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ABSTRACT

Background/Aims: Lipodystrophy is a rare metabolic disorder characterized by a near-total or partial lack of subcutaneous adipose
tissue and is associated with insulin resistance. We aimed to evaluate the efficacy of magnetic resonance spectroscopy (MRS) imaging
to explore the fat content of the liver in patients with lipodystrophy and to determine the relationship between liver fat accumulation
and clinical presentations of lipodystrophy.

Materials and Methods: Between July 2014 and February 2016, 34 patients with lipodystrophy were assessed by MRS for the quantifi-
cation of hepatic steatosis. All patients had metabolic abnormalities associated with insulin resistance. Metabolic parameters and the
MRS findings were analyzed to identify potential correlations between liver fat content and disease severity.

Results: The MRS fat ratios (MRS-FRs) were markedly higher, indicating severe hepatic steatosis in lipodystrophy. Patients with gener-
alized and partial lipodystrophy had comparable levels of MRS-FRs, although patients with generalized lipodystrophy were significantly
younger. Patients with genetic lipodystrophy had elevated MRS-FRs compared with those with acquired lipodystrophy (p=0.042). The
MRS-FR was positively correlated with liver enzyme alanine aminotransferase (p=0.028) and serum adiponectin (p=0.043).
Conclusion: Our data suggest that MRS might be an effective, non-invasive imaging method to quantify hepatic fat content in patients
with lipodystrophy. Further studies are needed to validate the technique and threshold values, which would allow accurate comparison

of data acquired by different machines and centers.
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INTRODUCTION

The first case of lipodystrophy, a rare metabolic disor-
der characterized by altered adipose tissue distribution,
was described in 1885 by Mitchell (1). Later, different
subtypes of the disease have been described by sev-
eral authors (2-4). Lipodystrophy are divided into 2:
generalized lipodystrophy (GL) or partial lipodystrophy
(PL). Non-human immunodeficiency virus (HIV)-relat-
ed lipodystrophy is basically classified into 4 subgroups:
(i) congenital generalized lipodystrophy (CGL), (ii) ac-
quired generalized lipodystrophy (AGL), (iii) familial par-
tial lipodystrophy (FPLD), and (iv) acquired partial lipo-
dystrophy (APL).

Patients with CGL exhibit near-complete fat loss (5-
7). Although recent studies identified several novel ge-
netical etiologies (8-11), CGL has 4 classic subtypes:
(i) CGL1 (1-acylglycerol-3-phosphate O-acyltransfer-
ase 2 [AGPAT2] gene; chromosome 9q34), (i) CGL2
(Berardinelli-Seip congenital lipodystrophy 2 [BSCL2]
gene; chromosome 11q13), (iii) CGL3 (caveolin 1 [CAVT]
gene; chromosome 7q31), and (iv) CGL4 (polymerase |
and transcript release factor [PTRF] gene; chromosome
17921.2) (5).

Patients with FPLD, a subgroup of lipodystrophy inher-
ited in an autosomal dominant manner, usually exhibit
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normal fat tissue distribution at birth. Commencing after
early childhood, progressive and variable fat loss may be
noted, especially in the extremities (12). FPLD is mostly
caused by heterozygous mutations in several genes. In
previous studies, lamin A/C (LMNA) has been reported to
be the most common gene responsible for FPLD (13, 14).

APL is characterized by adipose tissue loss from the face
and upper extremities that typically starts at childhood
(15). AGL is very rare and is associated with near-total
adipose tissue loss (16). The literature also contains de-
scriptions of HIV-related lipodystrophy, mandibuloacral
dysplasia-associated lipodystrophy, and other rare lipo-
dystrophy conditions (12, 17).

Lipodystrophy is associated with complex metabolic de-
rangements. Patients with lipodystrophy usually present
with metabolic abnormalities associated with severe in-
sulin resistance that also include hepatic steatosis that
can progress to steatohepatitis and cirrhosis (5, 18). As
a result of limited adipocyte expandability and reduced
levels of the adipokines such as leptin, the excess energy
cannot be efficiently buffered at the adipose depots in
patients with lipodystrophy, which leads to severely el-
evated levels of lipids in circulation and accumulation of
lipids in ectopic sites such as the liver (18).

A thorough physical examination is the first step to diag-
nose liver disease in lipodystrophy. Hepatic involvement
can develop at early ages in patients with GL, and hep-
atomegaly can be easily observed during the physical ex-
amination (6). Liver function tests should be ordered in
the initial evaluation and during subsequent encounters
(19). Hepatic steatosis can be graded and/or quantified
by using ultrasound, computed tomography scan, and
magnetic resonance imaging (MRI). Ultrasound is often
the initial imaging as a non-invasive, non-expensive, and
readily available tool. Doppler ultrasound can be added to

MAIN POINTS

Lipodystrophy, a rare disorder characterized by general-
ized or partial adipose tissue loss, is associated with severe
insulin resistance and nonalcoholic fatty liver disease.

In our study, magnetic resonance spectroscopy (MRS), a
non-invasive method to detect hepatic steatosis with high
sensitivity and specificity, was shown to be an effective
tool to quantify hepatic fat content in patients with lipo-
dystrophy.

MRS can be potentially used to diagnose and monitor he-
patic steatosis in patients with various subtypes of lipo-
dystrophy.

the examination if the evaluation of the hemodynamics
of the portal venous system, the hepatic artery, and the
hepatic veins is desired. Ultrasound-based elastography
and magnetic resonance (MR) elastography can be used
to assess liver fibrosis based on viscoelastic properties of
the tissue (20, 21).

Magnetic resonance spectroscopy (MRS) is a non-inva-
sive method that can be used to evaluate hepatosteato-
sis. MRS reveals hepatic triglyceride accumulation, which
has been shown to correlate with liver biopsy data (22,
23). The diagnostic accuracy of MRS for detecting hepa-
tosteatosis was reported to be more than 90% in previ-
ous studies (22, 24). Here, we aimed to quantify the liver
fat content using the MRS in patients with lipodystrophy
in whom hepatic steatosis had been diagnosed during ul-
trasound. Furthermore, we tried to identify potential cor-
relation between the liver fat content and clinical presen-
tations of lipodystrophy and metabolic disease severity.

MATERIALS AND METHODS

Patients

The study was approved by the Dokuz Eylul University
Ethics Committee (protocol no. 2014/28-35). MRI was
performed as part of clinical care to diagnose liver dis-
ease, and patients gave consent to use anonymous data
for research purposes. Data were collected under the
oversight of Dokuz Eylul University Ethics Committee.
From July 2014 to February 2016, 34 patients (26 wom-
en and 8 men) with clinically proven lipodystrophy were
included in this study. All patients enrolled in this study
had metabolic abnormalities associated with insulin re-
sistance (carbohydrate intolerance, hypertriglyceridemia,
low high-density lipoprotein (HDL) cholesterol), and hep-
atosteatosis was detected on ultrasound beforehand.

MRI

MRI was performed using a 1.5-T MRI system (Achieva,
Philips Medical Systems, Eindhoven, the Netherlands)
fitted with a phased-array coil. To evaluate the liver
and other organs of the upper abdomen, we performed
T2-weighted fat-saturated spin-echo (SE) (TR/TE/FA,
1,502/70/90°) imaging, T2-weighted SE (1502/70/90°)
imaging, T1-weighted in-phase gradient-echo (GRE)
(103/4.6/80°) imaging, and T1-weighted opposed-phase
GRE (103/2.3/80°) imaging in the transverse plane.

We used a breath-hold, stimulated echo acquisition
method-based single-voxel technique (TR, 1,500; TE, 35
ms; bandwidth 1,000 Hz, and 2,048 data points) to obtain
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spectroscopy data, which minimized the effect of J-cou-
pling. Voxel localization was standardized in all patients
to minimize artifacts and to avoid large intra-hepatic
vessels. The voxel dimensions were 30x30x30 mm, and
the voxel was positioned in the right hepatic lobe at the
Couinaud segment V-VI. Automated shimming was used
to homogenize the local magnetic field.

MRS analysis

The MRS data were downloaded from the MR scanner and
analyzed using Easy Vision MR software (Philips Medical
Systems, Eindhoven, The Netherlands). All spectroscop-
ic images were evaluated by 2 radiologists (M.S and C.A)
with reference to other sequences, including T1-weight-
ed images (WIs) and T2 Wis.

MRS is a sensitive technique that can identify up to 160
metabolite peaks (25). The most useful liver metabolites
are lipids, water, choline, and creatinine. In our protocol,
hepatic metabolic content was derived from the signal in-
tensities of the lipid signal at 0.9 ppm (the main CH3|[Pri-
mary Alkyl] peak) and 1.3 ppm (the main CH2[Second-
ary Alkyl] peak), the creatinine peak at 3.03 ppm, and
the choline peak at 3.23 ppm and the water signal at 4.7
ppm. To describe the MRS fat ratio (MRS-FR), we used
the MRS-FR value introduced by Szczepaniak (26, 27).
The MRS-FR was defined as follows: MRS-FR = [Signal
(lipid)/Signal (lipid + water)] x 100. All measurements
were performed twice on all images to take intra-observ-
er variability into account.

Statistical Analysis
All statistical analyses were performed using the Statisti-
cal Packages for the Social Sciences (SPSS) for Windows,

Figure 1. a-c. a) MRS spectra, b) IP, and c) OP signal intensity in a
patient with CGL type | (30-year-old female). MRS-FR: 83%. MRS-FR:
MRS fat ratio; MRS: magnetic resonance spectroscopy; IP: in-phase;
OP: out-of-phase; CGL: congenital generalized lipodystrophy.

version 17.0 (SPSS Inc., Chicago, IL, USA). The MRS-FR
of the lipodystrophy subgroups were compared using the
Mann-Whitney U test. The Spearman’s coefficients were
used for correlation analyses. The intra-observer repro-
ducibility of the MRS-FR values was calculated. Statis-
tical significance was considered if the p-value was less
than 0.05.

RESULTS

The median age was 30 years (range, 11-63 years). Genet-
ic and clinical examinations revealed that 12 patients had
CGL (7 caused by AGPAT2, 3 BSCL2, 2 PTRF pathogenic
variants), 1 AGL, 14 FPLD (8 caused by LMNA, 1 PPARG
pathogenic variants, and 5 patients with FPLD pheno-
type were negative for pathogenic variants in any of the
known lipodystrophy genes), and 7 patients had APL.

The median body mass index (BMI) was 20.81 kg/m?
(range, 16.43-37.05 kg/m?). Twenty-nine patients (85%)
had diabetes, and the other patients (5; 15%) had im-
paired glucose tolerance, which was associated with in-
sulin resistance. All patients had hypertriglyceridemia and
low HDL cholesterol. Twelve patients (41%) had elevated
levels of liver enzymes alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), whereas 13 (45%)
had elevated gamma-glutamyl transpeptidase.

Table 1 shows the comparison of patients with GL and PL.
Patients with GL were significantly younger, had lower BMI,
and had more severely suppressed HDL cholesterol, leptin,
and adiponectin. The comparison of patients with genet-
ically based lipodystrophy (CGL and FPLD) and acquired
lipodystrophy (AGL and APL) is presented in Table 2.

Figure 2. a-c. a) MRS spectra, b) IP), and c) OP signal intensity in a
patient with CGL type Il (16-year-old male). MRS-FR: 84 %. MRS-FR:
MRS fat ratio; MRS: magnetic resonance spectroscopy; IP: in-phase;

OP: out-of-phase; CGL: congenital generalized lipodystrophy.
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Table 1. Clinical characteristics and MRS-FR measurements of patients with GL and PL.

GL (n=13) PL (n=21) p
Age (years) 21(14.5-30) 34.0 (27-41.5) 0.002
Gender (M/F) (4/9) (4/17) 0.679
BMI (kg/m?) 19.8 (17.7-21.7) 21.8 (19.9-26.6) 0.042
Triglyceride (Normal<150 mg/dL) 581 (332-1,347) 377 (213-731) 0.141
ALT (Normal: 10-37 U/L) 36 (21-56) 23.6 (18.5-38) 0.320
AST (Normal: 10-34 U/L) 29 (17.5-52.5) 26 (17.5-39.5) 0.570
GGT (Normal: 10-44 U/L) 36 (18-64.5) 34 (27.5-70) 0.395
HbA1c (Normal: <5.7%) 7(6-10.7) 8.4 (6.2-9.2) 0.972
Total cholesterol (Normal: <200 mg/dL) 169 (147.5-257) 195 (163-234) 0.304
HDL (Normal: >40 mg/dL M; >50 F) 27 (18.5-30.5) 32 (25-40.5) 0.030
LDL (Normal: <130 mg/dL) 97 (70.5-115) 100 (69.5-122.5) 0.972
Leptin (ng/mL) 0.40 (0.1-0.73) 3.34 (1.39-6.65) <0.001
Adiponectin (ng/mL) 0.72 (0.48-3.8) 3.84(1.65-9.23) 0.011
MRS-FR (%) 75% (56-83%) 72% (66-79%) 0.901

All the values are presented as the median (25th-75th percentiles).

GL: generalized lipodystrophy; PL: partial lipodystrophy; M: male; F: female; BMI: body mass index; ALT: alanine transaminase; AST: aspartate aminotransfer-
ase; GGT: gamma-glutamyl transpeptidase; HbA1c: glycosylated hemoglobin; HDL: high-density lipoprotein; LDL: low density lipoprotein; MRS-FR: MRS fat

ratio; MRS: magnetic resonance spectroscopy.

Figure 3. a-c. a) MRS spectra, b) IP, and c) OP signal intensity in a
patient with FPLD (32-year-old female). MRS-FR: 78%. MRS-FR: MRS
fat ratio; MRS: magnetic resonance spectroscopy; IP: in-phase; OP:
out-of-phase; FPLD: familial partial lipodystrophy.

The median MRS-FR in the whole study cohort was 73%
(25t-75t percentiles: 62%-79%). The intra-observ-
er agreement rate was 0.94. The MRS-FRs of the dif-
ferent lipodystrophy subgroups are presented in Table
3 and Figures 1-4. The MRS-FRs were similar between
the groups despite the fact that patients with GL were

Figure 4. a-c. a) MRS spectra, b) IP, and c) OP signal intensity in a
patient with APL (45-year-old female). MRS-FR: 80%. MRS-FR: MRS
fat ratio; MRS: magnetic resonance spectroscopy; IP: in-phase; OP:
out-of-phase; APL: acquired partial lipodystrophy.

younger. Patients with genetical lipodystrophy had more
severe hepatic steatosis identified by MRS than those
with acquired lipodystrophy (p=0.042). The MRS-FR was
positively correlated with liver enzyme ALT (r=0.377,
p=0.028) and serum adiponectin (r=0.349, p=0.043) in
the whole cohort.
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Table 2. Clinical characteristics and MRS-FR measurements of patients with congenital and acquired lipodystrophy.

Congenital lipodystrophy (n=26) Acquired lipodystrophy (n=8) p
Age (years) 30.5 (21.7-39.2) 26.0 (16.7-33.5) 0.382
Gender (M/F) (4/22) (4/4) 0.066
BMI (kg/m?) 20.8 (19.3-23.9) 21.8(19.1-25.9) 0.823
Triglyceride (Normal: <150 mg/dL) 484 (309-866) 338 (191-1,367) 0.570
ALT (Normal: 10-37 U/L) 34 (18.7-50.7) 23.3 (19.2-43.5) 0.489
AST (Normal: 10-34 U/L) 28 (18.7-45.5) 22 (14-45.2) 0.310
GGT (Normal: 10-44 U/L) 29.5 (21-54) 67.5 (35.7-78.7) 0.027
HbA1c (Normal: <5.7%) 8(6.2-9.2) 8.7 (6.2-12) 0.465
Total cholesterol (Normal: <200 mg/dL) 181 (157-237) 186 (157-261) 0.919
HDL (Normal: > 40 mg/dL M; >50 F) 29 (22-36) 28.5(23.7-39.2) 0.903
LDL (Normal: <130 mg/dL) 97.5 (70.7-123.7) 98 (569.5-116.2) 0.700
Leptin (ng/mL) 1.05 (0.53-6.22) 1.59 (1.2-4.37) 0.626
Adiponectin (ng/mL) 3.69 (0.86-9.99) 2.34 (0.95-3.3) 0.256
MRS-FR (%) 75% (66-83%) 57% (17-76%) 0.042

All the values are presented as the median (25t"-75 percentiles).
M: male; F: female; BMI: body mass index; ALT: alanine transaminase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transpeptidase; HbA1c: glyco-
sylated hemoglobin; HDL: high-density lipoprotein; LDL: low density lipoprotein; MRS-FR: MRS fat ratio; MRS: magnetic resonance spectroscopy.

Table 3. Percentage of liver fat in patients with different types of lipodystrophy (MRS, %).

CGL FPLD
AGPAT2 BSCL2 PTRF PPARG LMNA No pathogenic
variant iden-
AGL tified APL
N 7 3 2 1 1 8 5 7
MRS-FR (%)  75(63-83) 77 (59-84) 47 (26-68) 44 75 (67-84) 78 (70-84) 66 (12-77)
35
75 (61-83) 75 (67-81)
73 (62-79)

Data are presented as median (25"-75 percentiles).

MRS-FR: MRS fat ratio; MRS: magnetic resonance spectroscopy; CGL: congenital generalized lipodystrophy; AGL: acquired generalized lipodystrophy; FPLD:
familial partial lipodystrophy; APL: acquired partial lipodystrophy; AGPAT2: 1-acylglycerol-3-phosphate O-acyltransferase 2; BSCL2: Berardinelli-Seip con-
genital lipodystrophy 2; PTRF: polymerase | and transcript release factor; PPARG: peroxisome proliferator-activated receptor gamma; LMNA, lamin A/C.

DISCUSSION acquired lipodystrophy remains unclear. GL is characterized
Lipodystrophy is a complex metabolic disease characterized by a near-total lack of fat, and its prevalence is estimated
by the selective loss of adipose tissue, which can be either  to be less than 1 case/million (6, 28). Fat loss is selective in
congenital or acquired (17). Lipodystrophy can be caused by  patients with PL (6). PL is relatively more common with an
pathogenic variants in several genes; however, the cause of  estimated prevalence of 2.84 cases/million (29).
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Previous studies have suggested that proton MRS is an
effective non-invasive imaging method that can be used
to analyze hepatic steatosis quantitatively, affording a
high diagnostic accuracy (22, 26, 27, 30-32). It has also
been shown that MRS, MRS Proton Density Fat Fraction
(PDFF), and MRI PDFF measurements show a strong cor-
relation with liver histological findings in terms of quanti-
fication of liver fat content (31, 33, 34).

To the best of our knowledge, our study is the first report
of the systematic clinical use of MRS in patients with li-
podystrophy. The MRS-FRs of this study were markedly
higher than those of previous studies that used MRS to
quantify liver fat in patients with various diseases (30-
37). Szczepaniak et al. (26) considered an MRS-FR value
of 5.56% as the upper limit of normal, which correspond-
ed to the 95 percentile of liver lipid content in a subset
of 345 individuals without known risk factors for steato-
sis. This value is comparable with the often-used cut-off
level of 5% for the Dixon method, an MRI sequence based
on chemical shift and designed to achieve uniform fat
suppression, and also corresponds to the histological cut-
off level of less than 5% of hepatocytes with steatosis. In
contrast, Georgoff et al. (22) reported a value of MRS-FR
less than 17% in patients with grade 0 and traced ste-
atosis in a cohort of 52 patients with medically indicated
liver biopsy. The amount of hepatic fat was higher than
38.6% in individuals with grade 2 or higher steatosis. The
use of MRS to quantify liver fat accumulation has also
been elaborated in different clinical settings. Hadigan et
al. (85) reported a mean MRS-FR of 14% (range 6.4%-
29%) in 33 patients infected with HIV. Ghotb et al. (36)
found that HIV/hepatitis C virus co-infected patients had
a mean MRS-FR of 11.9% (range 2.8%-20.3%). Several
studies have investigated the extent of hepatic steatosis
in patients with type 2 diabetes mellitus, where the he-
patic fat content ranged from 13%-15% (37).

Previous studies have shown that lipodystrophy is asso-
ciated with poorly controlled diabetes and severe hyper-
triglyceridemia, as well as severe hepatic steatosis (17).
Although markedly elevated MRS-FR values revealed
the presence of severe hepatic steatosis in our cohort,
our measurements might have been affected by tech-
nical difficulties such as challenging water suppression.
Technical differences in the methods used by different
centers and the lack of standardization disallow accu-
rate comparison of data acquired by different machines
and research groups. In this study, we quantified the lipid
and water signal-to-noise ratios (SNRs) of the liver and
then calculated single-voxel MRS-FRs using the liver lipid

and water SNRs. We utilized the use of breath-hold se-
quences that potentially helped us improve the quality
of spectral data by having clearer images without mo-
tion artifacts related to respiratory movements. The field
strength of our MR device was 1.5 T, thus reducing the
chemical shift effect compared with that of more pow-
erful instruments, although a previous study reported
similar metabolite ratios with 1.5-T and 3-T MRS (38). We
should also acknowledge the limitation of visual analysis
of in-out of phase images for accurate diagnosis of se-
vere hepatic steatosis (39, 40) because some patients in
our study population had more than 50% fat in the liver.
Our upper abdomen MR imaging protocol basically in-
cluded conventional T2 WIs, T1-weighted in-phase GRE,
and T1-weighted opposed-phase GRE sequences.

The MRS-FRs were similar in patients with generalized
and PL, although patients with GL were younger. The
MRS-FR was positively correlated with liver enzymes.
We also observed that patients with genetically based
lipodystrophy (CGL and FPLD) had more severe hepatic
steatosis than those with acquired lipodystrophy. In con-
trast, Misra et al. (16) reported that the hepatic fat con-
tent of patients with AGL was remarkably high. We had
one patient with AGL in our study who exhibited 35%
steatosis upon MRS at the age of 11. We may speculate
that the liver was not yet fully affected in her case.

There were certain additional limitations to our study.
First, we examined only a limited number of patients with
lipodystrophy because the disease is exceedingly rare,
and this might have biased our results. We excluded sev-
eral patients with APL who had apparently normal livers,
as seen on performing ultrasound. It is well known that
metabolic abnormalities may be less severe in patients
with APL (15, 16). Second, there was no healthy control
group in our study. Instead, we used literature values for
comparison. Third, no histopathological data were avail-
able for further correlation analyses.

In conclusion, we found markedly elevated liver MRS-FR
measurements in our heterogeneous study cohort that
indicates severe hepatic involvement in patients with li-
podystrophy. We believe that MRS has a clinical poten-
tial for the diagnosis and tracking of hepatic steatosis in
patients with various subtypes of lipodystrophy, although
further studies with larger samples are needed to validate
the technique and threshold values.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the Ethics Committee of Dokuz Eylul Uni-
versity 2014/28-35.
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