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Lipodystrophic syndromes encompass a heterogeneous group of rare disorders characterized by partial or generalized
loss of adipose tissue depots (1). They are commonly associated with dyslipidemia, hepatic steatosis, and severe insulin
resistance (2). The fact that insulin resistance and the consequent progression to diabetes can result from either obesity
or lipodystrophy reflects the crucial role of adipose tissue in carbohydrate and lipid metabolism. In the absence of
adequate adipocyte capacity, excess calories cannot be diverted to their normal storage depot; instead they accumulate
as increased triglyceride stores in liver, in skeletal and cardiac muscle, and in the pancreatic β cell. This extra-adipose
lipid accumulation, through as-yet unclear means, is associated with impaired insulin action and, often, diabetes. In
addition to their passive role as storage depots, normal adipocytes secrete a number of peptides (“adipokines”) that may
influence insulin sensitivity and/or energy balance (3, 4). These include potential insulin sensitizers, such as leptin and
Acrp30 (also known as adiponectin), and insulin antagonists, including TNF-α, IL-6, and possibly resistin. The insulin
resistance of lipodystrophy may therefore be the result of disturbed lipid fluxes and/or abnormalities of adipokine
secretion. The striking similarity of murine models of lipodystrophy to the human phenotype has provided insights into the
metabolic disarray observed in this disorder as well as revealing several therapeutic options. Insulin sensitivity improves
dramatically […]
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Lipodystrophic syndromes encom-
pass a heterogeneous group of rare
disorders characterized by partial or
generalized loss of adipose tissue
depots (1). They are commonly asso-
ciated with dyslipidemia, hepatic
steatosis, and severe insulin resist-
ance (2). The fact that insulin resist-
ance and the consequent progression
to diabetes can result from either
obesity or lipodystrophy reflects the
crucial role of adipose tissue in car-
bohydrate and lipid metabolism. In
the absence of adequate adipocyte
capacity, excess calories cannot be
diverted to their normal storage
depot; instead they accumulate as
increased triglyceride stores in liver,
in skeletal and cardiac muscle, and in
the pancreatic β cell. This extra-adi-
pose lipid accumulation, through as-
yet unclear means, is associated with
impaired insulin action and, often,
diabetes.

In addition to their passive role as
storage depots, normal adipocytes
secrete a number of peptides
(“adipokines”) that may influence
insulin sensitivity and/or energy bal-
ance (3, 4). These include potential
insulin sensitizers, such as leptin and
Acrp30 (also known as adiponectin),
and insulin antagonists, including
TNF-α, IL-6, and possibly resistin. The
insulin resistance of lipodystrophy
may therefore be the result of dis-
turbed lipid fluxes and/or abnormali-
ties of adipokine secretion.

The striking similarity of murine
models of lipodystrophy to the human
phenotype has provided insights into
the metabolic disarray observed in this
disorder as well as revealing several
therapeutic options. Insulin sensitivi-
ty improves dramatically following fat
transplantation in mice with general-
ized lipodystrophy, a finding that was

first taken to suggest a critical role for
adipocyte mass per se (5). However, the
failure of fat transplanted from ob/ob
(leptin-deficient) mice to reverse the
metabolic disturbance highlighted the
importance of adipocyte-derived lep-
tin (6). Further support for this notion
comes from the previously described
beneficial effects of leptin administra-
tion in a different lipodystrophic
strain of mice (7). More recently,
Yamauchi et al. have suggested that
combined leptin and adiponectin infu-
sions are required to fully restore nor-
mal insulin action in yet another
lipodystrophic mouse model (8).

Adipose tissue transplantation in
humans has been considered but has
not yet been reported. As an alterna-
tive to such surgery, might adipose
mass be stimulated pharmacological-
ly? The nuclear hormone receptor
PPARγ plays a key role in adipogene-
sis, and its agonists increase fat mass
in humans and appear to do the same
in at least some lipodystrophic
patients (9). However, the impact of
this approach in generalized lipodys-
trophy has yet to be convincingly
demonstrated. It may also confer
some risk of increased hepatic steato-
sis, as is seen in lipodystrophic mice
treated with rosiglitazone, a known
PPARγ agonist (10).

Leptin therapy in lipodystrophic
patients
An alternative to increasing
adipocyte fat stores is to limit the
caloric load on these stores by reduc-
ing nutrient intake. Recombinant
leptin has been successfully used to
ameliorate hyperphagia in leptin-
deficient obese humans (11). Since
generalized lipodystrophy also leads
to extreme hypoleptinemia and
hyperphagia, Oral et al. wondered if

this therapeutic approach might be
of similar benefit in lipodystrophy.
The results of their work are report-
ed in two papers. Their first paper,
which appears in a recent issue of the
New England Journal of Medicine,
describes dramatic metabolic
improvements in nine patients treat-
ed with daily subcutaneous leptin
injections for 4 months (12).
Glycemic control, hypertriglyc-
eridemia, and hepatic steatosis were
strikingly improved despite signifi-
cant reductions in the use of oral
hypoglycemics and insulin therapy.
As expected, self-reported caloric
intake decreased. Somewhat surpris-
ingly, although consistent with pre-
vious reports on the use of leptin in
humans (11), resting metabolic rate
also fell significantly.

In this issue of the JCI, Petersen et
al. report detailed physiological
studies in a subset of these patients
(13). Hyperinsulinemic-euglycemic
clamps were used to document both
reduced peripheral glucose disposal
and increased hepatic glucose out-
put in three patients prior to com-
mencing leptin therapy. Leptin ther-
apy markedly improved both
parameters. This improvement was
associated with significant reduc-
tions in hepatic steatosis and
intramyocellular triglycerides, pro-
viding a potential mechanism for the
improved insulin sensitivity. Howev-
er, as the authors acknowledge, it is
still not clear whether triglycerides
themselves interfere with insulin-
stimulated glucose uptake. In fact,
base-line levels of intramyocellular
triglycerides were similar in patients
with generalized lipodystrophy and
normal controls. The authors sug-
gest that a fatty acid–derived inter-
mediate may be inducing insulin
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resistance and provide data demon-
strating a fall in muscle fatty acyl-
CoA’s in a skeletal muscle biopsy
from one patient.

Sites of leptin action
Leptin clearly has dramatic effects on
appetite in humans and rodents. What
is less clear is whether it has addition-
al peripheral antisteatotic effects in
these species. Unger and coworkers
accumulated a large body of evidence
in rodents to support the hypothesis
that leptin is an antisteatotic peptide
(14), and Minokoshi et al. recently sug-
gested that this effect might be medi-
ated via AMP-activated protein kinase
activation, with secondary induction
of lipid oxidation (15). This action of
leptin appeared to be mediated both
centrally via the sympathetic nervous
system and peripherally via the long
form of the leptin receptor (Ob-Rb)
(15). Whether this observation will
translate to humans remains to be
explored. Of note, in contrast to chil-
dren with total lipodystrophy, severely
obese children with complete, genetic
leptin deficiency do not have radiolog-
ically detectable hepatic steatosis, nor
are they as severely insulin-resistant (S.
O’Rahilly and I.S. Farooqi, unpub-
lished observations). This suggests,
firstly, that the metabolic conse-
quences of generalized lipodystrophy
are unlikely to be entirely attributable
to very low levels of circulating leptin,
and secondly, that the clinical
response to leptin therapy is likely to
be partial at best.

Nevertheless, there is now no doubt
that leptin therapy is of benefit. How
might it work? In mice, it is clear that
leptin has metabolic effects independ-
ent of food intake, as hypoleptinemic
mice treated with leptin show greater
improvements in weight and/or disor-
dered metabolism than do pair-fed
controls (16). In humans, the extent to
which leptin improves insulin action
through a suppression of appetite,
rather than a direct or indirect effect on
insulin-sensitive tissues, is still unclear.
In part this reflects inherent difficul-
ties in the accurate, long-term meas-
urement of food intake in humans.

Who might benefit 
from leptin therapy?
The discovery of leptin in 1994 raised
hopes that it might represent a
panacea for the huge public health
problem of obesity. Subsequently,
however, it was found that most
obese people have relatively high lev-
els of circulating leptin (17), and,
while augmenting those levels phar-
macologically has some effect on fat
mass, the very limited clinical trial
information thus far in the public
domain suggests that these effects
are neither dramatic nor consistent
(18). This may relate to the possibili-
ty of a rather ill-defined state of lep-
tin resistance existing in most obese
humans, or perhaps more plausibly,
to the evolution of leptin primarily to
signal transitions between states of
starvation and nutritional adequacy
(19). Taking this latter view, it is not
surprising that leptin therapy
appears to be most dramatically
effective in states where circulating
leptin levels are markedly and inap-
propriately low for the true levels of
energy stores. Thus, in congenital
leptin deficiency, where the principal
clinical abnormality is a massively
expanded fat mass, the major thera-
peutic impact of leptin is to reduce
that fat mass. In contrast, in general-
ized lipodystrophy, where excess fat
cannot be stored in adipose tissue,
leptin’s major impact results from
the reduction of excessive fat storage
in nonadipose tissue with a marked
amelioration of the resulting insulin
resistance. Thus, we now know of
two distinct human diseases where
the correction of near aleptinemia is
of major therapeutic benefit.

Could leptin be of benefit in more
common conditions of relative
hypoleptinemia? Farooqi et al. (20)
recently reported that individuals het-
erozygous for nonsense mutations in
the Leptin gene had a higher body fat
content than would be predicted by
their height and weight, accompanied
by relatively low plasma levels of lep-
tin. This observation provides impe-
tus for therapeutic trials of leptin sup-
plementation in subgroups of obese

subjects with relatively low leptin lev-
els. Similarly, syndromes of partial
lipodystrophy, either genetic or
acquired (1), are considerably more
common than the complete form and
are often accompanied by severe meta-
bolic dysfunction. Trials of leptin
therapy in these types of subjects will
be illuminating.
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