
Overview
Dual energy x-ray absorptiometry (DXA) body 

composition measurements are increasingly utilized in the 
evaluation of clinical obesity,1,2 muscle loss and wasting 
(sarcopenia),3 and abnormal patterns of fat distribution 
(lipodystrophy).4 Obesity is widely recognized as a major 
risk factor for type 2 diabetes, metabolic syndrome, and 
cardiovascular disease.5 Sarcopenia has been shown to be 
highly predictive of functional disability in the elderly,6 
and lipodystrophy is a major complication of antiretroviral 
treatments.7 In addition to detecting abnormalities in body 
composition, DXA is also employed to evaluate the effects of 
diet and exercise in health clinics8, 9 and physical training in 
athletes and military recruits.10

Clinical Management: Weight Loss Intervention
The data below were obtained from a diet and exercise 

weight loss intervention. Serial measurements of Fat Mass 
Index (FMI: Fat Mass/Height2) are plotted over time  
(Figure 1). Note the drastic reduction in FMI from above the 
median value for the subject’s age, ethnicity, and gender to well 
below the median occurring over a period of about six months. 
The compartmental trending plot shows striking decreases in 
the fat mass compartment and relatively minor declines in the 
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Figure 1.  Serial measurements of FMI plotted over time. 
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Figure 2.  The compartmental trending plot shows striking decreases in the 
fat mass compartment. Lean mass decreased initially (loss of water) and then 
remained relatively stable.
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Figure 3.  Color image mapping of serial whole body images may be useful as 
a counseling tool.

lean mass compartment during the intervention (Figure 2). 
The color image mapping of these trends displayed in the serial 
whole body images provides positive patient feedback and 
may be useful as a counseling tool. The images reveal a loss of 
nearly pure subcutaneous and visceral fat (light orange) over 
time (Figure 3).



Diagnostic Information and Reference Data
Diagnostic information is obtained by direct comparison 

to a gender- and ethnicity-specific reference data developed 
from the National Health and Nutrition Examination 
Survey (NHANES) data released on the Centers for Disease 
Control and Prevention (CDC) website and contains over 
20,000 subjects aged 8 to 85 (Figure 4). The NHANES body 
composition reference database represents one of the largest 
peer-reviewed studies ever undertaken and assures reliable 
Z-scores and percentiles for all body composition measures.11 
The International Society for Clinical Densitometry (ISCD) 
has already adopted the NHANES Hip reference database 

FMI  
Class

Severe Fat 
Deficit

Moderate Fat 
Deficit

Mild Fat Deficit Normal Excess Fat Obese Class I Obese Class II Obese Class III

M < 2 2 to < 2.3 2.3 to < 3 3 – 6 > 6 to 9 > 9 to 12 > 12 to 15 > 15

F < 3.5 3.5 to < 4 4 to < 5 5 – 9 > 9 to 13 > 13 to 17 > 17 to 21 > 21

Table 1.  Classification ranges for FMI that match the prevalences of the World Health Organization (WHO) body mass index (BMI) classifications in young adults. Unlike 
BMI (a measure of excess weight), FMI is a gender specific measure of excess fat not confounded by lean tissue. 
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Figure 5.  FMI reference curve in white females showing the effect of skewness. 
Note the difference in the area above the median value (light blue region) and 
below the median value (dark blue region). Accurate diagnostic scores are not 
possible unless an adjustment for skewness (unequal distributions about the 
median value) is performed.

Figure 4.  Gender and ethnicity specific FMI reference data in white females 
developed from the NHANES reference database containing over 20,000  
subjects aged 8 to 85.

for all DXA scanners12 and is considering standardization 
utilizing the NHANES body composition database. Reference 
data were modeled using the LMS curve fitting procedure13 
because it handles skewness and many body composition 
measurements are not normally distributed. When skewness is 
present, the concept of a standard deviation does not apply in 
the usual sense, and accurate Z-scores and percentiles are not 
possible without an adjustment for skewness (Figure 5). For 
these reasons, competitive DXA systems that do not account  
for skewness may generate inaccurate and or unreliable 
diagnostic scores.



Obesity Diagnosis and Classification
All Discovery™ systems support an obesity classification 

scheme that matches the prevalences of well established BMI 
classification thresholds and generates similar thresholds for 
FMI.11 The prevalence-matched FMI classifications shown in 
Table 1 should offer superior specificity because, unlike BMI, 
the index is based on fat mass, not body weight, which is 
composed of both fat and lean constituents.

Sarcopenia
Sarcopenia is defined as a degenerative loss of skeletal 

muscle mass and strength. Diagnosis is based on a DXA 
appendicular lean mass/height2 of more than two standard 
deviations below the young normal mean, or about 7.0 kg/m2 
for men and 5.25 kg/m2 for women.3

Clinical Body Composition Report
Discovery advanced clinical reports provide information 

on fat and lean mass indices that are useful in the assessment 
and management of a wide variety of abnormalities including 
clinical obesity, abdominal obesity, lipodystrophy, and 
sarcopenia. Diagnostic scores from the NHANES database are 
provided as T-scores, Z-scores and percentiles (Figure 6).

Calibration and Accuracy
Clinical medicine and research demand measurement 

systems with accurate results and reliable diagnostic 
information. Discovery body composition results are calibrated 
to a large (n=1,155 subjects) multi-center study between DXA 
and other criterion methods, including deuterium dilution, 
hydrostatic weighing, and four-compartment models.14 This 
is the most comprehensive and definitive DXA calibration 
study ever performed and provides the foundation for all direct 
and derivative body composition measurements provided by 
Discovery whole body scanners.

Summary and Conclusion
The role of body composition measurements is expanding 

into many areas of clinical medicine and research. Accurate 
and reliable results and diagnostic information are critical 
to proper patient management and can only be obtained 
on properly calibrated instruments utilizing the most 
comprehensive reference database. The Discovery Advanced 
Body Composition assessment and report fully satisfy these 
requirements and set the industry standard against which DXA 
instruments are measured.

Hologic scientists continue to advance the field of body 
composition research in order to provide improved clinical 
measures. Hologic recently patented methods for measuring 
visceral fat using DXA.15 Visceral fat is a metabolically active 
pathogenic fat depot16, 17 that may predispose to serious health 
risks including cardiovascular disease. These enhancements will 
keep Discovery body composition applications on the forefront 
of clinical medicine and research for years to come.
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Measure Result  Percentile1

  YN  AM
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Measure Result  Percentile
  YN  AM
(Lean + BMC)/Height² (kg/m²) 17.0 15 8
Appen. (Lean + BMC)/Height² (kg/m²) 7.70 14 11

Adipose Indices

Lean + BMC Indices

YN = Young Normal
AM = Age Matched

1 Indices are available in T and Z scores or percentiles
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Figure 6.  Advanced Body CompositionTM assessment report. Adipose and Lean 
indices with typical clinical applications.
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