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Bryant Brown3, BS; Albert Roh1, MD; Daniel Harned2, Akash Patel3, BS; Ashley Crowder, MD1; Margaret Kincaid, MD1; Daniel Gridley, MD1

Abstract

Importance: This study proposes a new radiographic
measure of obesity that is a better indicator of obesity-
related risk: Fat/Bone Ratio. Primary Objective: Does the
Fat/Bone Ratio correlate with obesity. Secondary
Objective: Does the Fat/Bone Ratio correlate more closely
with the comorbidities of obesity as compared to BMI.
Design: Retrospective review of 2703 upright posterior-
anterior (PA) and lateral chest radiographs obtained from
June 2013 through May 2014. The soft tissue height
overlying the acromioclavicular joint was calculated and
divided by the mid-clavicle width to determine the Fat/Bone
Ratio. Comorbidities of obesity were determined through
chart review. Setting: Adult community emergency
department. Participants: All adults (age greater than 18).
Main Outcomes and Measures: BMI, Fat/Bone Ratio,
comorbidities: hypertension, obstructive sleep apnea,
osteoarthritis, hyperlipidemia, atherosclerosis, coronary
artery disease, cerebrovascular accident, and myocardial
infarction. Results: Fat/Bone Ratio and BMI were both
significantly associated with hypertension, diabetes,
hyperlipidemia, obstructive sleep apnea, and osteoarthritis
(P < .05). However, only Fat/Bone Ratio is associated with
atherosclerosis (p = 0.02), coronary artery disease (p =
0.001), myocardial infarction (p = 0.002), and peripheral
vascular disease (p = 0.01); BMI is not associated with
these comorbidities (p = 0.90, 0.42, 0.25, and 0.50,
respectively). Conclusions and Relevance: Findings
suggest that Fat/Bone Ratio is an improved measure of
obesity as compared to BMI.

Results

Discussion and Conclusions

To put our new measurement into context, Fat/Bone Ratio
of 1.0 corresponds to approximate BMI of 25 (or
“overweight”) and Fat/Bone Ratio of 1.5 corresponds to BMI
of 30 (or “obese”). This approximation is determined by
loosely approximating similar sensitivity and specificity for
each of the comorbidities at those values.

Our study supports Fat/Bone Ratio as an improved
measurement of obesity; it is more closely associated with
most of the established comorbidities when compared to
BMI. Fat/Bone Ratio is associated with four comorbidities
(atherosclerosis, coronary artery disease, myocardial
infarction, and peripheral vascular disease) with which BMI
is not. Conversely, BMI is not exclusively associated with
any comorbidity with which Fat/Bone Ratio is not. Five
comorbidities (hypertension, diabetes, hyperlipidemia,
obstructive sleep apnea, and osteoarthritis) are associated
with both measurements of obesity.

By measuring an anatomic location that isolates “apple”
distribution of fat, Fat/Bone Ratio considers body type and
fat distribution pattern, a distinguishing factor from BMI.
The soft tissue directly overlying the acromioclavicular joints
does not include the trapezius or deltoid muscles,
minimizing any variability from musculature. The diameter
of the underlying clavicle is used to standardize the soft-
tissue measurement to the overall size of the patient.
Additional benefits of Fat/Bone Ratio are that the
measurements are easy to reproduce and the equation is
easy to calculate.

Our study is a retrospective review, which is a limitation.
Although our study is well powered with 2703 subjects,
prospective research is warranted to confirm our results.
We caution the reader that our study does not imply that
Fat/Bone Ratio is predictive of any future risk of obesity-
related conditions. Our subjects are not followed
prospectively after the chest radiograph. Fat/Bone Ratio is
only associated with only pre-existing comorbidities,
although perhaps a future prospective study may determine
that it can predict patient outcomes.
Other future considerations include the confirmation and
establishment of category threshold values, similar to those
of BMI.

Our study supports Fat/Bone Ratio as an improved
measurement of obesity. In our retrospective review of 2703
radiographs, Fat/Bone Ratio was associated with most of
the established comorbidities when compared to BMI.
Fat/Bone Ratio is associated with four comorbidities
(atherosclerosis, coronary artery disease, myocardial
infarction, and peripheral vascular disease) with which BMI
is not.

Methods

This study is a retrospective review of 2703 adult subjects
(over the age of 18 years) who presented to the emergency
department between June 2013 and May 2014 who
received upright posterior-anterior (PA) and lateral chest
radiographs. Gender distribution 50:50 M:F. Using the PA
chest radiograph, the Fat/Bone Ratio is calculated. In
addition to the Fat/Bone Ratio, patient age, gender, height,
weight, and comorbidities associated with obesity
(hypertension, diabetes, hyperlipidemia, atherosclerosis,
coronary artery disease, myocardial infarction,
cerebrovascular accident, peripheral vascular disease,
obstructive sleep apnea, and osteoarthritis) of each subject
are noted as documented in the physician history and
physical examination. Height and weight are used to
calculate the subject’s BMI. Receiver operating
characteristic (ROC) analysis of BMI and each of the
comorbidities is performed. Then, ROC analysis of
Fat/Bone Ratio and each of the comorbidities is performed.

Introduction
Obesity is well documented to be associated with many
medical conditions, including diabetes, hypertension, and
obstructive sleep apnea.1,2 Additionally, obesity is a major
cause of morbidity and mortality in the United States. 1 It
was estimated in as early as 1999 that each year 300,000
adults in the United States die of causes related to obesity.
Although simple to calculate and relatively accurate at
predicting obesity-related comorbidities, BMI has
limitations.3 BMI does not factor in the subject’s body type or
fat distribution pattern. For example, two subjects may have
the same BMI and the same fat mass, but have different fat
distribution patterns: “apple” (android) with fat distributed
primarily on the chest/abdomen and “pear” (gynoid) with fat
distributed on the hips. The “apple” fat distribution
correlates better with the comorbidities associated with
obesity.

Table 1: Study population demographics and
distribution.
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Population Mean Standard 
Deviation

Age 46 15
Height (m) 1.66 0.10
Weight (kg) 80 20

BMI 29 7
Ratio 1.50 0.68

Comorbidity BMI Ratio

Hypertension p < 0.001 p < 0.001

Diabetes p < 0.001 p < 0.001

Hyperlipidemia p < 0.001 p < 0.001

Atherosclerosis p = 0.899 p = 0.022

Coronary artery disease p = 0.415 p = 0.001

Myocardial infarction p = 0.245 p = 0.002

Cerebrovascular accident p = 0.830 p = 0.076

Peripheral vascular disease p = 0.501 p = 0.009

Obstructive sleep apnea p < 0.001 p < 0.001

Osteoarthritis p < 0.001 p = 0.009

Results

Table 2: Univariate analysis of association between
comorbidity and BMI vs Ratio. Ratio shows statistical
significance at 95% confidence when BMI does not
for atherosclerosis, CAD, MI, and PVD.

Figure 2: Selected ROC curves for CAD, MI, and PVD
using BMI vs Fat/Bone Ratio as indicators.
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Figure 1: An example calculation of Fat/Bone
Ratio based on a sample PA radiograph
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