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Despite the increase in body mass through childhood and adolescence is countered by the increase in height in the Body Mass
Index (BMI), this measure is inadequate for judging the degree of excess weight among the young. Unlike using clearly defined
cut points, same for any stage of adulthood, it is required to consult BMI-for-age charts, which can be a demanding exercise
when data analysis is involved. The waist circumference to height ratio (WCHR) was hypothesised to be invariant to age change,

and this is generally supported by the epidemiological evidence. This paper analyses a sample of NHANES data to find a
connection between BMI, WCHR and Age. A strong linearity between the anthropometric measures is demonstrated, thus
enabling estimation of WCHR for a given BMI and Age. The pattern of change of this parameter at BMI levels that indicate
the transition to overweight state or obesity thus becomes unravelled. The results strongly support the feasibility of a universal

WCHR threshold for the overweight state past early childhood and through adolescence, and the estimated one is similar to the

WCHR levels found elsewhere in the literature.
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1. INTRODUCTION

The industrial automation on a large scale brought about
a drastic reduction in manual labour, including in agricul-
ture. The sedentary lifestyle that had ensued, affordability
and preference of deeply processed, easily digestible food
are the main driving factors of the epidemic of obesity in
developed countries as well as around the world. The obe-
sity is responsible for a range of diseases regarded rare in
the past. Children and adolescents are generally more ac-
tive and have an uncompromised health potential in the face
of challenges presented by various diseases.!!! Therefore,
susceptibility of this cohort of population to metabolic disor-
ders was somewhat overlooked.””3! Nowadays, it is widely
recognised that even in youth the hypertension (HT)™*! and

the type two diabetes (T2DM) can be contracted.”®! More-
over, the current epidemiological research supports the un-
derstanding that obesity in adolescence, but not necessarily
in childhood, is tracking into adulthood; and the same is
true of markers indicating risk of the cardiovascular disease
(CVD) and T2DM.?3! The screen time and the fast food
consumption are two major drivers of obesity in youth.!%7]
Also, a low family income may restrict nutritional choices.®!
Because of the lagging adolescent obesity, another wave of
adulthood obesity,!°! the epidemic that started to show some
signs of abating, especially in developed countries,!'?! can
be expected.

At the same time, the aforementioned socio-economic and
physiological drivers are applied onto causes that predispose
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to obesity. Studies involving twins estimate that 30% to 70%
of obese have a genetic propensity to obesity,!!!! some eth-
nicities more vulnerable than others."'%! There is also a clear
link between the maternal obesity/weight gain at the time of
pregnancy and subsequent obesity of the offspring.l'?! Con-
versely, an under-nutrition on the part of mothers can also
realise as childhood obesity in the offspring.!'?! This type of
life conditioning is known as “fetal” programming, in con-
trast to the genetic programming. Similarly, an exposure to
harsh environment or diet lacking nutrients in childhood can
cause stunting/growth retardation, and otherwise the organ-
ism reprogramming towards a more economical phenotype,
which later in life can exacerbate the consequences of being
overweight.'*! In this connection, at 5-7 years of age the
organism normally reaches certain physiological maturity.
Achieving this earlier was observed to lead to childhood
obesity which also tracks into adulthood. Low weight at
birth persons are especially affected. This has been argued
to be caused by an imbalanced nutrition through the early
childhood, specifically lack of fat in the diet, with preference
given to proteins, particularly using low-fat milk instead of
the whole milk.l'¥!

The prenatal life harbours certain perils which may present
postnatally, and a miscalculated or a restricted nutrition in
the early childhood has consequences for the main part of
it; so, unless all those “turns” are successfully navigated,
the proverbial ball becomes only bigger and little is left for
the adolescence to deal with the problems. Of course, the
genetic factors have a footprint on the entire life. However,
the growth intensity and the diet variability provide a signif-
icant leverage over obesity in childhood years, and even in
adolescence. Clearly, the obesity among young presents a
number of challenges. Little is done to address them. The
existing recipes apply mainly to adulthood.!!!

The body mass index (BMI) calculated as in Equation 1,
accredited to Quetelet, is a standard measure of normal-
ity/excessiveness of the human body weight.[!®]

weight(kg)

BMI (kg/m?) = [height(m)]?

ey
Adult persons are regarded overweight if their BMI is
25 kg/m? or more, and regarded obese if their BMI is
30 kg/m? or more.">! These thresholds are sometimes inter-
preted as cut-off levels triggering indication for treatment by
one or other means.!'>! While there is a strong correlation
of high BMI with various cardiometabolic disorders such
as CVD, HT, and most notably T2DM,>*>! and increased
mortality from these and other causes,!'”! these numbers
are nothing more but a selected by consensus the origin
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(25 kg/m?) and the unit of measure (5 kg/m?) for the exces-
siveness of human body weight. Historically, the 5 kg/m?
is approximately the standard deviation (SD) of BMI distri-
bution in a large population, and 25 kg/m? is approximately
the mean plus SD, so that within one SD of the mean BMI is
regarded normal or healthy.!'%! However, BMI distribution in
the general population is skewed towards higher values.[!8-20]
Therefore, the lower limit of healthy weight is not 15 but
18.5 kg/m? in the general population, and the mean is also
higher than 20 kg/m?. Despite this skewness, the widely
recognised stages of obesity I (30 kg/m?), II (35 kg/m?)
and III (40 kg/m?) are defined in terms of the constant BMI
increment of 5 kg/m?.[1>-17]

WHO SD, & SD, z-score and CDC 85 & 95 percentile unisex lines

,.ﬁﬁﬂ.ﬂ».ﬁ«M,

Age (months)

+CDCBSP  + WHO-SD1 + CDC-95P  » WHO-SD2

Figure 1. WHO and CDC gender-averaged BMI-for-Age
overweight bands

BMI of an average person increases through childhood and
adolescence due to the growth, before stabilising upon reach-
ing the adulthood between 18 and 20 years of age.!'32%! The
distribution of BMI data in childhood and adolescence is
similar to that in adulthood but on a different scale for each
year. CDC (Centers for Disease Control in the US), as of
year 2000, defined BMI between 85 and 95 percentiles of this
distribution for each age as the overweight range, after which
persons are regarded obese and before healthy.?”! Despite
using this definition is mandatory in the US for official busi-
ness,!'% a newer definition was proposed by WHO (World
Health Organisation) in 2007.1"°! In fact, it can be regarded
arevised CDC definition as it is based on the same data. A
caution was taken to use older data, before the epidemic of
obesity. Due to the skewness, percentiles are easier to under-
stand than z-scores (roughly, SD counts) and there are WHO
percentile equivalents. At the same time, retrospectively,
the WHO definition, based on the notion of SD, allows to
connect better to the standard adulthood levels: it is clear
that towards 20 years of age the overweight and obese ado-
lescent boundary curves by WHO attain values close to 25
and 30 kg/m2, respectively, and also level out, which is much
different from what is projected using the CDC definition.
Otherwise, the overweight bands by WHO and CDC largely
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overlay, as evident from Figure 1, where the gender-averaged
bands are compared.

The distribution of data is much more intricate before reach-
ing the age of five years (60 months)!'8! and is not considered
in the present analysis. Children and adolescents 5 to 19
years of age will be collectively referred-to in this text as
juniors. To capture the essence of boundary curve shapes,
it is convenient to subdivide the range into five equal parts,
each three years long.[?!! Indeed, either boundary in the
WHO interpretation has three distinct stages. A short pick
up stage in the vicinity of five years, a long growth segment,
and a shorter stabilisation segment (see Figure 1). At least
two more connecting segments are required for a smoother
transition between stages, and to accommodate their different
durations. Also, there are gender differences. By linearly
fitting the pooled male and female data in each segment,
using the least squares,??! trends in the BMI growth can be
ascertained. A continuity is achievable by using mean values
at junction points, but only a small adjustment was required.
Also, to achieve a better, the junction as well as the fit, the
segment bounds were stretched by one month, where possi-
ble, when acquiring the data. To match the adulthood levels
of overweight and obesity with junior corresponding levels
at twenty years (240 months), only a slight shift by BMI was
then required, which can be assumed being inconsequential
for boundary shapes. This made possible representing the
boundaries with piece-wise-linear curves, with BMI values
at junction points collated in Table 1.

Table 1. Piece-wise-linear approximation break point BMI
(kg/m?) values for selected boundaries

Month  Healthy  Right Overweight Obese (1)
60 12.95 14.47 15.99 18.28
96 13.24 14.95 16.85 19.91
132 14.32 16.34 18.80 22.94
168 16.19 18.62 21.64 26.60
204 17.69 20.45 23.80 28.95
240 18.50 21.50 25.00 30.00

Included in this table is also the healthy limit and the “right”
(mean) level of BMI (tracing the WHO SDg curve). The
right BMI is assumed to be 21.5 kg/m? at 20 years,>>! which
guidelines do not specifically quote, but the female data most
closely match the adult thresholds overall, and this value
is set accordingly. The piece-wise-linear-approximate, any-
gender overweight and obese boundaries in the Age - BMI
space, adjusted to match adult levels at 20 years, are shown
in Figure 2 together with the gender-specific boundaries ac-
cording to WHO. Despite the shift to match the adult levels,

Published by Sciedu Press

and despite being gender-indiscriminate, the approximation
can be described as fair throughout, with differences at any
point no more than 1.2 kg/m?.

WHO SD; & SD, curves and adult-matched piece-wise-linear approximation

Girls-SD1 Girls-SD2

Boys-SD1

BOysSD2 == Overweight —=—s=Obese

Body Mass Index (kg/m?)

80 100 120 140 160 180 200 220 240
Age (months)

Figure 2. WHO overweight (SD;) and obese (SD5)
BMI-for-Age levels by gender, and the proposed
adult-matched, unisex approximation

The waist circumference to height ratio (WCHR), calcu-
lated as in Equation 2, is an emergent measure of nor-
malcy/excessiveness of the human body weight, which
demonstrates a better utility than BMI in diagnostic of a
range of cardiometabolic disorders.!>*!

WCHR(%) = _WC (em)

= 100
height (cm) %

2
Here, WCHR is calculated as percentage to force it into a
similar value range as BMI and Age, with numbers in this
format better perceived; however, this interpretation is not
unprecedented.!'! It has been proposed that fixed values of
WCHR can serve the purpose of indexing obesity in child-
hood, adolescence and adulthood alike, by analogy with BMI
levels applicable only to adulthood. Particularly, WCHR lev-
els of 40%, 50% and 60% were proposed for individuals of
five years of age or older in the capacity of thresholds akin to
the adult BMI levels of 20 kg/m?, 25 kg/m? and 30 kg/m?.[2%]
Note that WCHR and BMI are different measures, and each
indexing system has its own right. Yet, it is important to
know how these different measures conform to each other,
and to verify whether the concept of fixed WCHR values
for obesity indexing is applicable to the junior contingent of
population. This study seeks to address these agendas.

2. DATA

The required information is routinely captured for the
US National Health and Nutrition Examination Survey
(NHANES),?®! which is a continuing project coordinated
by CDC. Subsets corresponding to five consecutive child-
hood/adolescence stages, as defined in Table 2, were ex-
tracted from a recent NHANES instalment of data (2013-
2014) to test the coherence between obesity indices by age

3



www.sciedupress.com/jbei

Journal of Biomedical Engineering and Informatics

2018, Vol. 4, No. 1

frame.

Table 2. Junior respondent age frame descriptors and
statistics

Age” frame Population (n) Females (%)
05+ 647 47
08+ 593 48
11+ 545 49
14+ 545 51
17+ 453 51

Note. *Three-year frames commencing the year noted.

The means and one SD corridors of the apropos anthropo-
metric features through time are plotted in Figure 3 for the
data where the attribute values were all known.

GIRLS : HEIGHT (CM) BOYS : HEIGHT (CM)

1800 1700+ 1821
- P 1718~ 1740
1628 i:z; mis 1663 “164.9--165.8
1547 _154.6 1555 156.4
1473 1467 = 145.9
138.1 140 137.5
274 7 1289 1304 129.0, 120.1
1194 1200 1211
114 o 1132

146.4

BOYS : WEIGHT (KG)

652 661 66.7
57.5
499 500  49.9

Figure 3. Means and standard deviation ranges of
anthropometric features by age frame

The age frame specific means and one SD ranges of obesity
measures derived from the anthropometric features depicted
in Figure 3 are plotted in Figure 4, illustrating dynamics of
the derived measures.

With exception of height, diversity of the data depicted in
Figures 3 and 4 is increasing with age. This is noteworthy
because in adults the variation is instead decreasing with

4

age,'”’l which may be a result of the composite effect of
obesity survival.'”! Despite the diversification, the uncom-
promising nature of height!>8! imparts certain stability to
both BMI and WCHR. The stability is desirable of a mea-
sure. Nonetheless, having compared the results of either
measure relative SD averaging over all age categories in both
genders, WCHR appears to be 39% better than BMI in that
sense. BMI is expected to increase with age!'8! and WCHR
presumably not.?>! If the latter holds, this also adds, if not
stability, then impartiality to WCHR — a sought after property
of a measure. Indeed, as evident from Figure 4, WCHR is
increasing at much slower a rate than BMI. However, this
seems extraordinary. As seen in Figure 3, weight, waist cir-
cumference and height are all increasing with age. Therefore,
BMI and WCHR, given by Equations 1 and 2, respectively,
should be both held in check; and all other conditions equal,
more so BMI than WCHR.

GIRLS : BMI (KG/M?) BOYS : BMI (KG/M?)

300 309

25.0 26.0 230

217 200 196 19.5

200 199
295 18.4 18.1 16.8 162

17.0 4
163 150 14.6
150 f—a 4 14.9 14.0

10.0 10.0
05+ 08+ 11+ 14+ 17+ 05+ 08+ 11+ 14+ 17+

GIRLS : WCHR (%) BOYS : WCHR (%)

05+ 08+ 11+ 14+ 17+ 05+ 08+ 11+ 14+ 17+

Figure 4. Means and standard deviation ranges of derived
anthropometric features by age frame

3. METHODS

WCHR was linearly regressed on BMI and Age, using the
least squares method,?”! by gender as well as indiscrimi-
nately. Only data with all three attribute values known was
used, but the reduction amounted for less than 5% of the
NHANES original sample. The opposite was also performed,
that is, BMI and Age were regressed in turn on two other
variables of the three, using the same method and applica-
ble to the subsets arising from data subdivision by gender
or the undivided data. Each regression and detrending al-
lowed to identify outliers which were removed once the
regression equations (below) for all variables were evalu-
ated. The whole procedure was repeated until outliers were
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no longer detected. The identification of outliers was con-
trolled by specifying the number of SD-s away from the
detrended mean of zero, above which the data is considered
non-meaningful. The number selected was 3.5, which is well
in excess of 2.0 covering the 95% confidence interval. Us-
ing the same approach and the parameter setting, outliers of
WCHR and BMI individual distributions were also identified
and removed before regressing either one on the other and
Age, cycle after cycle. The above procedure was applied to
various subsets of data arising from bootstrapping, which is
a sampling with replacement technique.??! The resampling
was required to estimate mean values and confidence inter-
vals for coefficients of regression and also the coefficient of
correlation between a particular response variable and the
set of explanatory variables (below). For each parameter
250 estimates were obtained. This selection is arbitrary, but
with too many repeats the simulation becomes increasingly
biased, so the number was set to be less than 10% of the
amount of data. Also, the number of draws of same instance
into a sample was limited to 10, which was to prevent the
sample getting too small and imbalanced. At 100 estimates,
and draws limited to 5, the results were much alike.

Equations 3-5, next, represent the reciprocal linear regression
expressions for WCHR, BMI and Age.

WCHR = wy 4w - (Age—aa)+wp- (BMI—B5) 3)
BMI = 85 +f4-(Age— o)+ By - (WCHR —wyy) (4)

Age = CYA-"-OéB'(BMI—BB)-FO(W'(WCHR—WW) ®))

In these equations, wy, B and a4 are the population
WCHR, BMI and Age means, respectively. Otherwise, the
subscripts “W”, “B” and “A”, arbitrarily attached to letters
w, (B and «, and uniquely identifying a coefficient by the
combination, acknowledge the input from WCHR, BMI or
Age, respectively. Note that the three equations, although
similar, are not equivalent (cannot be transformed into one
another). Each equation emphasises the best fit for the re-
sponse variable of choice, assuming it is dependent on the
other two, explanatory variables. Structurally, wy, S5 and
a4 are the intercepts, and other symbol combinations pa-
rameterising Equations 3-5 are the slopes of three planes,
represented by the individual equations, in the Age — BMI -
WCHR space. Together, the parameters define the position
and the orientation of each plane, but all three pass through
the same point defined by the intercepts (in that sense), which
can be thought of as the true origin. The orientation of the
three planes is similar, so ideally it is one and the same, with
the actual data situated in the vicinity of planes.

Published by Sciedu Press

Goodness of the linear fit to data is determined by the correla-
tion coefficients Ry, Rz, R 4.12% For WCHR the coefficient
of multiple correlations is defined by Equation 6.

S (WCHR; — (WCHR;)?

2
= 1 —_
Hyy SS(WCHR; — ww)?

(6)

In this equation, WC' H R; is the actual value, and WCH R;
is the estimate using Equation 3; and the summation is done
over all instances of data in a sample. The terms in the nu-
merator and the denominator are the residual and the initial,
that is, after and before the model is applied, quadratic errors,
respectively. The correlation coefficients for BMI and Age
are written similarly. A squared correlation coefficient, as
in Equation 6, quantifies the proportion of variation of the
response variable, it applies-to, explained by variables in its
linear expression, in this instance Equation 3.

Fitness of a data model can be also judged by the confidence
to magnitude ratio (C/M) calculated, using Equation 7, for
parameters of the model after the simulated resampling.

C/M =2-(Cly - ChL)/(|Cl2| + [CLL]) (7
In this equation, C'I; and CI, denote the “from” and “to”

bounds of an applicable confidence interval, and || stands
for absolute values.

Table 3. WCHR (%) via Age (years) and BMI (kg/m?)
regression coefficients

Girls
Coefficient Mean Cl," Cly" CIM (%)™
Wy 49.29 48.78 49.80 2
[N -0.7067 -0.7577 -0.6558 14
wp 1.402 1.353 1451 7
Ry 0.9119 0.8998 0.9240 3

Boys
Coefficient Mean cl,” Cl," CIM (%)™
Wy 47.42 46.92 47.93 2
[N -0.9748 -1.0253 -0.9244 10
wp 1.474 1421 1527
Ry 0.9019 0.8849 0.9189 4

Any gender

Coefficient Mean Cl," Cly" CIM (%)™
[ 48.36 47.96 48.76 2
[N -0.8383 -0.8754 -0.8013 9
wp 1.436 1.399 1472 5
Ry 0.9039 0.8911 0.9167 3

Note. “ Cl;, Cl, — confidence interval “from” and “to” bounds; " C/M (%) — confidence
to magnitude ratio as percentage.
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4. RESULTS

The regression coefficients and the coefficient of correlation
(as in Equation 6) for each of Equations 3-5 are listed in
Tables 3-5, for females and males, and also indiscriminate
by gender. In these tables CI, given by its bounds CI; and
ClI,, is the two SD-s confidence interval, which is an inclu-
sive approximation of the 95% interval, assuming normality
of the coefficient data. The confidence to magnitude ratio
C/M (Equation 7), also in the tables, is calculated for all
coefficients and is expressed as a percentage.

Particularly, substituting the coefficient values from Table 3
into Equation 3, and consulting Tables 4 and 5 for values of
BMI and Age intercepts, the gender-indiscriminate WCHR
is then expressed via Equation 8.

WCHR = 48.36 — 0.8383 - (Age — 11.41)

(3)
+1.436 - (BMI — 20.60)

Similarly, supplying Equation 4 from Table 4, while referring
to Tables 3 and 5 for WCHR and Age intercepts, the gender-
indiscriminate BMI is then expressed by way of Equation
9.

BMI = 20.60 + 0.5995 - (Age — 11.41)

®)
+ 0.5683 - (WCHR — 48.36)

Table 4. BMI (kg/m?) via Age (years) and WCHR (%)
regression coefficients

Girls
Coefficient Mean cly” Cl,” CIM (%)
Bs 20.94 2057 2130 4
Ba 0.5289 05029 05549 10
Buw 0.5911 05713 06109 7
Ry 0.9356 09272 09440 2

Boys
Coefficient Mean Cly” Cly" CIM (%)™
Bs 20.25 1987 2063 4
Ba 0.6645 06384 06906 8
Buw 05519 05280 05758 9
Rg 0.9386 09294 09478 2

Any gender

Coefficient Mean Cl,” Cly" CIM (%)~
B 20.60 2031 2090 3
Ba 0.5995 05802 06189 6
Buw 0.5683 05513 05853 6
Ry 0.9346 09267 09424 2

Note. " Cly, Cl, — confidence interval “from” and “to” bounds; ~*
to magnitude ratio as percentage.

CIM (%) — confidence

6

Likewise, using Table 5 to fill Equation 5, with values of
WCHR and BMI intercepts sourced from Tables 3 and 4, the
gender-indiscriminate Age is then expressed by means of
Equation 10.

Age = 11.41 + 1.106 - (BMI — 20.60)

(10)
—0.6119 - (WCHR — 48.36)

Table 5. Age (years) via BMI (kg/m?) and WCHR (%)
regression coefficients

Girls
Coefficient Mean Cly” Cl," CIM (%)™
a, 11.54 11.30 11.78 4
ag 1.109 1.057 1161 9
ay -0.6245 -0.6610 -0.5881 12
R, 0.7701 0.7482 0.7921 6

Boys
Coefficient Mean cl,” Cl," CIM (%)™
a, 11.27 11.04 11.51 4
ag 1121 1.078 1.163 8
ay -0.6156 -0.6428 -0.5885 9
Ry 0.8631 0.8500 0.8761 3

Any gender

Coefficient Mean cl,” Cl," CIM (%)™
a, 11.41 11.24 11.58 3
ag 1.106 1.074 1.138 6
ay -0.6119 -0.6329 -0.5910 7
R, 0.8154 0.8031 0.8277 3

Note. * Cl,, Cl, — confidence interval “from” and “to” bounds, ** C/M (%) — confidence
to magnitude ratio as percentage.

As seen from Tables 3-5, the correlation coefficients R for the
data not subdivided by gender are very stable, with C/M only
2%-3%, and jointly signal a high linearity between WCHR,
BMI and Age. Particularly, Ry and Ry are about 0.9, that is,
within the immediate reach of unity, and so perfect linearity,
with BMI performing somewhat better than WCHR. It is
surprising, though, that R, is also no less than 0.8, imply-
ing that it is feasible to determine junior age by BMI and
WCHR, appearing to complement each other. The slopes of
linear regressions in Equations 3-5 are expected to be more
sensitive than the intercepts, which evidently holds. After all,
the intercepts are estimated using the genuine, same-point
data, and the slopes have to draw on the neighbouring points
in the multidimensional space.

After performing the paired two-tailed ¢-Test (Excel) on the
generated parameter data, all regression coefficients in Tables
3-5 are statistically distinct for males and females (p < .001).
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Even though the regression coefficients depend on gender,
they are close, justifying linear expressions evaluated from
all data.

Take any of Equations 8-10, WCHR is increasing with BMI
but decreasing with Age. Indeed, if the data is examined by
age frame, as provided-for in Figure 5, there is an increase
of WCHR with BMI in any of the age frames, which can be
expected. However, somewhat paradoxically, there is indeed
a reduction of WCHR with Age at fixed BMI. This was also
observed elsewhere.['l In adults, WCHR tends instead to
increase with age, given BMI.[?7]

BMI & WCHR data distribution with Age (years)

g

e to Height Ratio (%)

Figure 5. BMI & WCHR data point mapping for
consecutive three-year Age frames

The data image in the BMI - WCHR plane, plotted in Figure
5, does not include points identified as outliers (less than
5% of the data). It is based on all participants, undivided by
gender. Similar results are obtained for individual genders.

BMI (kg/m?) any-gender category guide

\s

ngywc\g ht

Norma\ — 20

Underweight

15

Age (years)

Figure 6. Unisex BMI category guide based on WHO
definition of overweight

S. DISCUSSION

5.1 BMI categories

In the introduction, the overweight state and the obesity
boundaries in the Age — BMI space for juniors were aligned
with corresponding BMI thresholds for adults. CDC and
WHO are not specific as to how other categories for the
junior contingent should be defined. For adults, the stan-
dard 5 kg/m? shift for categories higher than overweight

Published by Sciedu Press

applies. This shift fairly closely approximates the BMI dis-
tance between SD; and SD lines arising from the under-
lying z-scores of 1 and 2 of the distribution, respectively,
upon reaching the adulthood. The distance between consec-
utive SD lines should increase as the scores become larger,
but the same distance applies by definition in adulthood.
This is convenient because, realistically, there are only few
more categories above the overweight as the population yet
unaccounted-for falls sharply (preview Figure 7). Any in-
crease in the category span, if the z-score specification were
followed, is thus neglected, but it is only important how the
escalation is detrimental for health, and the z-score does not
necessarily reflect this. The bottom line is that the standard,
seasoned definition of the overweight and the three obesity
stages is a constraint imposed on the data concept. The stan-
dard rules set a bare minimum for the healthy adult weight
at BMI of 18.5 kg/m2. In the US the limit is set officially
by the CDC 5-th percentile approximating the standard level
for adults."'%! This corresponds to the WHO SD_; line in
the junior range, but it defines “thinness” by the SD_5 level,
perhaps to mirror the obesity. However, due to the data com-
pression towards smaller BMI values, even the 18.5 kg/m?
is very low. Prevalence of population who are lighter is neg-
ligibly small, for which an abundant evidence exists, and
particularly this holds for NHANES.[?° Some texts subtract
5 kg/m? from the overweight BMI threshold at 25 kg/m?
to define the normal and the underweight categories.?”!
These categories are though expressly different from the
healthy and unhealthy ones, above and below 18.5 kg/m? by
BMI, respectively. Setting the minimum for normal BMI at
20 kg/m? has a number of merits. Firstly, all BMI categories
become equally spaced. Secondly, the underweight cate-
gory becomes a nontrivial one, with some population to size
up. Above all, this threshold is still lower than the “right”
BMLI, discussed in the introduction, which is 21.5 kg/m2 for
adults.”?3! In fact, it is half-way between the healthy and the
right. It makes sense to embrace this uniform approach for
the junior population, and it is achievable by distancing BMI
category levels at any age by the width of the overweight
band. With the piece-wise-linear approximation in hand, it
is then only required to set the thresholds at specified ages.
Using data from Table 1, firstly the category span, applicable
to all BMI categories, is determined by subtracting the over-
weight level from the obese one. Thus obtained the universal
category span for a specified age is rounded to the closest
0.5 to manage the error and for ease of applying. The span
is then added or subtracted a required number of times from
the overweight threshold for that age, rounded likewise. The
rational for such a presentation is that BMI is realistically
known to one decimal place. The limited precision is prob-
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lematic independently for the small age where the spectrum
becomes too narrow. The resulting gender-indiscriminate
BMI category guide is posted in Figure 6.

Applying this guide to the NHANES data, the population
division by BMI category regardless of gender renders the
pie chart shown in Figure 7.

Prevalence of BMI Categories
Obese 3 | ynderweight
2% o/

Obese 2
6% 6%

Obese 1 A
13% |\ \
\

Normal
44%

Overweight
29%

Figure 7. BMI category population break-up for NHANES

Small categories present a problem for data evaluation as
the input from chance becomes measurable. Particularly,
the third obesity categorisation applies only to 40 female
and 15 male participants. While the category is small, the
indication for bariatric surgery for juniors is set by the third
obesity threshold for adults (at 40 kg/m?),!'3) so without a
guide, like the one in Figure 6, at least some of the eligible
population could be missed out. The guidelines are short
of advice applicable to juniors, whilst clear indications for
lifestyle modification and pharmaceutical treatment exist for
adults.

Table 6. Piece-wise-linear approximation break point
WCHR (%) values for selected boundaries

Month  Healthy Right Overweight Obese (1)
60 42.75 44.93 47.11 50.40
96 40.65 43.11 45.83 50.23
132 39.69 42.59 46.12 52.06
168 39.86 43.35 47.68 54.80
204 39.50 43.46 48.27 55.66
240 38.14 42.45 47.48 54.66

5.2 WCHR categories

Using overweight and obese BMI from Table 1 makes possi-
ble obtaining an image in the Age - WCHR plane by applying
the transformation given by Equation 8. In virtue of linearity
of the transformation, either boundary image is piece-wise-
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linear as well. All other boundaries in the Age - WCHR
space can be obtained in the same manner. Table 6 is the
transformed Table 1 using Equation 8.

Using the data in Table 6 and adopting the same approach
that led to BMI categories in Figure 6, allows for compi-
lation of the WCHR category guide presented in Figure 8.
Note that about the same is achievable by applying the linear
transformation directly to the data from Figure 6, but is not
pursued because of the rounding that had been applied.

WCHR (%) any-gender category guide

&/ﬂ’M
—
Spese W
e —
M Obese tt

Obese T
Overweight
Normal

— 40,

Underweight

5 8 11 14 17 20
Age (years)

Figure 8. WCHR category guide based on WHO
BMI-for-age overweight ranges

One distinction of this guide comparing to the original is that,
despite WCHR measurements would usually provide the
same one decimal place, the resolution offered by the mea-
sure is somewhat higher than in BMI, which makes it more
appropriate for small-age categories. However, the main dis-
tinction of the WCHR category guide comparing to the BMI
original is that WCHR on a boundary does not necessarily
increase with Age. A special feature of the WCHR image
is that the amplitude of change is increasing with category.
Particularly, the overweight level is 47.1% =+ 0.9%, whereas
the obesity level is 53.0% =+ 2.2%, using data from Table 6 to
calculate the means and SD-s. Also, while higher categories
can be described as having an increasing boundary trend and
lower as somewhat decreasing, as evident from Figure 8, the
trend of the overweight state boundary is the least determined
throughout the junior range. The overweight level is about
47% regardless of age. The same is true in respect of any
other boundary in the adolescent range. Roughly, the WCHR
levels at 14 years apply onwards.

Following the guidance provided by Figure 8, the prevalence
of WCHR categories in the NHANES population regardless
of gender is as laid out in Figure 9. Comparing to Figure 7,
there is a redistribution amounting to 5% of data in the chart
shown in Figure 9: there is 3% gain in the underweight and
1% gain in each of the obesity stage 2 and 3 categories, all
at expense of the normal weight (4%) and the overweight
(1%) categories. This is consistent with WCHR being more
sensitive, and BMI more specific than the other measure in
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determining T2DM status in adults.?”! The classifications
by either measure are expected to be close, and the little dis-
agreement only affirms this conjecture. However, comparing
frequencies is only able to provide a grand view.

Prevalence of WCHR Categories

Obese 3
Obese 2 3%

7%

Underweight
9%

Obese 1
13%
A
\
-
\ |

Overweight
28%

Normal
40%

Figure 9. WCHR category population break-up for
NHANES

5.3 Correspondence between BMI and WCHR cate-
gories

It is impossible that for all instances of data WCHR fell
into a category equivalent to the one defined by BMI, just
because the two metrics are different and there are borderline
instances which existence is purely circumstantial. Also,
having a category wide enough, a very close match can be
achieved, but the opposite is also true. Particularly, unlike in
adolescence, the BMI category levels applicable to childhood
are very close to each other (see Figure 6), increasing the
probability of misclassification. However, the two metrics
are perceived as equivalent in assessing the excessiveness of
body weight, and the account is incomplete without testing
the allegiance of alternative measures to one another.

Firstly, a common denomination is required. One could
think of a measure-independent obesity index where cate-
gory boundaries are given by whole numbers. Suppose 0 or
more defines the normal weight, 1 or more the overweight
state, 2 or more the first stage of obesity, and so on. Apart
from known ones, more categories below or above can be
added, although these are unlikely to be meaningful due to
lack or unavailability of the data which, physiologically, has
its limits. Due to the design, all that is required to convert
BMI and WCHR to this unifying Obesity Index (OI) is a
pair of linear transformations given by Equations 11 and 12,
next, where the subscripts “N”, “W” and “O” mark lower
bounds for the normal weight, the overweight state and the
first obesity stage, respectively. The required bounds can be
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evaluated for any age using data found in Figures 6 and 8
and applying the piece-wise-linear approximation.

BMI — BMIy

OIBMD) = —— N
(BMD BMI, — BMIy

Y
WCHR — WCHRy

OI(WCHR) =
( ) WCHRp — WCHRy

(12)

Adherence of WCHR to BMI by category and age frame

|r||1|r.1|m1 -

Figure 10. WCHR and BMI obesity index one category
width proximity rate by category and age frame

The number of matching classifications cannot be an accurate
gage of similarity of the two measures, as noted. Perhaps,
it is possible to harness the continuous spectrum to arrange
for a comparison. One approach is to calculate the absolute
differences between OI(WCHR) and OI(BMI), and measure
them up to the category span which for Ol is 1 in virtue of
the transformations defined by Equations 11 and 12. A com-
parison task could be formulated, for example, as follows:
verify whether OI(WCHR) and OI(BMI) are less distant than
1. The results of such a comparison are shown in Figure 10
by BMI category and age frame. All unnamed categories
defined by whole numbers below -1 or above 4, if any, are
included with the underweight or the third obese category,
respectively. The data frequency is an important aspect of
the comparison, as the falling frequency is raising stakes for
the chance, making the result less reliable in categories at
fringes of the spectrum. Specifically, the second and the third
obesity categories are small whether by BMI (see Figure 7)
or WCHR (see Figure 9) and the results may be unreliable.
Here, the data is analysed by age frame and this circumstance
is especially of concern. Particularly, the 17+ age frame has
no data at all in the third obesity category. However, this
consideration is less relevant for the outer categories, un-
bounded at one end. For higher age frames the adherence
between BMI and WCHR within the specified range (one
category span) is close to perfect throughout. This degree of
perfection is remarkable, as it measures up to the choice of
5 kg/m? as the BMI unit by convention. The rate decline in
the direction of younger age is probably due to the described
narrowing of BMI and WCHR categories in that direction,
as seen in Figures 6 and 8, besides increasing the conversion
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error. Otherwise, at least for the 5+ and the 8+ age frames,
there is a clear decline in the rate of adherence between the
two measures as the OI category advances.

Girls : Adherence of WCHR to BMI by category within scope

87 87

78 78 7%
£ 68
H J‘

Boys: Adherence of WCHR to BMI by category within scope

— 97
] 93

89
8s
8

Figure 11. WCHR and BMI obesity index varying
admissible proximity rate by category

The value of the conducted test is that it has demonstrated
a uniform, top-notch result in different age frames, except
for the first two where the loss of accuracy is unavoidable.
On the other hand, too much detail was involved, risking an
unsound statistical inference. The downside of such a test is
though that, if it is successful, one category width can only
guarantee that WCHR and BMI point to adjacent categories,
the same category at best. Therefore, a better understanding
of degree of adherence of the two measures requires that the
allowed gap varied. In Figure 11, the results for distances
of 100% (same as in the previous test), 75% and 50% of
the category span (OI distance of 1.00, 0.75 and 0.50) are
compared by BMI category and by gender.

There is a great deal of resilience when the scope is narrowed,
yet clearly the first 25% reduction is yielding less than the
second, indicating a wide dispersion. The situation is similar
in both gender contingents, although in males the third and
the second obesity stage results for the 100% interval are
probably unreliable, as previously noted. There is a clear,
and tentatively increasing slide of the adherence rate in the
direction of higher BMI categories for all attempted admis-
sible proximities, which exposes a hidden nonlinearity in
the relationship between WCHR and BMI. WCHR and BMI
become more incoherent as the obesity progresses.
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Girls : Bland-Altman plot and trend for Obesity Index by WCHR and BM

(OWWCHR) +0I(BMI) ) / 2
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Boys : Bland-Altman plot and trend for Obesity Index by WCHR and BMI
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Figure 12. WCHR vs. BMI obesity index Bland-Altman
plots

The difference between OI(WCHR) and OI(BMI) is largely
explained by unique properties of BMI and WCHR, despite
the great deal of linearity between measures. A tool provided
by Bland-Altman plot gives some insight into the degree of
randomness of the difference between two measures presum-
ably of the same. It plots mean of the two values against
directional difference between the two. The plot, applicable
to the situation in hand, is shown in Figure 12. If the two
measurements of the same are different only by chance then
there should be no increase or decrease in the magnitude of
difference between the two, as defined by the trend. Here,
despite the lack of correlation between the mean and the
difference, there is clear tendency to the difference increase
with the mean. In other words, WCHR tends to assign a
higher obesity category comparing to BMI, and this tendency
becomes bolder towards the high end of either measure dis-
tribution. This is true for both males and females but more
strongly expressed in males. The difference increase is by
9% for females and 18% for males per category span. The
lesser tendency to category escalation in females, when us-
ing WCHR as opposed to BMI, can be explained by largely
gluteal-femoral deposition of fat after puberty (gynoid body
type). In males the deposition tends to be about the ab-
domen (android body type) regardless of age, thus increasing
WCHR.BY

Nonetheless, not always OI(WCHR) is larger than OI(BMI).
The trend line in Figure 12 crosses the zero difference line in
females at 0.17, that is, close to the normal weight segment
beginning, and in males at 1.41, that is, about the overweight
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segment middle. Below these mean values of OI, BMI ac-
tually has the upper hand over WCHR, which explains the
larger prevalence of underweight population by WCHR, in
Figure 9, than by BMI, in Figure 7. Due to this change
of direction and the fact that more than 80% of population
is concentrated in the normal, the overweight and the first
obese categories, whichever is the measure, with numbers
almost halving from one category to next, the impact of list-
ing of Bland-Altman plots is, however, limited. Also, the
residual of the trend gives an idea how statistically different
the measures otherwise are, with SD of 49% and 46% of
the category span in females and males, respectively. This
indiscriminate admixture to the variation should be more of
concern due to its magnitude and omnipresence than the plot
listing, but perhaps its impact can be less if the techniques
of measure taking for body weight and waist circumference
were improved. Again, these results can only guarantee that
the two classifiers will not assign any appreciable amount
of data to categories not immediately following each other.
Interestingly, a polarisation of results is observed if the mean
of OI(WCHR) and OI(BMI) is replaced by one of the compo-
nents in a would-be Bland-Altman plot. When OI(WCHR)
and OI(BMI) difference is plotted against OI(WCHR), the
listing is stronger than for their mean, but it is all but present
when plotted against OI(BMI), with a slightly negative trend

Table 7. Published WCHR cut-off points for various criteria

for females and a slightly positive trend for males. The latter
is important as this validates the method. After all, WCHR
was regressed on BMI, not in reverse. Otherwise, the varia-
tion against the trend is similar in any of the plots. With this
in mind, it can be estimated that roughly 60% of WCHR and
BMI measurements are fully concomitant in either gender,
with the rest of WCHR in terms of BMI split between the
previous and the next category, but redistributing according
to the trend as the focus changes. While some of the WCHR
equivalents fall outside the BMI category in the focus, most
are found close to its boundaries.

6. RELATED WORK

6.1 Overweight and obese WCHR

Other published best cut-off points by WCHR for identifying,
broadly, an overweight state, an obese state, or a metabolic
syndrome in junior populations are as shown in Table 7. If
a metabolic syndrome specification was the criterion, the
threshold is also interpreted as a transition point to either
an overweight/low-risk or an obese/high-risk state, to facil-
itate the discussion. Where the results were not available
for entire populations but separately for males and females,
their joint means are shown. The age range for the American
(USA) study is approximated.

WCHR threshold (%)

Population/Study Subjects (n) - Age range (years) Overweight state Obesity Metabolic syndrome
Mexican 1 110 8-16 60 60

Brazilian 175 6-10 49 49

USA (Hispanics) [© 219 9-12 50 50

Portuguese ! 517 15-18 54 54

South-African B4 1,272 10-16 46.5 46.5

Australian 2V 2,773 8-16 455 475

Chinese (Uygur/Han) B 4,187 8-18 445 48.0

Usually, the cut points are calculated by maximising the sum
of sensitivity and specificity (the Youden’s index plus one)
- the two components of predictive accuracy for a specified
condition or its absence in the receiver operating characteris-
tic (ROC) analysis framework. In this instance, sensitivity
quantifies the success rate for presence of the overweight
state/obesity/metabolic syndrome, and specificity for absence
of the condition. The American, South-African and Chinese
studies are true to this objective. Instead of maximising the
sum of sensitivity and specificity, the Mexican study min-
imises the sum of their squared complements to unity, which
is similar. The Portuguese and the Australian studies do
not discuss the method but the standard one should be as-
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sumed. Only the Brazilian study is somewhat different, with
emphasis on sensitivity rather than specificity.

However, the criteria measured-against are widely differ-
ent. With regard to the overweight/obesity threshold eval-
uations, the American study uses the Fitnessgram project
standards which are based on percent body fat converted to
BMI percentiles that are intended to meet certain elevated
or imminent metabolic risk criteria.l’®! These percentiles are
different for males and females and generally are lower than
the CDC percentiles but within 5 points of respective bound-
aries.®! The overweight state corresponds to the nascent
metabolic syndrome in this classification.!®! This is argued
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to have more sense than the conventional CDC or WHO
standards that are simply based on characteristics of data
distribution and are not specifically associated with health
risks. The Australian study targets overweight and obese
states based on British percentiles for percent body fat. The
Chinese study is consistent with how the overweight and
obese states are conventionally defined, but uses BMI-for-
age charts purposely developed for the population type in
study, for which a much larger array of data than the sample
was used.

The metabolic syndrome (MS) is commonly defined as a
clustering of at least three of the following risk factors: high
blood pressure, elevated triglycerides, reduced high density
lipoprotein cholesterol, poor glycaemic control, and large
waist circumference.®*! One interpretation makes large waist
circumference a mandatory risk factor for MS.! Fixed levels
of these components identify elevated health risk levels in
adults, but there is an ambiguity about how the definition
of MS is applied to juniors. In practice, fixed levels, even
though more appropriate for junior populations are used just
the samel®>34 where growths charts are unavailable.['-20]
The Mexican study is unique by applying percentiles for all
MS components but the fasting glucose, previously devel-
oped for that type of population. The MS is not a disease
but may develop into HT and T2DM, and eventually CVD.
It is, however, essential to be able to detect MS in juniors
because T2DM and more so CVD may be subclinical for a
long time, which may take well into adulthood before the
disorders become frank or are diagnosed.>3! Because MS
is not a disease, its definition is often not strictly followed.
Only the South-African study uses the conventional defini-
tion of MS. The Mexican and the American studies adopt
definitions of MS which can be considered equivalent to the
conventional one. The Brazilian study finds different cut-off
points for various markers of metabolic risk, but close to
each other, which average is shown in the table. The markers
include some of the standard set for MS. The Portuguese
study calculates a self-defined metabolic risk score for which
unacceptable elevation the cut-off point is found as shown.
The applied method removes the necessity to use fixed thresh-
olds for included components, but the present and absent risk
categories depend on the sample, and so are not universal.
Otherwise, the risk components in the study are not all the
standard ones for MS.

All studies in Table 7, except for the Australian, do not pursue
the dependence of WCHR thresholds on age. The Australian
study uses 8-10, 11-13 and 14-16 years age frames, followed
presently; however, it finds no differences in WCHR levels
pertaining to these age ranges. This falls favourably with
the result in the current work (see Figure 8) with respect to
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the overweight threshold, despite the interpretation of how
it is set, but not the obesity threshold. Also, the obesity and
the overweight thresholds, estimated in the Australian study,
seem to be positioned too close to one another. One pos-
sibility is that the largely pre-epidemic data was used, and
the numbers in the overweight and especially the obese cate-
gories may be small (unreported), making the choice difficult.
The overweight category width is larger in the Chinese study,
and the fact that the overweight threshold is lower than the
estimated presently (see Figure 8) is explainable by racial
differences.[>*! Yet, the narrower overweight range, than
might be anticipated, may be due to the presumed fixed value
for the obesity threshold, whereas the current result suggests
it may vary with age. One problem shared by the Australian,
Chinese and as well as the American study is though that
the “overweight” segment includes also all obese, and the
“obese” segment all stages thereof. This could have pulled
the overweight threshold up and the obesity threshold down,
but how depends on the data.

The up-to-date obesity guidelines recommend using WCHR
in excess of 50% or inclusive as a pre-assessment criterion
justifying further consideration of cardiometabolic risks in
a child.!"> This acknowledges the lack of convenient tools
for obesity assessment applicable to juniors. However, this
criterion is much better researched for adults, and is based
on a broad consensus involving various criteria as to how the
cardiometabolic risk is determined: a MS; a diagnosed HT,
T2DM or CVD;?* spare the ethnical and racial variation.
It can be argued that the overweight threshold in Table 7
expresses a degree of cardiometabolic risk similar to that
matching MS criteria,® whereas obesity should be more
aligned with HT, T2DM and CVD that are advanced stages
comparing to MS at onset. However, having HT, T2DM
or CVD in addition to MS does not change its status. In
fact, some sources regard T2DM complicated by HT the MS.
The participants in the Mexican study are all obese, using
the BMI percentiles, by design. This explains that the cut-
off point for MS is much higher than the assumed 50% by
WCHR. Therefore, this point is more suited for describing
advanced stages of MS. The 50% reported in the American
study is also probably at the high end of the distribution
as the authors emphasise the population ethnicity and “eco-
nomic” background, predisposing-to and abetting obesity.
The weighted average of all thresholds descriptive of an over-
weight state/elevated cardiometabolic risk in Table 7 is 47%
for non-Asian populations, and some authors imply that this
value should be less than 50% for juniors.[!3%34 The afore-
mentioned Australian guidelines refer to a pilot study that
only verified the WCHR 50% threshold for adolescents.*”]
Further, it can be expected that the overweight threshold is
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increasing with age past the adolescence.*”!

6.2 Population height increase

Take BMI or WCHR - the taller, the healthier. In economics,
the body height has been long known as a reliable estimator
of the per-capita gross national product and, more generally,
the standard of living. The body height was used for personal
identification before the photography, and national archives
are likely to store this kind of information. Much less his-
torical data is available on the gross domestic product, and
a conversion to current values presents certain challenges.
Times of famine are correlated with the affected population
height reduction, and times of rising economy with height

[28] Recent reviews document an accelerated in-

increase.
crease of population height in developed countries, less so
in developing countries.*®! The increase is attributed to
favourable environmental conditions, including the level of
income, evenness of its distribution, the quality and acces-
sibility of health care, much less to the genetic factors. In
Europe, nations who were not involved in devastating wars
of the past century, or escaped the “totality” of war, are re-
markably taller than nations, even closely related ones, who
were directly involved; but historically the differences did
not register.”®! Scandinavian countries and the Netherlands
are now ahead of other countries in Europe, particularly Ger-
many and Belgium.*® South Koreans appear being taller
than North Koreans, underscoring the difference in economic
systems, although only limited data is available.l**! Surely,
the population height increase offsets the indicators of obe-
sity epidemic in developed countries.!'”! The current views
are that much of the height is gained in the first two years
of life with a proper nutrition.?8! A lesser role is given to
the secondary growth before puberty. However, too fast a
growth in the first two years may result in the early “adiposity
rebound”, that is, reaching the BMI minimum before the age
of 5 years.['¥l This would predispose to fatness later in life,
and does not add up with the notion of height being a remedy
for obesity. Intergenerational factors, that is, transfer of some
features, particularly height, from a mother to her child due
to birth-giving, are also being debated.*®! An over-nutrition
in childhood should be seen in this light.[*! Therefore, the
guidelines do not recommend any particular intervention,
apart from the advice of moderation, as children have the
ability to “grow into their weight”.['>! However, timing is es-
sential as the pre-existing obesity may precipitate puberty.!?!
The advice applies less to adolescence where the intensity of
growth is reduced. For example, the blood pressure, although
in both contingents, is increasing with age/height; and the
total cholesterol, at least between years 10 and 16, is at-all in
a steep decline.!® In summary, the obesity as a phenomenon
impacting health and correlating with over-nutrition appears
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to be self-correcting in respect of the evolving population.
Taking into account the proven beneficial effects of height
for wellbeing and the tendency to height increase across the
globe, the fears of a new wave of obesity epidemic due the
generational change can be therefore overrated. Albeit, be-
ing taller does not necessarily mean healthier, in general,*®!
which may signal existence of a physiological limit for the
human height.

6.3 Patterns of becoming overweight

The age of adiposity rebound is between 5 and 7 years, nor-
mally, as previously noted.''# Before then, BMI reaches a
maximum at about one year from birth, and then BMI gradu-
ally falls by some 10%-15%!'8! before reaching the minimum
in the vicinity of 6 years. An early maximum explains an
early minimum, and so obesity later in life, and is regarded a
result of early birth or imbalanced diet.!'*! By the same token,
the point of minimum can be hypothesised having bearing on
developmental events that follow, and should be regarded a
critical age for diet adjustment. Although for each individual
the trajectory in the Age — BMI space is unique, population-
wide the trajectories have many features in common, and
this is reflected in shapes of boundary lines separating the
weight zones in Figure 1. The generalised trajectories are
different from the boundary lines, although both curve fam-
ilies look alike near the outset due to strong physiological
undercurrents.['* 181 Nonetheless, the boundary line changes
of direction surely reflect changes in the organism tissue de-
velopment priorities, which in turn dictates requirements to
the diet. Since the boundaries are similar in shape, it is conve-
nient to exemplify one of them, say the overweight boundary.
In one study, by analysing a sizable array of longitudinal
data through adolescence and young adulthood, it was pos-
sible to isolate patterns which led participants to becoming
overweight or obese.[*”! These patterns translate to certain
critical moments in the organism development. Focusing on
overweight patterns in males, one such moment is at about
12 years of age (144) months, although the determination
of this point is vague due to limited cover of childhood in
this analysis. Also, the point has a wide range. Consulting
Figure 1, it is not difficult to make a connection of this criti-
cal age with the inflection point in the overweight boundary
shape. This point certainly marks the transition to adoles-
cence. A poor metabolic control during puberty due to the
hormonal changes, affecting also the motivation, exacerbate
pre-existing health risks, including obesity.””) Another criti-
cal moment was found in the adolescent range, in the vicinity
of 16 years (192 months), which should be the flexion point
in the overweight boundary as BMI prepares to level out (see
Figure 1). Perhaps this moment is interim. It may be asso-
ciated with behavioural changes, embracing an adult, more
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sedentary lifestyle. However, the reduced growth not accom-
panied by appropriate changes to the diet is certainly “inde-
fensible”. More interestingly, the total cholesterol reaches a
minimum short of 17 years of age.l*! Yet another identified
critical age was 19.5 years, which is clearly the beginning of
adulthood and can be equally explained. Critical moments
identified in the young adulthood range were 22 years and
26 years; they may have a socio-economic meaning. The
first was ascribed to the post-college events/stress, and the
second to the circumstances surrounding family formation.
Other patterns identified do not apply to a particular age and
perhaps can be assumed to be a result of presence of nega-
tive or positive genetic factors acting throughout life, so that
probability of becoming overweight is either negligible or
increasing consistently. In females the situation is similar.
However, with regards to becoming overweight, the positive
genetic factors in females become less and less influential
after reaching 21 years of age, which must be the effect of
birth giving. While all these patterns appear to be singular,
or were indeed “isolated” from the data, clearly the nutri-
tional/behavioural past miscalculations/restrictions can add
up, making the weight control more and more difficult.

7. CONCLUSION
In this study, gender-independent, age-dependent BMI levels
for children five years of age or older and adolescents, col-

lectively juniors, linked to the adult unisex levels at twenty
years, were worked out from WHO z-score-based, gender-
specific definitions. More precisely, the overweight and
the obesity threshold trajectories in the Age — BMI space
were piece-wise-linear approximated by pooling male and
female data, and conditioned to pass through BMI of 25 and
30 kg/m? at twenty years of age, respectively. Using data
from NHANES, it was shown that for the noted age range a
linearity of high degree exists between WCHR, BMI and Age.
A transformation from Age and BMI to WCHR was evalu-
ated, accordingly, and applied to the approximated BMI over-
weight and obese levels at specified ages. A piece-wise-linear
approximation of WCHR age-dependent, BMI-equivalent
thresholds, suitable for the junior contingent of population re-
gardless of gender, was thus produced. While WCHR levels
change non-monotonically with age for all categories, for the
curve representing the overweight threshold this fluctuation
is minimal, and effectively the same WCHR level of 47%
applies throughout the junior range. This level is similar to
previously independently reported ones. However, all ado-
lescent WCHR category boundaries are rather same-level.
So, for this contingent only, the overweight threshold by
WCHR can be set at 47.5% and the first obesity threshold at
54.5%, with all others derived therefrom. A high adherence
between resulting BMI and WCHR obesity classifications
was demonstrated.
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