Introduction
This document outlines how to use the SAS macro developed by Dr. Fang Shu Ou and Lauren Paynter. The macro utilizes 16 models developed by Stevens et al. (Int J Obesity, 2017) to predict percent body fat using demographic information, anthropometrics, and bioelectrical impedance analysis.  
The BIA body composition calculator is not accurate for individuals who are less than 8 years of age or over 49 years of age, are less than 3’6” or more than 6’5” tall, weigh less than 42 or more than 300 pounds, are pregnant, have had sex reassignment hormone therapy, or have had an amputation other than fingers or toes.  Ethnicities other than non-Hispanic White, non-Hispanic Black and Mexican American are included in “Other”.  The National Center for Health Statistics (NCHS) recommends caution be used in analyses of ethnicities in the “Other” category due to limited samples.  Model performance for ethnicities in the “Other” category has not been validated and may provide spurious values.  Variables with values that are outside the range seen in NHANES will be identified via a WARNING message in the SAS log. Estimates will be calculated for individuals with out of range values, but these estimates may be spurious.
Variables
For a detailed description of how measurements were collected, please refer to the NHANES manual. Information corresponding to BIA measurements can be found in the NHANES Body Composition Procedures Manual. 
The units and naming schemes required for each variable are detailed in Table 1. Please note that all variables listed in Table 1 must be included in your dataset for the macro to produce results, however, some variables can have all data missing.  The macro calculates BMI for the user; therefore, when BMI is needed for the model, the user needs to have both HEIGHT and WEIGHT in the dataset (not BMI).  The macro also calculates the resistance index (RI) variable used in the prediction equations.



Table 1. Units and Naming Scheme for Variables
	Variable
	Naming Scheme
	Units

	Subject ID
	ID
	Any

	Gender
	SEX
	M, F

	Age
	AGE
	Years

	Ethnicity*
	ETHNICITY
	W, B, M, O

	Height
	HT
	Centimeters

	Weight
	WT
	Kilograms

	Triceps Skinfold Thickness
	TRI
	Millimeters

	Subscapular Skinfold Thickness
	SUB
	Millimeters

	Waist Circumference
	WAIST
	Centimeters

	Calf Circumference
	CALF
	Centimeters

	Arm Circumference
	ARMC
	Centimeters

	Thigh Circumference
	THIC
	Centimeters

	Upper Arm Length
	ARML
	Centimeters

	Upper Leg Length
	LEG
	Centimeters

	Menses**
	MENSES
	1, 0

	Resistance
	RESIST
	Ohms

	Reactance
	REACT
	Ohms


* Ethnicity: W = non-Hispanic White, B = non-Hispanic Black, M = Mexican American, O = Other
** Menses: 1=Onset of menses has begun, 0=No menses

The variables needed in each model are detailed in Table 2 (attached below).  The variables (measurements) in the models are different by gender for seven models. Coefficients in the models are different by gender for all models.  
Step 1 – Download the SAS macro and a SAS dataset
Download the zip file containing the SAS macro and corresponding data set. Save the SAS file “ABCC_BIA_Macro.sas” and the SAS dataset “ABCC_BIA_Data.sas7bdat” to the desired drive.  Create a SAS program that assigns the SAS library name “macrolib” to the drive location where the macro and dataset are saved.  Next, use the include statement in your SAS program to define the location of “ABCC_BIA_Macro.”
EXAMPLE
libname macrolib "H:\body_fat";
%include "H:\body_fat\ABCC_BIA_Macro.sas";


Step 2 – Predict percent body fat for all individuals in a dataset
If all data are present for all variables used in an equation, a percent body fat estimate will be provided for that equation. Otherwise, the estimate will be missing for that equation.
Use the following macro call:
%calcPredBIA (useData=)
where “useData=”  specifies the dataset that contains your variables
A new data set named “predBIABFdata” will be saved in the folder designated in your libname statement.  This data set will include predicted percent body fat variables for each individual for each equation for which data are complete. The variable name will have the prefix “predBIABF_” followed by the letter corresponding to the equation used to produce the estimate.   

See Table 2 below for a list of variables included in each prediction model.
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Table 2.  Variables needed in prediction models.  The X indicates the variables required for each equation to produce a non-missing estimate of percent body fat for males and females. Variables only needed for male models or only needed for female models are notated with M and F respectively. 
	
	
	
	
	
	
	BIA Measures
	Skinfold Thickness
	Circumference
	Length
	

	Model
	Age
	Ethnicity
	Height
	Weight
	BMI
	Reactance
	Resistance
	Resistance
Index
	Triceps

	Subscapular

	Waist
	Calf
	Arm
	Thigh
	Arm
	Leg
	Menses

	A
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	M
	X
	M
	
	F

	B
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	M
	X
	
	
	

	C
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	X
	X
	X
	X
	
	
	

	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	M
	
	F
	
	
	

	E
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X
	X
	X
	
	
	

	F
	X
	X
	X
	X
	X
	M
	X
	X
	X
	X
	X
	X
	
	
	
	
	

	G
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	M
	
	
	
	

	H
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	M
	
	
	
	

	I
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	
	
	
	
	
	

	J
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	
	X
	
	
	
	

	K
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	X
	
	
	
	

	L
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	
	
	
	
	
	

	M
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	
	
	

	N
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	
	
	
	

	O
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	
	M
	M
	

	P
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	
	

	Q
	X
	M
	
	
	
	X
	X
	M
	
	
	
	
	
	
	
	
	

	R
	X
	M
	
	
	
	X
	X
	
	
	
	
	
	
	
	
	
	

	S
	
	
	
	
	
	M
	F
	M
	
	
	
	
	
	
	
	
	

	T
	
	
	
	
	
	M
	F
	
	
	
	
	
	
	
	
	
	



NOTE: Equations A through P are recommended for use. See Stevens et al. 2017 for details on equation performance.

