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A new waist-to-height ratio predicts abdominal adiposity in adults



Abstract

Our aim was to identify the best anthropometric index associated with waist adiposity. The six weight-
status indices included body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height ratio (WHTR),
and a new waist-by-height®* ratio (WHT.5R). The association between three waist skinfolds and the
six anthropometric indices was conducted using ANCOVA, MANCOVA, allometric modelling and non-
linear regression. The strongest predictors of waist adiposity were (1%) WHT.5R, (2"d) WHTR, (3"’)
waist circumference (WC), (4™ BMI, (5™) WHR, and lastly (6™) a body shape index ABSI = WC/(BMI**

1/2

*height™). The allometric and non-linear regression analyses identified the optimal waist-to-height
ratio associated with waist adiposity to be (waist * height °°). The 95% confidence intervals of the

height exponents encompassed -0.5 but excluded -1.0 assumed by WHTR. Assuming that excess
waist adiposity is an important cardiovascular risk factor, we recommend that the new WHT.5R be

used to advise people how to maintain a “healthy” weight.
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Introduction

Clinicians and health professionals are always seeking to find a simple weight-status index associated
with cardio-metabolic risk that they can use to advise either their patients or members of the public
how to maintain a “healthy” weight. The World Health Organization considers body mass index (BMI
=weight (kg)/height2 (mz), to be such an index, with the advice that having a BMI within the range 18.5
to 24.9 kg.m'2 was normal, 25-29.9 kg.m 2 was overweight and 30 kg.m'2 and above was obese
(WHO, 2000). Despite its widespread use, BMI is often criticized for failing to assess fatness, in
particular the fat centralization on the abdomen, which is recognized as harmful to health. Although
visceral and intra abdominal fatness are more precisely determined using computerized tomography,
magnetic resonance imagining and dual x-ray absorptiometry (DEXA) (Roriz, et al., 2014),
anthropometric measures provide a time efficient and economical means of estimating central
adiposity and weight status that are widely used in public health practice. As a consequence, a range
of alternative anthropometric indices which encompass some abdominal girth assessment have
sought to overcome the limitations of BMI, including waist circumference (WC), waist to height ratio
(WHTR) and a Body Shape Index (ABSI) as defined by Krakauer and Krakauer (2012). Excess intra-
abdominal fat is associated with greater risk of obesity-related morbidity than is overall adiposity (Ho,
et al., 2001; Visscher, Kromhout, & Seidell, 2002) and, as a consequence, waist circumference (WC)
has historically been shown to be the best simple measure of both intra-abdominal fat mass and total

fat (Han, McNeill, & Seidell, 1997; Lemieux, Prud'homme, Bouchard, Tremblay, & Desprs 1996). A

recent study by Nevill, Duncan, Lahart, & Sandercock (2017) suggests that a better index for adiposity
that also demonstrates a stronger association with cardio-metabolic risk is a new waist-to-height ratio
(WHT.5R) obtained by dividing WC by height®°. The index was derived, based on the allometric power
law WC=a.HT®, in order to obtain a waist circumference index that is independent of height (HT). The
fitted HT exponent was b=0.528 (SEE=0.04), suggesting that the simple body-shape or weight-status
index for WC to be independent of stature or height (HT) should be WC.HT%°. A new ratio was given
the acronym WHT.5R. Subsequent research by Swainson, Batterham, Tsakirides, Rutherford, & Hind
(2017) recently reported that WHT.5R, alongside WHTR, was the best predictor of visceral adipose
tissue, derived by DEXA in a sample of 81 adults. However, these results should be treated with some
caution given the relatively small sample size and the fact that the authors failed to control for the

confounding effect of age.



Nevill et al. (2017) went on to demonstrate that when comparing the associations of the six
adiposity indices (including BMI) with a measure of cardio-metabolic risk, the new index WHT.5R was
found to have the strongest relationship of all six indices. In their study, Nevill, et al (2016) used a
measure of cardio-metabolic risk that was derived from combining: Triglycerides + average blood
pressure ((diastolic + systolic)/2) + glucose + HDL (*-1)). Although WHT.5R was found to have the
strongest association with cardio-metabolic risk (rank=1), the second and third strongest ranked
indices were the waist-to-height ratio (WHTR) and absolute WC respectively, leaving BMI ranked only
fourth out of the six indices (Nevill, et al., 2017). Neuvill, et al (2017) concluded that WHT.5R was the
best anthropometric index of cardio-metabolic risk compared to other commonly-used anthropometric
indices of weight status. Importantly, the findings of the aforementioned study suggest that weight-
status indices that can detect excess subcutaneous central obesity are more likely to detect cardio-
metabolic risk. Waist circumference may be a more sensitive measure to detect changes in cardio-
metabolic health but normalizing for height to the power of 0.5 may be a more suitable anthropometric
index as height®® is unaffected by changes in adiposity unlike measures such as hip girth that was
used as the denominator in WHR and BMI, used as a denominator in ABSI. However, the

aforementioned study by Nevill, et al (2017) did not examine the association between WHT.5R and

any measure of adiposity and much remains to be discovered regarding the relationship of directly

measured subcutaneous central obesity assessed using skinfolds to the anthropometric indices

available to assess health._The current study addresses this issue. Determining the association

between measures of weight status using surface anthropometry with directly measured adiposity is a
necessary step in establishing the utility and criterion validity of such measures as proxies for
adiposity. Hence the purpose of the current study was to examine this association and identify the
best weight-status index associated with subcutaneous central obesity, the latter being assessed by
three measures of skinfolds that represent adiposity around the waist region, i.e., the iliac crest,

supraspinale, abdominal skinfolds. We hypothesise that the new waist-to-height ratio WHT.5R will be

the best anthropometric ratio to reflect subcutaneous central obesity.

METHODS

Participants



All participants (n = 478) were adults (18 years or over), and included untrained controls, and athletes
in a variety of sports competing at club, regional and national level. They were measured either by
level 3 and 4 anthropometrists accredited by the International Society for the Advancement of
Kinanthropometry (ISAK), at Universities in Aberdeen, UK, and South Australia. All measurements
were made subject to informed consent and in accordance with the ethical requirements of the local
institutions. Participants were measured for height, mass, waist and hip girth, and skinfolds at the iliac
crest, supraspinale and abdominal sites according to standard procedures (Stewart, Marfell-Jones,
Olds, & de Ridder, 2011). The physical characteristics (mean +SD) of the participants, by training
status (athlete vs control) and sex, are given in Table 1. Healthy male and female participants were
classified according to training status, with athletes taking part in a variety of sports including running,

orienteering, long jumping, power lifting and field games such as football and hockey.

Table 1 near here —

Anthropometric indices of weight status

The anthropometric indices of weight status were calculated as follows: Body mass index (BMI) was
calculated as weight /height2 with weight assessed to 0.1 kg and stature to 0.001 m. Waist-to-hip ratio
(WHR) was calculated by dividing waist circumference (WC) by hip circumference (HC), and waist-to-
height ratio WHTR, by dividing WC by height. Both girths were assessed to 0.1 cm. A body shape
index (ABSI) was calculated using formula: ABSI = WC/(BMI?® * height'?) (Krakauer and Krakauer,
2012). Finally, a new waist-to-height ratio (WHT.5R), independent of height, was calculated by dividing
WC by height®® (see Nevill, et al., 2017). Note that all calculations of anthropometric indices involving

height and WC are in recorded in metres (m).

Procedures

Three skinfold sites in close proximity to the measured waist circumference were taken as our
measure of subcutaneous adiposity. The three sites and their respective skinfold orientations were 1)
the iliac crest: a near-horizontal fold superior to the iliac crest (defined where a vertical line from the
axilla meets the ilium); 2) supraspinale: an oblique fold at approximately 45°at the intersection where a

line from the anterior superior iliac spine to the anterior axillary fold meets a horizontal line from iliac



crest; and 3) abdominal: a vertical fold 5 cm lateral to the omphalion (the mid-point of the navel). The
skinfolds were measured using Harpenden calipers (British Indicators, Luton, UK) to 0.1 mm at each

site on the right side of the body, according to standard procedures (Stewart et al., 2011).

Statistical Methods

Intially, Peason’s product-moment _correlations were used to explore the association between the

different variables (unadjusted for age and sex). To explore the strength of the association between

the three waist skinfold measures (either individually or collectively) and six anthropometric indicators

of weight status (BMI, Waist-cireumferenceWC, Waist-to-hip—ratioWHR, Waist-to-heightratisWHTR,

ABSI and Waist-to-height™>WHT.5R) now controlling for age and sex, we conducted five methods of

analysis. The first two methods involve considering the three skinfold measures collectively, either (1)
by summing the three skinfolds (SSFF) and using ANCOVA to identify the best weight-status index as
a predictor/covariate having controlled for age, sex and athletic status (athlete vs. control), or (2) by
conducting a MANCOVA (adopting all three skinfold variables as the multivariate dependent variable),
once again incorporating the six anthropometric indicators of weight status as separate covariates,
and controlling for age, sex and athletic status (athlete vs. control). The third method of analyses (3)
used separate univariate ANCOVAs to explore each skinfold variable separately, i.e., incorporating
each of the six anthropometric indicators as separate covariates, once again controlling for age, sex
and athletic status (athlete vs. control). The fourth method of analysis (4), adopted a proportional
allometric model (see Nevill, et al., 2006), to identify which waist-to-height ratio is best able to describe

the sum-of-waist skinfolds (SSF). The proposed proportional allometric model was,
SSF=a*W P1*HT "2*exp (c.age + d.age?) *¢, (1)

where a is the scaling constant, allowed to vary between sex and athletic status, and b; and b, are the
waist (W) and stature (HT) scaling exponents respectively. Note that age was incorporated into the
models as a quadratic polynomial (using both age and age® terms) to accommodate the likelihood that
the sum of skinfolds may decline during adolescence to reach a minimum sometime in early adulthood
and increase thereafter. The model (1) can be linearized with a log-transformation, and multiple
regression/ANCOVA can then be used to estimate unknown parameters, including the waist (W) and
stature (HT) exponents. Note that the multiplicative error ratio ‘e’ assumes that the error will increase in

proportion to body size (see Figure 1), a characteristic in data known as heteroscedasticity that can be



controlled by taking logarithms. Categorical or group differences within the population, e.g. sex and
athletic status can be explored by allowing the constant intercept parameter ‘a’ in (1) to vary for each
group (by introducing them as fixed factors and their interactions within the ANCOVA).

Finally, recognising that the allometric model (1) forces the association between SSK and the
waist-by-height ratio through the origin (Y=0, X=0), we fitted an alternative non-linear model that
allows a non-zero constant intercept W, to exist as SSK tends towards zero.

SSF + Wo=a*W *HT b*exp (c.age + d.agez), (2)
The model (2) was rearranged as follows

SSF = a*W *HT "*exp (c.age + d.age?) - Wo, (3)
and fitted using the non-linear least-squares regression routine provided in SPSS.

For all the above analyses, the significance level was set at P<0.05.

RESULTS
A strong association between the sum-of-waist skinfolds (iliac crest, supraspinale, abdominal

skinfolds) and waist circumference, can be seen in Figure 1. The Pearson’s correlations between the

sum-of-waist skinfolds and waist circumference were, for male controls (r=0.67; P<0.001), female

controls (r=0.64; P<0.001), male athletes (r=0.64; P<0.001), female athletes (r=0.67; P<0.001) and for

all four groups combined (r=0.42; P<0.001),

Figure 1 about here —

A_two-way ANOVA reveals significant differences in the sum-of-waist skinfolds between athletic status
(controls mean 40.8mm (SE=1.3) vs. athletes mean 35.6mm (SE=1.2); P=0.004) but no difference

between sex nor a sex-by-athletic status interaction (both P>0.05). When the four groups were

analysed using a one-way ANOVA, the rank order in sum-of-waist skinfolds was as follows (male

controls=43.4mm female controls=38.1mm, female athletes=35.8mm, and male athletes=35.3mm;

P=0.004).

In order to assess the extent to which the six anthropometric indices made to the above two-way

ANOVA, each anthropometric index was incorporated as covariates separately. The resulting



covariate F ratios from the six ANCOVA analyses are given in Table 2a, having controlled for age
(incorporated as a quadratic), athletic status and sex.

The MANCOVA analyses adopting the three skinfold measures as the multivariate dependent
variable identified the following Wilk’s lambda and F ratio contributions for the six anthropometric
covariates having controlled for age (incorporated as a quadratic), athletic status and sex. The results
are given in Table 2b. In all six MANCOVA analyses, the effects of the quadratic terms in age, athletic
status sex were significant (P<0.001). Note that the Wilks lambda ranges from 0 to 1 and the lower the

Wilks lambda, the stronger the relationship. This was confirmed by the larger F ratios.

Table 2 about here —

Further evidence (using the covariate F ratios) of the strength of association between subcutaneous
adiposity (adopting the three separate skinfolds of iliac-crest, supraspinale, abdominal skinfolds as
separate dependent variables) and the six weight-status anthropometric covariates, having controlled
for age (as a quadratic), athletic status and sex in the 18 univariate ANOVAs, are given in Table 3. As

before, in all 18 ANOVAS, the effects of age, athletic status and sex were significant (P<0.001).

Table 3 about here —

Using the proportional allometric model (1), the ANCOVA of log-transformed sum-of-waist skinfolds

Ln(SSF) resulted in the following results and fitted parameters (Table 4).

Table 4 about here —

The waist (3.751) and height (-2.340) exponents associated with the log-transformed sum-of-waist

skinfolds in the above model have opposite signs that can be rearranged and expressed as a waist-to-

height ratio within a power function relationship as follows:

Waist3.751 . height-2.34: (Walst . he|ght -0.624)3.751,



since height’z'34 = (height’°'624)3'751. The 95% confidence interval (Cl) for the rearranged/rescaled height
exponent -0.624 is (-0.826 to -0.440). Note that the quadratic in age is “U” shaped and reaches a

minimum at age = -(-0.03)/2*(.0004)=37.5 years (using elementary differential calculus).

Finally, the results and fitted parameters, obtained from fitting the non-linear least-squares regression
model (equation 3) using the SPSS non-linear least-squares regression algorithm, are given in Table

5.

Table 5 about here -

Once again, the stature exponent b=-0.641 (SE=0.092) had a 95% confidence interval (CI) from -
0.822 to -0.460, very similar to that estimated and reported using the allometric model (1) in Table 4.
Note that the quadratic in age is “U” shaped and reaches a minimum at age = -(-0.007)/2*(8.77E-

06)=39.9 years (again using elementary differential calculus).

DISCUSSION

The current study examined the association between commonly-used surface anthropometric
surrogates for subcutaneous central obesity and subsequently determined a hierarchy of preference of
the indices using a variety of statistical approaches. This is the first study to present such data and, as
such, adds new insight into the literature on the topic of which anthropometric index is the best proxy
for centralized adiposity. Such information directly relates to health, is of pivotal value for accurate
translation into public health practice, and could be used to refine anthropometric proxies for adiposity
as used in healthcare policy worldwide. Understanding the strength of association between surface
anthropometric measures and subcutaneous central obesity in healthy, non-obese, adults is equally
as important as determining this association in obese individuals for two reasons. First, it is commonly
overlooked that the antecedents of obesity might be present in individuals whose weight has been
historically considered to be in the healthy range. Secondly, the cut-offs of reference ranges and
categorization has the potential to mislead, because such a ‘cliff edge’ phenomenon has no equivalent

physiological basis. To clarify, the commonly used BMI cut point of 30 ka/m” to classify an individual




10

as obese does not have a physiological basis (See Nevill and Holder, 1995). The validity of BMI is

based on the assumption that as BMI increases so does adiposity but classifying based on 30 kg/m?

has no biological validity (Nevill and Holder, 1995) and instead appears to have arisen from the need

for a cenveinientconvenient measure of weigthweight status for statistical analysis and classification of

individuals at a population level. The current study demonstrates the erroneous nature of such a ‘cliff

edge’ approach (i.e., classification of individuals as obese/non-obese based on BMI) as erroneous for

the participant group examined as, for example, athletically trained adults may be classified as obese,

based on BMI, but in reality, may be lean but muscular. -The participants in the current study

comprised untrained and athletically trained adults. Determining associations between surface
anthropometry and subcutaneous central obesity in such a population is useful as it allows a better
understanding of which anthropometric measure might have best clinical relevance in a sample that
are yet to present with obesity. Such information is key for preventive purposes and population-based
screening of weight status before individuals become obese and recognizing that adiposity may have
associated metabolic abnormality in the absence of obesity (Amato, Guarnotta, & Giordano, 2013).

The results of the first three methods of analyses identified the strongest predictor of, or
association with, subcutaneous central obesity (using the three waist skinfolds either collectively in
Tables 2a and 2b or separately in Table 3) was the Waist-to-heighto'5 ratio. Indeed, the strongest
through to the weakest anthropometric covariate associated with subcutaneous central obesitywas
found to be the following order, #1 the Waist-to-heighto'5 ratio (WHT.5R), #2 waist-to-height ratio
(WHTR), #3 absolute waist, #4 BMI, #5 waist-to-hip ratio (WHR), and finally #6 ABSI, an order that
remained consistent in all three types of analyses, see Tables 2a, 2b, and 3. The second and third
best predictors of subcutaneous central obesity were waist-to-height ratio and absolute waist
circumference, certainly better than either BMI, waist-to-hip ratio, or ABSI. This rank order is identical
with that reported by Nevill et al. (2017) when reporting the associations between weight status indices
and cardio-metabolic risk using an entirely independent population.

Further evidence_from the current study that the WHT.5R index is the best (rank=1) indicator

of subcutaneous central obesity compared with the WHTR (rank=2) comes for the fourth “allometric”
and fifth “non-linear regression” analyses. These analyses identified the optimal waist-to-height ratio

-0.624

associated with the sum-of-waist skinfolds was (waist - height ) and (waist - height ®*)

respectively (having controlled for differences in age, sex and athletic status). The empirically derived

10
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ratios are not too dissimilar to the WHT.5R since both 95% confidence intervals (Cl) encompass the
height exponent -0.5 but precludes -1.0 (i.e., that assumed for the waist-to-height ratio, WHTR).
Interestingly, both quadratics in age from Tables 4 and 5 suggest that, for the same waist-by-
height ratio (approximately waist - height '0'6), the waist-skinfold adiposity reaches a minimum at age
37-40 years. This period broadly corresponding to an age when both fat-free mass and appendicular
muscle mass appear to commence an age-related decline in healthy adults (Kyle et al., 2001).

Furthermore, having controlled for age and body size, BOTH sex and athletic status were now

significant, see Tables 4 and 5. This further underscores the inappropriateness of using body weight

alone to predict adiposity, because age-related muscle loss and fat gain may balance one another out
(Spirduso, 1995, p 68). Although Ashwell, Gunn, & Gibson (2012) concluded, having performed a
systematic review and meta-analysis with data representing over 300,000 adults, that WHTR (rank 2"
in the current study) was superior to both WC (ranked 3“’) and BMI (ranked 4th) for detecting cardio-
metabolic risk in both males and females, the WFHR-WHTR suffers from the following drawback:
Absolute or unadjusted waist circumference (WC) will clearly penalise the taller subject who might
have a larger waist suggesting that their cardio-metabolic risk is greater than a shorter individual with
the same waist circumference. However, by dividing waist by height, the waist-to-height ratio (WHTR)
will “over-scale” an individual's waist circumference predicting a taller subject to have a lower cardio-
metabolic risk than the shorter individual with the same waist circumference. The only index that will
do neither over- or under-estimate the subject’s cardio-metabolic risk would appear to be the WHT.5R,
found to be independent of height/stature. Height®* is unaffected by changes in adiposity whereas
measures such as BMI (adopted as a denominator in the ABSI) and hip girth, (adopted as a
denominator in WHR), are (Nevill, et al., 2017), i.e., by dividing WC by such body-size dimensions also
known to be inflated by waist adiposity will lead to a dilution in the impact of the ratio to detect
abdominal adiposity. Thus, normalizing or scaling waist girth for heighto'5 is more suitable in providing
a proxy for subcutaneous central obesity that accounts for, but is independent of, differences in body
size. Such an assertion also agrees with conclusions recently made by Swainson et al (2017) based

on their analysis of DEXA determined visceral adipose tissue._It would however be prudent for

additional study to cross validate the methods presented in the current study.

Across the epidemiological literature, there has been justifiable criticism of some of the early

indices to be adopted such as BMI and WHR including failing to represent adiposity, or being

11
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insensitive to tracking its changes (Ho, et al, 2001; Javed, et al., 2015; WHO, 2000). It is also
important to note that the definitions of overweight and obesity commonly used in the literature and
recommended by the WHO (2000) (BMI > 25 and > 30 kg.m™ respectively) were based on the
relationship between BMI with morbidity and mortality outcomes (Dalton, et al., 2003). Nevertheless,
BMI remains in widespread use to classify weight status in relation to body fat, yet crucially fails to
take into account the composition of body mass (e.g., muscle vs fat) and nor does it account for the
distribution of excess fat. WHR had previously been acknowledged as a clinically relevant method of
identifying patients with excess abdominal fat, although fat accumulation in the hip area, or a large
overhanging abdomen which reaches hip level may mean this ratio fails to alter with increasing
fatness. Latterly WC has been identified as a more practical measure than WHR which is more
strongly correlated with visceral fat than WHR (Cambhi, et al., 2011; Pouliot, et al., 1994). However,
viable alternatives to these have experienced considerable resistance, which may be due to
development of reference ranges for different population groups. Our data not only demonstrate how
poorly such trusted ratios perform, but point to a hitherto unexplained flaw in most of these, and
elucidate an alternative which does not artificially penalise taller or shorter individuals. We however

recognise that the current study does have some limitations. Notably the associations reported here

were developed on a reativle lean population and only subcutaneous fat was considered.

The data presented in the present study add support to the findings of Nevill et al (2016) in
regard to the utility of WHT.5R. When attempting to determine the superiority of simple anthropometric
measures of weight status, assessing the association of that measure with various disease risk
factors, as was demonstrated by Nevill et al (2017), is essential but forms only part of the answer. The
present study establishes the validity of WHT.5R as a measure of subcutaneous central obesity that
was superior to all other simple anthropometric indices of obesity. In this case, the present study
demonstrates the criterion validity of WHT.5R. This should be considered a key novel finding of the
present work. Finally, consideration needs to be given to the practicality and accuracy of
measurement, particularly if widespread use in public health settings for health screening is intended.
It should be noted that WHT.5R is no more difficult to measure than BMI or WC. WHT.5R therefore
provides a measure which is more strongly related to cardio-metabolic risk, as demonstrated
previously, is more strongly related to subcutaneous central obesity and is as easy to assess with high

accuracy as any other simple anthropometric measure of weight status or obesity.

12
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Implementing the model has considerable application in clinical and health settings. This

centres on the recognition that 1) overweight status may be the antecedent of obesity and 2) that

athletic individuals with large frame size and considerable muscle development are misrepresented by

generic models. Just as is the case in sarcopenic obesity, when fat gain is masked or balanced by

muscle loss, a young athletic sample needs to be viewed as a special case. In this paper we have

considered this effect by virtue of athlete-control as well as male-female comparison, and

demonstrated that an athletic sample may exhibit subtle differences as compared to a non-athletic

one. As the physical activity message continues be ‘shouted from the rooftops’ of public health and

wellbeing organisations, this finding has implication and impact for the wider population.

In conclusion, the current study has identified that the new index WHT.5R was the strongest
predictor of subcutaneous central obesity. Given that WHT.5R is independent of stature and is also
the strongest predictor of cardio-metabolic risk (see Nevill, et al., 2017), we recommend that clinicians
and health professionals should consider adopting the new waist-by-height>* ratio (WHT.5R) to advise

either their patients or members of the public how to maintain a “healthy” weight.
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FIGURE CAPTIONS

Figure 1. The association between the sum-of-waist skinfolds (iliac crest, supraspinale, abdominal

skinfolds) and waist circumference by sex and group (athletes versus controls).
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	Procedures
	Using the proportional allometric model (1), the ANCOVA of log-transformed sum-of-waist skinfolds Ln(SSF) resulted in the following results and fitted parameters (Table 4).

