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Summary

Objectives

Lipodystrophies are characterized by regional or generalized loss of adipose tissue and
severe metabolic complications. The role of visceral adipose tissue (VAT) in the develop-
ment of metabolic derangements in lipodystrophy is unknown. The study aim was to in-
vestigate VAT contribution to metabolic disease in lipodystrophy versus healthy controls.

Methods

Analysis of correlations between VAT volume and biomarkers of metabolic disease in 93
patients and 93 age/sex-matched healthy controls.

Results

Patients with generalized lipodystrophy (n = 43) had lower VAT compared with matched
controls, while those with partial lipodystrophy (n = 50) had higher VAT versus controls.
Both groups with lipodystrophy had lower leg fat mass versus controls (p < 0.05 for
all; unpaired t-test). In both generalized and partial lipodystrophy, there was no correla-
tion between VAT and glucose, triglycerides or high-density lipoprotein cholesterol
(p > 0.05 for all; Spearman correlation). In controls matched to patients with generalized
or partial lipodystrophy, VAT correlated with glucose (R = 0.42 and 0.36), triglycerides
(R = 0.36 and 0.60) and high-density lipoprotein cholesterol (R = �0.34 and �0.64)
(p < 0.05 for all; Spearman correlation).

Conclusions

In contrast to healthy controls, metabolic derangements in lipodystrophy did not corre-
late with VAT volume. These data suggest that, in lipodystrophy, impaired peripheral sub-
cutaneous fat deposition may exert a larger effect than VAT accumulation on the
development of metabolic complications. Interventions aimed at increasing functional
subcutaneous adipose tissue may provide metabolic benefit.

Keywords: Lipodystrophy, subcutaneous adipose tissue, visceral adipose tissue.

Introduction

Visceral adipose tissue (VAT) is one of the major white fat
depots, together with lower body and upper body subcu-
taneous adipose tissue (SAT) (1). Opposite associations
with metabolic disease have been reported for VAT and
lower body SAT. In the general population, increased
VAT is associated with higher prevalence of insulin
resistance, diabetes, dyslipidaemia and the metabolic

syndrome (2,3). On the other hand, increased lower body
SAT is associated with a favourable metabolic profile and
decreased risk of metabolic syndrome (4–6). Similar to
VAT, increased upper body SAT, especially the abdomi-
nal SAT, has been associated with increased metabolic
disease, although this association is weaker compared
with VAT (2,3).

Generalized and partial lipodystrophies are rare genetic
or acquired disorders characterized by deficient adipose
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tissue. Patients with generalized lipodystrophy have loss
of essentially all SAT depots, while those with partial
lipodystrophy usually have loss of gluteal and leg SAT,
with variable loss of arm and trunk SAT. Patients with
lipodystrophy develop ectopic triglyceride deposition in
liver and muscle, leading to metabolic complications
analogous to the obesity-associated metabolic syn-
drome, including extreme insulin resistance and diabetes,
and severe hypertriglyceridaemia (7,8).

Preliminary data based on visual analysis of abdominal
magnetic resonance imaging suggest that patients with
generalized lipodystrophy usually have decreased VAT,
while those with partial lipodystrophy may have de-
creased, preserved or increased VAT (9–20); however, a
quantification of VAT volume in lipodystrophy has not
been reported in previous studies. Unlike in the general
population, little is known about the role of VAT in the de-
velopment of metabolic complications in lipodystrophy.
Due to the unusual fat distribution in patients with
lipodystrophy, they may serve as models to help under-
stand the roles of VAT versus lower body SAT in the
development of metabolic disease.

The primary aim of the current study was to understand
the contribution of VAT to metabolic disease in patients
with lipodystrophy compared with the general population.
To achieve this aim, the relationship of VAT with meta-
bolic parameters in patients with lipodystrophy and in
healthy controls was analysed. The hypothesis was that,
as in the general population, there would be a positive
relationship between VAT and biomarkers of metabolic
disease in patients with lipodystrophy.

Material and methods

Study design

This was a cross-sectional study including patients
with lipodystrophy and healthy controls. Patients with
lipodystrophy participated in any of five protocols con-
ducted at the National Institutes of Health (NIH), registered
on clinicaltrials.gov as NCT00001987, NCT00025883,
NCT01778556, NCT02262806 and NCT02639286. All
protocols were approved by the Institutional Review
Board of the National Institute of Diabetes and Digestive
and Kidney Diseases. Written informed consent was
obtained from patients or their legal guardians. Assent
was obtained from participants under age 18 years.

Retrospective de-identified data for healthy volunteers
were collected through the NIH Biomedical Translational
Research Information System (21). Use of individual sub-
ject data was exempted from informed consent by the
NIH Office of Human Subjects Research Protection
(OHSR_BTRIS_2017_1306_MALANDRINO_N_NIDDK).

Study subjects and variables

Subjects with lipodystrophy had a diagnosis of genetic or
acquired, non-HIV-related lipodystrophy. Forty-three
metreleptin-naïve patients with generalized lipodystrophy
and 50 metreleptin-naïve patients with partial
lipodystrophy, with available VAT volume by Hologic
dual-energy X-ray absorptiometry (DXA) and metabolic
data during the same visit, were included.

Controls were selected among individuals enrolled as
healthy volunteers in several NIH clinical trials between
September 2014 and October 2017 who had DXA data
available. A total of 376 healthy volunteers received at
least one DXA scan during this time. Among these sub-
jects, 11 were excluded from the present study due to
concomitant medical diagnoses and/or possible or docu-
mented treatment with medications that might have af-
fected their metabolic status, i.e. diagnosis of attention
deficit disorder, bipolar disorder, alcohol use disorder,
precocious puberty, HIV or treatment with HIV-protease
inhibitors and steroid treatment. One subject with a con-
comitant diagnosis of hypoparathyroidism and another
subject erroneously included as healthy volunteer were
also excluded. One subject was excluded due to large
discrepancy in VAT volume measurements on three
different DXA scans performed between 2014 and 2016,
despite similar body weight. Three subjects were ex-
cluded due to unavailable VAT volume data. The remain-
ing population comprised 359 healthy volunteers.
Forty-three sex-matched paediatric subjects and 50
age-matched and sex-matched adult subjects, with avail-
able VAT volume by Hologic DXA and metabolic data
within a 60-d time frame, were selected from the cohort
of 359 healthy volunteers.

Study procedures

Demographic, anthropometric and metabolic
measurements

Age, sex, race and body mass index were recorded for all
patients and controls. After an 8-12 hour fast, blood
glucose, HbA1c, triglycerides, and HDL-C were collected
and measured at the NIH Clinical Center laboratory, using
standard methodology.

Dual-energy X-ray absorptiometry measurements

Total body fat percentage (FM%) and leg fat mass were
assessed using a Hologic QDR 4500 (Hologic, Bedford,
MA) scanner.

Visceral adipose tissue volume (cm3) was estimated
by Hologic Apex 4.0 software as previously described
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(22,23). In brief, the total abdominal adipose tissue
contains both visceral and subcutaneous fat. DXA can
directly measure a portion of the SAT localized lateral to
the abdominal cavity. Hologic software uses a specific,
proprietary algorithm to estimate the total amount of
abdominal SAT volume from the portion directly assessed
by DXA. VAT is estimated by subtracting total abdominal
SAT from total abdominal adipose tissue. Hologic
software measures VAT in a 5-cm high region above the
iliac crest, approximately at the level of the 4th lumbar
vertebrae (22). This region of interest does not include
the liver.

Statistical analysis

Visceral adipose tissue volume, leg fat mass and triglyc-
erides were log transformed for analyses due to non-
normal distribution. VAT volume of zero was coded as 1
to permit log transformation for analysis.

The relationship between VAT and metabolic parame-
ters was analysed separately in patients with generalized
versus partial lipodystrophy and their matched controls.
Differences in baseline characteristics and VAT volume
between lipodystrophy and controls were analysed by χ2

test for categorical variables and unpaired t-test, Welch’s
t-test or Mann–Whitney U-test for continuous variables.
The relationship between VAT volume and metabolic
parameters was assessed by Spearman correlation in
patients with generalized and partial lipodystrophy and
their corresponding controls.

Statistical analyses were performed using GraphPad
Prism (version 7.00 GraphPad Software, La Jolla, CA,
www.graphpad.com), Microsoft Excel and SAS (version
9.4, Cary, NC). Results are presented as mean ± standard
deviation or median (25th and 75th percentile), based on
distribution. A p value <0.05 was considered statistically
significant.

Results

Baseline characteristics

Demographics and metabolic characteristics of the
subjects with and without lipodystrophy are reported in
Table 1. As expected, patients with lipodystrophy had
significant metabolic disease compared with their
matched controls, including higher fasting glucose, tri-
glycerides and haemoglobin A1c and lower HDL-C. VAT
volume (Figure 1a,b) was lower in patients with general-
ized compared with partial lipodystrophy (93 [57, 153]
vs. 534 [281, 810] cm3, p < 0.0001). However, VAT was
detectable (greater than zero) in all but one patient with T
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generalized lipodystrophy. VAT volume was significantly
lower in patients with generalized lipodystrophy versus
matched controls and significantly higher in patients with
partial lipodystrophy versus matched controls.

Total per cent body fat and leg fat mass (Table 1,
Figure 1c,d) were lower in patients with both generalized
and partial lipodystrophy compared with controls and
were lower in patients with generalized lipodystrophy
compared with partial lipodystrophy (p < 0.0001).

Relationship of visceral adipose tissue volume with
metabolic parameters in lipodystrophy and controls

In analyses of patients with generalized lipodystrophy
versus controls, control subjects demonstrated signifi-
cant positive correlations between VAT volume and both
glucose and triglycerides and a significant negative
correlation between VAT volume and HDL-C. By contrast,
none of these relationships were significant in patients
with generalized lipodystrophy (Figure 2, Table 2). In
patients with generalized lipodystrophy, there was no
correlation between VAT volume and haemoglobin A1c.
Haemoglobin A1c was not available in matched controls
(Table 2).

In analyses of patients with partial lipodystrophy versus
controls, control subjects again demonstrated significant
positive correlations between VAT volume and both glu-
cose and triglycerides and a significant negative correla-
tion between VAT volume and HDL-C. By contrast,
correlations between VAT volume and these metabolic
parameters were not significant in patients with partial
lipodystrophy (Figure 2, Table 2). Control subjects had a
trend towards positive correlation between VAT volume

and haemoglobin A1c; this was not observed in patients
with partial lipodystrophy (Table 2).

Discussion

The present study investigated the association of VAT
with metabolic disease in metreleptin-naïve patients with
generalized and partial lipodystrophy compared with
healthy controls. Although the expected associations
were observed in healthy controls in this study, there
were no significant associations between VAT and
metabolic parameters in patients with lipodystrophy. This
finding suggests that VAT may not be causally related to
metabolic disease in patients with lipodystrophy. Lower
body subcutaneous fat was markedly lower in patients
with both generalized and partial lipodystrophy compared
with control subjects. Thus, lipodystrophy serves as
unique model to demonstrate that decreased lower body
fat may be a major contributor to metabolic disease, with-
out a required contribution from VAT.

Visceral adipose tissue is proposed to play a causal
role in metabolic disease due to its higher sensitivity to li-
polytic effects of catecholamines and lower suppression
of lipolysis in response to insulin, compared with other
white adipose depots (24). Direct release of free fatty
acids (FFAs) from VAT lipolysis to the liver, via the portal
vein, may contribute to ectopic fat deposition and devel-
opment of hepatic insulin resistance (25). The contribution
of VAT lipolysis to hepatic FFA delivery ranges from 5–
10% in lean individuals to 20–25% in individuals with vis-
ceral obesity (26). Supporting this mechanism, numerous
studies in the general population have shown significant
correlations between VAT volume and metabolic

Figure 1 Visceral adipose tissue (VAT) volume (a and b) and leg fat mass (c and d) in patients with generalized lipodystrophy (GL, red circles) and
partial lipodystrophy (PL, red triangles) versus age-matched and sex-matched controls (blue circles and triangles). VAT volume was zero in one
patient with GL, coded as 1 to permit display on a logarithmic scale. *p < 0.05.
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parameters including fasting glucose, triglycerides,
HOMA-IR and HDL-C (2,3,27,28).

Despite adipose tissue deficiency, patients with
lipodystrophy show increased rates of lipolysis, possibly
due to increased lipolysis in the residual adipose tissue
and/or increased intrahepatic or intravascular lipolysis
(29,30). The hypothesis of this study was that there would
be a similar positive relationship between VAT and meta-
bolic disease in patients with lipodystrophy and controls,
resulting from contributions of VAT lipolysis to hepatic
FFA delivery in both groups. Surprisingly, there was no
correlation between VAT volume and metabolic parame-
ters in patients with lipodystrophy. One possible explana-
tion for the absence of a relationship between VAT and
metabolic parameters in patients with lipodystrophy
might have been related to a narrow range of VAT volume
compared with controls, making it difficult to detect such

a relationship. While this may be relevant for patients with
generalized lipodystrophy, who typically had low VAT vol-
ume, patients with partial lipodystrophy had wide variabil-
ity in VAT volume and actually had higher mean VAT
volume compared with controls. Thus, if VAT was contrib-
uting to metabolic disease in partial lipodystrophy in the
same manner as controls, an association between VAT
volume and metabolic parameters should have been ob-
served. In addition, while the patients were metreleptin
naïve, most were receiving diabetes and/or lipid-lowering
agents, which might have affected the results. However,
due to their severe metabolic disease, it is difficult to enrol
patients who are not already treated with such
medications.

The lack of correlation between VAT volume and meta-
bolic parameters in subjects with lipodystrophy suggests
that alternate pathophysiologic mechanisms may be

Figure 2 Correlation between visceral adipose tissue (VAT) volume and biomarkers of metabolic disease in patients with generalized and partial
lipodystrophy (red circles and triangles, respectively) and age-matched and sex-matched controls (blue circles and triangles, respectively). Log-
transformed VAT volume was significantly correlated with log-transformed triglycerides, high-density lipoprotein (HDL) cholesterol and fasting
plasma glucose, in healthy control subjects but not in patients with generalized lipodystrophy (a–c) or partial lipodystrophy (d–f).

Obesity Science & Practice Visceral adipose tissue in lipodystrophy N. Malandrino et al. 79

Published 2018. This article is a U.S. Government work and is in the public domain in the USA. Obesity Science & Practice published by John
Wiley & Sons, World Obesity and The Obesity Society. Obesity Science & Practice



leading to metabolic disease in this patient population.
Patients with lipodystrophy show marked deficiency of
lower body SAT and severe fatty liver disease. One hy-
pothesis to explain these observations is that, in patients
with lipodystrophy, metabolic disease is mainly mediated
by the reduced lower body SAT, resulting in failure to
store very low-density lipoprotein-derived (VLDL-TG)
and/or chylomicron-derived triglycerides, which in turn
leads to increased FFA spillover, hepatic FFA delivery,
ectopic lipid deposition and insulin resistance.

Lower body SAT has a major role in long-term storage
of lipids, especially FFAs derived from VLDL-TG, and
plays a protective role against ectopic fat deposition
(31,32). During the fasting state, women with lower body
obesity store a larger amount of VLDL-TG in subcutane-
ous femoral fat compared with subcutaneous abdominal
fat (33). This is particularly relevant given that this sub-
group of individuals generally have a more favourable
metabolic profile than those with upper body obesity. In
addition, both in the fasting and post-prandial state,
women with increased femoral fat have greater efficiency
of fatty acid uptake (34,35).

Interestingly, Lotta and colleagues have recently iden-
tified genetic loci that may link decreased lower body
SAT with insulin resistance both in the general population
and in patients with familial partial lipodystrophy type 1
(36). Furthermore, in a case study of patient with partial
lipodystrophy caused by peroxisome proliferator-
activated receptor gamma mutation, the co-existence of
active lipolysis and inability to store meal-derived FFAs
has been observed, with increased FFA spillover sug-
gested to occur in peripheral SAT. The authors hypothe-
size that the resulting FFA spillover would increase
hepatic FFA delivery, leading to greater secretion of
VLDL-TG (37). These studies support the notion that ab-
sent lower body SAT in lipodystrophy results in inability
to store surplus energy, leading to increased FFA delivery
to the liver, ectopic lipid deposition, followed by insulin
resistance and metabolic disease. Although the current
data support this model, they cannot prove causality.
Arteriovenous and stable isotope techniques could pro-
vide more accurate information on regional FFA kinetics,
including lipolysis and FFA spillover. However, these
techniques are invasive and difficult to perform in large
numbers of individuals.

In conclusion, this study investigated the relationship
between VAT and metabolic disease in patients with
lipodystrophy and healthy controls. In contrast to con-
trols, there were no significant correlations between VAT
and metabolic parameters in lipodystrophy. These find-
ings suggest that VAT does not play a major role in the
development of metabolic disease in lipodystrophy. In-
stead, the authors speculate that limited expandabilityT
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of lower body subcutaneous fat and increased liver fat
deposition may exert a larger effect than VAT on the de-
velopment of insulin resistance and metabolic complica-
tions in patients with lipodystrophy. While this study
cannot distinguish the relative contributions of lower body
subcutaneous fat versus VAT in the development of met-
abolic disease in the general population, it supports a
growing body of evidence on the importance of deficient
lower body subcutaneous fat in metabolic disease.
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