sex and year.
BOYS (%) GIRLS (%)
OVERWEIGHT/OBESE OBESE OVERWEIGHT/OBESE OBESE
Age (yr.) 1985/87 2012 1985/87 2012 1985/87 2012 1985/87 2012
8 83.94 @3.50 39.42 59.54 98.59 100.00 36.62 44.68
9 Q3.71 0.43 41.96 52.13 93.96 95.34 35.57 50.33
10 87.30 87.36 30.16 53.11 72.22 74.53 26.39 38.29
11 86.03 ?3.20 29.41 31.18 92.70 92.57 32.12 45.20
12 82.27 89.16 32.62 50.74 82.48 85.15 34.31 34.97
13 68.28 @3.15 22.07 54.66 84.96 ©2.00 25.56 21.99
14 76.22 94.28 27.27 89.16 72.03 72.26 16.08 30.70
15 /7517 88.24 22.76 46.63 71.63 87.58 19.86 47.84
Overdll 81.10 ?0.88 30.67 53.93 84.35 86.09 28.46 37.77

and skinfold thicknesses demonstrated that boys" skinfold
fatness had noticeably increased more than girls" skinfold
fatness from 1985/87 to 2012. The finding of higher
fat accumulation in boys compared to girls over the past
decades was also supported by the Olds et al. study [13]
that increased rafes in body fat percentage were greater
for boys than for girls.

The findings on the changes of BMI-based obesity
prevalence for boys and for girls from 1985/87 to
2012 revedled that there is a significant increase in
childhood obesity from 1985/87 to 2012 especially
for boys. Furthermore, the skewed shifting patterns on
weight, BMI and skinfoldfat% in the 4" quartile suggest
that the significant increase in overweight and obese
prevalence from 1985/87 to 2012 was accompanied
with the decrease in underweight and normal weight
prevalence, which should serve as a serious warning
that the current childhood obesity epidemic confinues
and that its prolonged impact on public health must be
considered. It is commonly believed that less physical
activity and more sedentary behaviour played significant
roles in the observed high BMI, body fatness and obesity
trends [31-33]. Increases in television viewing, computer/
video game playing and the lack of daily physical activity
may have further negative impacts on exercise mofivation
and frigger a higher obesity prevalence [34]. Therefore,
wellness programs are urgently needed tfo better address
the current shifting trend in childhood obesity.

Finally, two limitations of this study need to be noted.
First, only two time points’ data were compared to estimate
changing patterns of BMI and skinfold-fat% from 1985/87
to 2012, which cannot assess a comprehensive frend in
the past decades. Second, although they were validated,
only the field measures of fatness, i.e., weight, BMI and
skinfold, were employed.

In summary, this study examined changes of BMI-
based obesity prevalence and shifting patterns of weight,

BMI and skinfold fatness among children aged 8 to 15
years from 1985/87 to 2012. Significantly increased
BMI-based obesity prevalence was found for both boys
(increased by 159.06%) and girls (increased by 49.79%)
from 1985/87 to 2012. Except for height, all other
measures (including BMI, weight, skinfoldfat%, subscapular
skinfold and triceps skinfold) in 2012 experienced a
skewed shifting, mainly into the 4" quartile established in
1985/87, indicating a significant increase in BMI and
skinfoldfat% not only in U.S. children from 1985/87 to
2012, but also info the overweight and obese subgroups,
which serves as a waming conceming the on-going

childhood obesity epidemic.
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