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A leptina é uma hormona produzida, predominantemente pelo adipécito, sendo fundamental na
regulacdo da homeostasia energética. Atua como sinalizadora da massa gorda existente no organismo,
estando envolvida no controlo e balango dos lipidos nos tecidos ndo adiposos, na ingestdo alimentar e
termogénese, com subsequentes implicagdes metabdlicas.

O tratamento de substituicdo com administracdo de leptina constitui um avan¢o na compreensao e
tratamento das varias sindromes lipodistréficas conhecidas, caracterizadas por um estado de hipolep-

Palavras-chave:

]iiepgg;;mﬁa tinemia. O tratamento com a formulacdo recombinante de metreleptina estd associado a melhoria da
Obpesidade hiperinsulinemia, insulinorresisténcia, hipertrigliceridemia e anomalias neuroenddcrinas, sem aparen-
Metabélico tes efeitos adversos significativos, o que constitui a base fisiopatol6gica que apoia o tratamento destes
doentes com metreleptina.
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Leptin and its metabolic impact on lipodystrophy
ABSTRACT
Keywords: Leptin is a hormone produced predominantly by adipocytes, essential in energy homeostasis regulation.
L?Ptm It acts as a sensor of body fat mass stores, being involved in lipids control in non adipose tissues, food
ggonstrophy intake and thermogenesis with subsequent metabolic implications.
Meizlt:i:lic Leptin administration in replacement doses constitutes an important step forward in the understanding

and treatment of various lipodystrophic syndromes, conditions characterized by a hypoleptinemic state.
Particularly, recombinant methionyl leptin administration in patients with lipodystrophy exhibiting
severe hypoleptinemia ameliorated hyperinsulinemia, insulin resistance, hyperglycemia, hypertriglyce-
ridemia, and neuroendocrine abnormalities without significant adverse effects, providing the rationale

for metreleptin treatment in these patients.
© 2013 Sociedade Portuguesa de Endocrinologia, Diabetes e Metabolismo. Published by Elsevier
Espafia, S.L. All rights reserved.

A leptina e a lipodistrofia — conceitos gerais

Em 1994, Zhang et al. identificaram o gene ob, localizado no
cromossoma 7 (7q31.3), e o seu produto, a leptina!. Desde a
sua caracterizacdo a leptina tem adquirido importancia crescente
como molécula fundamental na regulacdo do balango energético.
Aleptina é uma hormona produzida, predominantemente pelo adi-
pécito, atuando como um sinalizador da quantidade de energia
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acumulada e de massa gorda existente no organismo. A leptina é
também uma hormona liporeguladora que controla a homeosta-
sia dos lipidos nos tecidos ndo adiposos, especialmente durante
os periodos de sobrealimenta¢do®. Deste modo, 0os seus niveis
circulantes correlacionam-se estreitamente com as reservas de
tecido adiposo, ou seja, 0 aumento da adiposidade conduz a um
aumento da producdo de leptina, enquanto uma diminuicdo de
massa gorda estd associada a uma reducdo da sua expressio’.
A leptina possui recetores proprios (ObR, LEPR), conhecendo-se
6 isoformas. No homem sdo expressas apenas 4 destas isoformas
por espacamento alternativo?, destacando-se a isoforma B por ser
a mais importante®. Ao atuar através destes recetores localizados
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no hipotdlamo, a leptina é genericamente responsavel pela inibicdo
da ingestdo alimentar e aumento da termogénese, o que contribui
para a manuten¢do de adequadas reservas lipidicas e manuten¢do
do peso corporal®. A sua secre¢do é pulsatil, sendo caracterizada por
um ritmo circadiano, com niveis menores ao inicio e meio da tarde
e mais elevados entre o meio da noite e manha cedo’. A pulsatibi-
lidade da leptina parece ndo ser diferente em individuos magros e
obesos. No entanto, os obesos possuem pulsos de maior amplitude’.
No que concerne ao género, as mulheres apresentam niveis mais
elevados do que os homens, o que se revela independente do indice
de massa corporal e se atribui a diferencas na massa gorda e sua
distribui¢do e as hormonas sexuais®?,

As lipodistrofias sdo um grupo raro e heterogéneo de doencgas
associado a uma deposicao anormal de tecido adiposo. Sdo
caracterizadas pela perda seletiva de gordura subcutinea e
visceral, existindo formas parciais ou completas, genéticas ou
adquiridas'?, associadas ou nio a hipertrofia do tecido adiposo
noutra localiza¢do!!. Existe uma considerdvel heterogeneidade
relacionada com o padrdo e extensio de perda de massa gorda
entre os diversos tipos de lipodistrofia, o que torna o diagnés-
tico desafiante. Nas mulheres, as lipodistrofias parecem ser mais
facilmente reconhecidas, comparativamente aos homens, nos quais
uma aparéncia atlética é mais frequente, diminuindo o limiar de
suspeicdo!!. Na presen¢a de um homem com estrutura muscular
proeminente e baixa atividade fisica, devera suspeitar-se de uma
lipodistrofia.

Alipodistrofia é frequentemente associada a um amplo espectro
de anomalias metabdlicas, tais como resisténcia a insulina, diabe-
tes tipo 2, hipertrigliceridemia, esteatose hepatica, sindrome de
ovarios poliquisticos e acantose nigricans'?'3. A gravidade destas
complica¢cdes metabdlicas, quando presentes, correlaciona-se com
a extensdo da perda de gordura'4. Apesar dos progressos verifica-
dos na dltima década e da leptina poder assumir um papel relevante
na base fisiopatolégica das complicagdes metabélicas associadas as
lipodistrofias, muitos dos mecanismos permanecem ainda pouco
claros.

Alteracdes metabdlicas na lipodistrofia

Os mecanismos envolvidos na insulinorresisténcia e desregu-
lacdo metabdlica, presente nos doentes com lipodistrofia, per-
manecem controversos. Inicialmente estes disttirbios comuns as
lipodistrofias foram apenas relacionados com a deposi¢do anormal
de tecido adiposo, o que condicionava uma acumulag¢do anor-
mal de triglicerideos no figado, musculo e células 3-pancreaticas,
originando resisténcia a acdo da insulina e posterior desenvolvi-
mento de diabetes!> 16, Isto era explicado com base na acumulagdo
intracelular de derivados de acidos gordos, o que resultava na
ativacdo da proteina cinase C e, consequentemente, na ativacio
da cascata serina/tirosina e aumento da fosforilacdo em serina do
substrato 1 do recetor da insulina (IRS-1). A diminui¢do da capaci-
dade do recetor se fosforilar em tirosina, apés estimulo da insulina,
conduziria a uma diminuicdo da ativacdo da fosfatidilinositol-3
cinase, enzima chave na translocacdo do transportador de gli-
cose tipo 4 (GLUT4) no miisculoesquelético’> 1. Estas alteracdes
na transducdo de sinal culminavam, por fim, num estado carac-
terizado por resisténcia a insulina. De modo semelhante, seria
explicada a insulinorresisténcia a nivel hepatico, conjuntamente
com o aumento da neoglicogénese hepatica, associada ao aumento
de 4cidos gordos circulantes!’.

No entanto, estudos recentes apontam para mecanismos bem
mais complexos na génese de insulinorresisténcia e disttrbios
metabdlicos associados. Em primeiro lugar, o tecido adiposo
subcutaneo funciona como um reservatério onde se acumulam tri-
glicerideos. Na lipodistrofia, a sua atrofia, elimina um potencial
reservatorio, passando a verificar-se o depésito ectépico noutros

locais. Neste sentido, o transplante de gordura de ratos normais
para roedores com lipodistrofia congénita conduziu a uma franca
melhoria da sensibilidade a insulina, diferente do que ocorreu
quando se efetuou transplante de gordura de ratos com deficién-
cia de leptina para roedores lipodistréficos, em que nio foi possivel
reverter as anomalias metabdlicas'®. Estas observagées evidenciam
o papel ativo da leptina na regulacdo do balanc¢o energético em
doentes com lipodistrofia.

Para além disso, constatou-se que os doentes com lipodistro-
fia apresentavam tendencialmente niveis mais baixos de leptina'*,
o que poderd condicionar hiperfagia nestes individuos. Assim,
alguns autores defendem que as baixas concentra¢des de leptina
sdo responsaveis pela insuficiente inibicdo dos centros regulares
do apetite localizados no hipotdlamo, o que determina aumento
da libertagcdo de hormonas orexigénicas e inibi¢do da libertagcdo de
fatores anorexigénicos®. Em modelos animais, a administra¢io
de leptina esta associada a altera¢do da secrecdo de neuropeptideos
orexigénicos e anorexigénicos e sinaliza a supressdo do apetite!®.
Ao ser libertada na circulagdo sanguinea, a leptina atravessa a
barreira hematoencefilica e liga-se aos seus recetores no hipota-
lamo. Aqui, é responsavel pela regulacdo de peptideos orexigénicos,
suprimindo a expressdo do neuropeptideo Y, do peptideo relacio-
nado com a proteina agouti, da hormona que concentra a melanina,
da galanina, do peptideo relacionado com a galanina e da ore-
xina (fig. 1). Simultaneamente, promove a libertacdo de hormonas
anorexigénicos, tais como a pr6-opiomelanocortina, reguladores
da transcri¢do da cocaina e anfetamina, a hormona libertadora da
corticotrofina (CRH) e o fator neurotréfico derivado do cérebro,
o que inibe o apetite®2°-22, Em consonancia, verificou-se tam-
bém que a administracdo de leptina a humanos portadores de
mutagcdes homozigéticas inativadoras do seu gene, era responsa-
vel pela diminui¢do do aporte energético numa refeicio®>. Neste
contexto, e assumindo que a lipodistrofia estd associada a um
estado de hipoleptinemia, surge o interesse na utilizacdo da leptina
como potencial forma de tratamento nas lipodistrofias, nomeada-
mente no que diz respeito ao seu efeito no controle do apetite,
regulacdo e homeostasia energética e consequentemente rever-
sdo das anormalidades metabdlicas. S3o ja alguns os autores que
procuraram estabelecer os beneficios do uso de leptina no trata-
mento destes doentes. Num estudo realizado por Petersen et al.
verificou-se que a reposi¢do da leptina para os seus niveis fisi-
olégicos aumentava cerca de 2 vezes a supressdo de producdo
hepatica de glicose e aumentava 2 vezes a captacdo de glicose
mediada pela insulina, a nivel periférico?*. Num outro estudo,
levado a cabo por Chong et al., 48 doentes com lipodistrofia foram
tratados com leptina observando-se melhoria do equilibrio glicé-
mico e da dislipidemia®°. Alguns dados sugerem também que a
leptina, além de reverter a insulinorresisténcia, podera ser uma
importante op¢do terapéutica na melhoria da esteatose hepatica
frequentemente associada2®. Os efeitos da leptina no que concerne
a saciedade e sacia¢do sdo ainda pouco conhecidos. Importa com-
preender estes 2 conceitos: a saciedade determina o intervalo entre
2 refei¢des; a saciagcdo corresponde ao ponto em que o individuo
deixa de ter fome durante uma refeicdo, culminando no término
da ingestdo. Mc Duffie et al.procuraram estabelecer, de forma pio-
neira, a relacdo da leptina com o comportamento alimentar e com o
controle do apetite, num grupo de 8 mulheres com lipodistrofiaZ®.
Este estudo demonstrou que o tratamento com leptina em doentes
com lipodistrofia resultava numa diminui¢do da dura¢dao do tempo
de saciacdo, diminuicdo do aporte calérico e aumento do tempo de
saciedade. Observaram ainda diminui¢do das concentracdes de gre-
lina, hormona responsavel pelo aumento do apetite, o que reforcou
a importancia da leptina no controlo da saciedade. Pelo contrario,
ndo se verificaram altera¢des no peptideo semelhante ao glucagon 1
(GLP-1). Apesar destas observagdes terem aberto portas para outros
estudos sobre os efeitos da leptina no dominio do comportamento
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Figura 1. Esquema simplificado dos sistemas de regulacdo central do apetite.

alimentar, é importante ressalvar algumas limita¢des da analise
efetuada, nomeadamente pelo reduzido tamanho e heterogenei-
dade da amostra, uma vez que nem todos os doentes possuiam
o mesmo tipo de lipodistrofia, além da inexisténcia de um grupo
controle tratado com placebo. Num outro grupo de 15 doentes com
formas graves de lipodistrofia o tratamento com leptina durante
um ano reduziu substancialmente o apetite e aumentou a sacie-
dade, o que se traduziu em reducdo ponderal?’. S3o, no entanto,
necessarios estudos adicionais que clarifiquem o hipotético papel
do tratamento da leptina no controlo do apetite.

Tratamento com leptina

A leptina esta disponivel para utilizacdo na formulacdo de
metreleptina (MetHuLeptin), produzida por engenharia gené-
tica usando Escherichia coli. A metreleptina foi aprovada para o
tratamento das lipodistrofias no Japao. A U.S. Food and Drug Adm-
nistration (FDA) e oEndocrinologic and Metabolic Drugs Advisory
Committee (EMDAC) anunciaram em 12/2013 a recomenda¢do do
uso da metreleptina no tratamento de doentes pediatricos e adultos
com lipodistrofia generalizada, com base na evidéncia substancial
de que os beneficios excedem os riscos. A EMDAC, no entanto, ndo
recomenda o tratamento com metreleptina em doentes com formas
de lipodistrofias parciais. A posi¢do da EMDAC nao é vinculativa,
aguardando-se para breve a posi¢do oficial da FDA.

Num estado de deficiéncia de leptina, a atividade do cértex
frontopolar parece ser responsavel pelo autocontrole cognitivo no
processamento de estimulos alimentares. Estudos de RM funcional
permitiram demonstrar que a terapéutica com leptina em indivi-
duos com caréncia de leptina causam uma reducdo da atividade do
coértex frontopolar ao longo do tempo, o0 que parece estar associ-
ado com a diminui¢cdo da necessidade de autocontrole em relagcdo
a ingestdo alimentar?®29, Deste modo, o tratamento com leptina
parece promover a perda de peso, sem, no entanto, promover

efeitos inibitérios a nivel cognitivo. A elevacdo dos niveis de lep-
tina, além do seu efeito no processamento cognitivo de estimulos
alimentares, podera contribuir para reduzir ainda a lipotoxici-
dade, minimizando a acumulagdo ectépica de lipidos em tecidos
ndo adipocitarios através da oxidacdo de acidos gordos induzida
pela leptina. Adicionalmente, o tratamento com leptina, apesar
dos ainda escassos dados e estudos existentes, podera contribuir
para a reducdo da ingestdo alimentar e perda de peso?’3%. No
entanto, a perda de peso induzida por restricdo alimentar em rati-
nhos lipodistréficos transgénicos ndo resulta em modificacdes das
concentragdes de insulina e glicose, o que sugere que os efeitos
benéficos da leptina sdo independentes dos seus efeitos no peso>C.

Importa ainda ressalvar que a eficiacia da terapéutica parece
depender dos niveis basais de leptina. Nas hipolipetinemias graves
(leptinas em jejum inferiores a 4-5 ng/mL) associadas a varios tipos
de lipodistrofias humanas a terapéutica de substituicdo melhora
marcadamente a dislipidemia, a insulinosensibilidade e reduz os
niveis de HbA1C e o contetido de gordura intra-hepatico®!32, Além
disso, verificou-se redug¢do marcada dos niveis de glicemia em
jejum e HbA1C, mesmo em doentes ndao controlados com as outras
terapéuticas antidiabéticas ou insulina em altas doses. A magnitude
do seu impacto no controlo metabdlico reflete-se, adicionalmente,
pelo facto de alguns doentes com diabetes lipoatréfica tratados com
leptina durante 12 meses deixarem de necessitar de toda a tera-
péutica antidiabética anteriormente instituida?’. Em consonancia,
em estudo de clamp hiperinsulinémico-euglicémico foi possivel
demonstrar uma marcada melhoria da insulinosensibilidade®3.
Estes efeitos metabdlicos foram observados quer na insulinosen-
sibilidade hepatica quer a nivel corporal total. Constatou-se, ainda,
uma reducdo de 86% no contetido de triglicerideos a nivel intra-
-hepatico e de 33% no compartimento intramuscular33,

A eficacia do tratamento com leptina estende-se aos diversos
tipos de lipodistrofia - genéticas e adquiridas -, mantendo-se ao
longo de 8 anos de terapéutica’2.
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Numa andlise de mais de 100 doentes com lipodistrofia grave
provenientes de varios ensaios, o tratamento com leptina demons-
trou melhoria em diversos pardmetros metabdlicos, incluindo o
controlo glicémico, a insulinosensibilidade, os triglicerideos plas-
maticos, a ingestdo caldrica, o volume e contetido lipidico hepatico,
e os lipidos intramiocelulares>.

Alguns autores consideram, no entanto, que em doentes com
moderada hipoleptinemia a terapéutica com leptina melhora o per-
fil lipidico, mas é pouco eficaz no controlo glicidico®>.

E importante sublinhar que estes dados provém de ensaios aber-
tos e ndo controlados, pelo que devem ser interpretados de forma
cautelosa. Sdo necessarios estudos bem desenhados, cruzados, ale-
atorizados e controlados com placebo, de forma a possibilitarem
ndo s6 a avaliacdo dos beneficios, mas também de possiveis efei-
tos adversos da leptina. Em individuos lipodistréficos tratados com
leptina foram descritos deterioracdo da funcdo renal e desenvol-
vimento de linfomas3°37, o que apoia a necessidade de maior
investiga¢do nesta area em crescente dominio.

Lipodistrofia por virus de imunodeficiéncia humana

No homem existem cerca de 1.000 casos de sindrome de
lipodistrofia congénita descritos, sendo atualmente a forma de lipo-
distrofia ligada a infe¢do pelo virus da imunodeficiéncia humana
(VIH [forma adquirida]) a causa mais frequente de lipodistrofia,
inclusivamente no nosso pais>S.

Na lipodistrofia VIH observa-se uma alteracdo da cinética dos
lipidos: lipdlise acelerada, diminuicdo da oxida¢do da gordura e
aumento da reesterificacdo hepatica dos acidos gordos.

Em doentes com lipodistrofia do VIH, em ensaio aleatorizado,
cruzado controlado com placebo, a leptina em doses fisologi-
cas melhora os distiirbios metabdlicos®?, sendo responsavel pela
diminuicdo da massa gorda central em 15%, melhoria significa-
tiva da insulinosensibilidade e dos niveis de glicose e insulina,
apesar de ndo ter efeitos nos lipidos colesterol e triglicerideos>°.
Num outro ensaio de 6 meses comprovaram-se estes resultados,
tendo, no entanto, ocorrido melhoria do perfil lipidico: diminuicdo
do colesterol LDL, nio HDL e aumento do HDL*. A melhoria da
insulinosensibilidade foi fundamentalmente a nivel hepatico, mas
ndo a nivel muscular®?. Estes resultados sugerem que a terapéutica
com leptina é eficaz na lipodistrofia do VIH, sendo a sua eficacia
dependente do tempo de tratamento.

Num pequeno ensaio recente, aleatorizado, duplamente cego,
controlado com placebo, a administracdo de leptina melhorou os
parametros glicidicos e os niveis de colesterol ndo HDL, no entanto,
ndo alterou a cinética dos lipidos, o que reflete a discrepancia entre
ensaios?!.

Em animais, a administracdo de adiponectina demonstrou
melhorar a insulinosensibilidade e a dislipidemia*243, A tera-
péutica combinada de leptina e adiponectina parece normalizar
completamente a insulinosensibilidade*?. A adiponectina nio esta
ainda disponivel, pelo que foram ensaiadas terapéuticas que
aumentam os niveis de adiponectina como as gliatzonas. Compa-
rativamente a administra¢do de pioglitazona isolada, a terapéutica
combinada da leptina com um estimulador dos niveis de adiponec-
tina - a pioglitazona -, reduziu os niveis de insulina, aumentou os
niveis de adiponectina, melhorou a insulinorresisténcia e diminuiu
a hiperglicemia p6s-prandial ap6s uma refeicdo padrdo, em doentes
com infecdo VIH*4,

Conclusao

A descoberta da leptina, como se pode constatar, revolucio-
nou o papel atribuido ao tecido adiposo, atualmente considerado
6rgdo enddcrino fulcral no balango energético. Apesar das evidén-
cias atuais serem unanimes quanto a importancia da leptina como

interveniente na base fisiopatolégica das lipodistrofias, sdo ainda
necessarios estudos que comprovem os seus efeitos na modulacdo
do comportamento alimentar. E imperiosa a realizacio estudos a
curto prazo que determinem a eficacia e seguranca do uso daleptina
recombinante no tratamento das lipodistrofias.

Referéncias

—_

. Zhang Y, Proenga R, Maffei M, et al. Positional cloning of the mouse obese gene

and its human homologue. Nature. 1994;372:425-32.

2. Unger RH. Lipotoxic diseases. Annu Rev Med. 2002;53:319-36.

3. Considine RV, Sina MK, Heiman ML, et al. Serum immunoreactive-leptin concen-
trations in normal-weight and obese humans. N Engl ] Med. 1996;334(5):292-5.

4. Peelman F, Couturier C, Dam J, et al. Techniques: new pharmacological perspec-
tives for the leptin receptor. Trends Pharmacol Sci. 2006;27:218-25.

5. MyersMG Jr, Heymsfield SB, Haft C, et al. Defining Clinical Leptin Resistance -
Challenges and Opportunities. Cell Metab. 2012;15:150-6.

6. Jéquier E. Leptin signaling, adiposity and energy balance. Ann NY Acad Sci.
2002;967:379-88.

7. Minocci A, Savia G, Lucantoni R, et al. Leptin plasma concentrations are depen-
dent on body fat distribution in obese patients. Int ] Obes Relat Metab Disord.
2000;24:1139.

8. Muller TD, Focker M, Holtkamp K, et al. Leptin-mediated neuroendocrine alte-
rations in anorexia nervosa: somatic and behavioral implications. Child Adolesc
Psychiatr Clin North Am. 2009;18:117-29.

9. Leshan RL, Bjornholm M, Munzberg H, et al. Leptin receptor signaling and action
in the central nervous system. Obesity (Silver Spring). 2006;14:208-12.

10. Garg A. Lipodystrophies: genetic and acquired body fat disorders. ] Clin Endo-
crinol Metab. 2011;96(11):3313-25.

11. Vantyghem MC, Balavoine AS, Douillard C, et al. How to diagnose a lipodystrophy
syndrome. Ann Endocrinol. 2012;73(3):170-89.

12. Garg A, Misra A. Lipodystrophies: rare disorders causing metabolic syndrome.
Endocrinol Metab Clin North Am. 2004;33:305-31.

13. Garg A, Agarwal AK. Lipodystrophies: Disorders of adipose tissue biology. Bio-
chim Biophys Acta. 2009;1791(6):507-13.

14. Haque W, Shimomura I, Matsuzawa Y, et al. Serum adiponectin and leptin levels
in patients with lipodystrophies. ] Clin Endocrinol Metab. 2002;87(5):2395-8.

15. Dresner A, Laurent D, Marcucci M]J, et al. Effects of free fatty acids on glucose
transport and IRS-1-associated phosphatidylinositol 3-kinase activity. ] Clin
Invest. 1999;103:253-9.

16. Griffin ME, Marcucci MJ, Cline GW, et al. Free fatty acid-induced insulin resis-
tance is associated with activation of protein cinase C theta and alterations in
the Insulin Signaling Cascade. Diabetes. 1999;48:1270-4.

17. Chen X, Igbal N, Boden G. The effects of free fatty acids on gluconeogenesis and
glycogenolysis in normal subjects. ] Clin Invest. 1999;103:365-72.

18. Gavrilova O, Marcus-Samuels B, Graham D, et al. Surgical implantation of adipose
tissue reverses diabetes in lipoatrophic mice. ] Clin Invest. 2000;105:271-8.

19. Hallas JL, Gajiwala KS, Maffei M, et al. Weight-reducing effects of the plasma
protein encoded by obese gene. Science. 1995;269:543-6.

20. Friedman J, Halaas JL. Leptin and the regulation of body weight in mammals.
Nature. 1998;395:763-70.

21. Klok MD, Jakobsdottir, Drent ML. The role of leptin and ghrelin in the regulation
of food intake and body weight in humans: a review. Obes Rev. 2007;8:21-34.

22. Ahima R, Osei SY. Editorial: Leptin and appetite control in lipodystrophy. J Clin
Endocrinol Metab. 2004;89(9):4254-7.

23. Farooqi IS, Matarese G, Lord GM. Beneficial effects of leptin on obesity, T cell
hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human con-
genital leptin deficiency. ] Clin Invest. 2002;110:1093-103.

24. Petersen KF, Oral EA, Dufour, et al. Leptin reverses insulin resistance and hepatic
steatosis in patients with severe lipodystrophy. ] Clin Invest. 2002;109:1345-50.

25. Chong AY, Lupsa BC, Cochran EK, et al. Efficacy of leptin therapy in the different
foprms of human lipodystrophy. Diabetologia. 2010;53:27-35.

26. McDuffie J, Riggs P, Calis K, et al. Effects of exogenous leptin on saciety and sati-
ation in patients with lipodystrophy and leptin insufficiency. ] Clin Endocrinol
Metab. 2004;89(9):4258-63.

27. Javor ED, Cochran EK, Musso C, et al. Long-term efficacy of leptin replacement
in patients with generalized lipodystrophy. Diabetes. 2005;54:1994-2002.

28. Frank S, Heni M, Moss A, et al. Leptin therapy in a congenital leptin-deficient
patient leads to acute and long-term changes in homeostatic, reward, and food-
-related brain areas. ] Clin Endocrinol Metab. 2011;96:1283-7.

29. Frank S, Heni M, Moss A, et al. Long-term stabilization effects of leptin on brain
functions in a leptin-deficient patient. PLoS ONE. 2013;8(6):e6589.

30. Shimomura I, Hammer RE, Ikemoto S, et al. Leptin reverses insulin resis-
tance and diabetes mellitus in mice with congenital lipodystrophy. Nature.
1999;401:73-6.

31. Oral EA, Simha V, Ruiz E, et al. Leptin-replacement therapy for lipodystrophy.
N Engl ] Med. 2002;346:570-8.

32. Chong AY, Lupsa BC, Cochran EK, et al. Efficacy of leptin therapy in the different
forms of human lipodystrophy. Diabetologia. 2010;53:27-35.

33. Petersen KF, Oral EA, Dufour S, et al. Leptin reverses insulin resistance
and hepatic steatosis in patients with severe lipodystrophy. J Clin Invest.
2002;109:1345-50.

34. Oral EA, Chan JL. Rationale for leptin-replacement therapy for severe lipodys-

trophy. Endocr Pract. 2010;16:324-33.


http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0005
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0010
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0015
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0020
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0025
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0030
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0035
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0040
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0045
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0050
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0055
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0060
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0065
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0070
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0075
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0080
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0085
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0090
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0095
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0100
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0105
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0110
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0115
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0120
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0125
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0130
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0135
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0140
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0145
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0150
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0155
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0160
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0165
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0170

40

35.

36.

37.

38.

39.

E. Lau et al. / Rev Port Endocrinol Diabetes Metab. 2014;9(1):36-40

Simha V, Subramanyam L, Szczepaniak L, et al. Comparison of efficacy and safety
of leptin replacement therapy in moderately and severely hypoleptinemic pati-
ents with familial partial lipodystrophy of the Dunnigan variety. ] Clin Endocrinol
Metab. 2012;97:785-92.

Leow MK, Addy CL, Mantzoros CS. Human immunodeficiency virus/highly
active antiretroviral therapy-associated metabolic syndrome: clinical presen-
tation, pathophysiology, and therapeutic strategies. ] Clin Endocrinol Metab.
2003;88:1961-76.

Jacobson DL, Knox T, Spiegelman D, et al. Prevalence of evolution and risk factors
for fat atrophy and fat deposition in a cohort of HIV-infected men and women.
Clin Infect Dis. 2005;40:1837-45.

Freitas P, Carvalho D, Souto S, Sarmento A, Medina JL. Lipodystrophy: The
metabolic link of HIV infection with insulin-resistance syndrome. Current
Perspectives in HIV Infection. Ed. Shailendra K. Saxena. 2013. ISBN 978-953-
51-1057-6, InTech, DOI: 10.5772/52685.

Lee JH, Chan JL, Sourlas E, et al. Recombinant methionyl human leptin
therapy in replacement doses improves insulin resistance and metabolic
profile in patients with lipoatrophy and metabolic syndrome induced by

40.

41.

42.

43,

44,

the highly active antiretroviral therapy. J Clin Endocrinol Metab. 2006;91:
2605-11.

Mulligan K, Khatami H, Schwarz JM, et al. The effects of recombinant human
leptin on visceral fat, dyslipidemia, and insulin resistance in patients with
human immunodeficiency virus-associated lipoatrophy and hypoleptinemia.
J Clin Endocrinol Metab. 2009;94:1137-44.

Sekhar RV, Jahoor F, Lyer D, et al. Leptin replacement therapy does not improve
the abnormal lipid kinetics of hypoleptinemic patients with HIV-associated
lipodystrophy syndrome. Metabolism. 2012;61:1395-403.

Duntas LH, Popovic V, Panotopoulos G. Adiponectin: novelties in metabolism
and hormonal regulation. Nutr Neurosci. 2004;7:195-200.

Yamauchi T, Kamon J, Waki H, et al. The fat-derived hormone adiponectin rever-
ses insulin resistance associated with both lipoatrophy and obesity. Nat Med.
2001;7:941-6.

Magkos F, Brennan A, Sweeney L, et al. Leptin replacement improves postpran-
dial glycemia and insulin sensitivity in human immunodeficiency virus-infected
lipoatrophic men treated with pioglitazone: a pilot study. Metab Clin Exp.
2011;60:1045-9.


http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0175
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0180
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0185
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0195
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0200
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0205
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0210
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0215
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220
http://refhub.elsevier.com/S1646-3439(14)00010-8/sbref0220

	A leptina e o seu impacto metabólico nas lipodistrofias
	A leptina e a lipodistrofia – conceitos gerais
	Alterações metabólicas na lipodistrofia
	Tratamento com leptina
	Lipodistrofia por vírus de imunodeficiência humana
	Conclusão
	Referências


