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ABSTRACT 

Sagittal Abdominal Diameter, Waist Circumference, and BMI as  
Predictors of Multiple Measures of Glucose Metabolism:  

An NHANES Investigation of U.S. Adults 
 

Shelby Anne Firouzi 
Department of Exercise Sciences, BYU 

Master of Science 
 

OBJECTIVE: The key objective of the present investigation was to compare associations 
between sagittal abdominal diameter (SAD), waist circumference, and BMI to the oral glucose 
tolerance test (OGTT), along with fasting glucose, HbA1c, and HOMA-IR, in a nationally 
representative sample of U.S. adults. The study also analyzed the effect of multiple covariates on 
the anthropometric and glucose metabolism associations. 

 
METHODS: A cross-sectional design, including 3,582 subjects, was used. SAD was 

assessed using an abdominal caliper. All other data were collected following strict NHANES 
protocol. The OGTT was the primary variable used to index glucose metabolism. Fasting 
glucose, HbA1c, and HOMA-IR were also evaluated.  

 
RESULTS: Mean ± SE values were as follows: SAD: 22.3 ± 0.1 cm; waist 

circumference: 98.0 ± 0.4 cm; BMI: 28.6 ± 0.2 kg/m2; OGTT: 113.9 ± 1.0 mg/dL; fasting 
glucose: 99.6 ± 0.3 mg/dL; HbA1c: 5.4 ± 0.01%; HOMA-IR: 3.2 ± 0.1. SAD consistently 
emerged as the best predictor of all the indices of glucose metabolism, before and after adjusting 
for the covariates, and with the sample stratified by gender, race, or age. SAD was not a better 
predictor of OGTT among normal weight adults and non-Hispanic black adults.  

 
CONCLUSION: Obesity, especially abdominal obesity, is strongly related to glucose 

metabolism and type 2 diabetes. In the present study, SAD was the best anthropometric predictor 
of glucose metabolism, notwithstanding the high correlations among SAD, waist circumference, 
and BMI. Due to the ease of taking a SAD measurement, we recommend that healthcare 
providers consider the use of this simple and inexpensive method to more precisely predict 
diabetes risk, especially among overweight and obese adults.  
 
 
 
 
 
 
 
 
 
 
Keywords: obesity, abdominal obesity, visceral fat, anthropometry, type 2 diabetes, oral glucose 
tolerance test 
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INTRODUCTION 

Recent findings show that over 29 million people in the United States have diabetes, with 

type 2 diabetes accounting for more than 90% of the cases.1,2 Over the past few decades, the 

prevalence of diabetes has increased by approximately 35%.3 Among those with diabetes, 

approximately 1 in 4 remain undiagnosed, which is a serious obstacle to effective disease 

management.1,2,4 Diabetes is not only a major risk factor for heart disease—the leading cause of 

death in the United States—but it is also the seventh-leading cause of death.5 

Obesity, a primary risk factor for type 2 diabetes, affects a significant portion of the 

United States population.5 According to recent findings, almost 70% of U.S. adults are 

overweight or obese.3 If current trends continue, projections estimate that approximately 85% of 

the nation’s adults could be overweight or obese by 2030.6 

Central or abdominal obesity is associated with a myriad of metabolic disturbances, 

including glucose intolerance and insulin resistance, and has a greater association with type 2 

diabetes than overall obesity.7 Moreover, among the types of fat that account for abdominal 

obesity, visceral fat seems to have a more significant impact on diabetes and related conditions 

than subcutaneous fat.7 

Identifying valid, simple, and inexpensive screening tools for detecting diabetes risk has 

become a significant public health challenge due to the increasing prevalence of diabetes and the 

large number of cases that go undiagnosed. Because a strong relationship exists between obesity, 

body fat distribution, and type 2 diabetes, anthropometric measurements can be used to screen 

and predict diabetes risk. BMI and waist circumference are among the most common 

measurement methods employed to help predict the relationship between body size, fat 

distribution, and glucose metabolism. However, these measurements are indirect approaches.8 
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Computed tomography, magnetic resonance, and dual energy x-ray absorptiometry (DXA) are 

tools which can robustly assess visceral and abdominal fat. However, these methods tend to be 

expensive and some produce radiation exposure.9 

The sagittal abdominal diameter (SAD) measurement, also referred to as ‘abdominal 

height,’ has been introduced as a noninvasive method to index visceral fat.10 SAD is measured 

with a subject laying in a supine position so that loose subcutaneous fat falls to the sides, and the 

harder, more rigid visceral fat stays in place to be measured via caliper.9,11 The SAD 

measurement is valid and reliable no matter the body size of the individual, unlike the more 

traditional waist circumference measurement, which is more difficult to accurately and 

repeatedly measure in populations with overweight and obesity.12 

There are currently many methods to assess abdominal obesity and there are also multiple 

methods to index glucose metabolism and diagnose diabetes, including the oral glucose tolerance 

test (OGTT), fasting blood glucose, hemoglobin A1c (HbA1c), and the homeostasis model 

assessment (HOMA-IR).13 Overall, the OGTT is the gold standard and research has consistently 

demonstrated the OGTT’s unique ability to diagnose glucose intolerant and diabetic cases that 

are missed when using other strategies.4,14 In general, HOMA-IR, an index of insulin resistance, 

does not diagnose diabetes status, but is another widely recognized indicator of metabolic 

abnormalities used in large, epidemiologic studies.15,16 

For the sagittal abdominal diameter measurement (SAD) to potentially operate as an 

index of abdominal obesity and help identify abnormal glucose metabolism, it should be 

evaluated in a national sample against the gold standard diagnostic tool for diabetes, the OGTT. 

Current research comparing the SAD against other anthropometric measurements (BMI, waist 

circumference, etc.), focusing on their capacity to quantify glucose metabolism using the OGTT, 
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is lacking. To date, most investigations designed to study the sagittal abdominal diameter as it 

relates to OGTT results have employed special populations and small samples.12,17-21 The SAD 

has never been compared to other measures of abdominal obesity while using the OGTT in a 

large sample, representative of the U.S. adult population. Such a study would allow findings to 

be generalized across various age groups, races, and body sizes within the United States. 

The present study had multiple objectives. The first purpose was to compare the 

associations between SAD, waist circumference, and BMI to the gold standard assessment of 

glucose metabolism, the oral glucose tolerance test (OGTT), as well as other measures, including 

fasting glucose, HbA1c, and HOMA-IR, in a large, nationally representative sample of adults. 

Another purpose was to determine the effect of various covariates, including age, gender, and 

race, on the measures of obesity and abdominal obesity and glucose metabolism. Finally, the last 

aim was to compare the associations between the anthropometric variables and the measures of 

glucose metabolism across categories based on age, gender, race, and BMI separately. 

METHODS 

Design 

 The present study employed a cross-sectional design. Data was obtained from the 

National Health and Nutrition Examination Survey (NHANES 2011–2014). The associations 

between several anthropometric variables (sagittal abdominal diameter (SAD), waist 

circumference, and BMI) and multiple measures of glucose metabolism (oral glucose tolerance 

test (OGTT), fasting glucose, HbA1c, and HOMA-IR) as well as the influence of covariates, 

were evaluated.  

 NHANES is a program of the National Center for Health Statistics, which is part of the 

Centers for Disease Control and Prevention. It is an extensive survey that annually assesses 
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hundreds of variables related to health and nutrition. The target population for NHANES is the 

noninstitutionalized, civilian population of the United States.22 Data from NHANES 2011–2012 

and NHANES 2013–2014 were used for the present study. More details about the NHANES 

survey are available online.23 

Subjects 

 NHANES uses a complex, multistage probability design to obtain a sample of the 

noninstitutionalized, civilian population in the United States. This sample is representative of the 

U.S. adult population that is ≥ 20 years of age. NHANES sampling procedures follow defined 

stages: 1) selection of Primary Sampling Units (PSUs)—counties or small groups of counties, 2) 

selection of segments or blocks within PSUs, 3) selection of households within segments, and 4) 

selection of individuals within households.24,25 Between the years 2011–2014, 27,763 individuals 

were selected for NHANES from 60 different randomly selected study locations. Of these, 

19,151 individuals were examined.24,25 Only a subsample of 4,637 individuals who were 

examined during morning lab sessions were asked to complete an oral glucose tolerance test 

(OGTT). From the NHANES data, only subjects who had data on sagittal abdominal diameter 

(SAD), waist circumference, BMI (calculated from measures of height and weight), oral glucose 

tolerance test (OGTT), fasting glucose, HbA1c, and HOMA-IR were included in the present 

investigation. The number of subjects who met the inclusion criteria for this study was 3,582 

subjects. 

The Institutional Review Board (IRB) for the National Center for Health Statistics (now 

referred to as the Ethics Review Board) approved the NHANES data collection and allowed the 

data files to be posted on their website for public use. NHANES received written informed 

consent from each survey participant prior to data collection.26  
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Instrumentation and Measurement Methods  

The following variables were studied in this investigation: age, gender, race, sagittal 

abdominal diameter (SAD), waist circumference, BMI (based on height and weight), oral 

glucose tolerance test (OGTT), fasting glucose, HbA1c, and HOMA-IR.  

Height. Standing height was measured using a fixed stadiometer with an adjustable 

headboard. The subject was instructed to remove hair ornaments, jewelry, buns, or braids from 

the top of the head. The subject was then told to step onto the stadiometer platform and stand up 

straight against the backboard, with both feet flat and body weight evenly distributed. Subjects 

stood with heels together and toes pointing outwards at approximately a 60-degree angle.27 The 

head, shoulder blades, buttocks, and heels of each subject were to touch the stadiometer 

backboard when possible. The subject’s head was aligned in the Frankfort horizontal plane, 

meaning the horizontal line from the ear canal to the lower border of the orbit of the eye was 

parallel to the floor and perpendicular to the stadiometer backboard.27 The subject was then 

instructed to look straight ahead as the stadiometer head piece was lowered to sit firmly on top of 

his/her head and compress the hair. The final measurement was taken after telling the subject to 

stand as tall as possible, take a deep breath, and hold his/her position.27 

 Weight. Weight was determined using a Mettler-Toledo digital weight scale. Each 

subject wore a standard examination gown consisting of a disposable shirt, pants, and slippers. 

The subject stood in the center of the scale, looked straight ahead, and held arms at his/her 

sides.27 If a subject weighed more than 440 pounds, the measurement was taken using two 

portable scales, and the subject stood with one foot on each scale. The two readings were then 

combined to approximate total body weight.27 
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Body Mass Index (BMI). Body Mass Index (BMI) is a simple and universal index of 

obesity based on an individual’s weight and height. It is determined by taking the weight in 

kilograms, divided by the height in meters, squared (kg/m2). Underweight is classified as a BMI 

< 18.5, normal weight as a BMI between 18.5 and 24.9, overweight as a BMI between 25.0 and 

29.9, and obese as a BMI ≥ 30. BMI was calculated using the measurements taken for weight 

and height, as described in the previous paragraphs.28 

 Sagittal Abdominal Diameter (SAD). An abdominal caliper measured the distance 

between the front of the abdomen and the small of the back at the level of the iliac crest. Each 

subject was required to lie down on the examination table, bend his/her knees to a 90-degree 

angle, and keep feet flat on the table. Arms were to remain crossed at the chest.27 With the 

subject laying down, the examiner located the right iliac crest at the midaxillary line and marked 

the superior border of the right ilium with a line perpendicular to the table, using a cosmetic 

pencil. The examiner next located the same spot on the left side of the body and extended a 

measuring tape over the abdomen between these two marks, without compressing the skin, 

ensuring that the tape was still aligned perpendicular to the exam table.27 A horizontal mark was 

drawn on the abdomen along the tape to allow for proper placement of the caliper. The caliper’s 

lower arm was inserted beneath the small of the subject’s back, so that the caliper arm and back 

touched. The upper arm of the caliper was lowered to approximately two centimeters above the 

subject’s abdomen.27 The subject was then instructed to slowly and gently inhale one breath, 

slowly exhale, and then pause. At this time, the upper caliper arm was slid down to lightly touch 

the abdomen without compressing it. At least two measurements were taken on each subject and 

the average was used. Up to four measurements were taken if there was a difference greater than 
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0.5 cm between measurements, and the mean of the three closest values was calculated. 

Measurements were taken to the nearest 0.1 cm.27 

Waist Circumference. Abdominal or waist circumference was measured directly against 

the skin of each subject, at the superior lateral border of the iliac crests. The subject crossed 

his/her arms and placed hands on opposite shoulders. The examiner stood on the right side of 

every participant, palpated the hip area to find the right ilium of the pelvis, and then drew a 

horizontal line directly above the most superior lateral border, using a cosmetic pencil.27 A 

vertical line was also drawn at the midaxillary line to create a cross marking. A steel measuring 

tape was extended around the waist at the level of the measurement mark with the examiner 

making sure that the tape stayed horizontal and parallel to the floor. The measurement tape was 

to be snug, but to not compress the skin. A single measurement was taken to the nearest 0.1 cm 

after the subject exhaled one normal breath.27 

Oral Glucose Tolerance Test (OGTT). The OGTT was performed on subjects who 

were examined during a morning lab session after a 9-hour fast. The exam was performed by a 

certified phlebotomist. The phlebotomist first administered an interview and a fasting 

questionnaire to screen for exclusion criteria and ensure fasting compliance. NHANES had seven 

exclusion criteria for the OGTT: pregnancy, hemophelia and chemotherapy safety exclusions, 

fasting less than 9 hours, using insulin or oral medication for diabetes, refusing phlebotomy, and 

not drinking the entire glucose solution within the prescribed time (10 minutes).29-31 After 

participants’ initial fasting blood draw during their exam session, they were instructed to drink a 

75-gram Trutol™ glucose solution within a maximum of 10 minutes. Participants continued to 

fast, and a second blood draw was taken two hours (± 15 minutes) after drinking the Trutol™ 

solution. Blood draws were taken from the median cubital, cephalic, or basilic veins in the left 
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arm.29-31 An enzymatic method and UV test were employed to measure the glucose 

concentration. Hexokinase was used to phosphorylate glucose to glucose-6-phosphate (G-6-P) by 

ATP. Glucose-6-phosphate dehydrogenase then oxidized G-6-P to gluconate-6-phosphate in the 

presence of NADP. No other carbohydrate was oxidized. The rate of NADPH formation during 

the reaction was then measured photometrically, and the rate was directly proportional to the 

final glucose concentration, as described by NHANES.29-31 

Plasma Fasting Glucose. The fasting glucose blood test was completed on all 

participants who were examined during a morning lab session following a 9-hour fast. The exam 

was performed by a certified phlebotomist. An interview was conducted and a fasting 

questionnaire was completed prior to the blood draw to verify fasting eligibility to participate. A 

blood draw was then performed on the left arm, using the median cubital, cephalic, or basilic 

veins.32,33 An enzymatic method and UV test were used to measure the glucose concentration, 

following the exact procedures as were used for the oral glucose tolerance test (OGTT), which 

were described in the previous paragraph.32,33 

Hemoglobin A1c (HbA1c). The Tosoh Automated Glycohemoglobin Analyzer HLC-

723G8 as used for in vitro quantitative measurement of hemoglobin A1c (HbA1c).34 After 

obtaining a blood specimen for each subject, the analyzer diluted the specimen with a hemolysis 

solution and then injected a portion of this treated solution onto the HPLC analytical column.34 

According to NHANES, “Separation is achieved by utilizing differences in ionic interactions 

between the cation exchange group on the column resin surface and the hemoglobin components. 

The hemoglobin fractions (A1c, A1b, F, LA1c, SA1c, A0 and H-Var) are subsequently removed 

from the column material by step-wise elution using elution buffers each with a different salt 

concentration.”34 These separated components then went through a photometer flow cell to 
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measure changes in absorbance. Finally, the analyzer calculated the relative percentage for each 

hemoglobin component, which took approximately three minutes.34  

Homeostasis Model Assessment (HOMA-IR). Insulin resistance was indexed using 

HOMA-IR (fasting insulin [µU/mL] * fasting glucose [mg/dL]/405). The methods for collecting 

fasting glucose data were described previously.32,33 Blood draws for fasting insulin were 

obtained by following the exact protocol as was used to obtain blood samples for fasting glucose. 

In the NHANES 2011–2012 data collection cycle, the Roche Elecsys 2010 immunoassay method 

was used to measure fasting insulin.35 This assay method used two monoclonal antibodies, which 

are specific to human insulin when used together. This method also required two incubation 

periods. During the first incubation, the insulin in the blood sample formed a ‘sandwich 

complex’ with the two antibodies.35 During the second incubation, streptavidin-coated 

microparticles were added, and the complex became bound to the solid phase. The reaction 

mixture was then aspirated into a measuring cell, and the microparticles were captured 

magnetically onto an electrode surface.35 Unbound substances were removed. A voltage was 

applied to the electrode, which started chemiluminescent emission. The amount of light produced 

was proportional to the amount of insulin in the blood sample.35 In the NHANES 2013–2014 

cycle, a two-site immunoenzymatic assay was used to measure the insulin present in the blood 

sample, using the Tosoh AIA System analyzer.36 The insulin in the sample was bound to a 

monoclonal antibody, which was immobilized on a magnetic solid phase and enzyme-labeled 

monoclonal antibody. The magnetic beads were washed to remove any unbound enzyme-labeled 

monoclonal antibody.36 These beads were then incubated with a fluorogenic substrate, 4-

methylumbelliferyl phosphate (4MUP). The insulin concentration in the blood sample was 

directly proportional to the amount of enzyme-labeled monoclonal antibody that was bound to 
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the magnetic beads.36 Because two different methods for collecting fasting insulin samples were 

employed in the 2011–2012 and 2013–2014 data cycles, the following regression equation was 

applied to the 2013–2014 insulin values to equalize them with the 2011–2012 values: 

Insulin (Roche-equivalent) = 10**(0.9765*log10(Tosoh insulin) + 0.07832).37 

 Unlike OGTT, fasting glucose, and HbA1c, HOMA-IR is not a direct measure of glucose 

metabolism. Rather, HOMA-IR is an index of insulin metabolism and insulin resistance. It was 

included with OGTT, fasting glucose, and HbA1c because HOMA-IR is widely used in 

epidemiologic research and it is moderately related to the measures of glucose metabolism and 

strongly associated with the anthropometric variables of the present study.  

Statistical Analyses 

 NHANES findings are special because they can be generalized to the 

noninstitutionalized, civilian population of the United States. This broad level of generalization 

is possible because of NHANES’ use of sophisticated sample weights. Each subject studied by 

NHANES receives a sample weight, a numerical value signifying the number of people in the 

U.S. population represented by that individual. By using sample weights, NHANES produces 

unbiased national estimates, which account for unequal sample selection among different races, 

ages, genders, geographic locations, nonresponses, and independent population controls.  

 In the present investigation, means ± standard errors were provided for continuous 

variables to help describe the data. Results were adjusted for the NHANES complex sampling 

design, based on strata, primary sampling units, and individual sample weights. For the present 

study, sample weights were based on a subsample of fasting individuals who participated in the 

oral glucose tolerance test (OGTT) during the 2011–12 and 2013–14 data collection cycles. 
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 Proc SurveyFreq was employed to estimate weighted frequencies, and Proc SurveyMeans 

was used to calculate weighted means, both representing the U.S. population. Multiple linear 

regression using the Proc SurveyReg procedure was used to determine the relationship between 

each measure of abdominal obesity or obesity (i.e., sagittal abdominal diameter, waist 

circumference, and BMI) and each index of glucose metabolism (i.e., OGTT, fasting glucose, 

HbA1c, and HOMA-IR). As a result of the regression analyses, the amount of shared variance 

(R2) was reported for each association, along with corresponding F- and P-values. Steiger’s Z 

was employed to determine the extent to which the correlated relationships differed 

significantly.38 For example, Steiger’s Z was used to test the extent to which the relationship 

between SAD and OGTT was stronger or weaker than the association between waist 

circumference and OGTT. To test the extent to which the relationships between the measures of 

abdominal obesity and glucose metabolism differed across various subgroups, including different 

age groups, races, men and women, and BMI categories, multiple regression analysis and 

Steiger’s Z were used. 

 To test the degree to which the obesity and glucose metabolism relationships were 

mediated by age, gender, and race, these variables were controlled statistically using partial 

correlation and the Proc SurveyReg procedure. The least-squares means procedure was utilized 

to calculate adjusted means. Because of the correlations among the anthropometric measures that 

were employed as covariates in Model 3, the SAS VIF (variance inflation factor) option was 

used to test for multicollinearity. The most significant VIF tests showed “weak” levels of 

multicollinearity according to Belsey, Kuh, and Welsch.39 
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 If the glucose metabolism distributions (OGTT, fasting glucose, HbA1c, and HOMA-IR) 

deviated significantly from normal, the values were transformed by natural logarithm prior to 

modeling. To aid interpretation of the results, untransformed values were reported. 

  All P-values were two-sided and statistical significance was accepted when alpha was < 

0.05. The statistical analyses were computed using SAS Version 9.4 (SAS Institute, Inc., Cary, 

NC). 

RESULTS 

 The final study sample included 3,582 participants, representing all noninstitutionalized, 

civilian U.S. adults aged 20–84 years. The participants included men and women covering 

diverse racial categories and a wide range of BMIs. For the sample of women, the mean (± SE) 

age was 46.8 ± 0.6 years, average SAD was 21.7 ± 0.2 cm, and mean waist circumference and 

BMI were 96.0 ± 0.5 cm and 28.8 ± 0.2 kg/m2, respectively. For the glucose metabolism 

variables, among the women, mean (± SE) OGTT, fasting glucose, HbA1c, and HOMA-IR were 

115.3 ± 1.4 mg/dL, 97.7±0.4 mg/dL, 5.4 ± 0.01%, and 3.1 ± 0.1, respectively. Among the men, 

the mean (± SE) age was 45.1 ± 0.5 years, average SAD was 22.9 ± 0.1 cm, and mean waist 

circumference and BMI were 100.3 ± 0.4 cm and 28.3 ± 0.2 kg/m2, respectively. For the glucose 

metabolism variables in the sample of men, mean (± SE) OGTT, fasting glucose, HbA1c, and 

HOMA-IR were 112.5 ± 1.5 mg/dL, 101.7 ± 0.6 mg/dL, 5.4 ± 0.02%, and 3.4 ± 0.1, respectively. 

 Associations among the anthropometric variables were strong. Specifically, SAD and 

waist circumference were highly correlated (r = 0.945, P < 0.0001), whereas the relationships 

between waist circumference and BMI and between SAD and BMI were 0.906 (P < 0.0001) and 

0.890 (P < 0.0001), respectively. 
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 Correlations among the glucose metabolism variables in the full sample are displayed in 

Table 1. Among the measures of glucose metabolism, fasting glucose and HbA1c were 

correlated most strongly (r = 0.710, P < 0.0001), and the relationship between OGTT and fasting 

glucose was similar (r = 0.667, P < 0.0001).  

 As shown in Table 2, SAD was a significant predictor of OGTT, fasting glucose, HbA1c, 

and HOMA-IR, without any statistical controls and after adjusting for differences in age, gender, 

and race. SAD remained a significant predictor of each glucose metabolism variable after 

adjusting for the demographic variables, waist circumference, and BMI. Waist circumference 

and BMI were also significant predictors of each of the glucose metabolism variables with just 

age, gender, and race controlled. However, waist circumference and BMI were not significant 

predictors of the glucose measures when SAD and the other anthropometric variable were 

controlled statistically. SAD was a significantly better predictor of each glucose metabolism 

measure when compared to both waist circumference and BMI, before and after adjusting for the 

covariates (Table 2). Moreover, waist circumference was a statistically better predictor of the 

glucose measures than BMI in two-thirds of the comparisons (Table 2). Overall, SAD was the 

best predictor of the glucose metabolism variables, followed by waist circumference, and then 

BMI.  

 Table 3 displays shared variances between the anthropometric and glucose metabolism 

variables with subjects stratified by gender. After adjusting for all covariates, SAD was again a 

significantly better predictor of each glucose metabolism variable compared to waist 

circumference and BMI in both men (n = 1784) and women (n = 1798). In the sample of men, 

SAD was always the best predictor of OGTT, fasting glucose, HbA1c, and HOMA-IR across all 

three of the statistical models. However, within the sample of women, SAD did not differ 
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significantly from waist circumference as a predictor of fasting glucose and HbA1c when only 

age and race were controlled. In men, waist circumference remained a significantly better 

predictor than BMI for two-thirds of the comparisons. For women, no prominent pattern 

emerged in the comparisons between waist circumference and BMI. However, SAD remained 

the best predictor of glucose metabolism.  

 Table 4 features comparisons of shared variance by categories of BMI. For individuals in 

the normal weight category (n = 1111), essentially no significant differences were established 

among the three anthropometric measurement methods. SAD was not a significantly better 

predictor of OGTT or any other glucose metabolism variable. In short, each anthropometric 

measure was virtually equal in its predictive utility of glucose metabolism when applied to a 

normal weight U.S. adult population.  

 As shown in Table 4, there were substantial differences in the relationships between the 

anthropometric measures and the glucose metabolism variables when applied to overweight (n = 

1190) and obese (n = 1218) adults. In the overweight participants, SAD was again the best 

predictor of OGTT and the other glucose metabolism variables. However, waist circumference 

did not differ consistently from BMI as a predictor of glucose metabolism within the overweight 

group.  

 With the sample delimited to obese adults (Table 4), SAD was the best anthropometric 

predictor of OGTT—the gold standard diagnostic tool. For the other glucose metabolism 

measures (i.e., fasting glucose, HbA1c, HOMA-IR), SAD remained the best predictor for eight 

of the nine comparisons. Unlike SAD, waist circumference and BMI did not persist as significant 

predictors of glucose metabolism when the demographic covariates and the other two 

anthropometric measures were controlled statistically.  
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 Table 5 shows shared variances for subjects stratified by race. Within the non-Hispanic 

white population (n = 1526), SAD emerged again as the anthropometric measurement with the 

greatest predictive utility. For both Mexican Americans (n = 447) and Asians (n = 476), SAD 

was the best predictor across all glucose metabolism variables after adjusting for all covariates. 

However, when the sample was delimited to non-Hispanic blacks (n = 681), SAD lost some of 

its predictive edge when compared to waist circumference and BMI. In blacks, BMI tended to be 

the worst predictor of the glucose metabolism measures. When analyzing the Other Hispanic 

group alone, after adjusting for all the covariates (Table 5, Model 3), SAD was a better predictor 

of HbA1c and HOMA-IR compared to waist circumference and BMI.  

 Some differences appeared between SAD, waist circumference, and BMI as predictors of 

glucose metabolism when subjects were stratified by age, as shown in Table 6. Among adults 

20–39 years old (n = 1350) and 60–84 years old (n = 967), SAD was the best predictor for 

OGTT and the other glucose metabolism variables, after controlling for all the covariates, but the 

relationship was not consistently significant with only age, gender, and race controlled. When the 

sample was delimited to middle-aged subjects (n = 1265), SAD was the best anthropometric 

predictor across all the statistical models.  

DISCUSSION 

 Despite significant advances in modern medicine, type 2 diabetes continues to plague 

millions of individuals in the U.S.1,2 In addition, almost 70% of U.S. adults are classified as 

obese, a primary risk factor for type 2 diabetes.3,5 The strong association between obesity, 

abdominal obesity and type 2 diabetes has been well-established in the scientific literature. This 

association has laid the foundation for further research to investigate the capability of various 

anthropometric measurements (SAD, waist circumference, BMI) to distinguish individuals with 
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abnormal glucose metabolism.7 Some earlier investigations have shown that SAD, which can 

index abdominal fat specifically, may be a more effective predictor than waist circumference or 

BMI for predicting glucose intolerance and other metabolic disturbances.10,40-42 

The purpose of this study was three-fold. The first objective was to compare the 

associations between SAD, waist circumference, and BMI to the OGTT, the gold standard 

measurement of glucose metabolism, as well as to fasting glucose, HbA1c, and HOMA-IR, in a 

nationally representative sample of U.S. adults. A second purpose was to analyze the effect of 

several covariates—age, gender, and race—on the relationships between the measures of obesity 

and abdominal obesity and the multiple indices of glucose metabolism used in the present 

investigation. The third purpose was to compare associations between the anthropometric and 

glucose metabolism variables across categories based on age, gender, race, and BMI separately.  

While the differences were not large among the anthropometric measurements, overall, 

SAD consistently emerged as the best predictor of the OGTT results, as well as for the other 

glucose metabolism variables (fasting glucose, HbA1c, and HOMA-IR). Before and after 

adjusting for age, gender, race, and the other two anthropometric measures, SAD was a 

significantly better predictor of each glucose metabolism measure than both waist circumference 

and BMI. Moreover, waist circumference surfaced as a relatively consistent second place 

measure in its predictive utility.  

These findings were mostly consistent when the sample was stratified by gender. Relative 

to the gold standard, OGTT, SAD was a better predictor than waist circumference and BMI. 

Although in women, SAD did not differ statistically from waist circumference as a predictor of 

fasting glucose and HbA1c, after adjusting for age and race. When delimited by BMI category, 

SAD was the best predictor of glucose metabolism among both overweight and obese subjects, 
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but not normal weight adults. Stratifying subjects by race revealed that in non-Hispanic whites, 

SAD had the greatest predictive utility for all the glucose metabolism variables under each 

statistical condition. When all the covariates were controlled, SAD remained the best predictor 

across all the glucose metabolism variables in Mexican Americans and Asians. Even when 

subjects were stratified by age, SAD generally persisted as the best predictor of OGTT after 

adjusting for the covariates.  

The results also presented certain conditions in which SAD was not the best predictor. 

Specifically, SAD was not a better predictor of OGTT than waist circumference or BMI within 

the subsample of normal weight adults or among non-Hispanic black individuals.  

 Based on the results, the SAD measurement contains some unique quality allowing it to 

predict various indices of glucose metabolism better than the waist circumference and BMI 

measurements, despite the high correlations among the three variables. Consistently, SAD 

remained a significant predictor of glucose metabolism, even after adjusting for differences in 

waist circumference and BMI. However, waist circumference and BMI were no longer 

significant predictors of glucose metabolism when adjusting for the other anthropometric 

variables. This unique predictive quality seems to persist, even when subjects are stratified into 

different categories based on age, gender, race, and BMI. 

 The predictive power of the SAD measurement compared to waist circumference and 

BMI measurements was especially noteworthy when subjects were stratified by BMI category. 

While the anthropometric measurement method used appeared to have little significance in the 

normal weight group, SAD’s improved predictive edge was clearly apparent among overweight 

and obese individuals.  
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These findings carry both statistical and practical significance, especially since more than 

two-thirds of adult Americans are overweight or obese.3,4 Because of the strong association 

between obesity and type 2 diabetes, it is highly likely that many individuals who are diagnosed 

with type 2 diabetes will also have either an overweight or obese BMI classification. Clinicians 

helping individuals with diabetic conditions will most likely be working with higher weight 

populations rather than normal weight individuals. Since the SAD measurement had the best 

predictive power among the overweight and obese, it would be most effective to apply this 

measurement tool to these groups.  

Previous studies comparing the use of various anthropometric measurements in 

overweight and obese populations to predict glucose metabolism have supported the use of 

SAD.12,41 Gletsu-Miller et al noted the potential effectiveness of using SAD measurements in 

these particular groups, as waist circumference can be a challenge to reliably measure due to 

larger girths, sagging skinfolds, and difficulty locating the correct landmarks for the 

measurement.12 Furthermore, the waist circumference measurement includes both the depth (or 

height) and the width of the abdomen. On the other hand, the SAD measure focuses entirely on 

abdominal height—a better reflection of visceral adiposity—which is one of the best diagnostic 

criteria for metabolic abnormalities.41 This difference probably explains, in part, why SAD is a 

better predictor of glucose metabolism than waist circumference or BMI in adults.  

 This study is the first investigation in the literature to compare SAD, waist 

circumference, and BMI as they relate to the OGTT, using a national sample. The findings of 

this investigation are consistent with the findings of previous studies in the literature, showing 

that SAD is a good predictor of indices of glucose metabolism.9,41,43-45 In a study by Risérus et al  
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sing 59 obese men, SAD had stronger correlations with all metabolic variables than both waist 

circumference and BMI, as well as the waist-to-hip ratio.41 

 Only two previous studies have been conducted on a large national sample of U.S. adults 

to investigate the relationship between SAD and glucose metabolic disturbances.42,46 While 

neither of these studies used OGTT data to measure glucose metabolism, they corroborated the 

present results using HbA1c values.42,46  

In one of these studies, Kahn et al considered the role of physiological differences in 

adipose tissue on the effectiveness of the SAD measurement.42 Adipose tissue can be classified 

as either superficial or deep, each with distinct physiological properties.42 Advances in adipose 

tissue imaging suggest that the deep abdominal adipose tissue, which is associated with several 

cardiometabolic risk variables, is generally located near the anatomic midline, whereas 

superficial adipose tissue is more prominent on the sides of the abdomen.42 As mentioned 

previously, because of the methods used to take a SAD measurement, SAD primarily 

incorporates deep—and therefore riskier—adipose tissue, more so than lateral superficial 

tissue.42  

In addition to SAD being able to measure deep adipose tissue more specifically, it can do 

so quickly and simply. Taking a SAD measurement requires only an examination table and 

portable caliper, and a patient can simply expose the midabdominal area, without having to 

change clothes, or remove outer layers, shoes, jewelry, or medical appliances.46 These 

accommodations allow individuals significant comfort and modesty, while still providing useful 

information to a healthcare provider.  

A major strength of the present study was its large sample size representative of the U.S. 

noninstitutionalized, civilian adult population. Because of the sampling method employed, the 
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results are far more generalizable than previous studies investigating SAD and glucose 

metabolism. Another strength was the use of the OGTT, the gold standard measurement 

technique, as one of the glucose metabolism variables. Lastly, the present study analyzed and 

compared many different associations between anthropometric and glucose metabolism 

variables, which provided multiple outcomes across specific conditions from which to draw 

conclusions.  

The present study also had some weaknesses. Because of its cross-sectional design, 

causality in the relationships between the anthropometric measurements and glucose metabolism 

could not be established. Additionally, there were many different relationships analyzed due to 

the large number of variables and statistical models included in the investigation. Because of the 

many comparisons, there was increased risk of type I error.  

In summary, large differences were not found between SAD, waist circumference, and 

BMI. Notwithstanding the high correlations among these variables, SAD was the best 

anthropometric predictor of glucose metabolism compared to waist circumference and BMI 

when using OGTT, fasting glucose, HbA1c, and HOMA-IR. SAD remained the best predictor 

across virtually all gender, BMI, racial, and age stratifications. SAD particularly had significant 

predictive utility among the overweight and obese, which are the primary populations struggling 

with type 2 diabetes.  

In conclusion, the ability of SAD to index abdominal fat and high-risk obesity more 

precisely than waist circumference gives it a predictive edge over the more established 

anthropometric measurements to assist in detecting glucose abnormalities. The SAD 

measurement is not only meaningful, but also quick to administer and noninvasive. Based on the 

findings of the present investigation, we recommend that healthcare providers consider the use of 
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this simple, valid, and inexpensive measurement in clinical settings, especially among 

overweight and obese patients, to more precisely predict potential risk for prediabetes and 

diabetes based on an OGTT or other index of glucose metabolism. 

  



22 
 

REFERENCES 

1. Centers for Disease Control and Prevention. National Diabetes Statistics Report: 

Estimates of Diabetes and Its Burden in the United States, 2014. Atlanta, GA: Centers for 

Disease Control and Prevention, US Dept of Health and Human Services; 2014. 

2. American Diabetes Association. Classification and diagnosis of diabetes. Diabetes Care. 

2015;38(suppl):S8-S16. 

3. Health, United States, 2015: With Special Feature on Racial and Ethnic Health 

Disparities. Hyattsville, MD: National Center for Health Statistics; 2015. 

4. Aldasouqi SA, Gossain VV. Update on diabetes diagnosis: a historical review of the 

dilemma of the diagnostic utility of glycohemoglobin A1c and a proposal for a combined 

glucose-A1c diagnostic method. Ann Saudi Med. 2012;32(3):229-235. 

5. Selph S, Dana T, Blazina I, Bougatsos C, Patel H, Chou R. Screening for type 2 diabetes 

mellitus: a systematic review for the U.S. Preventive Services Task Force. Ann Intern 

Med. 2015;162(11):765-776. 

6. Hruby A, Hu FB. The epidemiology of obesity: a big picture. PharmacoEconomics. 

2015;33(7):673-689. 

7. Lee JJ, Beretvas SN, Freeland-Graves JH. Abdominal adiposity distribution in 

diabetic/prediabetic and nondiabetic populations: a meta-analysis. J Obes. 

2014;2014:697264. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4261846/pdf/JOBE2014-697264.pdf. 

Published November 26, 2014. Accessed October 23, 2016.  

8. Stevens J, McClain JE, Truesdale KP. Selection of measures in epidemiologic studies of 

the consequences of obesity. Int J Obesity. 2008;32(suppl 3):S60-S66. 



23 
 

9. de Souza NC, de Oliveira EP. Sagittal abdominal diameter shows better correlation with 

cardiovascular risk factors than waist circumference and BMI. J Diabetes Metab Disord. 

2013;12:41. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733622/pdf/2251-6581-12-

41.pdf. Published July 15, 2013. Accessed October 23, 2016.  

10. Kahn HS, Rissanen H, Bullard KM, Knekt P. The population distribution of the sagittal 

abdominal diameter (SAD) and SAD/height ratio among Finnish adults. Clin Obes. 

2014;4(6):333-341. 

11. Pajunen P, Rissanen H, Laaksonen MA, Heliovaara M, Reunanen A, Knekt P. Sagittal 

abdominal diameter as a new predictor for incident diabetes. Diabetes Care. 

2013;36(2):283-288. 

12. Gletsu-Miller N, Kahn HS, Gasevic D, et al. Sagittal abdominal diameter and visceral 

adiposity: correlates of beta-cell function and dysglycemia in severely obese women. 

Obes Surg. 2013;23(7):874-881. 

13. Lee R, Chowdhury TA. Diagnosing diabetes: a new paradigm. QJM. 2012;105(9):917-

919. 

14. Schwarz PE. Screening and prevention of diabetes [in German]. Internist (Berl). 

2015;56(10):1124-1133. 

15. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes 

Care. 2004;27(6):1487-1495. 

16. Tang Q, Li X, Song P, Xu L. Optimal cut-off values for the homeostasis model 

assessment of insulin resistance (HOMA-IR) and pre-diabetes screening: developments 

in research and prospects for the future. Drug Discov Ther. 2015;9(6):380-385. 



24 
 

17. Rissanen P, Hamalainen P, Vanninen E, Tenhunen-Eskelinen M, Uusitupa M. 

Relationship of metabolic variables to abdominal adiposity measured by different 

anthropometric measurements and dual-energy x-ray absorptiometry in obese middle-

aged women. Int J Obes Relat Metab Disord. 1997;21(5):367-371. 

18. Stokic E, Ivkovic-Lazar T. Relation between the abdominal sagittal diameter, fat tissue 

distribution and metabolic complications [in Croatian]. Med Pregl. 1996;49(9-10):365-

368. 

19. Turcato E, Bosello O, Di Francesco V, et al. Waist circumference and abdominal sagittal 

diameter as surrogates of body fat distribution in the elderly: their relation with 

cardiovascular risk factors. Int J Obes Relat Metab Disord. 2000;24(8):1005-1010. 

20. Mukuddem-Petersen J, Snijder MB, van Dam RM, et al. Sagittal abdominal diameter: no 

advantage compared with other anthropometric measures as a correlate of components of 

the metabolic syndrome in elderly from the Hoorn Study. Am J Clin Nutr. 

2006;84(5):995-1002. 

21. Hwu CM, Hsiao CF, Sheu WH, et al. Sagittal abdominal diameter is associated with 

insulin sensitivity in Chinese hypertensive patients and their siblings. J Hum Hypertens. 

2003;17(3):193-198. 

22. Centers for Disease Control and Prevention. About the National Health and Nutrition 

Examination Survey. Centers for Disease Control and Prevention Web site. 

https://www.cdc.gov/nchs/nhanes/about_nhanes.htm. Updated February 3, 2014. 

Accessed February 17, 2017.  

23. Centers for Disease Control and Prevention. National Health and Nutrition Examination 

Survey. Centers for Disease Control and Prevention Web site. 



25 
 

https://www.cdc.gov/Nchs/Nhanes/index.htm. Updated March 3, 2017. Accessed March 

3, 2017.  

24. Centers for Disease Control and Prevention. NHANES: 2011-2012 overview. Centers for 

Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/Overview.aspx?BeginYear=2011. 

Accessed February 17, 2017. 

25. Centers for Disease Control and Prevention. NHANES: 2013-2014 overview. Centers for 

Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/Overview.aspx?BeginYear=2013. 

Accessed February 17, 2017. 

26. Centers for Disease Control and Prevention. NCHS Research Ethics Review Board 

(ERB) approval. Centers for Disease Control and Prevention Web site. 

https://www.cdc.gov/nchs/nhanes/irba98.htm. Accessed March 7, 2017.  

27. Centers for Disease Control and Prevention. NHANES anthropometry procedures 

manual. Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/data/nhanes/2013-2014/manuals/2013_Anthropometry.pdf 

Published January 2013. Accessed February 17, 2017.  

28. World Health Organization. BMI classification. World Health Organization Web site. 

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html. Accessed February 17, 2017.  

29. Centers for Disease Control and Prevention. NHANES: 2013-2014 data documentation, 

codebook, and frequencies: two-hour oral glucose tolerance test. Centers for Disease 

Control and Prevention Web site. https://wwwn.cdc.gov/Nchs/Nhanes/2013-

2014/OGTT_H.htm. Published January 2016. Accessed February 22, 2017.  



26 
 

30. Centers for Disease Control and Prevention. NHANES: OGTT Trutol administration. 

Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/data/nhanes/2011-

2012/manuals/Oral_Glucose_Tolerance_Test_(OGTT)_Manual.pdf. Published January 

2011. Accessed February 17, 2017.  

31. Centers for Disease Control and Prevention. NHANES: OGTT: Trutol administration. 

Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/data/nhanes/2013-2014/manuals/OGTT_Manual_2013.pdf. 

Published January 2013. Accessed February 22, 2017.  

32. Centers for Disease Control and Prevention. Laboratory procedure manual: fasting 

glucose. Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/data/nhanes/2013-

2014/labmethods/GLU_H_MET_Fasting_Glucose.pdf. Published January 2016. 

Accessed February 22, 2017.  

33. Centers for Disease Control and Prevention. NHANES: 2013-2014 data documentation, 

codebook, and frequencies: plasma fasting glucose. Centers for Disease Control and 

Prevention Web site. https://wwwn.cdc.gov/Nchs/Nhanes/2013-

2014/GLU_H.htm#Laboratory_Method_Files. Published January 2016. Accessed 

February 22, 2017.  

34. Centers for Disease Control and Prevention. NHANES: 2013-2014 data documentation, 

codebook, and frequencies: glycohemoglobin. Centers for Disease Control and 

Prevention Web site. https://wwwn.cdc.gov/Nchs/Nhanes/2013-2014/GHB_H.htm. 

Published October 2015. Accessed February 22, 2017.  



27 
 

35. Centers for Disease Control and Prevention. Laboratory procedure manual: insulin. 

Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/labmethods/INS_G_met_insulin.pdf. 

Published January 2014. Accessed February 17, 2017.  

36. Centers for Disease Control and Prevention. Laboratory procedure manual: insulin. 

Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/nchs/data/nhanes/2013-

2014/labmethods/INS_H_MET_INSULIN.pdf. Published April 2016. Accessed February 

17, 2017.  

37. Centers for Disease Control and Prevention. NHANES: 2013-2014 data documentation, 

codebook, and frequencies: insulin. Centers for Disease Control and Prevention Web site. 

https://wwwn.cdc.gov/Nchs/Nhanes/2013-2014/INS_H.htm. Published April 2016. 

Accessed February 22, 2017.  

38. Meng X, Rosenthal, R., Rubin, D. B. Comparing correlated correlation coefficients. 

Psychol Bull. 1992;111(1):172-175. 

39. Belsley DA, Kuh, E., Welsch, R.E. Regression Diagnostics: Identifying Influential Data 

and Sources of Collinearity. Hoboken, New Jersey: John Wiley and Sons; 2004. 

40. Richelsen B, Pedersen SB. Associations between different anthropometric measurements 

of fatness and metabolic risk parameters in non-obese, healthy, middle-aged men. Int J 

Obes Relat Metab Disord. 1995;19(3):169-174. 

41. Riserus U, Arnlov J, Brismar K, Zethelius B, Berglund L, Vessby B. Sagittal abdominal 

diameter is a strong anthropometric marker of insulin resistance and hyperproinsulinemia 

in obese men. Diabetes Care. 2004;27(8):2041-2046. 



28 
 

42. Kahn HS, Gu Q, Bullard KM, Freedman DS, Ahluwalia N, Ogden CL. Population 

distribution of the sagittal abdominal diameter (SAD) from a representative sample of US 

adults: comparison of SAD, waist circumference and body mass index for identifying 

dysglycemia. PloS One. 2014;9(10):e108707. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4182731/pdf/pone.0108707.pdf. 

Published October 1, 2014. Accessed October 23, 2016.  

43. Pimentel GD, Moreto F, Takahashi MM, Portero-McLellan KC, Burini RC. Sagittal 

abdominal diameter, but not waist circumference is strongly associated with glycemia, 

triacilglycerols and HDL-C levels in overweight adults. Nutr Hosp. 2011;26(5):1125-

1129. 

44. Petersson H, Daryani A, Riserus U. Sagittal abdominal diameter as a marker of 

inflammation and insulin resistance among immigrant women from the Middle East and 

native Swedish women: a cross-sectional study. Cardiovasc Diabetol. 2007;6:10. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1847804/pdf/1475-2840-6-10.pdf. 

Published March 28, 2007. Accessed October 25, 2016.  

45. Vasques AC, Cassani RS, Forti AC, et al. Sagittal abdominal diameter as a surrogate 

marker of insulin resistance in an admixtured population--Brazilian Metabolic Syndrome 

Study (BRAMS). PloS One. 2015;10(5):e0125365. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4423830/pdf/pone.0125365.pdf. 

Published May 7, 2015. Accessed October 23, 2016.  

46. Kahn HS, Bullard KM. Beyond body mass index: advantages of abdominal 

measurements for recognizing cardiometabolic disorders. Am J Med. 2016;129(1):74-

81.e72. 



29 
 

 
Each correlation coefficient was statistically significant (P < 0.0001). 
 

Table 1—Correlations among the glucose metabolism variables 
 

Metabolic Measure OGTT Fasting Glucose HbA1c HOMA-IR 
OGTT 1.000 0.667 0.596 0.409 
Fasting Glucose 0.667 1.000 0.710 0.515 
HbA1c 0.596 0.710 1.000 0.384 
HOMA-IR 0.409 0.515 0.384 1.000 
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Table 2—Shared variance between the anthropometric variables and the glucose metabolism variables  
 

Metabolic Measure  SAD  Waist Circumference  BMI 
All subjects (n = 3582)      R2 F P  R2 F P  R2 F P 
OGTT             

Model 1   0.092a 162.8 0.0001   0.073b 128.7 0.0001   0.057c 119.4 0.0001 
Model 2   0.073a 163.5 0.0001   0.059b 164.0 0.0001   0.058b 162.5 0.0001 
Model 3   0.014a 32.1 0.0001   0.001b 4.2 0.0483   0.000c 0.0 0.8989 

             
Fasting Glucose             

Model 1   0.146a 184.2 0.0001   0.130b 146.0 0.0001   0.085c 118.3 0.0001 
Model 2   0.106a 192.2 0.0001   0.094b 158.1 0.0001   0.088b 157.7 0.0001 
Model 3   0.011a 31.2 0.0001   0.000b 0.0 0.9376   0.000b 0.3 0.5996 

             
HbA1c             

Model 1   0.090a 166.7 0.0001   0.068b 114.9 0.0001   0.048c 100.7 0.0001 
Model 2   0.056a 129.1 0.0001   0.046b 110.1 0.0001   0.044b 97.7 0.0001 
Model 3   0.010a 25.0 0.0001   0.001b 1.1 0.2958   0.000c 0.3 0.6094 

             
HOMA-IR             

Model 1   0.423a 1051.6 0.0001   0.394b 683.6 0.0001   0.371c 837.3 0.0001 
Model 2   0.426a 1198.1 0.0001   0.393b 761.9 0.0001   0.366c 871.5 0.0001 
Model 3   0.031a 85.4 0.0001   0.001b 3.9 0.0583   0.000c 0.0 0.9733 

R2 includes only the shared variance between the metabolic measure and the anthropometric variable. Variance from the covariates is 
not included. 

Model 1: includes no covariates 
Model 2: adjusted for age, gender, and race 
Model 3: adjusted for age, gender, race, and the remaining two anthropometric variables; example: model 3 for OGTT and  

SAD adjusts for age, gender, race, waist circumference, and BMI 
a,b,c Means on the same row with the same superscript letter do not differ significantly (P > 0.05) 
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Table 3—Shared variance between the anthropometric variables and the glucose metabolism variables by gender 
 

Metabolic Measure 
 

SAD  Waist Circumference  BMI 
Men only (n = 1784)     

 

R2 F P  R2 F P  R2 F P 
OGTT Model 1 

 

0.125a 183.7 0.0001  0.102b 117.8 0.0001  0.076c 95.0 0.0001 
 Model 2 

 

0.094a 149.6 0.0001  0.077b 125.0 0.0001  0.077b 136.4 0.0001 
 Model 3 

 

0.018a 20.3 0.0001  0.003b 4.3 0.0500  0.001c 2.7 0.1115 
Fasting Glucose Model 1 

 

0.141a 69.2 0.0001  0.127b 54.9 0.0001  0.098c 35.0 0.0001 
 Model 2 

 

0.111a 67.6 0.0001  0.095b 51.5 0.0001  0.093b 42.8 0.0001 
 Model 3 

 

0.014a 24.6 0.0001  0.001b 2.4 0.1297  0.001b 1.1 0.3119 
HbA1c Model 1 

 

0.088a 55.6 0.0001  0.068b 36.9 0.0001  0.048c 21.8 0.0001 
 Model 2 

 

0.059a 44.1 0.0001  0.046b 30.2 0.0001  0.047b 25.8 0.0001 
 Model 3 

 

0.014a 22.0 0.0001  0.003b 7.1 0.0121  0.001c 0.8 0.3690 
HOMA-IR Model 1 

 

0.454a 879.9 0.0001  0.421b 549.5 0.0001  0.398c 357.4 0.0001 
 Model 2 

 

0.459a 765.6 0.0001  0.428b 489.3 0.0001  0.393c 363.4 0.0001 
 Model 3 

 

0.031a 62.9 0.0001  0.001b 1.6 0.2191  0.000c 0.3 0.6114 
 

 

           
Women only (n = 1798) 

 

           
OGTT Model 1 

 

0.079a 64.9 0.0001  0.061b 59.0 0.0001  0.046c 44.4 0.0001 
 Model 2 

 

0.060a 54.8 0.0001  0.050b 57.9 0.0001  0.050b 57.7 0.0001 
 Model 3 

 

0.009a 8.7 0.0058  0.000b 0.6 0.4623  0.000b 0.0 0.9936 
Fasting Glucose Model 1 

 

0.132a 168.9 0.0001  0.115b 143.8 0.0001  0.089c 140.1 0.0001 
 Model 2 

 

0.105a 136.6 0.0001   0.096a,b 132.1 0.0001   0.088a,b 142.8 0.0001 
 Model 3 

 

0.009a 10.3 0.0031  0.001b 1.1 0.3106  0.001b 0.9 0.3534 
HbA1c Model 1 

 

0.095a 163.8 0.0001  0.072b 148.0 0.0001  0.050c 112.3 0.0001 
 Model 2 

 

0.054a 93.2 0.0001    0.048a,b 110.2 0.0001   0.043a,b 99.3 0.0001 
 Model 3 

 

0.007a 7.2 0.0114  0.000b 0.1 0.7223  0.001c 2.0 0.1676 
HOMA-IR Model 1 

 

0.402a 489.2 0.0001  0.376b 342.4 0.0001  0.372b 399.0 0.0001 
 Model 2 

 

0.389a 450.3 0.0001  0.359b 317.3 0.0001  0.350b 363.0 0.0001 
 Model 3 

 

0.024a 53.0 0.0001  0.001b 1.3 0.2676  0.000c 0.7 0.3981 

R2 includes only the shared variance between the metabolic measure and the anthropometric variable. Variance from the covariates is not included. 
Model 1: includes no covariates 
Model 2: adjusted for age and race 
Model 3: adjusted for age, race, and the remaining two anthropometric variables; example: model 3 for OGTT and SAD adjusts for age, race, waist circumference, 

and BMI 
a,b,c Means on the same row with the same superscript letter do not differ significantly (P > 0.05) 
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Table 4—Shared variance between the anthropometric variables and the glucose metabolism variables by categories of BMI  
 

Metabolic Measure  SAD  Waist Circumference  BMI 
Normal weight (n = 1111)      R2 F P  R2 F P  R2 F P 

OGTT             
Model 1  0.026a 19.0 0.0001    0.034a 25.7 0.0001    0.021a 11.5 0.0018 
Model 2  0.005a 4.2 0.0494   0.008a 8.2 0.0074    0.011a 8.3 0.0070 
Model 3  0.000a 0.0 0.8902   0.000a 0.3 0.5726    0.004b 3.21 0.0825 

Fasting Glucose             
Model 1  0.097a 180.1 0.0001   0.111a 113.5 0.0001    0.043b 33.5 0.0001 
Model 2  0.025a 40.5 0.0001   0.030a 25.1 0.0001    0.018a 11.9 0.0016 
Model 3  0.002a,b 1.0 0.3156   0.004a 2.22 0.1462    0.000b 0.2 0.6405 

HbA1c             
Model 1  0.057a 47.4 0.0001   0.060a 50.6 0.0001    0.010b 6.7 0.0146 
Model 2  0.002a 2.3 0.1413   0.002a 1.3 0.2724    0.000a 0.0 0.8754 
Model 3  0.001a 1.2 0.2880   0.001a 0.6 0.4605    0.001a 1.0 0.3280 

HOMA-IR             
Model 1  0.088a 70.6 0.0001   0.075a 51.8 0.0001    0.069a 104.6 0.0001 
Model 2  0.122a 110.0 0.0001   0.109a 93.6 0.0001    0.073b 111.0 0.0001 
Model 3  0.023a 10.4 0.0029   0.005b 2.9 0.0991    0.003b 3.2 0.0854 

Overweight (n = 1190)             
OGTT             

Model 1  0.065a 62.2 0.0001   0.026b 16.2 0.0003     0.011b 6.4 0.0163 
Model 2  0.033a 24.3 0.0001   0.011b 10.4 0.0029     0.014b 9.2 0.0048 
Model 3  0.021a 11.9 0.0016   0.003b 2.5 0.1273     0.002b 1.5 0.2231 

Fasting Glucose             
Model 1  0.087a 97.1 0.0001   0.058b 53.3 0.0001     0.012c 9.5 0.0042 
Model 2  0.032a 36.0 0.0001   0.014b 16.1 0.0003     0.013b 12.9 0.0011 
Model 3  0.017a 16.8 0.0003   0.001b 1.1 0.3124     0.001b 1.1 0.3002 

HbA1c             
Model 1  0.043a 42.8 0.0001   0.013b 16.5 0.0003     0.000c 0.5 0.4760 
Model 2  0.011a 9.9 0.0036   0.002b 2.2 0.1456     0.001b 2.0 0.1656 
Model 3  0.013a 13.1 0.0010   0.003b 4.3 0.0457     0.000b 0.1 0.7192 

HOMA-IR             
Model 1  0.113a 82.4 0.0001   0.063b 63.7 0.0001     0.039b 32.1 0.0001 
Model 2  0.123a 98.4 0.0001   0.070b 92.9 0.0001     0.041c 35.8 0.0001 
Model 3  0.051a 22.8 0.0001   0.000b 0.0 0.9120     0.000b 0.2 0.6276 
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Obese (n = 1218)             
OGTT             

Model 1  0.040a 19.8 0.0001   0.016b 8.3 0.0070     0.007b 3.9 0.0574 
Model 2  0.036a 20.3 0.0001   0.019b 13.0 0.0010     0.016b 9.9 0.0035 
Model 3  0.023a 26.0 0.0001   0.002b 2.8 0.1024     0.001b 1.8 0.1906 

Fasting Glucose             
Model 1  0.088a 38.3 0.0001   0.061b 21.2 0.0001     0.023c 11.4 0.0019 
Model 2  0.069a 35.6 0.0001   0.053a 24.1 0.0001     0.047b 23.3 0.0001 
Model 3  0.015a 12.6 0.0012   0.000b 0.0 0.9791     0.000b 0.1 0.7686 

HbA1c             
Model 1  0.072a 41.6 0.0001   0.037b 14.8 0.0005     0.021b 14.5 0.0006 
Model 2  0.061a 42.9 0.0001   0.042b 24.4 0.0001     0.036b 23.3 0.0001 
Model 3  0.020a 13.8 0.0008   0.000b 0.3 0.6214     0.001b 1.4 0.2494 

HOMA-IR             
Model 1  0.241a 163.9 0.0001   0.199b 134.0 0.0001     0.145c 110.2 0.0001 
Model 2  0.252a 218.2 0.0001   0.204b 146.6 0.0001     0.174b 153.5 0.0001 
Model 3  0.045a 33.8 0.0001   0.001b 0.4 0.5182     0.000b 0.4 0.5290 

R2 includes only the shared variance between the metabolic measure and the anthropometric variable. Variance from the covariates is not included. 
Model 1: includes no covariates 
Model 2: adjusted for age, gender, and race 
Model 3: adjusted for age, gender, race, and the remaining two anthropometric variables; example: model 3 for OGTT and SAD adjusts for age, 

gender, race, waist circumference, and BMI 
a,b,c Means on the same row with the same superscript letter do not differ significantly (P > 0.05) 
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Table 5—Shared variance between anthropometric variables and glucose metabolism variables by race 
 

Metabolic Measure  SAD  Waist Circumference  BMI 
Non-Hispanic White (n = 1526)  R2 F P  R2 F P  R2 F P 

OGTT             
Model 1  0.102a 92.8 0.0001   0.078b 75.6 0.0001   0.064c 75.9 0.0001 
Model 2  0.076a 92.2 0.0001   0.059b 93.8 0.0001   0.061b 103.2 0.0001 
Model 3  0.017a 18.4 0.0002   0.002b 5.3 0.0274   0.000c 0.3 0.5862 

Fasting Glucose             
Model 1  0.183a 116.2 0.0001   0.163b 87.5 0.0001   0.110c 81.1 0.0001 
Model 2  0.125a 110.3 0.0001   0.112b 90.5 0.0001   0.107b 98.9 0.0001 
Model 3  0.011a 13.6 0.0008   0.000b 0.0 0.9554   0.000b 0.3 0.5939 

HbA1c             
Model 1  0.104a 86.6 0.0001   0.083b 58.0 0.0001   0.050c 38.9 0.0001 
Model 2  0.060a 70.0 0.0001   0.049b 56.8 0.0001   0.047b 49.8 0.0001 
Model 3  0.011a 12.6 0.0012   0.001b 0.7 0.4217   0.000c 0.1 0.7891 

HOMA-IR             
Model 1  0.445a 602.9 0.0001   0.409b 416.8 0.0001   0.381c 465.7 0.0001 
Model 2  0.443a 626.4 0.0001   0.404b 432.4 0.0001   0.380c 495.2 0.0001 
Model 3  0.035a 66.8 0.0001   0.000b 0.6 0.4314   0.000b 0.2 0.6699 

Non-Hispanic Black (n = 681)             
OGTT             

Model 1  0.078a 87.2 0.0001   0.066a 73.3 0.0001   0.037b 32.0 0.0001 
Model 2    0.056a 60.0 0.0001   0.056a 61.0 0.0001   0.047a 40.8 0.0001 
Model 3  0.002a 2.3 0.1432   0.002a 2.5 0.1273   0.001a 0.9 0.3491 

Fasting Glucose             
Model 1  0.105a 121.3 0.0001   0.096a 77.4 0.0001   0.067b 61.1 0.0001 
Model 2  0.087a 126.9 0.0001   0.090a 96.8 0.0001   0.084a 110.2 0.0001 
Model 3  0.001a,b 0.5 0.4853   0.002a 1.3 0.2701   0.000b 0.4 0.5174 

HbA1c             
Model 1  0.082a 78.5 0.0001   0.065b 55.0 0.0001   0.049c 35.0 0.0001 
Model 2  0.060a 92.2 0.0001   0.053a 71.8 0.0001   0.052a 59.9 0.0001 
Model 3  0.007a 9.6 0.0043   0.000b 0.4 0.5400   0.000b 0.1 0.7670 

HOMA-IR             
Model 1   0.338a 204.9 0.0001  0.346a 212.6 0.0001   0.322a 214.0 0.0001 
Model 2   0.330a 255.7 0.0001  0.329a 243.6 0.0001   0.295b 214.5 0.0001 
Model 3   0.009a 10.3 0.0032  0.007a 9.6 0.0044   0.000b 0.2 0.6462 
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Mexican American (n = 447) 
OGTT             

Model 1   0.107a 18.1 0.0003  0.083b 14.9 0.0007   0.073b 17.1 0.0004 
Model 2   0.088a 18.7 0.0002  0.069b 15.8 0.0006   0.059b 17.9 0.0003 
Model 3   0.025a 7.3 0.0126  0.000b 0.1 0.7803   0.003c 3.6 0.0701 

Fasting Glucose             
Model 1   0.105a 24.4 0.0001  0.072b 18.6 0.0002   0.049c 14.2 0.0010 
Model 2   0.075a 18.9 0.0002  0.052b 14.7 0.0008   0.049b 17.9 0.0003 
Model 3   0.030a 13.0 0.0014  0.003b 2.4 0.1348   0.002b 1.2 0.2928 

HbA1c             
Model 1   0.083a 14.4 0.0009   0.066a,b 13.3 0.0013   0.047b 11.8 0.0022 
Model 2   0.057a 11.9 0.0021   0.047a 11.4 0.0025   0.042a 12.5 0.0017 
Model 3   0.011a 4.6 0.0419   0.000b 0.0 0.8560   0.001b 0.6 0.4656 

HOMA-IR             
Model 1   0.408a 478.8 0.0001   0.384a,b 397.4 0.0001   0.365b 391.2 0.0001 
Model 2   0.414a 433.4 0.0001   0.385a,b 388.8 0.0001   0.368b 481.7 0.0001 
Model 3   0.023a 7.7 0.0107  0.001b 0.6 0.4500   0.001b 0.3 0.5647 

Other Hispanic (n = 358)             
OGTT             

Model 1   0.132a 21.6 0.0001  0.126a 24.8 0.0001   0.089b 15.9 0.0004 
Model 2   0.084a 23.0 0.0001  0.082a 24.3 0.0001   0.070a 19.3 0.0001 
Model 3   0.005a 2.8 0.1054   0.002a,b 2.8 0.1063   0.000b 0.2 0.6289 

Fasting Glucose             
Model 1  0.152a 34.6 0.0001  0.126b 31.3 0.0001   0.055b 12.6 0.0014 
Model 2  0.090a 33.5 0.0001   0.070a,b 27.7 0.0001   0.046b 18.1 0.0002 
Model 3   0.032a,c 13.4 0.0010  0.001b 0.8 0.3813   0.018c 15.6 0.0005 

HbA1c             
Model 1   0.076a 14.9 0.0006   0.050b 9.7 0.0043   0.026c 5.7 0.0244 
Model 2   0.036a 8.2 0.0078   0.019b 4.7 0.0398   0.017b 4.9 0.0352 
Model 3   0.030a 12.5 0.0015   0.005b 2.9 0.1019   0.002b 1.7 0.2033 

HOMA-IR             
Model 1   0.494a 211.3 0.0001   0.479a 218.3 0.0001   0.389b 86.9 0.0001 
Model 2   0.461a 200.5 0.0001   0.446a 221.5 0.0001    0.381b 96.5 0.0001 
Model 3   0.028a 19.8 0.0001   0.012b 8.1 0.0083   0.002c 1.3 0.2692 
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Asian (n = 476) 
OGTT             

Model 1   0.095a 39.0 0.0001  0.099a 37.2 0.0001   0.086a 37.4 0.0001 
Model 2   0.075a 48.0 0.0001  0.072a 40.8 0.0001   0.070a 41.3 0.0001 
Model 3   0.004a 2.1 0.1624   0.000b 0.2 0.6762   0.001b 0.9 0.3540 

Fasting Glucose             
Model 1   0.158a 85.0 0.0001   0.150a 78.3 0.0001   0.110b 50.8 0.0001 
Model 2   0.085a 29.2 0.0001   0.078a 27.5 0.0001   0.069a 26.5 0.0001 
Model 3   0.009a 4.4 0.0439   0.001b 0.4 0.5508   0.000b 0.1 0.8067 

HbA1c             
Model 1   0.104a,b 57.2 0.0001   0.121a 50.2 0.0001   0.092b 39.9 0.0001 
Model 2   0.069a,b 27.6 0.0001   0.078a 24.7 0.0001   0.067b 29.8 0.0001 
Model 3  0.000a 0.1 0.7153   0.006b 1.7 0.2056   0.000a 0.0 0.9834 

HOMA-IR             
Model 1   0.442a 221.0 0.0001   0.413a,b 218.5 0.0001   0.398b 191.8 0.0001 
Model 2   0.441a 211.6 0.0001   0.410a,b 206.5 0.0001   0.377b 185.6 0.0001 
Model 3   0.034a 55.6 0.0001  0.003b 3.0 0.0944   0.000c 0.3 0.6022 

R2 includes only the shared variance between the metabolic measure and the anthropometric variable. Variance from the covariates is not included. 
Model 1: includes no covariates 
Model 2: adjusted for age and gender 
Model 3: adjusted for age, gender, and the remaining two anthropometric variables; example: model 3 for OGTT and SAD adjusts for age, gender, 

waist circumference, and BMI 
a,b,c Means on the same row with the same superscript letter do not differ significantly (P > 0.05) 
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Table 6—Shared variance between the anthropometric variables and the glucose metabolism variables by age group 
 

Metabolic Measure  SAD  Waist Circumference  BMI 
20–39 years (n = 1350)      R2 F P  R2 F P  R2 F P 

OGTT             
Model 1   0.089a 125.5 0.0001   0.080a 98.2 0.0001   0.081a 94.2 0.0001 
Model 2   0.092a 126.7 0.0001   0.080b 92.7 0.0001   0.079b 89.9 0.0001 
Model 3   0.011a 12.3 0.0014   0.000b 0.5 0.4835   0.000b 0.1 0.7204 

Fasting Glucose             
Model 1   0.145a 169.7 0.0001   0.135a 128.9 0.0001   0.103b 123.8 0.0001 
Model 2   0.121a 137.6 0.0001   0.114a 105.3 0.0001   0.101b 108.1 0.0001 
Model 3   0.010a 12.6 0.0012   0.001b 2.1 0.1532   0.001b 2.2 0.1474 

HbA1c             
Model 1   0.071a 56.9 0.0001   0.062b 52.1 0.0001   0.055b 43.2 0.0001 
Model 2   0.052a 38.7 0.0001   0.050a 38.6 0.0001   0.045a 33.5 0.0001 
Model 3   0.003a 2.3 0.1367   0.001b 0.9 0.3592   0.000c 0.4 0.5333 

HOMA-IR             
Model 1   0.429a 821.3 0.0001   0.404b 589.8 0.0001   0.384c 705.6 0.0001 
Model 2   0.441a 1348.7 0.0001   0.417b 917.3 0.0001   0.383c 959.0 0.0001 
Model 3   0.027a 58.4 0.0001   0.003b 9.1 0.0049   0.001c 2.0 0.1703 

40–59 years (n = 1265)             
OGTT             

Model 1   0.067a 59.1 0.0001   0.049b 37.2 0.0001   0.049b 37.7 0.0001 
Model 2   0.078a 59.3 0.0001   0.059b 43.0 0.0001   0.052b 41.5 0.0001 
Model 3   0.024a 30.4 0.0001   0.002b 1.6 0.2148   0.001b 1.2 0.2775 

Fasting Glucose             
Model 1   0.115a 124.0 0.0001   0.100b 114.1 0.0001   0.070c 75.6 0.0001 
Model 2   0.101a 128.1 0.0001   0.087b 117.3 0.0001   0.078b 93.7 0.0001 
Model 3   0.014a 16.7 0.0003   0.000b 0.0 0.8585   0.000b 0.3 0.5693 

HbA1c             
Model 1   0.070a 72.0 0.0001   0.055b 57.5 0.0001   0.050b 42.3 0.0001 
Model 2   0.069a 68.7 0.0001   0.059b 64.7 0.0001   0.049b 45.8 0.0001 
Model 3   0.011a 12.5 0.0013   0.000b 0.0 0.8751   0.001c 1.9 0.1837 

HOMA-IR             
Model 1   0.411a 344.9 0.0001   0.381b 244.5 0.0001   0.349c 221.1 0.0001 
Model 2   0.415a 341.9 0.0001   0.380b 247.6 0.0001   0.351c 226.7 0.0001 
Model 3   0.031a 29.2 0.0001   0.000b 0.4 0.5168   0.000b 0.2 0.6405 
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60–84 years (n = 967) 
OGTT             

Model 1  0.069a,c 18.9 0.0001   0.050b 15.6 0.0004   0.063c 22.2 0.0001 
Model 2  0.090a 21.3 0.0001   0.081a 25.4 0.0001   0.082a 26.2 0.0001 
Model 3  0.005a 1.7 0.2053   0.000b 0.0 0.8875   0.002c 1.2 0.2732 

Fasting Glucose             
Model 1  0.127a 14.6 0.0006   0.117a 13.4 0.0009   0.111a 12.9 0.0011 
Model 2  0.124a 15.2 0.0005   0.115a 13.9 0.0007   0.122a 14.0 0.0007 
Model 3  0.004a 2.8 0.1035   0.000b 0.0 0.9111   0.004a 3.2 0.0834 

HbA1c             
Model 1  0.062a,c 13.3 0.0009   0.033b 5.7 0.0229   0.054c 11.1 0.0022 
Model 2  0.073a,c 17.5 0.0002   0.049b 9.3 0.0047   0.062c 12.2 0.0014 
Model 3  0.021a 12.8 0.0011   0.010b 4.6 0.0407   0.002c 1.6 0.2227 

HOMA-IR             
Model 1  0.445a 265.6 0.0001   0.407b 271.1 0.0001   0.396b 173.0 0.0001 
Model 2  0.442a 261.6 0.0001   0.415b 274.9 0.0001   0.401b 185.8 0.0001 
Model 3  0.021a 30.8 0.0001   0.002b 2.1 0.1545   0.003b 1.8 0.1913 

R2 includes only the shared variance between the metabolic measure and the anthropometric variable. Variance from the covariates is not included. 
Model 1: includes no covariates 
Model 2: adjusted for gender and race 
Model 3: adjusted for gender, race, and the remaining two anthropometric variables; example: model 3 for OGTT and SAD adjusts for gender, race, 

waist circumference, and BMI 
a,b,c Means on the same row with the same superscript letter do not differ significantly (P > 0.05) 
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