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OBJECTIVE

Lipodystrophy syndromes are a heterogeneous group of disorders associated with
selective absence of fat. Currently, the diagnosis is established only clinically.

RESEARCH DESIGN AND METHODS

We developed a newmethod fromDXA scans called a “fat shadow,”which is a color-
coded representation highlighting only the fat tissue. We conducted a blinded
retrospective validation study to assess its usefulness for the diagnosis of lipodys-
trophy syndromes.

RESULTS

We evaluated the fat shadows from 16 patients (11 female and 5 male) with
generalized lipodystrophy (GL), 57 (50 female and 7 male) with familial partial
lipodystrophy (FPLD), 2 (1 female and 1 male) with acquired partial lipodystrophy,
and 126 (90 female and 36 male) control subjects. FPLD was differentiated from
control subjects with 85% sensitivity and 96% specificity (95% CIs 72–93 and 91–99,
respectively). GL was differentiated from nonobese control subjects with 100%
sensitivity and specificity (95% CIs 79–100 and 92–100, respectively).

CONCLUSIONS

Fat shadows provided sufficient qualitative information to infer clinical phenotype
and differentiate these patients from appropriate control subjects. We propose that
this method could be used to support the diagnosis.

Lipodystrophy syndromes are a heterogeneous group of disorders causing atypical
diabetes, classified into four broad subtypes depending on the etiology and the
extent of fat loss (1–4). The diagnoses of all subtypes currently depend on the clinical
acumen of the physician (3,5). With niche therapies either approved or under in-
vestigation, there is a need for the development of objective diagnostic tools to
reassure both regulatory bodies and third-party payors that correct patients are
getting therapies. In this study, we describe a simple and reproducible method to
obtain a “fat shadow” from a DXA body composition scan, which gives an overall
impression of fat distribution throughout the body and may be useful as an additional
clinical tool to diagnose lipodystrophy and document fat distribution.

RESEARCH DESIGN AND METHODS

DXA scans were acquired from subjects who participated in lipodystrophy or healthy
and obese volunteer studies (5–8). Patients with lipodystrophy and control subjects
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Figure 1—Fat shadows derived from DXA scans of patients with lipodystrophy and selected control subjects. A: Patients with CGL have minimal fat signal
on the fat shadow.CGL type2 (i)was associatedwithnovisible residual fat depots,whereasCGL type1 (ii) is seen to have residual fat in theperiauricular
area and soles and in females the labial region. B: Male (i) and Female (ii) acquired GL patients are shown. They have no subcutaneous fat depots
throughout their body, withminimal fat signal visible in the scan. C: The two classic presentations of different FPLD subtypes. FPLD2 (Dunnigan variety;
i and ii) typically presents with the same signature phenotype with absence of subcutaneous fat in the extremities, hips, and abdomen (flanks), along
with a hypertrophy in the neck, axillae, and mons pubis. Dunnigan sign was defined as the isolated high signal area corresponding to the mons pubis,
surrounded by profound subcutaneous (sc) lipoatrophy. This sign was found to be helpful in identifying patients with FPLD2 and also evident in the one
male with FPLD2 present in this cohort (i). Increased fat signal around the mons pubis region was present in all 21 (100%) FPLD2 females versus only
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were all previously enrolled into various
clinical studies in which measurement
of adiposity was of interest, and total
body composition scans were obtained.
All participants were seen at either the
Michigan Clinical Research Unit (Michi-
gan cohort) or the National Institute
of Diabetes and Digestive and Kidney
Diseases (NIDDK) Intramural Research
Program (National Institutes of Health
[NIH] cohort) from 2007 to 2017 and
had consented to participate in the re-
search studies with permission to use
their data in future studies. Patients with
lipodystrophy were diagnosed clinically,
which is the reference standard (3). Control
subjects were selected to match age and
fat-free mass index from the Michigan
archives. At the NIDDK, control subjects
were selected to match age, sex, and BMI.

Developing the Fat Shadow Method
Our objective was to find a way to
visualize the information on fat distribu-
tion captured by DXA in a clinically useful
way that conveys the overall fat distri-
bution pattern. Body composition scans
were acquired on a Prodigy table at the
Michigan site and an iDXA table at the NIH
site, both of which were DXA systems
manufactured by GE Lunar (Chicago, IL).
Scan files (.dfb for Prodigy and .meb
for iDXA) were analyzed using enCORE
v14.10. Visualization options available
through the built-in functions of the
software were evaluated in depth to find
potentially useful modalities (Supplemen-
tary Fig. 1). A composition map color-
coded to render out the nonfat tissues
highlighted the overall fat distribution
(Supplementary Fig. 2). The resulting
image was termed a fat shadow, as it
corresponded to the X-ray shadow of
fat tissues.

Evaluation of Fat Shadows and
Validation of Diagnostic Accuracy
First, the fat shadows available at Mich-
igan were explored qualitatively in
an unblinded fashion to identify clini-
cally relevant features and count their
frequencies in different subtypes. The
method was then validated in a blinded,

retrospective study. Both the Michigan
and NIDDK sites compiled their scans for
case and control subjects and removed
all identifiers. For the first step of vali-
dation in familial partial lipodystrophy
(FPLD), scan files from NIDDK were trans-
ferred to Michigan, where the images
were rendered. For the second step,
rendered images from the Michigan co-
hort were sent to NIDDK to be assessed
by NIH investigators after reviewing a
training deck. For the third step of
validation, an independent investigator
evaluated all cases from both cohorts
after first reviewing the training deck.
For validation of the method in GL, the
independent investigator evaluated a
compilation of all GL scans and nono-
bese control subjects. Training cases
were excluded from all assessments.
The only information shown in addition
to the fat shadow was sex. In steps one
and two, two investigators evaluated
the images independently and reached
a consensus in case of disagreement. In-
vestigators identified the FPLD type 2
(FPLD2) from other FPLD (FPLDX) as an
exploratory end point. CIs for sensitivity
and specificity were derived with the
Clopper-Pearson method. Agreement rates
were calculated using Cohen k.

RESULTS

The Michigan cohort included 48 patients
with lipodystrophy (41 female and 7
male, aged 13–65 years), 43 of whom
had FPLD, and 70 control subjects (42
female and 28 male, aged 19–65 years).
The NIH cohort included 13 patients with
GL (9 female and 4 male, aged 14–40
years), 14 patients with FPLD (12 female
and 2 male, aged 18–65 years), and 56
control subjects (48 female and 8 male,
aged18–65years).SupplementaryTables1
and 2 list all of the subtypes, demographic
characteristics, and average body compo-
sition characteristics of both cohorts.

Overall, patients with lipodystrophy
had uniquely different fat shadows com-
pared with control subjects. Patients with
GL had a striking appearance with near-
complete absence of fat signal (Fig. 1A

and B). Residual fat depots were seen in
the periauricular area, soles, and pubic
region in some patients with congenital
generalized lipodystrophy (CGL) type 1.
Patients with acquired GL (two females
and two males) had no visible residual
fat. Figure 1C compares the typical pre-
sentations of FPLD2 and FPLDX (specif-
ically, FPLD1, Köbberling variety [9]).
Presentation of FPLD2 followed a rela-
tively consistent pattern (Supplementary
Fig. 3), with subcutaneous fat absent
throughout the body in most patients,
but with hypertrophic fat in the neck
and pubic region. In contrast, the FPLDX
population was very heterogeneous
(Supplementary Fig. 4). Images from pa-
tients with acquired partial lipodystro-
phy showed very little fat in the upper
half of the body, whereas the fat depots
in the hips and lower extremities were
preserved or even hypertrophic (Fig. 1D).
Obese and lean control subjects are
shown in Fig. 1E for comparison. Sup-
plementary Tables 3 and 4 show the
frequency of different features in each
subtype organized into different sex cat-
egories. The Fat Shadow Atlas in the
Supplementary Data demonstrates the
fat shadows of all participants used in
this study.

Accuracy of the method is presented
in Supplementary Table 5. FPLD was dif-
ferentiated from control subjects with
85% sensitivity and 96% specificity (95%
CIs 72–93 and 91–99, respectively). GL
was differentiated from nonobese con-
trol subjects with 100% sensitivity and
specificity (95% CIs 79–100 and 92–100,
respectively). The k for interobserver
agreement rates ranged between 0.73
and 0.96 (Supplementary Table 6). Some
subtypes were recognizable from their
fat distribution patterns (Supplementary
Table 7).

CONCLUSIONS

This study shows that fat shadows de-
rived from DXA scans are simple tools
to diagnose lipodystrophy syndromes.
Various quantitative measurements
from DXA scans have been used in

10 out of 29 (34%) FPLDX females and 0 out of 90 (0%) control females (95%CIs 84–100%, 18–54%, and 0–4%, respectively). FPLD1 (Köbberling variety;
iii and iv) had neck hypertrophy and abdominal obesity. Calf muscle hypertrophy was present in 8 out of 35 patients with FPLDX (23%; 95% CIs
10–40). FPLDX population in its entirety was very heterogeneous, possibly due to heterogeneity in etiology (15). See Supplementary Fig. 4 and the Fat
Shadow Atlas in the Supplementary Data for details. D: Acquired partial lipodystrophy: patients have acquired loss of fat from the upper half
of the body with unknown cause. Fat depots in the lower half are spared and may be normal (i) or hypertrophied (ii). E: A selection of lean (i, iii) and
obese (ii, iv) control subjects with sex-representative android/gynoid ratios and without metabolic disease. AGPAT2, 1-Acylglycerol-3-phosphate
O-acyltransferase 2; BSCL2, Berardinelli-Seip congenital lipodystrophy 2; FPLDX, a broad group that includes FPLD1, FPLD3, and other types not numbered
in standard nomenclature system; LMNA, lamin A/C gene.
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lipodystrophy research (5,10–12); how-
ever, these measurements were done in
regions of interest that were too broad
and not necessarily designed to be clinically
relevant in the context of lipodystrophy
(Supplementary Fig. 5). This study is the
first to use DXA body composition scans
to diagnose disease in a pixel-based ap-
proach. Using this technique, investigators
were able to identify patients with both
GL and partial lipodystrophy accurately.
Metreleptin was approved in 2014 as

the first therapy for GL (13). This therapy,
although very helpful for the treatment
of difficult metabolic complications, is
currently very expensive in the U.S., and
third-party payers require verification of
the diagnosis with genotype even when
insurance coverage for genetic testing
may not be provided. When genetic
testing is not feasible or negative, having
the ability to document the body fat
pattern with the fat shadow method
may aid complicated therapeutic deci-
sions. FPLD has also recently attracted
attention from industry with develop-
ment of novel therapeutic agents;
however, the U.S. Food and Drug Ad-
ministration has expressed concern
about whether this phenotype is suffi-
ciently distinct from truncal obesity or
common metabolic syndrome (14). We
believe that our data add to the evi-
dence that FPLD covers a spectrum of
heterogeneous diseases with unique fat
distribution patterns that are distinct
from common forms of truncal obesity.
It may prove useful not only in drug
reimbursement decisions, but also for
adjudication of cases for drug trials or
other different clinical settings.
Our study had a number of limitations

listed in Supplementary Table 8 and is
only the first step to bring this tool to
clinic. However, the tool has substantial
strengths over other methods, which are
also listed. This method can be further
enhanced with standardization and by
adding lateral views, as proposed in Sup-
plementary Fig. 6. With further studies,
it may be possible to use fat shadows for
classification of not only lipodystrophy
but also other metabolic diseases.

Acknowledgments. The authors thank all of
the patients and control subjects for participation
in the study and Lipodystrophy United for help

in patient recruitment into various lipodystrophy
trials. The authors also thank Laura Foess-Wood
for performing all of the DXA scans at the Michigan
Clinical Research Unit and for the positive per-
sonality that cheers us up every time and Dr. Kong
Y. Chen and Dr. Robert J. Brychta for performing
the DXA scans at the Metabolic Clinical Research
Unit at the NIDDK. The authors dedicate this
article to those patients whom we have lost since
2009 and especially to Natalie K. Hunt-Embry,
who fought the disease with great courage and
passion.
Funding. Thisworkwas supportedbyNIHgrants
R01-DK-088114, P30-DK-089503, and P30-DK-
034933, which allowed the DXA scans presented
in this study to be performed and the Intramural
Research Program of the NIH, NIDDK. B.J.R. was
supportedbyNIHgrant T32-DK-007245. Thiswork
was also supported by generous gifts to the
Lipodystrophy Fund at the University of Michigan
made by the Sopha family, Ionis Pharmaceuticals,
and theWhitePoint Foundationof Turkey. The fund
is used specifically to cover the salary of R.Me.
These funding sources had no interference in

the study design or direction.
Duality of Interest. E.A.O. received grant sup-
port from and served as an advisor to Amylin
Pharmaceuticals LLC, Bristol-Myers Squibb, and
AstraZeneca in the past and is currently receiving
grant support from Gemphire Therapeutics,
Aegerion Pharmaceuticals, Ionis Pharmaceuticals,
and Akcea Therapeutics and serving as an advisor
to Aegerion Pharmaceuticals, Akcea Therapeu-
tics, and Regeneron Pharmaceuticals. E.A.O. re-
cently completed grant support from GI Dynamics.
No other potential conflicts of interest relevant
to this article were reported.
AuthorContributions.R.Me. analyzed theDXA
scans, developed the new visualization tech-
nique, and designed the validation experiment
under the direction and supervision of E.A.O.
R.Me., B.J.R., and N.M. gathered scan files from
different sites. R.Me. and A.J. conducted the
statistical analyses under the supervision of
E.A.O. R.Me., N.M., B.A., R.J.B., and E.A.O. con-
ducted the blinded assessments. Control scans
were provided by R.Mu. and J.F.H. R.J.B. and
E.A.O. established the clinical diagnoses of the pa-
tients. R.Me. and E.A.O. wrote the manuscript.
R.Me., B.J.R., N.M., A.J., A.H.N., R.Mu., B.A., J.F.H.,
R.J.B., and E.A.O. approved the final version of
the manuscript. E.A.O. is the guarantor of this
work and, as such, had full access to all of the
data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Prior Presentation. Parts of this study were
presented in poster form at the 78th Scientific
Sessions of the American Diabetes Association,
Orlando, FL, 22–26 June 2018.

References
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