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Allometric Anthropometric Reporting
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Introduction to  Allometric Anthropometrics 
Basic body measurements, height, weight, waist, and hip circumference are up to 90% correlated with each other.  The premier obesity index, BMI is defined as body weight divided by the predicted weight for an individual of given height (H) which based on populations studies is approximated by H**2.  The relationship was first identified some 200 years ago and has come to universal acceptance as the best representation of weight-based body size.  

BMI is the standard for classifying obesity and body size based on weight and height.  Measurements  of body shape, waist and/or hip circumference (WC,HC) are stongly correlated with BMI.  A decade ago we introduce ABSI (A Body Shape Index) that is a formula adjusting  WC across the range of BMI and similarly for HC,  HI (Hip Index).    We and numerous others have shown that ABSI provides the best vaildated anthropometric risk estimate for mortality.  Associations have been established for common features of the metabolic syndrome (especially for triglycerides and HDL) and for risk for cardiovascular events,  certain cancers as well as risk for abnormalities of  metabolism,  blood vessels and body composition.  ABSI and HI identify risk across the spectrum of BMI from underweight to morbid obesity.  On the one hand individuals with normal or low weight may be found to be at high risk, whereas those on the heavy side may actually not be at much increased risk if ABSI/HI are favorable.  
BMI, ABSI and  HI  were derived to be statistically independent, based on division weight, WC, HC by empiracly derived estimands of the respective expected values (see Table).  The performance of these indices has been demonstred by low intercorrelations, despite  inherent measurment errors and physiologic variability.  Therefore, I seems resanable to rea the indices as approaching statistical independence.  Consequently, unlike other common  anthropometric indices, associations with mortality and other outcomes can be combined to give an overall association designated an Anthrpometric Risk Indicator  (usually expressed as a HR- Hazard Ratio, RR – Relative Risk or OR- Odds Ratio).  Given the approximate statistical independence of BMI and ABSI, the combined Odds Ratio (OR), Anthropometric Risk Indicator (ARI) can be computed as: Ln(ARI) = ln(ORBMI) + ln(ORABSI) + ln(ORHI).
Computing ABSI  (w or w/o HI) and displaying the anthropometric profile and associated individual  risk estimates and the combined risk for BMI, ABSI and HI provides clinicians and others with a tool for increasing  awareness of both higher and lower anthropometrically mediated risk. We suggest  that considerable benefit for health care providers and patients may result from a very low cost effort in a time of strained health care budgets.  

Supplementary Background
Allometry refers to a methodology using power laws for correlated variables (https://en.wikipedia.org/wiki/Power_law).  Undoubtedly, the most familiar application of allometry addresses the high correlation of weight and height by dividing weight by its expected value derived from height.  About 200 years ago Quetelet (https://en.wikipedia.org/wiki/Adolphe_Quetelet) derived that the expected value weight is approximated by height**2.  In a 1972 paper Professor Ansel  Keys, pioneering chronic disease epidemiologist  coined the resultant power law expression, a Body Mass Index or BMI = weight/ height**2.   Over the ensuing half century, the low correlation between BMI and height has been empirically confirmed in populations worldwide. 
 https://en.wikipedia.org/wiki/Body_mass_index.  
Our work began a decade ago, with the introduction of the allometric index ABSI (A Body Shape Index) that adjusts waist circumference (WC) for height and BMI (height and weight). (1)  ABSI was found to be a linear predictor of mortality and the original paper has been cited in over 600 peer reviewed publications for a range of populations and outcomes.  
https://en.wikipedia.org/wiki/Body_shape_index
Unlike other shape indices based on WC, hazards for ABSI and BMI can be combined by a simple log sum of individual hazards to give an Anthropometric Risk Indicator (ARI). Unfortunately, investigators have generally not used ARI, which will improve prediction when hazards for BMI and ABSI are individually significant.   Hip circumference is frequently measured and the allometric power law designated HI (hip index) and the log hazard can be included in ARI (2).   Formulas for the indices are displayed in the Table:

Table Computational definitions for BMI, ABSI and  HI
	Allometric Index
	Power law formula
	x
	y

	BMI
	WxHy
	1
	-2

	ABSI
	WC/ WxHy
	2/3
	-5/6

	HI^
	HC/ (W*)x(H*)y  

	0.482
	-0.310


BMI = Body Mass Index, ABSI = A Body Shape Index, HI = Hip Index
W = weight in kg, H= height in cm, WC = waist circumference in cm, HC = hip circumference in cm.  x and y are the exponents in the power law formulas
^ HI was derived normalized to average weight and average height
W* =  W/73; H* = H/166

More recently we introduced adjustment of DXA derived body composition measurements with ABSI and BMI.  We found that most elements of body composition such as % fat, are largely accounted for by BMI and ABSI.  Lean tissue in the limbs, a marker of skeletal muscle mass and lean (non-fat) tissue in the trunk remained predictive and could therefore be combined with BMI and ABSI to increase power of the estimated mortality hazard.  (3)  ABSI also associates with grip strength and sarcopenia, of importance in geriatric assessment. (4, 5)
Metabolic Syndrome (MS) is a conceptual construct used to predict health risk by combined presence of  readily assessable measures: WC, elevated glucose, elevated BP,  elevated triglycerides and low HDL  These are scored 0 or 1 according to specific cut offs, that often vary for different population.  Within the context of MS, by substituting ABSI or ARI for WC strengthens the power of the MS mortality hazard. (6) Recent support for using ABSI in place of WC in MS comes from Japan. (7)
We have reported evidence from a longitudinal observational study that dietary composition associates with ABSI as a mediator of mortality. (8)
We collaborated in a genomic study which found numerous SNAP associations with both ABSI and HI. (9)  Further data from international surveys supports good performance of the allometric triad, BMI, ABSI, and HI across world populations.  Based on the above, we believe that consideration should be given to standardizing ABSI and HI wherever WC or HC are of interest.  
As highlighted by the American Heart Association, risk assessment is shifting from MS to Cardiovascular-Kidney-Metabolic (CKM) Health spectrum approach to diagnosis and treatment. (10) A companion statement from the AHA discusses risk quantification equations (11) with 16 mentions of BMI, but none for “waist”, perhaps start of a paradigm shift to relative from absolute waist circumference. 
Studies across the CKD spectrum continue to accumulate addressing multiple CVD outcomes. (12-16) Renal studies have been conducted (9, 16) as well as for various metabolic disorders (17, 18), hypertension (19) diabetes (20) and lipids (21). Based on these and other studies (22) we propose that ABSI will be useful
across the CKM spectrum. 
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