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RESUMO

ESTUDO LONGITUDINAL DA FUNCAO VENTRICULAR ESQUERDA DE
PACIENTES CO'M LIPODISTROFIA GENERALIZADA CONGENITA
ATRAVES DA TECNICA ECOCARDIOGRAFICA BIDIMENSIONAL COM
SPECKLE TRACKING. NATALIA BITAR DA CUNHA OLEGARIO. Tese
(Doutorado). Programa de Péds-Graduacdo Stricto Sensu em Ciéncias Médicas. Faculdade
de Medicina da Universidade Federal do Ceara. Orientador: Prof. Dr. Renan Magalhaes
Montenegro Junior.

Contextualizacdo: A Lipodistrofia Generalizada Congénita (LGC) é uma doenca
autossémica recessiva, rara e caracterizada pela auséncia total ou quase total de tecido
adiposo subcutaneo. A sindrome pode cursar com deficiéncia de leptina, grave resisténcia
a insulina, diabetes mellitus, dislipidemia, esteatose hepatica, aterosclerose prematura e
hipertensao arterial sistémica, condi¢des reconhecidas como importantes fatores de risco
cardiovascular. Estudos que apontam desarranjos na estrutura e funcdo do coracgdo
utilizaram o método bidimensional para avaliacdo ecocardiogréfica, entretanto, a técnica
de estudo da deformag&o miocardica pelo speckle-tracking bidimensional (ST2D) € mais
sensivel na investigacao da funcdo do ventriculo esquerdo. Objetivo: Avaliar a evolugédo
da funcdo ventricular esquerda de pacientes com Lipodistrofia Generalizada Congénita.

Métodos: Foi realizado um estudo longitudinal no periodo de janeiro de 2016 a janeiro
de 2022, com todos os pacientes com LGC em seguimento no Ambulatério de
Lipodistrofias do Hospital Universitario da Universidade Federal do Ceard/Ebserh.
Seguindo protocolo clinico de seguimento, foram incluidos todos os participantes
submetidos a um ecocardiograma (ECO) bidimensional e a um ST2D em duas ocasides.
Essa técnica realizou a medida do strain longitudinal global (SGL), obtida pela avaliagdo
da média do valor de deformacdo dos 18 segmentos do ventriculo esquerdo nas trés
incidéncias apicais padrdo. Foi também realizado avaliacdo bioquimica e estudo
molecular dos pacientes com a sindrome. Resultados: Dos 23 pacientes com LCG em
seguimento, foram incluidos no estudo 20 pacientes que realizaram 2 exames, com um
intervalo médio entre os exames de 51+16,4 meses. Tais pacientes tinham idade média

foi de 14,7 £ 11,2 anos, 60% eram do sexo feminino, sendo 15 com LGC tipo 1 e 5 com



LGC tipo 2. Todos os pacientes apresentavam hipoleptinemia, 60% HDL-c baixo, 55%
hipertrigliceridemia, 85% diabetes, 45% hipercolesterolemia e 20% hipertenséo arterial
sistémica (HAS). Quando comparados os dados do ECO bidimensional, evidenciou-se
aumento do volume sistolico e diastolico do VE, entre as duas avaliagdes, 0 grupo com
idade inferior a 18 anos. Quanto as avaliagdes dos pacientes com idade maior que 18 anos,
foram encontrados piora da fracdo de ejecdo do VE e aumento do volume diastélico do
atrio esquerdo. Na primeira avaliacdo através da técnica do ST2D, 60% (n=12) dos
pacientes apresentaram SGL reduzido. Na avaliacdo mais recente evidenciou-se valores
de SGL reduzidos em 65% (n=13) dos pacientes com LGC, destes, 23% (n=3) tinham
mutacdo no gene BCLS2. Foi encontrada correlagdo do SGL com as varidveis glicemia e
glicohemoglobina Alc. Conclusdes: Neste estudo foi possivel demonstrar em uma
grande série de pacientes predominantemente jovens com lipodistrofia generalizada
congénita, alteracdes precoces e subclinicas da funcdo ventricular esquerda, através da
técnica de speckle-tracking bidimensional, sendo observada disfuncéo diastdlica em 35%
dos pacientes no momento da segunda avaliagdo. Na avaliagdo longitudinal, a primeira
descrita em pacientes com essa condicao, realizada em um intervalo médio de 51+16,4
meses, evidenciou-se piora da fracdo de ejecdo, através do ecocardiograma
bidimensional, embora n&o sendo observada piora nos valores de strain. Houve, contudo,
associacdao entre a progressao das alteracfes cardiacas subclinicas e mau controle
glicémico (HbA1c e glicemia), sendo o diagndstico de diabetes relacionado a reducdo do

strain global longitudinal.

Descritores: Ecocardiografia. Fungdo ventricular esquerda. Lipodistrofia Generalizada

Congeénita.



ABSTRACT

LONGITUDINAL STUDY OF THE LEFT VENTRICULAR FUNCTION OF
PATIENTS WITH CONGENITAL GENERALIZED LIPODYSTROPHY
THROUGH THE TWO-DIMENSIONAL SPECKLE-TRACKING
ECHOCARDIOGRAPHIC STUDY. NATALIA BITAR DA CUNHA OLEGARIO.
Thesis (Doctorate). Post-Graduation Program (Stricto Sensu) in Medical Sciences.
Federal University of Ceara. Supervisor: Professor. Doctor. Renan Magalhaes
Montenegro Junior.

Background: Congenital Generalized Lipodystrophy (CGL) is a rare autosomal
recessive disease characterized by the total or almost total absence of subcutaneous
adipose tissue. The syndrome may present with leptin deficiency, severe insulin
resistance, diabetes mellitus, dyslipidemia, hepatic steatosis, premature atherosclerosis
and systemic arterial hypertension, conditions recognized as important cardiovascular
risk factors. Studies that point to disorders in the structure and function of the heart used
the two-dimensional method for echocardiographic evaluation, however, the technique of
studying myocardial deformation by two-dimensional speckle-tracking (ST2D) is more
sensitive in the investigation of left ventricular function. Objective: To evaluate the
evolution of left ventricular function in patients with Congenital Generalized
Lipodystrophy. Methods: A longitudinal study was carried out from January 2016 to
January 2022, with all patients with CGL being followed up at the Lipodystrophies
Outpatient Clinic of the University Hospital of the Federal University of Ceara/Ebserh.
Following a follow-up clinical protocol, all participants who underwent a two-
dimensional ECHO and a ST2D on two occasions were included. This technique
performed the measurement of global longitudinal strain (SGL), obtained by evaluating
the mean strain value of the 18 left ventricular segments in the three standard apical views.
Biochemical evaluation and molecular study of patients with the syndrome were also
performed. Results: Of the 23 patients with LCG in follow-up, 20 patients who
underwent 2 exams were included in the study, with a mean interval between exams of
51+16.4 months. Such patients had a mean age of 14.7 + 11.2 years, 60% were female,
15 with CGL type 1 and 5 with CGL type 2. All patients had hypoleptinemia, 60% had
low HDL-c, 55 % hypertriglyceridemia, 85% diabetes, 45% hypercholesterolemia and
20% systemic arterial hypertension (SAH). When comparing the two-dimensional ECHO
data, there was an increase in LV systolic and diastolic volume between the two
assessments, in the group younger than 18 years. As for the assessments of patients older
than 18 years, worsening of LV ejection fraction and increase in left atrial diastolic
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volume were found. In the first evaluation using the ST2D technique, 60% (n=12) of the
patients had reduced SGL. The most recent evaluation showed reduced SGL values in
65% (n=13) of patients with CGL, of whom 23% (n=3) had a mutation in the BCLS2
gene. A correlation was found between the SGL and the variables glycemia and
glycohemoglobin Alc. Conclusions: In this study, it was possible to demonstrate, in a
large series of predominantly young patients with congenital generalized lipodystrophy,
early and subclinical changes in left ventricular function, using the two-dimensional
speckle-tracking technique, with diastolic dysfunction being observed in 35% of the
patients at the time of second evaluation. In the longitudinal evaluation, the first described
in patients with this condition, performed at a mean interval of 51+16.4 months, there
was evidence of worsening of the ejection fraction through the two-dimensional
echocardiogram, although no worsening of strain values was observed. There was,
however, an association between the progression of subclinical cardiac alterations and
poor glycemic control (HbAlc and glycemia), with the diagnosis of diabetes being related
to the reduction of the longitudinal global strain.

Keywords: Echocardiography. Left Ventricular Function. Congenital Generalized
Lipodystrophy.
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1. INTRODUCAO

A Lipodistrofia Generalizada Congénita (LGC) € uma doenca autossdmica
recessiva, rara e caracterizada pela auséncia total ou quase total de tecido adiposo
subcutaneo, observada desde o nascimento ou inicio da infancia. A LGC pode cursar com
deficiéncia de leptina, grave resisténcia a insulina (RI), diabetes mellitus (DM),
dislipidemia, esteatose hepatica, aterosclerose prematura e hipertensdo arterial sistémica
(HAS), condicdes reconhecidas como importantes fatores de risco cardiovascular (RCV),
aumentando, assim, a morbimortalidade cardiaca destes pacientes (GARG; MISRA,
2004).

A presenca de anormalidades cardiacas na LGC tem sido descrita desde 1959
(SEIP, 1959), incluindo hipertensdo, aterosclerose, hipertrofia ventricular esquerda,
insuficiéncia cardiaca, infarto agudo do miocardio, neuropatia autonémica
cardiovascular, modulacdo autonémica anormal, distarbios eletrocardiogréficos,
arritmias cardiacas e morte subita (BROWN et al., 2016; HUSSAIN; PATNI; GARG,
2018; REGO et al, 2009; PONTE et al., 2019; HSU et al, 2019). Os estudos em outras
populagdes com LGC que apontam desarranjos na estrutura e funcdo do coracao
utilizaram o método bidimensional (ECO) para avaliacdo ecocardiografica, entretanto, a
técnica de estudo da deformacédo miocardica pelo speckle-tracking bidimensional (ST2D)
€ mais sensivel na investigacdo da funcdo do ventriculo esquerdo (VE) (AMUNDSEN et
al., 2006).

O ST2D é uma técnica ecocardiografica avancada que permite quantificacdo da
deformacdo miocéardica, chamada de strain, usando um software semiautomatizado, que
foi desenvolvido inicialmente para aplicacdo no VE e foi entdo aplicado a todas as
camaras cardiacas. ST2D fornece informagdes aditivas sobre a fungéo cardiaca com uma
analise segmentar independente do angulo, quantificando o movimento das fibras
miocardicas em todo o ciclo cardiaco. H& mais de 10 anos, a técnica foi integrada em
algoritmos clinicos para a identificacdo de dano miocérdico sutil, obtendo um diagnostico
precoce de insuficiéncia cardiaca, detectando anormalidades subclinicas da contragédo
miocardica (CAMELI et al., 2019). Este recurso, pode, portanto, ser Gtil na deteccédo pre-

clinica de desarranjos na contracdo miocardica em pacientes com LGC, com maior risco
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cardiovascular, possibilitando, assim, intervencdo precoce e otimizacdo do progndstico

clinico desta populacéo.

1.1 LIPODISTROFIA GENERALIZADA CONGENITA

1.1.1 Definicdo, aspectos historicos e epidemiologicos

As lipodistrofias sdo patologias caracterizadas pela perda seletiva de tecido
adiposo e predisposicdo para o desenvolvimento de desordens metabdlicas, cuja
gravidade se correlaciona com a extensdo da perda. As lipodistrofias podem ser
classificadas de acordo com a origem congénita ou adquirida, e com a natureza parcial ou
generalizada da perda de tecido adiposo (GARG, 2004). A forma parcial caracteriza-se
pela auséncia do tecido adiposo localizado, principalmente nas extremidades, em
contrapartida, na forma generalizada existe total ou quase total auséncia deste 6rgdo
endocrino (PATNI; GARG, 2015).

A LGC ou Sindrome de Berardinelli- Seip, ¢ uma rara doenca autossdmica

recessiva, caracterizada pela auséncia total ou quase total de tecido adiposo, incluindo

tecido adiposo periférico (subcutaneo), cavidades intra-abdominal, intratoracica, medula
6ssea e glandulas paratireoides (BERARDINELLI, 1954; SEIP, 1959; GARG, 2004). A
sindrome foi inicialmente descrita por um médico brasileiro em 1954, que apresentou
dois casos da doenca (BERARDINELLI, 1954) e, posteriormente por Seip (1959) que

relatou trés casos, incluindo dois irméos (Figura 1).

Y i o

Figura 1 — Primeiros casos descritos de pacientes com lipodistrofia generalizada congénita
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Fonte: Adaptada de Berardinelli (1954).

Notas: A: brasileiro, masculino, 6 anos; B: brasileiro, masculino, 2 anos. Observa-se em ambos
os casos lipodistrofia generalizada, protrusdo umbilical, aparente hipertrofia muscular,
flebomegalia, aumento do volume abdominal, macrogenitossomia.

A LGC tem baixa prevaléncia, acometendo 1 para 10 milhdes de nascidos vivos.
Estudos sugerem, no entanto, que apenas um a cada quatro casos seja relatado. Patni e
Garg (2015), afirmam que existem em torno de 300 a 500 casos descritos na literatura
médica. No mundo, existe maior concentracdo da sindrome em paises como Libano,
Portugal, Oma, Escandinavia e Brasil, bem como em familias com ancestrais africanos,
com prevaléncia estimada de 1:25.000 até 1:1.000.000 (MAGRE et al., 2001; RAJAB et
al., 2005; NOLIS, 2014). Estima-se que ha 1 caso da sindrome para cada 1 milhdo de
habitantes na Noruega; 1 para 500.000 habitantes em Portugal e 1 caso para cada 25.000
habitantes no Sultanato de Oméd (MALDERGEM et al., 2012).

Estima-se que no Brasil existe aproximadamente 100 pacientes em
acompanhamento em servicos especializados, porém, nem todos 0Ss casos estdo
publicados (FIGUEIREDO FILHO et al., 2004; LIMA et al., 2016). A maioria dos
pacientes descritos sdo procedentes de estados do Nordeste (FARIA et al, 2009).
Acredita-se que este fato se deve a casamentos consanguineos, que nao Sdo raros,
ocorrendo em cerca de 10% da populacdo mundial, e frequentes nessa regido do pais
(BITTLES; BLACK, 2010; VAN MALDERGEM et al., 2002).

1.1.2 Etiologia, apresentacao clinica e diagndstico

Com caracteristicas clinicas e fenotipicas bem definidas, a sindrome pode ser
diagnosticada ao nascimento ou ainda na primeira infancia (BERARDINELLI, 1954;
SEIP, 1959; GARG, 2004). Apesar da importancia da analise genética, o diagndéstico da
sindrome pode ser feito a partir de critérios clinicos (Tabela 1).
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Tabela 1. Critérios para o diagnostico da lipodistrofia generalizada congénita

Critérios diagndsticos para LGC:
Critérios essenciais:
1. Awuséncia total ou quase total do tecido adiposo subcutaneo (tronco, membros
e face) e hipertrofia muscular das extremidades (pseudo-hipertrofia muscular),
presentes ao nascimento ou logo apos.
Padrées caracteristicos de distribuicio de gordura corporal no exame fisico e
EMNM corporal consistente com os diferentes subtipos de LGC
Critérios confirmatoérios:
1. Diagnostico molecular baseado no estudo genético
Caracteristicas clinicas LGC:
1. Hipertrofia muscular das extremidades
Weias subcutineas superficiais proeminentes
Crescimento acelerado
Apetite voraz
Proeminéncia do umbigo ou hérmas umbilicas
Hepatomegalia e / ou esplenomegalia
Acanthosis nigricans
Hirsutismo leve e clitoromegalia em pacientes do sexo femimino
9. Periodos menstruais irregulares com ovarios policisticos
10. Idade ossea avancada

Fonte: Adaptada de PATNNI; GARG, Nat. Fev. Endocrinel., v. 11, n. 9, p. 322.534, Sept. 2015,
LGC = Lipodistrofia Generalizada Congénita. EINM = ressonfncia nuclear magnética.

]
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A escassez de tecido subcutaneo, gera proeminéncia na musculatura esquelética e
nas veias superficiais, 0 que proporciona caracteristicas fisicas peculiares da sindrome e
podem chamar a aten¢do do avaliador ainda nos primeiros anos de vida. Apesar de muitas
vezes ser descrita como hipertrofia, o estudo morfol6gico e funcional da musculatura
esquelética de pacientes com LGC sugere que a caracteristica massa muscular acentuada
seja decorrente de um processo hiperplasico, e ndo hipertréfico, sem qualquer associacao
com aumento de forca (GARG et al., 2000).

Apetite voraz, crescimento linear acelerado, idade 0ssea avancada, acanthosis
nigricans, caracteristicas acromegal6ides em extremidades e face, organomegalias em
figado e baco com abdbmen protuso, linfadenomegalias, protusdo umbilical,
flebomegalia, macroglossia, hipertricose e lesdes dsseas também podem estar presentes
na avaliacdo (PATNI; GARG, 2015; GARG, 2015a).

Ressalta-se que a hepatoesplenomegalia, frequentemente associada a alteracfes
nas provas de funcdo hepatica, pode estar associada a aumento do contetdo de
triglicérides e glicogénio no interior dos hepatdcitos, esteatose hepética, e pode evoluir
para esteato-hepatite e cirrose (VAN MALDERGEM et al., 2002; AGARWAL,
BARNES; GARG, 2004). As pacientes do sexo feminino podem apresentar, ainda,
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hirsutismo, clitoromegalia, irregularidade menstrual, sindrome dos ovarios policisticos,
menarca e pubarca precoces (PATNI; GARG, 2015; GARG, 2015a).

As diversas manifestacdes clinicas cléassicas da doenga tém com principal fator
causal o comprometimento da funcdo de armazenamento e da atividade metabdlica do
tecido adiposo, responsavel por sintetizar e secretar diversos hormonios, citocinas, fatores
de crescimento e outros peptideos, alterando profundamente a homeostase corporal
(SIMHA,; GARG, 2009; GARG, 2015b).

Os pacientes com a sindrome podem ser classificados dentre quatro subtipos
clinico-moleculares, tipos 1 a 4, com genotipo e apresentacdo clinica peculiares (PATNI;
GARG, 2015).

A LGC tipo 1 esta associada a muta¢es no gene AGPAT2, que esté localizado
no cromossomo 9qg34 e codifica uma proteina homoénima, 1-acilglicerol-3-fosfato
aciltransferase-2, que aciona a biossintese de fosfolipidios e triglicerideos no interior do
adipdcito (GARG, 2011), e pode ter papel na diferenciacdo adipocitaria (PATNI; GARG,
2015). Pacientes com LGC tipo 1 tém preservada gordura com funcdo mecéanica, em
palmas das maos, plantas dos pés, orbitas, regiGes periarticulares, perineo, vulva, regido
pericalicial renal e sob o couro cabeludo, no entanto, ha perda de tecido adiposo
metabolicamente ativo, em regido subcutanea, intra-abdominal, intratoracica e medula
Ossea. As caracteristicas acromegaldides também podem ser mais evidentes nesses
pacientes (PATNI; GARG, 2015). Uma mutacdo inédita em AGPAT2 foi descrita
recentemente e associada a pior evolucéo clinica (MONTENEGRO JR. et al., 2020).

A LGC tipo 2 é causada por mutacGes no gene BSCL 2, localizado no cromossomo
11913. Este é encarregado de codificar a seipina, uma proteina transmembrana presente
no reticulo endoplasmatico. A seipina promove a fusdo das goticulas lipidicas no interior
do adipdcito, regula a adipogénese e a sintese das goticulas lipidicas, exerce papel na
modulacdo da diferenciacdo adipocitaria e influencia a sintese de fosfolipidios e
triglicerideos (FEI et al., 2008). Pacientes com LGC tipo 2 tém perda mais grave de tecido
adiposo, incluindo tecido gorduroso metabolicamente ativo e gordura mecanica. Sdo
pacientes clinicamente mais graves, podendo evoluir com retardo mental leve e havendo,
ainda, maior incidéncia de comprometimento cardiaco nesse subtipo. Um caso de
teratozoospermia, trés casos de contraturas musculares espasticase quatro pacientes
acometidos por sindrome neurodegenerativa fatal de inicio precoce foram relatados em
individuos com mutacGes no gene BSCL2 (PATNI; GARG, 2015).
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Kim et al. (2008) e cols. realizaram uma triagem molecular da localizacéo
genbmica em quatro individuos com a sindrome que ndo apresentavam mutagdes nos
genes BSCL2 e AGPAT2 e identificou uma mutagdo homozigética resultando em uma
falta completa da proteina codificada pelo gene CAV1, identificando um novo subtipo da
sindrome. A LGC tipo 3 caracteriza-se por mutacdo no gene CAV1, presente no
cromossomo 7q31, e que codifica a caveolina-1 (KIM et al., 2008). Esta proteina é o
principal constituinte das cavéolas, que sdo microvesiculas formadas a partir da
invaginacdo da membrana celular, expressas em elevada quantidade nos adipocitos,
células endoteliais e fibroblastos. Nos adipdcitos, as cavéolas sdo responsaveis pelo
transporte e armazenamento de &cidos graxos e colesterol a partir da membrana celular.
A caveolina-1 mantém a integridade e a funcdo das goticulas lipidicas, regulando o
tamanho e a composicao das membranas fosfolipoprotéicas das vesiculas de gordura. A
deficiéncia desta proteina afeta a diferenciacdo do adipdcito, o transporte de lipideos na
cavéola e promove a interrupgdo da formacdo da goticula lipidica (PATNI; GARG, 2015).

A primeira paciente com diagndstico de LGC tipo 3 descrita tinha 20 anos de
idade, brasileira, com perfil cognitivo normal, preservacdo de gordura de funcéo
mecanica e em medula 6sseo, porém com perda de tecido adiposo metabolicamente ativo.
A paciente apresentava resisténcia a insulina e DM, diagnosticada aos 13 anos de idade,
hipertrigliceridemia, megaesdfago funcional e resisténcia a vitamina D. N&o havia, no
entanto, aceleracao do crescimento linear na infancia, nem achados acromegaléides (KIM
et al., 2008).

Recentemente, foram descritos quatro casos de pacientes, com idades entre 8
meses e 18 anos, portadores de uma nova variante homozigética CAV1. Todos
apresentavam lipodistrofia generalizada desde a infancia, resisténcia a insulina, HDL-c
baixo e/ou triglicerideos elevados (KARHAN et al., 2021)

A LGC tipo 4 é causada por mutagdes no gene PTRF, localizado no cromossomo
17921, responsavel pela codificacdo de uma proteina homdnima, polymerase | and
transcript release factor (ou cavina-1), que esta envolvida na biogénese e estabilizacdo da
cavéola, regulando a expressao da caveolina 1 (GARG; AGARWAL, 2008). A cavina-1
também pode desempenhar algum papel na diferenciacdo do adipécito e na
expansibilidade do tecido adiposo (PATNI; GARG, 2015).

Pacientes com LGC tipo 4 apresentam perda de tecido adiposo metabolicamente
ativo com preservacao de gordura com fungdo mecénica e em medula éssea. Diferente do

qgue é encontrado nos outros subtipos, a lipodistrofia pode ndo estar presente ao
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nascimento, surgindo progressivamente ao longo da primeira infancia. Miopatia
congénita, com aumento dos niveis de creatinoquinase, deformidades esqueléticas,
osteopenia, instabilidade atlanto-axial, estenose pilorica, arritmias atriais e ventriculares
associadas ao exercicio, prolongamento do intervalo QT e morte subita tem sido relatadas
(AKINCI et al, 2016; PATNI; GARG, 2015). Estudo post-mortem sugere que a
infiltracdo fibrogordurosa do ventriculo direito pode contribuir para a génese da arritmia
ventricular nesses pacientes (PATNI et al., 2019).

Os genes AGPAT2 e BSCL2 séo responsaveis pela maioria dos casos descritos
(MAGRE et al., 2001) e, além dos quatro genes anteriormente citados, ha descrigdes de
casos de individuos com caracteristicas fenotipicas compativeis com LGC que
apresentam mutacdes nos genes PPARG e FOS (DYMENT et al., 2014; KNEBEL et al.,
2013).

Embora o fenétipo do paciente com LGC seja bastante caracteristico, a raridade
desta doenca e seu diagndstico errbneo com condi¢des comuns como desnutricdo e forma
atlética dificultam a deteccgdo precoce dos casos. Considerando que a sindrome cursa com
complicacBes cardiometabdlicas graves e de manifestacdo prematura, o diagnostico
precoce pode melhorar significativamente a assisténcia e prognéstico desses pacientes
(LIMA; DOS SANTOS; DE MELO CAMPQS, 2018).

1.2 ALTERACOES METABOLICAS EM PACIENTES COM
LIPODISTROFIA GENERALIZADA CONGENITA

O tecido adiposo é um drgao dindmico responsavel por sintetizar e secretar uma
variedade de citocinas e hormonios com importante papel na homeostase e metabolismo
energeético, tais como adiponectina, leptina, fator de necrose tumoral alfa (TNF]) e
interleucina 6 (IL-6). Na lipodistrofia, a severidade das complicacdes metabodlicas, como
resisténcia a insulina, diabetes mellitus, dislipidemia e esteatose hepatica, € determinada
pela extensdo da perda de tecido adiposo (MONTENEGRO JR., et al, 2002).

A incapacidade de estocar triglicerideos no tecido adiposo, devido a perda de
adipdcitos funcionais, resulta em deposito excessivo de &cidos graxos em tecidos
metabolicamente importantes como figado, causando a esteatose hepética, e musculo
esquelético, induzindo a resisténcia insulinica hepatica e periférica. A menor capacidade

oxidativa e de armazenamento de gordura nesses locais promove reducdo da utilizagéo
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de glicose pela musculatura esquelética e maior producdo hepatica de glicose, elevando
o fluxo de é&cidos graxos livres (AGLs), contribuindo para a esteatose hepatica,
dislipidemia e Rl (GARG, 2006; GOODPASTER; KELLEY, 1998; PHILLIPS et al.,
1996; WAJCHENBERG, 2000). A deposicao de acidos graxos nas ilhotas de Langerhans
pode alterar, ainda, a sensibilidade destas células a acdo da insulina, diminuindo sua
captacdo de glicose (SHIMOMURA et al., 1999)

Os pacientes com LGC convivem com grave RI desde o nascimento, no entanto,
esta pode ser inicialmente compensada pela hiperinsulinemia, possibilitando a
manutencdo de um estado euglicémico por um periodo limitado. A progressiva deposicao
de amiloide nas ilhotas pancreéticas e apoptose das células beta culminam no
desenvolvimento de DM e hiperglicemia franca (GARG; CHANDALIA; VUITCH,
1996; GARG, 2004).

A maioria dos pacientes desenvolve hiperinsulinemia e cerca de 45% desenvolvem
DM durante a puberdade, manifestada, frequentemente, por perda de peso, polidipsia, politria e
astenia, podendo ser o diagnéstico ainda mais precoce e com controle extremamente dificil
(VAN MALDERGEM et al., 2002). Os pacientes com a sindrome desenvolvem DM
lipoatréfico ou DM tipo 3B, sendo a RI sua principal caracteristica (ADA, 2010). Suas
complicacdes (neuropatia, retinopatia, nefropatia) ocorrem com mais frequéncia e com
menor tempo de doenga (PATNI; GARG, 2015)

A reducdo do tecido adiposo culmina na reducdo da producdo de adipocitocinas,
como adiponectina e leptina, o que pode desencadear reducdo na captacdo da glicose
(GARG, 2004) e ser considerado um fator importante na discussdo da complexa
fisiopatologia dos fendmenos metabolicos na sindrome.

Pesquisa publicada no ano de 2016 apresentou uma série de 44 casos acompanhados
ao longo de 17 anos em um servico de referéncia no Brasil e evidenciou que 69,2% dos
pacientes eram diabéticos e 78,6 % apresentavam HOMA-IR maior que 2,7 e a
hipoleptinemia foi um achado comum a todo o grupo estudado (LIMA et al., 2016).

A leptina é responsavel pela sinalizacao para o sistema nervoso central da reserva
energeética existente. Através de sua ligacdo a isoforma longa dos receptores especificos
de leptina (LepRb) presente no nucleo arqueado do hipotalamo, o organismo consegue
identificar a adequacdo ou inadequacdo dos depdsitos de gordura corporal. Essa
sinalizagdo deve induzir uma resposta apropriada do sistema nervoso central sobre a
ingesta alimentar e gasto energético (KELESIDIS et al., 2010; BRAY; YORK, 1997).

Niveis baixos de leptina, portanto, indicariam baixa reserva de tecido adiposo e
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aumentariam a ingesta alimentar, como uma resposta adaptativa do organismo a esta
condicdo (AHIMA et al., 1996).

Alguns autores, inicialmente, acreditavam haver alteragdes nos receptores da
insulina nos pacientes com LGC (SEIP; TRYGSTAD, 1996; SOVIK; TRYGSTAD,
1996). Mais tarde, outros pesquisadores passaram a acreditar que a amiloidose das ilhotas
pancreaticas e a atrofia das células beta eram 0s Gnicos mecanismos responsaveis pelas
alteracdes dos metabolismos dos carboidratos nestes pacientes, como ocorre no diabetes
dotipo 2 (GARG; CHANDALIA; VUITCH, 1996; GARG, 2004; GARG, 2000). Estudos
em modelos animais e humanos, entretanto, apontaram correlacdo entre a escassez de
leptina e as alteragdes dos metabolismos dos carboidratos nestes pacientes (ARIOGLU et
al, 2002; BERG, 2000).

Estudos indicam que niveis baixos de leptina gerariam diminuicdo da sensibilidade
global a insulina (BRAY; YORK, 1996; GARG, 2004; SHIMOMURA et al, 1999), além
de desviarem &cidos graxos para armazenamento no figado, musculos esqueléticos e
mesmo nas llhotas de Langerhans, desviando-os de outros 6rgdos nos quais sdo escassos
(SHIMOMURA et al, 1999; SOVIK et al, 1996). Assim, na auséncia de leptina haveria
uma maior estocagem de tecido adiposo em locais desnecessarios, prejuizo da utilizacao
de &cidos graxos por outros tecidos e uma acentuagao consequente da resisténcia a acdo
da insulina sobre a captacdo e metabolismo da glicose (SHIMOMURA et al, 1999;
GARG, 2000). Assim, leptina exdgena vém sendo utilizada em alguns paises com
resultados promissores no controle dos distdrbios metabdlicos dos lipides e carboidratos
que caracterizam a sindrome (MARCOS-ALONSO et al, 2016; CHOU et al, 2013;
JAVOR et al, 2004; ORAL et al, 2002; PETERSEN et al., 2002)

Hassoun et al (2009) afirmam que a adiponectina, reverte a resisténcia a insulina e
é associada com um risco reduzido de diabetes tipo 2 em individuos aparentemente
saudaveis. No entanto, em estados de resisténcia insulinica, tais como obesidade e
diabetes de tipo 2, a sua expressdo e os niveis circulantes sdo diminuidos, portanto, baixos
niveis de adiponetina estdo associados com um risco aumentado de resisténcia insulinica,
"sindrome metabolica" e diabetes. Em causuistica turca, todos os pacientes apresentaram
hipoleptinemia grave, entretando, evidenciou-se piores valores de adiponectina em LGC

do tipo 1 e piores valores de leptina em pacientes com LGC tipo 2 (AKINCI et al, 2016).
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1.3 TECNICA ECOCARDIOGRAFICA BIDIMENSIONAL COM
SPECKLE TRACKING

O ecocardiograma é um exame complementar de grande valor no diagndstico,
avaliacdo da gravidade, planejamento terapéutico e estratificacdo de risco de diversas
afeccdes do sistema cardiovascular. Trata-se de um método diagndstico que fornece
dados de anatomia e fisiologia cardiaca, de forma ndo invasiva, sem risco biol6gico, de
facil aplicagdo em muitas patologias cardiacas e em diversos cenarios de cuidado
(SILVA, 2012).

A ecocardiografia fornece a determinacdo quantitativa das dimensdes cardiacas,
massa ventricular, areas e volumes a partir das imagens bidimensionais e/ou imagens em
Modo M derivadas das imagens bidimensionais. A funcao sistélica é avaliada pela fracdo
de ejecdo (FE) do VE, calculada por meio de uma relacdo que envolve as medidas lineares
de diametros sisto-diastolico do VE (método de Teichholz), ou por meio da determinacgéo
e relacdo dos volumes do VE (método de Simpson) (LANG, 2005). A func¢do diastdlica
e 0 estudo das valvas cardiacas sdo realizados através do Doppler e mapeamento do fluxo
em cores (FEIGENBAUM, 1988).

Apesar de ser uma ferramenta indispensavel, considerando sua aplicabilidade
clinica (FEIGENBAUM, 1988; SILVA, 2012), o ECO pode ndo mostrar anormalidades
precoces da funcdo ventricular em pacientes com sintomas inespecificos ou
assintomaticos do ponto de vista cardiovascular. Assim, métodos diagnosticos mais
sensiveis tornaram-se necessarios para detectar tais alteracdes (CHO et al., 2009).

O ST2D propicia a avaliacdo ecocardiografica da deformagdo miocardica nas
direcdes longitudinal, radial e circunferencial, ao longo da sistole e da diastole ventricular.
Quando avaliado pelo ultrassom, cada segmento miocardico apresenta um padréo fixo de
brilhos (speckles), que funciona como uma “impressao digital” do masculo. A técnica do
ST2D baseia- se na capacidade do software de reconhecer e fazer o rastreamento
(tracking) desse padrdo de speckles ao longo do ciclo cardiaco, permitindo a quantificagcdo
da deformacédo, ou strain, dos segmentos ventriculares analisados (MOR-AVI, 2011)

O método fornece os valores do strain longitudinal de cada segmento do VE e
baseado na média do strain dos 18 segmentos, calcula o Strain Global Longitudinal
(SGL) do VE, expresso em porcentagem, bidimensionalmente expresso em valor
negativo (D'HOOGE, J. et al., 2000). O valor de referéncia para deformacdo miocardica
em adultos ja esta descrito na literatura, (YINGCHONCHAROEN et al., 2013; LANG,
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2015). No que se refere a populacdo pediatrica, a publicacdo de uma metanalise que
incluiu 2325 criancas e adolescentes normais, oriundos de 43 estudos realizados com
diferencas marcas de equipamentos apresentou um normograma para interpretacdo dos
resultados e trouxe mais possibilidades de utilizacdo da técnica nessa populacdo (LEVY
et al., 2016).

A reducdo do SGL do VE foi associada a presenca de fatores de risco cardiaco,
morbimortalidade cardiovascular e foi identificada como preditor independente de
eventos cardiovasculares adversos em adultos (BIERING-SORENSEN et al., 2017;
RUSSO et al., 2014). Estudos demonstraram valor progndstico do comprometimento do
strain do VE em condi¢bes como diabetes (ZOROUFIAN, 2014), hipertensdo arterial
(KOUZU et al., 2010), hipercolesterolemia familiar em criangas (DI SALVO et al.,
2012), pos- transplante cardiaco (SERA et al., 2014) e sepse (ORDE et al., 2011).

Apesar de os valores de referéncia a serem considerados para a estratificacdo de
risco ainda serem motivo de debate (PASTORE et al., 2021), muitos autores encontraram
0 SGL como um marcador progndstico em pacientes assintomaticos (KUZNETSOVA et
al., 2016; CHENG et al., 2015; BIERING-SRENSEN et al., 2017; MODIN et al.,
2018), independentemente dos fatores de risco convencionais, com valores de referéncia
< 18,8% para homens e < 17,4% para mulheres (MODIN et al., 2019). A associacao entre
SGL e eventos cardiovasculares parece ser maior em pacientes do sexo masculino
(BIERING-S@RENSEN et al., 2017) e ndo hipertensos (MODIN et al., 2018). Na
insuficiéncia cardiaca, Park et al (2018). observaram um aumento de 5% na mortalidade
paralelo a cada 1% de reducdo no SGL, enquanto a FE do VE ndo foi associada a
mortalidade.

O ST2D e, assim, uma técnica ecocardiografica avancada que permite aos
profissionais da salde avaliar a funcdo cardiaca e detectar precocemente o dano
miocardico. A capacidade de fornecer informagdes prognoésticas adicionais aos indices
ecocardiograficos tradicionais é amplamente apoiada pelas evidéncias disponiveis,
apresentando alta viabilidade e reprodutibilidade. Seu poder prognéstico tem sido
aplicado em diversos cenarios clinicos cardiacos e ndo cardiacos, apresentando bons
resultados, o que poderia estimular o interesse dos pesquisadores para o desenvolvimento
de estudos de validacdo maiores em cada cenario clinico especifico. Gragas a sua evidente
acuracia para a predicao do desfecho e a recente padronizacao da imagem da deformacéo

miocardica, agora € possivel considerar o ST2D como parte dos protocolos de
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estratificacdo de risco para a pratica clinica diaria em diversos cenarios clinicos
(PASTORE et al., 2021).

1.4 MANIFESTACOES CARDIOVASCULARES EM PACIENTES COM
LIPODISTROFIA GENERALIZADA CONGENITA

Na LGC, hé relatos na literatura de diversas alteragdes cardiovasculares, como
HVE, cardiomegalia, cardiomiopatia hipertréfica, disfuncéo sistolica e diastolica do VE
e HAS (REGO et al., 2010), sendo os mecanismos fisiopatoldgicos envolvidos na génese
do adoecimento cardiaco ndo plenamente elucidados.

Pacientes com mutacdes no gene BSCL2 parecem apresentar mais manifestacoes
cardiacas, que surgem em idade mais precoce (AGARWAL; GARG, 2006; BHAYANA
et al., 2002). Apesar disso, ha relato na literatura de paciente com mutacdo do AGPAT2
que necessitou de transplante cardiaco por insuficiéncia cardiaca congestiva grave
(LUPSA et al., 2010). J& em pacientes com mutacfes no gene PTRF, parece haver
predisposicdo a arritmias cardiacas como taquicardia ventricular polimérfica
catecolaminérgica, intervalo QT longo e morte subita. Em uma série de 11 pacientes com
LGC tipo 4, 6 tiveram morte subita cardiaca precoce (RAJAB, 2010).

Os primeiros relatos de manifestacbes cardiovasculares na LGC envolvem
cardiomiopatia hipertrofica, sendo descrita como a manifestacdo cardiovascular mais
encontrada, presente em 20 a 25% dos pacientes (VAN MALDERGEM et al., 2002).
Ressalta-se que, apesar de o termo “cardiomiopatia hipertrofica” ser amplamente usado
na literatura para descrever o achado na sindrome, encontramos nesses pacientes
hipertrofia ventricular com funcéo sistélica preservada e relaxamento diminuido, sem, no
entanto, haver rearranjo das fibras miocéardicas (VIEGAS et al., 2000). Viegas et al.
(2000) descreveram um caso de insuficiéncia cardiaca descompensada devido a severa
hipertrofia do ventriculo esquerdo com disfuncgdo diastolica importante e funcéo sistolica
do VE normal ao ECO.

Rego et al. (2010) mostrou elevada prevaléncia de hipertrofia do ventriculo
esquerdo (HVE), sem casos cardiomiopatia hipertréfica, em uma série de 22 pacientes
jovens com LGC. A funcdo sistdlica estava alterada em apenas um paciente e nao foi

detectada nenhuma anormalidade na fungéo diastolica do VE pelo ECO bidimensional,
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considerando os critérios utilizados na época do estudo. Detectaram, ainda, elevada taxa
de HAS e de arritmias cardiacas, avaliadas por holter de 24 horas.

LUPSA et al. (2010) evidenciou que, em uma amostra de 31 individuos com LGC,
53% dos individuos com LGC tipo 1 e 80% dos pacientes com LGC tipo 2 apresentaram
HVE, com uma maior proporcdo de HVE moderada a grave no grupo com mutacéo de
BSCL2, que também apresentou anormalidades eletrocardiogréaficas. Os autores
ressaltaram que apenas 17% dos pacientes com HVE tinham HAS e sugerem que este ndo
deve ser o mecanismo mais importante da hipertrofia ventricular. Disfuncéo sistolica do
VE foi encontrada em 14% dos pacientes, sendo apenas um com disfuncéo sistolica grave,
submetido a transplante cardiaco.

Eventos cardiovasculares séo descritos em pacientes muito jovens, apontando para
um mau progndstico cardiovascular na sindrome. Ha relato de uma paciente do sexo
feminino, que aos 17 anos desenvolveu quadro de miocardiopatia dilatada com disfuncéo
sistolica do VE apés infarto do miocardio em regido inferior e apical, com as artérias
coronarianas normais ao cateterismo cardiaco (KHALIFE; MOURTADA; KHALIL,
2008). Uma série de casos de 19 pacientes também apontou calcificacdo arterial
coronariana em pacientes com a sindrome (FEIJO et al., 2022).

Graves alteracbes metabdlicas como elevagGes nos niveis de triglicerideos e
insulina com baixos niveis de HDL observadas na sindrome, favorecem a instalacdo de
aterosclerose prematura (SANON et al., 2016) e podem estar envolvidas na génese do
adoecimento cardiovascular por diferentes mecanismos. Chandalia et al. (1995)
descreveram em achados de necrdpsia de pacientes com LGC, placas de ateromas com
20% de estenose em artérias coronarias esquerda e direita. Estudos de autopsia também
revelaram no exame histopatoldgico, leve espessamento de pequenas artérias coronarias
intramurais com fibrose intimal, moderado aumento de depdsito de colageno sub
endocardico, midcitos hipertrofiados e normalmente organizados, bem como diminuicao
da gordura perivascular e subepicardica (BJORNSTAD; FOERSTER; IHLEN, 1996).

Em uma revisdo da literatura sobre cardiopatia da LGC, Lupsa et al. (2010)
encontraram 12 artigos e o total de 48 pacientes com diagnostico de LGC com diferentes
achados de acometimento cardiaco. Na maioria dos casos, o diagnéstico de cardiopatia
foi feito pelo ECO bidimensional e eletrocardiograma (ECG), sendo a radiografia do torax
também utilizado para avaliacdo de cardiomegalia. Alguns estudos, no entanto,

observavam anormalidades cardiacas somente na necrépsia.
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Apenas um estudo utilizou a técnica de ST2D para a avaliacao de 22 pacientes com
a sindrome. Através do ECO bidimensional os autores evidenciaram que 36,6% dos
pacientes apresentavam disfuncdo diastdlica, 31,8% HVE e, apesar de a FE estar
preservada em todos os pacientes, 68,2% apresentaram SGL alterado (LIBERATO et al.,
2020)

1.5 Justificativa e relevancia

A escassez de estudos que investigam disfuncGes cardiovasculares em pacientes
com LGC e sua limitagdo a técnicas convencionais de avaliacdo da fungdo cardiaca
reforcam a necessidade da realizacdo de novos estudos. Considerando que a sindrome
envolve disfuncdes metabdlicas graves e precoces e aumento de risco cardiovascular, o
uso de estratégias avaliativas mais sensiveis, capazes de identificar alteraces subclinicas
nessa populacdo é fundamental. O uso do ST2D pode contribuir para identificacdo de
alteracbes cardiacas em pacientes sem manifestacbes clinicas cardiovasculares,
permitindo o inicio precoce de um planejamento terapéutico capaz de reduzir a
morbimortalidade nessa populacdo. O acesso a uma das maiores casuisticas do mundo,
acompanhada em um ambulatério especializado, nos permite realizar avalia¢do
longitudinal e melhor compreender o comportamento da evolucdo dessa disfungdo. Os
pacientes podem se beneficiar de um tratamento adequado e precoce e a comunidade
cientifica, munida de mais informactes, pode escolher a estratégia terapéutica mais

adequada disponivel em sua regiao.

1.6 Hipdtese

A lipodistrofia generalizada congénita pode causar precoce disfuncdo cardiaca

subclinica que progride ao longo dos anos.
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2. OBJETIVOS

2.1 Objetivo geral

Avaliar a evolugdo da funcdo ventricular esquerda de pacientes com Lipodistrofia

Generalizada Congénita.

2.2 Objetivos especificos

a) Realizar o estudo longitudinal da funcdo do ventriculo esquerdo através do ECO
bidimensional e do ST2D em pacientes com LGC,;

b) Avaliar a relacdo entre a deformacgdo miocardica e os pardmetros metabdlicos dos
pacientes com LGC;

¢) Comparar a evolucdo da funcéo ventricular entre pacientes LGC com diabetes e sem

diabetes.
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3. METODO

3.1 Tipo de estudo
Estudo longitudinal de abordagem quantitativa envolvendo populacdo com

diagnostico clinico de LGC.

3.2 Local e periodo do estudo

O estudo ocorreu no Ambulatorio de Lipodistrofias Herdadas e Adquiridas do
Servigo de Endocrinologia e Diabetes do Hospital Universitario Walter Cantideo
(HUWC) e no Laboratorio de Ecodopplercardiograma do Ambulatério de Cardiologia do
Hospital da Universidade Federal do Ceard (UFC)/EBSERH. Os atendimentos foram
conduzidos na Unidade de Pesquisa Clinica (UPC) do complexo hospitalar
UFC/EBSERH, localizado em Fortaleza - Ceard, no periodo de janeiro de 2016 a janeiro
de 2022.

3.3 Aspectos éticos

A pesquisa foi previamente aprovada pelo Comité de Etica e Pesquisa da
Universidade Federal do Ceara, aprovado sob o parecer nimero 1.916.387 e assumiu
perante 0 mesmo 0 compromisso de seguir 0s preceitos éticos contidos nas diretrizes e
normas de pesquisa da resolucdo 466/2012 do Conselho Nacional de Saude. Todos os
pacientes e ou responsaveis concordaram com participacdo no estudo e assinaram o

Termo de Consentimento ou Assentimento Livre e Esclarecido.

3.4 Participantes da Pesquisa

Foram incluidos no estudo 20 pacientes em seguimento com diagndstico clinico
de LGC segundo os critérios diagnésticos propostos por PATNI & GARG (2015). Todos
0s pacientes eram acompanhados no ambulatério de Endocrinologia e Endocrinologia
Pediatrica do Hospital Universitario da UFC.

Os critérios de exclusdo foram auséncia de ritmo sinusal, arritmias, janela

transtoracica acustica inadequada e pacientes que ndo completaram o protocolo do estudo.

3.5 Delineamento do estudo
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Todos os pacientes eram acompanhados no Ambulatério de Lipodistrofias
Herdadas e Adquiridas. A avaliagcdo ecocardiografica € um requisito anual no protocolo
proposto, no entanto, dificuldades como a distancia geogréafica entre o centro e 0s
municipios onde alguns pacientes residem, atividade laboral dos pacientes ou
responsaveis com horario incompativel ao atendimento no servigo, perda de seguimento
e 0 surgimento da pandemia por COVID-19 comprometeram a avaliagdo com a
periodicidade planejada. Neste estudo foram utilizadas a primeira e tltima avaliacdes dos
pacientes incluidos. No dia marcado, os pacientes foram submetidos inicialmente a coleta
de sangue e a entrevista médica, onde foram coletados dados clinicos e realizado exame

fisico. Ap6s alimentacdo, realizavam o ecodopplercardiograma.

3.6 Coleta de Dados

3.6.1 Avaliagdo clinica

Conforme protocolo de avaliagdo clinica do servico, todos os individuos foram
submetidos a uma entrevista médica onde foram avaliados 0s seguintes pardmetros: sexo,
idade, idade ao diagndstico da LGC, diagnoéstico de diabetes ou outras endocrinopatias,
antecedentes pessoais ou familiares de lipodistrofia, DM, HAS, dislipidemia, doencas
cardiovasculares, presenca e grau de consanguinidade, presenca de outras doencas e uso
de farmacos.

Além da avaliacdo clinica, os prontuarios médicos foram revisados por outro
pesquisador. Todos os dados foram registrados para posterior transferéncia para banco de

dados informatizado.

3.6.1.1 Ectoscopia

Ectoscopia foi realizada em todos os pacientes para avaliacdo quanto as
manifestacdes fenotipicas da LGC através de exame fisico, sendo avaliada a presenca de
facieis acromegaldide, flebomegalia, padréo de deposicao de gordura corporal, hipertrofia
muscular e acanthosis nigricans.

Acanthosis nigricans é definida pela presenca de espessamento, hiperpigmentacéo
e acentuacdo das linhas da pele, gerando aspecto grosseiro e aveludado no local afetado,

sendo os mais frequentemente observados: regido posterior do pescoco, axilas, face
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lateral do pescoco, superficies flexoras dos membros, regido periumbilical, inframamaria,

mucosa oral e, em casos raros, planta dos pés e palma das maos (SCHWARTZ, 1994)

3.6.1.2 Célculo da area de superficie corporea (ASC)
Peso e altura foram obtidos para fazer o calculo da ASC pela formula de Dubois
nos pacientes >18anos (DU BOIS, 1989).

3.6.1.3 Mensuracao da pressdo arterial

A presséo arterial (PA) foi mensurada duas vezes por método auscultatorio, com
instrumento validado e adequadamente calibrado, com manguito de tamanho adequado
(baldo do manguito envolvendo no minimo 80% do braco), realizada com os pacientes
sentados tranquilamente, por no minimo cinco minutos, em uma cadeira, com 0s pés
apoiados no chao e o braco apoiado ao nivel do coragdo. Considerou-se alterada a pressao
arterial (PA) sistolica e/ou PA diastolica acima do percentil 95 para sexo, idade e estatura
nas criancas e adolescentes e niveis pressoricos > 130 x 85 mmHg ou uso de anti-
hipertensivos nos adultos (NATIONAL HIGH BLOOD PRESSURE EDUCATION
PROGRAM WORKING GROUP ON HIGH BLOOD PRESSURE IN CHILDREN
AND ADOLESCENTS, 2004; SOCIEDADE BRASILEIRA DE CARDIOLOGIA,;
SOCIEDADE BRASILEIRA DE HIPERTENSAO; SOCIEDADE BRASILEIRA DE
NEFROLOGIA, 2010).

3.6.2 Exames laboratoriais

Foram realizadas coletas de amostras de 15 ml de sangue para avaliagdo das
determinacg6es séricas de glicose de jejum, insulina basal, hemoglobina glicada (HbALlc),
colesterol total (CT), HDL-colesterol (HDL-c), triglicerideos (TG) e leptina. Todas as
analises laboratoriais foram realizadas no LabPasteur — Diagnosticos da América (LP —
DASA).

Todas as amostras de sangue foram devidamente identificadas e colhidas em
jejum de 12 horas na sala de coleta de exames do ambulatoério e depois centrifugadas a
3000 rpm por 10 minutos para a separagdo do soro ou plasma. Apo6s acondicionamento
do soro/plasma em aliquotas, as amostras foram armazenadas (-20 °C) até a realizacéo
das analises.

As determinacbes sericas de CT e HDL-c foram realizadas pelo método

enzimatico colorimétrico (aparelho HITACHI 917®-Roche). A dosagem de TG foi
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realizada pelo método GPO-PAP (aparelho HITACHI 917®-Roche). O LDL-colesterol
(LDL-c) foi calculado pela férmula de Friedewald (FRIEDEWALD; LEVY;
FREDRICKSON, 1972). A dosagem de glicose foi realizada pelo método PAP
colorimétrico (aparelho HITACHI 917®-Roche). A HbAlc foi dosada por cromatografia
liquida de alta performance (aparelho PREMIER®-Trinity Biotech). A insulina foi
determinada por eletroquimioluminescéncia (aparelho HITACHI®—Roche). A leptina foi
dosada pelo método de enzima imunoensaio (aparelho AIKA®-Diasorin; REF: CAN-L-
4260; sensibilidade: 0,5 ng/mL; coeficiente de variacdo: 3,7 a 5,0%). O Homeostasis
model assessment-insulin resistance (HOMA-IR) foi calculado através da formula:
HOMA-IR = glicemia de jejum (mmol = mg/dl + 18) x insulinemia de jejum (LU/ml)/22,5
(MATTHEWS et al., 1985).

O diagnostico de diabetes mellitus foi realizado de acordo com o0s critérios
definidos pela Sociedade Brasileira de Diabetes (SBD, 2017). Foram considerados com
diagnostico de diabetes mellitus os individuos com histdria de duas medidas de glicose
plasmatica de jejum em dois dias distintos > 126mg/dL ou portadores de sintomas
classicos do diabetes associado a glicemia > 200mg/dL ou glicemia de 2h p6s-sobrecarga
de 75g de glicose > 200mg/dL. Nos adultos, considerou-se a presenca de HbAlc > 6,5%
em duas ou mais ocasides como critério diagnostico para diabetes.

Dislipidemia foi classificada de acordo com a Atualizag&o da Diretriz Brasileira
de Dislipidemias e Prevencdo da Aterosclerose da Sociedade Brasileira de Cardiologia —
2017 (FALUDI et al., 2017), observando-se, quando indicado, os pontos de corte
especificos para criancas e adolescentes (individuos de 0 a 19 anos), sendo considerados
normais valores em jejum de CT < 170 mg/dL, HDL-c > 45mg/dL, e LDL-c < 110mg/dL.
Para os niveis séricos de normalidade dos TG, o grupo de criancas e adolescentes foi
subdivido, por faixa etaria, em dois grupos: 0 a 9 anos, TG normal < 75mg/dL e 10 a 19
anos, TG < 95mg/dL. Nos adultos, os valores considerados normais foram: CT < 190
mg/dL, TG < 150 mg/dL e HDL > 40 mg/dL em homens e > 50 mg/dL em mulheres.

3.6.3 Estudo molecular

O DNA gendmico foi extraido a partir de sangue periférico coletado dos pacientes
com LGC através de técnicas padroes (SUBBARAYAN; SARKAR; ARDALAN, 2002).
Os oligonucleotideos utilizados para a amplificacdo dos éxons e regides intronicas
marginais dos genes AGPAT?2 e BSCL2 foram em parte desenhados pelos pesquisadores

utilizando-se o programa Primer3 e em parte cedidos por Agarwal A., conforme
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especificado no apéndice B. A amplificacdo foi realizada em aparelho GeneAmp PCR
System 2400 (Perkin-Elmer, Cetus). Os produtos amplificados foram purificados com a
utilizacdo do Kit QIAquick PCR Purification (QIAGEN) seguido de uma reacdo de
sequenciamento com a utilizacdo do kit ABI PrismTM BigDye[] Terminator (Applied
Biosystems, Foster City, Califérnia, USA). Os produtos desta reacdo foram submetidos a
eletroforese em sequenciador automatico ABI Prism 3100 Genetic Analyzer automatic
DNA sequencer Applied Biosystems, Foster City, California, USA).

3.6.4 Ecocardiograma transtoracico bidimensional

O ecocardiograma bidimensional foi realizado, por um Unico examinador, de
acordo com as recomendagdes da Sociedade Americana de Ecocardiografia (BANSAL et
al., 1980; EDWARDS; TAJIK; SEWARD, 1981; HENRY et al., 1980; TAJIK et al.,
1978), incluiu modo M, bidimensional, Doppler pulsétil e tecidual, e feito uma média de
trés medidas para todas varidveis ecocardiogréficas. Os equipamentos utilizados foram
Vivid 7 e Vivid 9 (General Eletrics Vingmed Ultrasound, Milwaukee, Wisconsin®,
USA), com transdutores multifrequenciais de 2-4 MHz (Vivid 7) e 5-2 MHz (Vivid 9).
Durante a aquisicdo das imagens, os pacientes foram posicionados em decubito lateral
esquerdo, sob rotina padronizada. Todos pacientes foram submetidos a monitorizacao
eletrocardiografica continua conectada ao ecocardiégrafo, com trés derivacdes, para
determinacdo dos ciclos cardiacos durante o exame. Os diametros intracavitarios e a
espessura das paredes do ventriculo esquerdo foram medidos pelo modo M guiado pelo
bidimensional e obtidos pela incidéncia longitudinal da janela ecocardiogréfica
paraesternal esquerda. Em adultos, os parametros foram considerados aumentados
conforme os pontos de corte determinados pelas diretrizes atuais. Em criancas e
adolescentes, as dimens@es cavitarias foram consideradas aumentadas quando o Z escore
foi >2 (LANG et al., 2015; LOPEZ et al., 2014).

A massa ventricular foi estimada pela férmula de Devereaux e o indice de massa
do VE (IMVE) foi calculado dividindo a massa do VE pela altura>’ em criangas e
adolescentes (<18 anos) ¢ pela ASC em adultos (> 18anos) (LANG et al., 2015; LOPEZ
et al., 2014; SLUYSMANS; COLAN, 2005). Em adultos considerou-se hipertrofia do
VE (HVE) quando o IMVE foi > 95g/m? em mulheres, >115g/m? em homens (LANG et
al., 2015) e, em criangas e adolescentes, quando > 51g/ m 2’ (DANIELS et al., 1995;
SIMONE et al., 1992). A funcéo sistdlica do VE foi avaliada pelo calculo da FE e obtida
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pelo método de Simpson (LANG et al., 2015), sendo considerada normal > 52% para
homens e > 54% para mulheres.

Para analise dos fluxos valvares, foi utilizado o Doppler pulsétil e continuo, alem
do mapeamento em cores (LANG et al., 2015). A avaliacdo da funcéo diastdlica do VE
incluiu a andlise de parametros do Doppler pulsatil transvalvar mitral (velocidades das
ondas E, A, relacdo E/A), do Doppler tecidual do anel mitral (velocidades das ondas E
septal, E lateral e relacdo E/ E’, sendo E’ o resultado da média entre os valores obtidos
em anel mitral septal e lateral). O volume do atrio esquerdo (VAE) foi calculado pelo
método de discos biplanar e indexado a ASC (NAGUEH et al., 2016). Para os pacientes
sem doenga estrutural cardiaca, foi considerado disfuncéo diastolica, se no DT mitral a
velocidade da onda E septal < 7cm/s, onda E lateral < 10cm/s, pico da velocidade do
refluxo tricuspide > 2,8m/s, relagdo E/E’ > 14 e o indice volume do atrio esquerdo (IVAE)
> 34ml/mz2. Os pacientes com alteracdo estrutural cardiaca (HVE, dilatacdo das camaras
cardiacas ou volume aumentado) foram classificados como portadores de disfuncéo
diastolica conforme diretrizes (NAGUEH et al., 2016)

3.6.5 Estudo da Deformacédo Miocéardica pelo Speckle-tracking Bidimensional

Para aquisicdo das imagens bidimensionais especificas para o estudo da
deformacdo miocardica através da técnica de ST2D no sentido longitudinal, foram
adquiridos clips da janela apical do VE nas incidéncias de trés camaras (3C), quatro
camaras (4C) e duas camaras (2C), contendo trés ciclos cardiacos consecutivos e 0
registro simultaneo do eletrocardiograma (LIMA, 2013; MOR-AVI et al., 2011).
Utilizou-se uma frequéncia de 60 a 90 quadros por segundo.

Multiplas imagens foram capturadas no decorrer do exame, visando obter aquelas
com melhor resolucdo espacial, uma vez que a técnica proposta é extremamente
dependente da qualidade da imagem adquirida. Terminada esta aquisi¢do, as imagens
foram gravadas em midia CD para analise off-line. Os dados obtidos foram avaliados no
programa especifico de analise pelo método do ST2D no préprio aparelho utilizado no
exame.

Para a anélise das imagens, o avaliador realizou a marcacdo dos pontos na face
interna do VE ao nivel da borda endocardica do anel mitral e regido apical. Logo apos a
marcacdo, o0 programa delimita de forma automética a borda endocardica e o limite

epicardico, formando as &reas a serem analisadas, chamadas “regides de interesse” (ROI).
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Dentro destas regides, padrBes pontilhados miocardicos (speckles) eram detectados e
acompanhados automaticamente quadro-a-quadro ao longo do ciclo cardiaco. Uma
avaliacdo automatica da acuracia do seguimento do padréo pontilhado era fornecida pelo
programa, podendo ser aceita ou ndo. Quando ndo aprovadas pelo sistema operacional do
equipamento, ajustes na ROI pelo avaliador foram possiveis, propiciando um seguimento
mais acurado (Fig. 2). Todo esse processo foi realizado nas trés incidéncias apicais 3C,
4C e 2C.

Imagem livro Ecocardiografia Atual: Manual de Novas Tecnologias. Luciano Belém, cap. 5, 2011

Figura 2. Marcacdo das bordas internas do ventriculo esquerdo para delimitar a regido de

interesse do miocéardio, incidéncia apical de 3C.

A partir das trés incidéncias apicais padrdo (3C, 4C e 2C), 0 ST2D mapeia e divide
0 VE em 18 segmentos (6 basais, 6 mediais e 6 apicais) e mede o grau de deslocamento
dos speckles de cada segmento, este deslocamento corresponde a deformacao miocardica.

As curvas de deformacédo de cada incidéncia sdo geradas, representando o valor
médio de todos os segmentos avaliados ao longo da sistole e diastole, e entéo, é calculado
0 strain, que corresponde ao percentual de deformacdo miocardica (ARTIS et al., 2008;
DANDEL et al., 2009).

O método nos fornece os valores do strain longitudinal de cada segmento do VE

em cores e graficos (Figura 3), e baseado na média do strain dos 18 segmentos, 0 método
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calcula o Strain Global Longitudinal (SGL) do VE, representado no mapa polar ou bull’s

eye (Figuras 4 e 5).

Figura 3. Escala de gréficos e cores representando o Strain 2D dos 18 segmentos do VE
nos cortes apicais

Fonte: livro manual de novas tecnologias, BELEM, et al., cap. 5, 2011.

Notas: A= incidéncia apical de 3 cdmaras, B = incidéncia apical de 4 cAmaras,

C = incidéncia apical de 2 camaras;em A, B e C representagdo do strain
longitudinal de cada segmento, imagem paramétrica e as curvas de strain. D

= Gréficos das curvas de strain e mapa polar.

Apesar do método dividir o VE em 18 segmentos, 0 mapa polar é representado
por 17 segmentos (Figura 4) conforme preconizado pela Sociedade Americana e Europeia
de Ecocardiografia (LANG et al., 2015), para facilitar a demonstracdo grafica os
segmentos apicais da parede septal-anterior e da parede posterior sdo considerados um
segmento Unico.

O SGL é expresso em porcentagem, por convengdo seu valor € negativo
(D'HOOGE, J. et al., 2000), e quanto menor o comprimento final da fibra miocardica,
melhor a deformacdo miocérdica e mais negativo serd seu valor. Os valores de
normalidade do SGL foram considerados de acordo com o fabricante do aparelho. Para

os aparelhos utilizado nesta pesquisa, o valor de referéncia normal para adultos é a partir
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de 20% (LANG et al., 2015), e para criancas e adolescentes varia conforme a faixa etaria:
0-1 ano = 18,7%; 2-9 anos = 21,7%; 10-13 anos = 20%; 14-21 anos = 19,9% (LEVY et
al., 2016).

Strain de Pico Sistélico

Figura 4. Mapa polar ou bull’s eye apresentando os valores do strain segmentar e strain
global longitudinal do ventriculo esquerdo.

Fonte proprio autor: exame de um participante do estudo, F.L.C. Notas: Valores do strain
de cada segmento do VE representados no mapa polar ou bull’s eye. Legenda na parte
inferior mostra os valores do strain global de3c (LAX), 4c (A4c), 2¢ (A2c) edo strain
global longitudinal (SGL)
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Figura 5. Mapa polar ou bull’s eye de 04 pacientes do estudo com Lipodistrofia
Generalizada Congénita

Fonte: Préprio autor, 04 pacientes do estudo Notas: A. RMAS, 32anos, ¢, SGL=-13,7%,
B. DRM, 15anos, &, SGL =-18,3%, C. LCS,12anos, &,SGL =-17,8%, D. JAG, 11anos,
4, SGL =21,1%

3.7 Anélise Estatistica

A analise descritiva foi apresentada em tabelas com frequéncia absoluta ou relativa, ou
ambas, por meio da utilizacdo de média e desvio padrdo para os dados paramétricos e
mediana/intervalo interquartilico para os dados ndo paramétricos. A analise das
caracteristicas dos participantes entre o 1° e 2° exame foi realizada por meio do teste de
Wilcoxon, verificada a ndo aderéncia dos dados a distribuicdo gaussiana. Para a analise
da existéncia de correlacdo entre as varidveis do estudo foi calculado o coeficiente de
correlacdo de Spearman. Adotou-se um nivel de significancia de 5%. As analises
estatisticas foram realizadas utilizando o programa estatistico JAMOVI 2.3. Foram

considerados estatisticamente significativas comparagdes com p-valor < 0,05.
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4. RESULTADOS

Foram incluidos no estudo 20 pacientes com LGC, que tiveram seguimento com
reavaliacdo ecocardiografica em um intervalo médio de 51 + 16,4 meses. Os participantes
eram predominantemente jovens, onde 65% (n=13) tinham idade < 18 anos. A mediana
da idade foi de 12 anos, variando entre 5 meses a 38 anos e 60% (n=12) eram do sexo
feminino. A mediana da idade dos pacientes do grupo < 18 anos foi de 6 anos e do grupo
> 18 anos foi 27 anos. Todos preencheram critérios clinicos para diagnéstico de LGC,
sendo 15 diagnosticados com LGC tipo 1, com mutacdo do gene AGPAT2 e 5 com LGC
tipo 2, apresentando mutagdo no gene BSCL2. A idade média de diagndstico de LGC foi
de 7,4 + 11,1 anos, variando entre 1 més e 38 anos de idade. Quanto aos aspectos clinico-
laboratoriais, todos 0s pacientes apresentavam hipoleptinemia, 60% (n=12) HDL-c baixo,
85% (n=17) hipertrigliceridemia, 75% (n=15) diabetes e 25% (n=5) tinham diagnostico

de hipertensdo arterial sistémica (Tabela 1).

Tabela 1: Caracteristicas clinicas e genéticas dos 20 pacientes com lipodistrofia

generalizada congénita.

Variavel n=20
Idade (anos) 12 (5-25)
Género }

Masculino 8 (40)
Feminino 12 (60)
Peso (kg) * 50,8 + 15,1
Altura (m) ~ 1,55+0,2
IMC (Kg/m?) * 19,6 +2,9

Genotipo f
Tipo 1 (Mutagédo AGPAT2) 15 (75)
Tipo 2 (Mutagdo BSCL2) 5 (25)

Fendtipo clinico/ Comorbidades
Diabetes mellitus 15 (75)
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Glicemia alterada 11 (55)
Hipertrigliceridemia 15 (75)
HDL-c alterado 12 (60)
Hipertensao arterial sistémica 5 (25)

* Dados expressos em média + desvio padrdo; T Dados expressos em frequéncia relativa
e absoluta; # = dados expressos em mediana e intervalo interquartilico, n= nimero de
individuos; %= percentual; kg= quilogramas; cm= centimetros.

Durante o intervalo entre as duas avaliagGes, 0s pacientes ndo apresentaram
diferencas quanto aos niveis séricos de leptina, triglicerideos e HDL-c. No entanto, houve
uma tendéncia a piora dos parametros glicémicos (p=0,07) (Tabela 2).

Tabela 2: Comparacdo das variaveis metabolicas entre as duas avaliagdes dos 20

pacientes com lipodistrofia generalizada congénita.

Parametros metabdlicos * 12 avaliacéo 2% avaliacdo p
Leptina (ng/mL) 1,2+£0,7 1,2+0,8 >0,99
Glicemia (mg/dl) 150 + 88 174 + 89 0,07
HbA1C (%) 76+27 9+£3,0 0,07
Triglicerideos (mg/dl) 315+ 277 335+ 228 0,4
HDL-c (mg/dl) 31+8,0 33+9,0 0,1

* Dados expressos em média + desvio padrdo; %= percentual; ml= mililitros; ng=
nanograma; mg= miligrama; dl= decilitro.

No que se refere a avaliacdo longitudinal através do ecocardiograma
bidimensional, evidenciou-se piora da fracdo de ejecdo (p=0,009), no entanto, todos os
exames apresentam FE normal. Foram encontrados, ainda, aumento do volume diastélico
do atrio esquerdo (p=0,01), reducdo do atrio esquerdo (p=0,03) e aumento do diametro

sistélico do ventriculo esquerdo (p=0.01) (Tabela 3).

Tabela 3: Comparacdo dos dados do ecocardiograma bidimensional entre as duas

avaliacdes dos 20 pacientes com lipodistrofia generalizada congénita.

Ecocardiograma bidimensional * 12 avaliacéo 2% avaliagdo P
FEVE (%) 71,2+6,0 66,6 + 6,4 0,009
VDAE (ml/m?) 27+78 314+79 0,01
AE (mm) 32,6 +6,0 30,2+7,9 0,03

IMVE (g/m?° 27) 59,8 + 29,4 66,5 + 38,9 0,9
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DD (mm) 42,7+6,2 445+ 4.8 0,17
DS (mm) 254+ 4.8 28,1+43 0,01

* Dados expressos em media + desvio padrdo; n= namero de individuos; %= percentual;
FEVE= fracdo de ejecdo do ventriculo esquerdo; VDAE= volume diastdlico do atrio
esquerdo; AE= atrio esquerdo; IMVE= indice de massa do ventriculo esquerdo; DD=
didametro diastélico do ventriculo esquerdo; DS= diametro sistélico do ventriculo
esquerdo; ml= mililitros; g=gramas; m?= metro quadrado; mm= milimetros.

No altimo exame, 30% (n=6) dos pacientes apresentavam hipertrofia do VE.
Disfuncéo diastélica foi evidenciada em 20% (n=4) dos pacientes no primeiro exame e
em 35% (n=7), no segundo, sendo todos com diagnostico de DM e dois com idade menor

que 18 anos (Tabela 4).

Tabela 4: Achados do ecocardiograma bidimensional entre as duas avaliagbes de 20

pacientes com lipodistrofia generalizada congénita.

Variavel 12 avaliacéo 2% avaliacdo

Ecocardiograma bidimensional * n/% n/%
FEVE (%) alterada 0/0 0/0
VDAE (ml/m?) aumentado 4 [20% 6 /30%
AE (mm) aumentado 9 /45% 8 /140%
Presenca de hipertrofia 4 120% 6 /30%
DDVE (mm) aumentado 0/0 0/0
DSVE (mm) aumentado 0/0 0/0

* Dados expressos em frequéncia; n= numero de individuos; %= percentual; FEVE=
fracdo de ejecdo do ventriculo esquerdo; VDAE= volume diastélico do atrio esquerdo;
AE-= étrio esquerdo; IMVE= indice de massa do ventriculo esquerdo; DDVE= didmetro
diastolico do ventriculo esquerdo; DSVE= didmetro sistdlico do ventriculo esquerdo; ml=
mililitros; g=gramas; m?= metro quadrado; mm= milimetros.

Quando comparados os dados do ecocardiograma bidimensional dos pacientes
classificados pela idade, evidenciou-se aumento do volume sistélico (p=0,01) e diastolico
(p=0,02) do ventriculo esquerdo, entre as duas avaliacdes, no grupo com idade inferior a
18 anos. Nos maiores que 18 anos, foram encontrados piora da fragdo de ejecdo do
ventriculo esquerdo e aumento do volume diast6lico do atrio esquerdo (p=0,03) (Tabela
5).
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Tabela 5: Comparacédo dos dados do ecocardiograma bidimensional dos 20 pacientes com
lipodistrofia generalizada congénita, classificados pela faixa etaria.

< 18 anos (n=13) > 18 anos (n=7)

Variaveis 12 avaliacdo 2%avaliacdo p 1*avaliacdo 22avaliacdo p

FEVE (%) * 72,7+48 685+6,5 0,07 684+74 63,1+4,7 0,03
VDAE (ml/m?) * 26,5+8,2 30,1+£91 012 27976 339+44 0,03
AE (mm) * 31,2+7,7 285+83 0,07 35137 33,3+£6,5 0,54
IMVE (g/m?°u27)* 42 4+11,5 51376 0,83 92,1+244 954 +£214 0,81
DD (mm) * 39,8+54 435+56 0,02 481+32 48,1+ 3,2 0,35
DS (mm) * 232+39 26,8+4,8 0,01 29,4+37 30,1+1,8 0,73

* Dados expressos em meédia + desvio padrdo; n= namero de individuos; %= percentual;
FEVE= fracdo de ejecdo do ventriculo esquerdo; VDAE= volume diastélico do atrio
esquerdo; AE= atrio esquerdo; IMVE= indice de massa do ventriculo esquerdo; DD=
didmetro diastdlico do ventriculo esquerdo; DS= diametro sistdlico do ventriculo
esquerdo; ml= mililitros; g=gramas; m?= metro quadrado; mm= milimetros.

Na primeira avaliacdo através da técnica do ST2D, 60% (n=12) dos pacientes
apresentaram SGL reduzido. Na avaliacdo mais recente evidenciou-se valores de SGL
reduzidos em 65% (n=13) dos pacientes com LGC, destes, 23% (n=3) tinham mutacao
no gene BCLS2 (Tabelas 6).
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Paciente/
Sexo/
Genotipo

FLC/ &1
AGPAT2

KCS/Q/
AGPAT2

DDLV/Q/
AGPAT2

FMM/ %/
AGPAT2

RYT/3/
BSCL2

CMFM/3/
AGPAT2

NLG/3/
AGPAT2
RMT/S/
BSCL2

KEBS/%/
AGPAT2

ACBL/Q/
BSCL2

Idade

5m

3a

3a

3a

4a

6a

6a
7a

9a

12a

FE
(%)

72
67

76

65

78

75

75
63

72

77

SGL
(%)

18,8
21,8

20,2

22,0

20,3

18,2

23,4
16,7

19,3

21,8

12 AVALIACAO

SGL
reduzido

NAO

SIM

SIM
NAO
SIM

SIM

Comorbidades

RI,
hipertrigliceridemia

hipertrigliceridemia

RI, DM,
hipertrigliceridemia

RI, DM,
hipertrigliceridemia
RI,
hipertrigliceridemia
RI, DM,
hipertrigliceridemia

Medicacdes em

uso

Metformina

Metformina

Idade FE
(%)

5a 78

1la 64
4a 74

5a 77

%9a 70

1la 61
1la 72
13a 79
13a 64
1l6a 68

SGL
(%)

19,0
18,0

19,2

24,0

24,0

20,5

24,0
19,0

19,0

21

22 AVALIACAO

SGL
reduzido

SIM
SIM

SIM

NAO
SIM

SIM

Comorbidades

RI,
hipertrigliceridemia
RI, DM

RI,
hipertrigliceridemia
RI,
hipertrigliceridemia

RI, DM,
hipertrigliceridemia

RI, DM,
hipertrigliceridemia
RI, DM,
hipertrigliceridemia
RI, DM,
hipertrigliceridemia

Medicacdes
em uso

Metformina

Metformina,
insulina

Metformina

Metformina,
insulina

Metformina
Metformina

Metformina,
insulina



LCS/3I
BSCL2

DRM/3/
AGPAT2

PCSF/31
BSCL2

LFS/Q/
AGPAT2

RAL/Q/
AGPAT2

BMS/Q/
AGPAT2

ACLS/Q/
AGPAT2

12a

15a

17a

20a

21a

25a

28a

69

77

67

65

69

59

71

17,8

18,3

17,6

21,7

13,9

17,7

20,9

SIM

SIM

SIM

SIM

SIM

NAO

RI, DM,
hipertrigliceridemia

DM

RIl, DM

RI, DM,
hipertrigliceridemia
RI, DM,
hipertrigliceridemia,
HAS

RI, DM,
hipertrigliceridemia,
HAS

RI, DM,
hipertrigliceridemia,

Metformina,

insulina, estatina

Metformina

Metformina

Metformina,
fibrato
Metformina,

insulina, IECA

Metformina,
insulina,

fibrato,diurético,

IECA, AAS

Metformina,

insulina, fibrato

16a

20a

21a

24a

27a

27a

32a

69 19

70 16

56 16,6
64 24,2
65 17,7
60 17,9
62 17,9

SIM

SIM

SIM

SIM

SIM

SIM

RI, DM,
hipertrigliceridemia

DM,
hipertrigliceridemia

RI, DM,
hipertrigliceridemia
RI, DM,
hipertrigliceridemia
RI, DM,
hipertrigliceridemia,
HAS

RI, DM,
hipertrigliceridemia,
HAS

RI, DM,
hipertrigliceridemia,
HAS
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Metformina,
insulina,
estatina

Metformina,
insulina,
estatina

Metformina,
insulina

Metformina

Metformina,
insulina,
fibrato,

IECA
Insulina,
fibrato,
estatina,

bloqueador
angiotensina

I, diurético,

beta
bloqueador,

AAS

Metformina,
insulina,

fibrato, beta
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bloqueador,

AAS
MCVIZ/  29a 63 158 SIM DM, Metformina, 332 63 140 SIM DM, Metformina,
AGPATZ hipertrigliceridemia insulina hipertrigliceridemia insulina
RMAS/?/ 32a 57 16,1 SIM RI, DM, Metformina, 37a 55 174 SIM RI, DM, Metformina,
AGPAT2 hipertrigliceridemia, insulina, hipertrigliceridemia, insulina,
HAS estatina, IECA HAS estatina,

IECA
MIM/?/ 382 78 20,3 NAO RI, DM, Metformina,  4la 62 250 NAO RI, DM, Metformina,
AGPAT2 hipertrigliceridemia, insulina, hipertrigliceridemia, insulina,
HAS blogueador HAS blogueador
angiotensina Il angiotensina

* 0%= percentual, a= anos, m=meses, 9= sexo feminino, &'= sexo masculino, FE = fracédo de ejecdo, SGL= strain global longitudinal, DM= diabetes
mellitus, HAS= hipertenséo arterial sistémica, R1= resisténcia a insulina, IECA= inibidor da enzima de conversdo da angiotensina, AAS= aspirina.
Valores de referéncia do SGL para criancas e adolescentes: 0-1 ano = 18,7%; 2-9 anos = 21,7%; 10-13 anos = 20%; 14-21 anos = 19,9% (LEVY
et al., 2016). Valor de referéncia do SGL para adultos: > 20% (LANG et al., 2015).
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Quando comparados os dados do estudo da deformacdo miocéardica pelo ST2D
dos pacientes classificados pela idade, ndo se evidenciou diferenca estatisticamente
significativa na média do SGL entre os dois exames realizados (Tabela 7).

Tabela 7: Comparacdo dos dados do estudo da deformacdo miocardica pelo speckle-
tracking bidimensional dos 20 pacientes com lipodistrofia generalizada congénita,
classificados pela faixa etaria.

< 18 anos (n=13) > 18 anos (n=7)
: 22 . .
a a a 1 a 1
Varidveis 12 avaliagédo avaliagio p 12 avaliacdo 22 avaliacéo p
SGL (%) * 199+23 198+25 0,94 18,1+3 19,1+4 0,46

* Dados expressos em média £ desvio padrdo; SGL= strain global longitudinal.
Foi encontrada correlacdo inversa do SGL com as variaveis glicemia e

hemoglobina glicada, que parece se fortalecer ao longo do tempo (Tabela 8).

Tabela 8: Correlagdes entre o strain global longitudinal (SGL) e parametros metabdlicos

dos 20 pacientes com lipodistrofia generalizada congénita nas duas avaliagdes.

SGL 1 SGL 2
Variaveis r p r p
Leptina (ng/mL) 0,50 0,06 0,50 0,1
Glicemia (mg/dl) -0,50 0,02 -0,62 0,004
HbALC (%) -0,63 0,003 -0,66 0,001
Colesterol total (mg/dl) -0,30 0,19 -0,02 0,9
Triglicerideos (mg/dl) -0,31 0,17 -0,35 0,13
HDL (mg/dl) -0,32 0,17 -0,04 0,85

%= percentual; ml= mililitros; ng= nanograma; mg= miligrama; dl= decilitro; SGL1=
strain global longitudinal na primeira avaliacdo; SGL 2= strain global longitudinal na
segunda avaliag&o.

Nos pacientes com LGC avaliados, evidenciou-se que 65% (n=13) ja tinham
diagnostico de diabetes no primeiro exame e, destes, 69,2,5% (n=9) j& apresentavam SGL
reduzido. No segundo exame, 75% (n=15) dos pacientes tinham diagndéstico clinico de

diabetes e, destes, 73,3% (n=11) apresentavam SGL reduzido, sem disfuncéo sistolica
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evidente no ECG bidimensional. Quando avaliada a relacdo entre o SGL e a presenca de
diabetes, controlando para o valor de triglicerideos, evidenciou-se que tal comorbidade
implica em decréscimo medio de 2,95% no SGL (p=0,03).

A comparacdo das variaveis ecocardiograficas entre os dois momentos da
avaliacdo dos grupos de pacientes com diabetes demonstrou piora da FEVE (p=0,02),
aumento do volume diastdlico do &trio esquerdo (VDAE) (p=0,005) e aumento do
didmetro sistdlico do ventriculo esquerdo (p=0,02), ndo sendo evidenciada diferenca do

SGL entre os dois momentos de avaliacdo (Tabela 9).

Tabela 9: Analise comparativa dos pardmetros ecocardiogréaficos e do strain global
longitudinal dos 15 pacientes com Lipodistrofia generalizada congénita diabéticos.

Variaveis 12 avaliacéo 2% avaliacdo p
FEVE (%) * 70,8 £ 6,05 66,1 £ 6,7 0,02
VDAE (ml/m?) * 27,75+ 8,3 333£6,1 0,005
AE (mm) * 33,9+57 320+78 0,16
IMVE (g/m?0u27) * 63,1+31,0 70,5+ 39,1 0,9
DD (mm) * 43,3+ 6,1 45,2+ 3,9 0,16
DS (mm) * 258+4,4 28,6 +4,0 0,02
SGL (%) * 18,8 +2,2 195+2,7 0,35

* Dados expressos em média + desvio padrdo; n= nimero de individuos; %= percentual; ml=
mililitros; g=gramas; m?= metro quadrado; mm= milimetros. FEVE= fracdo de ejecdo do
ventriculo esquerdo; VDAE?= volume diast6lico do atrio esquerdo; AE=atrio esquerdo; DD=
didmetro diastdlico do ventriculo esquerdo; DS= didmetro sistolico do ventriculo esquerdo; SGL=
strain global longitudinal.
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5. DISCUSSAO

O presente estudo é o primeiro a realizar avaliacdo longitudinal por meio de ST2D
em pacientes com LGC, evidenciando precoce disfungé@o ventricular esquerda, que se
manteve subclinica ao longo do periodo estudado. A avaliagdo longitudinal desta
populacéo é fundamental para a compreensdo da evolucao clinica e criacdo de protocolos
efetivos no manejo das complicacGes cardiovasculares, que se configuram como uma das
principais causas de mortalidade na sindrome (BROWN et al., 2016; LIMA et al, 2018).

Atualmente, apenas um estudo publicado na literatura cientifica avaliou pacientes
com LGC através desta técnica. Tratava-se de uma pesquisa que incluia a populagédo
avaliada no presente estudo e ja demonstrava alterac@es subclinicas e precoces da funcédo
sistolica ventricular em um corte transversal (LIBETARO, C.B.R et al., 2020).

Anormalidades na estrutura e funcdo cardiovascular de pacientes com LGC ja séo
descritas na literatura desde 1959 (SEIP, 1959), utilizando, no entanto, avaliacdo
bidimensional, apresentadas, em sua maioria, por meio de relatos de casos (BHAYANA
et al., 2002; FARIA et al., 2009; FRIGULS et al., 2009; KHALIFE; MOURTADA;
KHALIL, 2008; RAJAB et al., 2010; REGO et al., 2010; SCATTEIA et al., 2016;
VIEGAS et al., 2000).

Avaliacdo de um estudo longitudinal que acompanhou 31 pacientes com LGC
mostrou pelo ECO bidimensional, que a cardiomiopatia € um achado frequente nessa
populagdo. A maioria dos pacientes eram jovens e apresentavam cardiomiopatia
hipertréfica, com FEVE normal e um pequeno numero apresentava cardiomiopatia
dilatada e disfuncdo sistdlica ventricular (LUPSA et al., 2010).

Evidenciamos em nossa populacédo, reducao numérica da FEVE ao longo do periodo
estudado, no entanto todos os pacientes apresentaram FEVE normal ao ecocardiograma
bidimensional nos dois momentos de exame, ndo havendo, portanto, impacto clinico no
achado. Ressalta-se que a avaliacdo da fracdo de ejecdo pode ser influenciada por aspectos
como situacdo de hidratagdo e frequéncia cardiaca no momento do exame, devendo-se
considerar, no entanto o valor de referéncia de normalidade. Apesar de nenhum paciente
apresentar disfungéo sistolica no exame bidimensional, 35% dos pacientes apresentavam
disfuncéo diastdlica no segundo exame.

Segundo a literatura, os pacientes com mutacdo em BSCL2, com apresentagéo clinica

e disfuncbes metabdlicas mais graves, apresentam prevaléncia aumentada de doenca
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cardiaca (AGARWAL et al., 2003), o que nédo foi possivel identificar na populacao do
estudo, uma vez que apenas 5 dos pacientes avaliados tinham LGC tipo 2,
impossibilitando anélise comparativa.

A gravidade e precocidade do surgimento das alteracdes metabolicas podem estar
envolvidas na génese e magnitude do adoecimento cardiovascular e mortalidade
cardiovascular precoce na sindrome. Na LGC, a auséncia de tecido adiposo subcutaneo
desde o nascimento ou na primeira infancia e o consequente comprometimento da
deposicdo normal de gordura levam ao acimulo ectopico precoce de lipidios em tecidos
como musculo, figado, coracdo e parede arterial. Consequentemente, ocorrem
anormalidades metabolicas graves e precoces como resisténcia a insulina, diabetes
mellitus, esteatose hepatica e doenca aterosclerética prematura (GARG, A., 2004;
NELSON, M.D. et al, 2013).

Ingelsson et al. (2006) mostraram em uma grande populacdo que a RI esta
correlacionada com a incidéncia de insuficiéncia cardiaca independentemente de fatores
de risco conhecidos, incluindo diabetes. A RI, grave e precoce em pacientes com a
sindrome, pode, portanto, ser uma das causas para alteracdes cardiacas. A presenca de
receptores do fator de crescimento semelhante a insulina (IGF-1) no tecido cardiaco
associada a hiperinsulinemia, presente na sindrome, pode causar estimulo sobre estes
receptores levando ao aumento massa do VE, dilatagdo do coracdo (BHAYANA et al.,
2002) e, consequentemente, alteracdo na contracao ventricular (GEFFNER; SANTULLI
JR; KAPLAN, 1987; VIEGAS et al., 2000).

Na RI h4, ainda, inadequacdo energética nos cardiomiécitos, com maior uso de
acidos graxos, energeticamente menos eficientes que a glicose. Além disso, ao contrario
de individuos saudaveis, os cardiomidcitos de pacientes com RI ndo sdo capazes de
utilizar glicose em condic¢des de estresse. Esses mecanismos, que estdo associados ao
comprometimento endotelial em pacientes com RI, podem contribuir para a reducdo tanto
do desempenho cardiopulmonar (CADEDDU, C. et al., 2012) quanto das reservas
contrateis miocardicas (HA, T.H. et al., 2011; CADEDDU, C. et al., 2013). A resisténcia
a insulina, portanto, pode comprometer a fungéo cardiaca, mesmo na auséncia de DM.

No presente estudo, no entanto, o diagndstico de DM, independente da
hipertrigliceridemia, se mostrou também relacionado a piora do strain. O DM esta
associado ao aumento do risco de insuficiéncia cardiaca e doenca cardiovascular,
responsaveis por 2/3 da mortalidade em diabéticos, afetando o coragdo na forma de

doenca arterial coronariana, neuropatia autondmica e cardiomiopatia diabética
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(PAPPACHAN et al., 2013). A cardiomiopatia diabética é consequéncia da
hiperglicemia, que acentua o estresse oxidativo e leva a deposicdo de colageno
intersticial, fibrose e apoptose, resultando em disfuncéo ventricular sistolica e diastolica
(HENSEL et al., 2016; ZOROUFIANet al., 2014). Na auséncia de diabetes, outros
distdrbios metabolicos podem estar envolvidos na génese do adoecimento cardiovascular
nesta populacdo. Ressalta-se que pacientes com LGC convivem com disturbios
metabdlicos desde cedo e por toda a vida, 0 que pode precipitar maior riso cardiovascular
em uma populacdo muito jovem.

Evidenciamos no presente estudo, correlacdo do SGL com as varidveis glicemia e
hemoglobina glicada, que parece se fortalecer ao longo do tempo. Zhang, X et al. (2013)
afirmam que o controle glicémico inadequado, com HbA1c¢ > 7%, pode levar a reducéo
de todos os componentes do strain sistdlico do VE, o que estaria associado a disfungédo
pré-clinica do VE (ZHANG, X. et al., 2013). No entanto, o controle glicémico intensivo
em pacientes com cardiomiopatia diabética € um assunto controverso. Lorenzo-Almoros
et al. (2017) mostraram que o controle glicémico intensivo (HbAlc < 7%) n&o previne
complicacdes cardiovasculares em pacientes com DML, e outros estudos ndo encontraram
associacdo entre niveis de HbA1lc e disfuncéo sistélica JEDRZEJEWSKA, I et al., 2016;
LEUNG, M. etal, 2016). No entanto, ja estdo descritas na literatura melhorias nas fun¢des
diastolica e sistolica em pacientes com maior reducdo nos niveis de HbAlc (LEUNG, M.
etal., 2016; CHEN, X et al., 2020; WANG, Y. et al., 2018; ARMSTRONG, A.C. et al.,
2017)

Apesar de ndo termos evidenciado uma correlacdo entre leptina e SGL, deve-se
considerar que a leptina também pode estar envolvida na génese do adoecimento
cardiovascular, uma vez que parece exercer um efeito no metabolismo dos TG nos
miocitos. Estudo demonstra que, atuando em nivel central, a leptina regula o contetdo de
TG cardiaco em ratos com sensibilidade normal a leptina, aumentando a lipdlise e
reduzindo a lipogénese (MORA et al., 2018). Todos os pacientes com LGC apresentavam
hipoleptinemia e essa caracteristica clinica classica nessa populagédo pode ser responsavel
por induzir acimulo de TG nas células do miocardio, justificando, em parte, alteracdes
na morfologia cardiaca e na funcdo ventricular. Nelson et al. (2013) demonstraram por
ressonancia magnética acumulo trés vezes maior de TG nas células miocardicas de
pacientes com LGC, condicdo denominada “esteatose cardiaca”, que pode levar a
aumento de didmetros, massa e volumes cardiacos, além de disfungdo do VE (LEE et al.,
2004; SZCZEPANIAK et al., 2007).
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Evidenciamos que 65% da populagédo jovem avaliada apresentava SGL reduzido
na primeira avaliacdo e 60%, na segunda, no entanto, ndo evidenciamos piora strain
global longitudinal do grupo estudado ao longo do tempo estudado. Ressaltamos, no
entanto, que uma abordagem precoce pode ter sido determinante para o retardo na
progressdo da disfuncdo do ventriculo esquerdo e até melhora do SGL em alguns
pacientes. Todos 0s pacientes eram acompanhados em um servigo de referéncia, com
avaliacdo e tratamento adequados, incluindo seguimento com o médico especialista,
equipe multidisciplinar e acesso a medicacfes e orientacdes comportamentais que
objetivam melhora do desempenho cardiovascular e controle metabdlico.

Estudos sugerem que o uso de alguns medicamentos, como a metformina, podem
auxiliar na melhora dos dados de strain. Estudo anterior demonstrou melhora da fungéo
do VE, avaliada através de ST2D, em pacientes com resisténcia a insulina ap6s 12
semanas de tratamento com metformina, sozinha ou associada a pratica de atividade fisica
(CADEDDU, C et al., 2016). Em outro estudo, o uso da metformina por 6 meses
aumentou a funcdo sistdlica e diastélica do VE e induziu a regressdo do crescimento
hipertréfico em pacientes com sindrome metabdlica sem DM (VELAZQUEZ, H et al.,
2016). Estudo experimental sugere, ainda, que isoladamente ou em combina¢do com a
atorvastatina, a metformina reduz a hipertrofia e o tamanho dos cardiomiécitos (YIN, M
etal., 2011).

Os mecanismos detalhados pelos quais a metformina exerce seus efeitos benéficos
parecem estar relacionados a diminuicdo dos niveis de acidos graxos livres, reducdo do
acumulo de lipidios no miocardio, diminuicdo da fibrose perivascular e ativacdo do sinal
AMPK-eNOS (CITTADINI, A. et al, 2012). Estudos mostram que a ativagdo da AMPK
tem acdo antifibrdtica, inibindo a sintese proteica, bem como o remodelamento e dilatagédo
do VE, tendo papel benéfico no desempenho cardiaco, mesmo em modelos experimentais
ndo diabéticos (YIN, M et al., 2011).

Ponderar sobre a prescricdo meédica de drogas estratégicas ou intensificar as
orientacdes da terapéutica ndo farmacoldgica pode ser possivel a partir da obtencédo de
achados subclinicos, de importante valor prognostico. O SGL adiciona valor preditivo
incremental significativo para mortalidade em pacientes com FEVE >35%. Uma
metanalise de 5.721 individuos em 16 estudos de vérias doencas cardiacas confirmou que
0 SGL, comparado a FEVE, é um preditor mais forte de mortalidade por todas as causas
e um fator de risco complementar para morte cardiaca, hospitalizacdo por IC e arritmias
malignas (STANTON, T.; LEANO, R.; MARWICK, T.H., 2009).
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Ressalta-se que, apesar de as Recomendacfes da Sociedade Americana de
Ecocardiografia (2019) recomendar, como parte do exame padronizado, 0 uso rotineiro
das técnicas de strain longitudinal, esta, ainda recente, é pouco utilizada na avalia¢éo de
rotina em muitos cenarios de cuidados. O método ja é amplamente utilizado e bem
recomendado para acompanhamento de pacientes expostos a agentes quimioterapicos e
identificacéo de disfungdo ventricular na vigéncia do uso de drogas cardiotoxicas. Nessa
situacdo, é possivel langcar m&o de estratégias cardioprotetoras, preservando ao maximo a
funcdo miocardica nesses pacientes (PLANA et al., 2014).

N&o ha diretrizes que recomendem o uso do ST2D na avaliacdo de pacientes com
lipodistrofia. Na sarcoidose, que também se configura como uma doenga de deposito,
mesmo na auséncia de sinais clinicos de envolvimento cardiaco, hé piora do SGL quando
comparado a individuos saudaveis, o que reflete o papel promissor do método na detecgédo
de cardiopatia subclinica nesses pacientes (BARSSOUM, 2020).

Em relacéo aos pacientes com disturbios metabdlicos, como diabetes mellitus, o
papel prognostico da técnica ndo foi suficientemente investigado em coortes, no entanto,
autores acreditam que disfuncdo do VE subclinica na doenca cardiometabdlica pode vir
a ser a indicacdo mais importante para aquisicao de imagens de deformacdo miocardica
(POTTER et al., 2018). Liu et al. (2016) demonstrou o progndstico incremental valor de
SGL, além de dados clinicos, HbAlc e E/e', e sua boa acuracia para a predicao de eventos
cardiovasculares em 247 pacientes diabéticos. Em um follow-up de 6 anos detectou-se
disfuncdo do VE subclinica em uma populacdo com DM tipo 1, bem como a piora do
SGL em ao longo do periodo estudado. Nesse mesmo estudo, ndo se evidenciou
correlacdo entre o status metabolico e 0 SGL dos pacientes avaliados (RINGLE et al.,
2017)

Estudo anterior evidenciou disfuncdo do VE em mais da metade dos individuos
assintoméaticos com DM avaliados (HOLLAND et al., 2010) e, em outro,
aproximadamente um terco dos pacientes com DM assintomaticos tinham SGL anormal
com funcdo diastdlica e FE do ventriculo esquerdo normais (ERNANDE et al., 2011).

A maioria dos estudos apoia a hipotese tradicional de que a disfuncdo diastolica
do VE ¢é a primeira alteracdo funcional cardiaca no desenvolvimento da cardiomiopatia
diabética (LORENZO-ALMOROS et al., 2017; NEGISHI, 2018; MOCHIZUKI. et al.,
2017; LIU et al., 2016; ERNANDE et al., 2017; ZHOU et al., 2018). No presente estudo,
a maior parte dos pacientes diabéticos apresentavam SGL reduzido, mesmo na presenca

de funcdo de funcdo diastolica preservada. Varios estudos recentes sugerem que a
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disfuncéo sistdlica subclinica medida pelo ST2D pode mesmo ocorrer antes da disfungéo
diastolica (JEDRZEJEWSKA et al., 2016; DERUMEAUX, 2017), ou pelo menos
concomitantemente com ela (LONCAREVIC et al, 2016; RINGLE et al., 2017,
MATYAS etal., 2018; LEUNG et al., 2016; BONAPACE et al., 2017). O SGL, portanto,
pode ser um sinal mais especifico e precoce de cardiomiopatia diabética do que as
alteracOes diastdlicas, bem descritas nessa populagdo (POTTER et al, 2018).

Ressalta-se que o espectro da cardiopatia diabética envolve uma progressao do
coracdo normal para disfuncéo diastolica e sistélica pre-clinica do VE (detectavel apenas
com técnicas avancadas de imagem), seguida por evidéncia ecocardiografica
bidimensional de disfungdo do VE (ainda clinicamente silenciosa) e, finalmente,
insuficiéncia cardiaca sintomética (FANG, et al., 2005). Nos pacientes LGC com diabetes
avaliados, 69,2,5% ja apresentavam SGL reduzido no primeiro exame e 73,3%, no
segundo, sem disfuncdo sistolica evidente no ECG bidimensional.

A auséncia de estudos longitudinais em pacientes com lipodistrofias a escassez de
coortes que envolvem avalia¢do subclinica de pacientes com sindromes metabolicas ndo
nos permite, ainda, prever, com precisdo temporal, 0 periodo de exposi¢do necessario
para que o depdsito de gordura ectopica e a presenca de desarranjos metabdlicos cursem
com perda subclinica da fungdo contratil do VE, o que poderia nos servir como um sinal
da necessidade de intervencdo para prevencdo de desfechos cardiovasculares
desfavoraveis. Este fato reforca a necessidade de mais estudos longitudinais e insercdo da
avaliacdo ecocardiografica com ST2D nos protocolos de avaliacdo clinica de rotina dessa

populacéo.

Limitacdes

O presente estudo foi o primeiro a avaliar de forma longitudinal a funcédo cardiaca
em pacientes com essa doencarara e o segundo a utilizar a técnica ST2D, porém apresenta
algumas limitagdes. A primeira limitagdo se refere a falta de um grupo controle, comprometendo,
em parte, a analise e extrapolagdo dos dados. A falta da realizacdo do strain global radial e
circunferencial do VE também se constitui como uma limitag&o, no entanto, estes dois
parametros, até 0 momento, ndo foram muito explorados ou indicados na rotina clinica
de avaliagdo. Por fim, um nimero relativamente pequeno de pacientes com diferentes
faixas etarias e a variagdo no intervalo entre as avaliacdes dos participantes do estudo

também podemrepresentar uma limitacdo, dificultando a analise e a apresentacdo dos
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dados. Ressalta-se, no entanto, que a amostra estudada representa uma das maiores casuisticas ja

descritas dessa populacéo.
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6 CONCLUSOES

Neste estudo foi possivel demonstrar em uma grande série de pacientes
predominantemente jovens com lipodistrofia generalizada congénita, alteracdes precoces
e subclinicas da funcdo ventricular esquerda, através da técnica de speckle-tracking
bidimensional, sendo observada disfungéo diastolica em 35% dos pacientes no momento
da segunda avaliacéo.

Na avaliacdo longitudinal, a primeira descrita em pacientes com essa condicéo,
realizada em um intervalo médio de 51+16,4 meses, evidenciou-se piora da fracdo de
ejecdo, através do ecocardiograma bidimensional, embora ndo sendo observada piora nos
valores de strain. Houve, contudo, associacao entre a progressdo das alteracdes cardiacas
subclinicas e mau controle glicEmico (HbALlc e glicemia), sendo o diagnostico de diabetes

relacionado a reducdo do strain global longitudinal.
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Purpose: Congenital generalized lipodystrophy (CGL) is a rare autosomal recessive dis-
order characterized by the absence of functional adipocytes resulting in ectopic lipid storage,
metabolic disorders and early cardiovascular disease. Two-dimensional speckle-tracking
(2D-STE) allows the detection of early abnormalities in myocardial function. We aimed to
evaluate myocardial deformation in a large sample of CGL patients using 2D-STE.
Patients and Methods: A cross-sectional study of 22 patients with CGL and 22 healthy
subjects, matched for sex and age, was conducted from 2013 to 2018. All participants had
undergone standard conventional echocardiography (ECHO) and 2D-STE. Determination of
blood glucose, lipids, insulin, and leptin were performed in all CGL patients.

Results: In the CGL group the mean age was 14.610.7 years where 68.2% (n=15) were younger
than 18 years old. All the patients had hypoleptinemia, 95.4% (21/22) low HDL-c, 86.4% (19/22)
hypertriglyceridemia, 68.2% (15/22) diabetes, 50% (11/22) hepatic steatosis, 41% (9/22) insulin
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e, 41% (9/22) hypercholesterolemia, and 18.2% (4/22) hypertension. ECHO showed that
36.6% (8/22) of CGL patients presented diastolic dysfunction, 31.8% (7/22) left ventricular
hypertrophy (LVH), 27.3% (6/22) increased left atrial volume index (LAVI), and 18.2% (4/22)
increased left ventricular systolic diameter (LVDS) but normal ejection fraction (EF), whether
using 2D-STE, 68.2% (15/22) of CGL patients showed abnormal global longitudinal strain (GLS)
(p<0.01), and in almost LV segments. Positive association between abnormal GLS and Alc
(r=0.57, p=0.005), glucose (r=0.5, p=0.018) and basal insulin (= 0.69, p= 0.024), and negative
association with leptin (r=-0.51, p = 0.005) were found in these patients.

Conclusion: The 2D-STE revealed precocious left ventricular systolic dysfunction in a
young CGL population with normal systolic function by ECHO. Early exposure to common
metabolic abnormalities as insulin resistance, hyperglycemia, and hypoleptinemia must be
involved in myocardial damage in these patients.

Keywords: Berardinelli-Seip congenital lipodystrophy, global longitudinal strain, cardiac
function, early detection

Introduction

Congenital Generalized Lipodystrophy (CGL) is a rare autosomal recessive disease
with a higher incidence in countries such as Lebanon, Portugal, Oman and Brazil.
The absence of subcutaneous adipose tissue since birth or early childhood and
consequent impairment of normal fat deposition lead to precocious ectopic lipid
accumulation in tissues such as muscle, liver, heart and arterial wall. Consequently,
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there are severe and precocious metabolic abnormalities as
insulin resistance, diabetes mellitus, hepatic steatosis and
premature atherosclerotic disease, which may lead to early
cardiovascular mortality."”

Cardiomyopathy, heart failure, systemic arterial hyper-
tension, myocardial infarction, arrhythmias and sudden
death have been described in CGL.> The evaluation of
heart morphology and function in this population has been
performed by conventional echocardiography (ECHO).
Although ECHO is the most common approach for asses-
sing left ventricular (LV) systolic function mainly based
on ejection fraction (EF), this is limited in detecting subtle
abnormalities in myocardial contraction.®

Two-dimensional speckle-tracking echocardiography (2D-
STE) is a new echocardiography technique that plays an
important role in early detection of cardiac dysfunction, and
more sensitive than EF to evaluate LV systolic function.”"!
The 2D-STE measures myocardial deformation through the
measurement of global longitudinal strain (GLS), global cir-
cumferential strain (GCS) or global radial strain (GRS)."‘"’

Few studies have assessed cardiac function in patients with
CGL, mainly case reports, and none using 2D-STE. 7
Thus, the aim of this study was to assess myocardial deforma-
tion and detect preclinical myocardial dysfunction using 2D-
STE echocardiography in a large sample of patients with
generalized congenital lipodystrophy.

Materials and Methods
Study Population

This is a cross-sectional study of CGL patients from
Ceard, Northeast of Brazil, conducted from January 2013
to December 2018. Patients were followed up by a multi-
disciplinary team of the regional reference center of the
Brazilian Group for the Study of Inherited and Acquired
Lipodystrophies (BRAZLIPO).

The current study is reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement.'®

The inclusion criteria were CGL diagnosed according
to the clinical criteria by Patni e Garg.'"” Exclusion criteria
were: unstable sinus rhythm, conduction and rhythm dis-
orders, and poor acoustic windows. Patients who did not
complete the study protocol were excluded.

The control group consisted of healthy and eutrophic
individuals matched 1:1 according to age and gender.
Healthy individuals were those without diabetes or any
other metabolic disease, did not use any medication, and

did not present any episode of infection or hospitalization
in the last month. Exclusion criteria were the same used
for the group of patients.

Clinical and Biochemical Analysis

Clinical history was assessed through medical records, and
physical examination and anthropometric measurements
were performed on all the participants. In CGL group, bio-
chemical tests were carried out after a 12 hr fasting to deter-
mine blood glucose, total cholesterol, HDL-cholesterol,
triglycerides, glycohemoglobin Alc (Alc), basal insulin and
leptin. The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated in patients who did not use exo-
genous insulin.”’ Genetic testing was performed according to
the previous study.”’

Echocardiography Analysis

Standard transthoracic echocardiography study was per-
formed using Vivid 7 and Vivid 9 (GE Medical Systems,
Milwaukee, Wisconsin®, USA) ultrasound machines with
a 3.5-MHz transducer for harmonic imaging following the
established by the American Society of

22-25

Echocardiography.™

criteria

Conventional Echocardiography

The values of all conventional ECHO parameters were cal-
culated as the average value of three consecutive cardiac
cycles. LV end-systolic and end-diastolic diameters, LV pos-
terior wall and interventricular septum thickness were mea-
sured using the two-dimensional echocardiography guided
M-mode method. Measurements were analyzed according to
the reference values; therefore, the participants were divided
into age groups: children and adolescents (<18 years of age)
and adults (>18 years of age).”® Left ventricle ejection frac-
tion (LVEF) was estimated using the Simpson method. LV
mass was calculated using the Devereaux formula and
indexed to the height in children and adolescents™ and to
the body surface area (BSA) in adults.>* %

Pulsed-wave Doppler (PW) was used to measure mitral
inflow velocities, peak early (E) and late (A) diastolic velo-
cities, the E/A ratio, and the E-wave deceleration time. The
early diastolic velocity (E’) of the mitral annulus was mea-
sured at the lateral (El) and septal (Es) sites of the mitral
annulus using pulsed-wave Doppler tissue imaging (DTI).
The average E’ value (lateral and septal sites) was used to
calculate the E/E’ ratio.”” Left atrial volume (LAV) was cal-
culated using the biplane disk summation technique and then
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indexed to the BSA.** In addition, Color Doppler flow ima-
ging was used for mapping valvar regurgitation.

Speckle Tracking Echocardiography

To obtain specific 2D images using STE, digital loops with
three successive cardiac cycles were acquired from LV apical 2-
chamber (2C), 3-chamber (3C) and 4-chamber (4C) views. The
frame rate for these recordings was set at 60 to 90 frames/s.*'*>
After selecting the best-quality two-dimensional image of the
cardiac cycle, the LV endocardial border was manually traced at
the end-systolic frame. After that, a speckle-tracking region of
interest was automatically selected to approximate the myocar-
dium between the endocardium and epicardium. The width of
the region of interest was adjusted as necessary to accommo-
date the total thickness of the LV wall. The LV was divided into
18 segments: 3 levels (basal, mid-cavity and apical), which
were further divided into 6 segments (anterior, posterior, lateral,
inferior, septal, and anteroseptal). Longitudinal strains for each
individual segment were measured and expressed as a bull’s-
eye, and the software calculated GLS by averaging local strains
along the entire LV.**** More negative strain values represent
an increased contraction of the myocardium. Normal values of
GLS were stratified by age distribution (years) according to
references ranges.****

Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 17.0 (GraphPad Software Inc., San
Diego, CA, USA). Descriptive analysis was presented in
tables with frequency and percentage for categorical variables
and mean and standard deviation for numerical variables.
Fisher’s exact test, Pearson’s chi-squared test and Spearman
correlation coefficient were used to check for associations
between the studied variables. Student’s r-test or Mann-
Whitney test were used to compare means. The normality of
data was tested using the Shapiro-Wilk test. A p-value < 0.05
was considered statistically significant.

Results
Clinical and Metabolic Characteristics of
the CGL Group

Twenty-two patients with a clinical diagnosis of CGL were
evaluated. The mean age was 14.6+10.7 years, 68.2% (15/22)
were younger than 18 years old, and 59% (13/22) were women.
The mean age of participants in the group <18 years was 8.3 +
4.7 years, and in the group > 18 years was 28.0+6.2 years. The
mean age at CGL diagnosis was 7.4£11.1 years, ranging from |

month to 38 years of age. All the patients had hypoleptinemia,
95.4% (21/22) had low HDL-c, 86.4% (9/22) had hypertrigly-
ceridemia, 68.2% (15/22) diabetes, 50% (11/22) hepatic steato-
sis, 41% (9/22) 41% (9722)
hypercholesterolemia, and 18.2% (4/22) hypertension. Genetic
analysis was performed in only 45.4% (10/22) of the patients.
AGPAT?2 and BSCL2 gene mutations were identified in 40% (4/
10) and 60% (6/10) of them, respectively.

insulin  resistance,

Conventional Echocardiographic
Assessment of the CGL and Control

Groups

In CGL group, 32% (7/22) presented left ventricular
hypertrophy (LVH), 27.3% (6/22) had increased left atrial
volume index (LAVI), 18.2% (4/22) had increased LV end-
systolic diameter (LVDS) and 4.5% (1/22) had increased
LV end-diastolic diameter (LVDD).

Patients with CGL had increased LAVI (p <0.01) and
increased left ventricular mass index (LVMI) compared to
the control group (p <0.01). LVEF was normal in all partici-
pants. Diastolic function was abnormal in 36.6% (8/22) in
CGL group, and normal in the control group. The velocities
of E, Es and El waves were significantly lower in the CGL
patients >18 years of age than the control group (Table 1).

There were few morphological valve abnormalities in
CGL patients. Mild mitral valvar regurgitation was detected
in 18.2% (4/22) using Doppler color flow imaging in CGL
group. Few CGL patients presented mild tricuspid regurgita-
tion (3/22), and mild aortic regurgitation (1/22). All these
patients were women and 75% (3/4) were aged <18 years.

Global Longitudinal Strain of the CGL and

Control Groups

The 2D-STE detected abnormal GLS in 68.2% (15/22) of
CGL patients. The proportion of CGL patients with abnor-
mal GLS according to the age range is shown in Table 2.
These alterations were not observed in the control group
(p<0.01). Considering the genotype, patients with CGL2
(BCLS2 mutation) presented a higher prevalence of abnor-
mal GLS than CGL1 (4GPAT2 mutation): 83.3% (5/6)
versus 50% (2/4), respectively.

Segmental Longitudinal Strain of CGL

Patients and Control Group
Compared to the control group, CGL patients presented
impairment in GLS and in LV segmental longitudinal
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Table | Conventional Echocardiographic of 22 Patients with Congenital Generalized Lipodystrophy (CGL) and 22 Control Subjects

According to the Age

Age Group <18 Years (N=30) >18 Years (N=14)

ECHO CGL (N=15) Controls (N=15) P CGL (N=7) Controls (N=7) P
LAVI, mUm? 26.047.7 182448 <001* 27.4184 18.8+4.4 0.04*
LVMI, g/m? 27 434£139 273477 <0.01* 96.0£233 543£103 <0.01*
EF, % 709445 68.614.7 0.33 66.115.1 69443 034
LVDD, mm/m? 39.0118 41.1£19.7 0.52 29315 26.1£1.5 0.64
LVDS, mm/m? 232472 25.8+12.2 026 17.9¢1.7 15.6+2.0 041

E, ms 11202 1.10.1 0.87 0810.1 1.0£0.1 0.02*
A, ms 0.510.1 0.5:0.1 0.16 0.5:0.1 0.5:0.1 0.84
E/A 1.90.5 22107 0.12 13:04 1.8£0.4 007
Es, ms 123527 14,6127 023 9119 14.1£29 <001*
El, ms 17.0£27 18.6£2.7 0.09 137443 18£1.0 0.02*
E/E 74119 6.5%1.0 0.16 77423 61309 0.17

Notes: Data were described as mean and standard deviation. *p<0.05 Mann-Whitney test.

Abbreviations: n, number of participants; ECHO,

LAV, left atrial volume index; LVMI, left ventricular mass index; EF, left ventricular

ejection fraction; LVDD, left ventricular end-dastolic diameter; LVDS, left ventricular end-systolic diameter; E, PW Doppler of early mitral filling; A, PW Doppler of later mitral filling; £/
A ratio of E to A waves; Es, Tissue Doppler of septal mitral annulus velocity; El, Tissue Doppler of lateral mitral annulus velocity; E', mean Es-El; E/E', E/E' ratio.

Table 2 Prevalence of Abnormal Global Longitudinal Strain (GLS)
Among 22 Patients with Congenital Generalized Lipodystrophy
(CGL) Categorized by Age, According to Reference Ranges™

Age Group (Years- | CGL/Total Patients with Abnormal
Old) GLS (%)

0-1 0/1 (0)

2-9 6/8 (80)

10-13 13 (333)

14-21 4/5 (80)

>21 4/5 (80)

strain (4C, 3C, and 2C chambers). This difference was not
detected in apical segments (Table 3).

Global Longitudinal Strain Compared to
Conventional ECHO Parameters and
Clinical, Metabolic and Genetic

Characteristics of CGL Patients
Among 15 CGL patients with abnormal GLS, 93.3% (14/15)
had hypertriglyceridemia, 93.3% (14/15) had low HDL-c,
73.3% (11/15) had diabetes, 53.3% (8/15) had hyperinsuline-
mia and 46% (7/15) had hypercholesterolemia. Among non-
insulinized patients, GLS was impaired in 62.5% (5/8) with
insulin resistance. Supplemental Table | summarizes the clin-
ical, genetic and metabolic characteristics, conventional ECHO
parameters, GLS and the medications used by 22 patients
with CGL.

Diabetic CGL patients presented a higher preva-

lence of abnormal GLS than non-diabetic CGL

patients, 73.3% (11/15) vs 57% (4/7), with a mean
GLS of ~18.34% and —21.35% in the later (p = 0.009).

Table 3 Segmental Longitudinal and Global Longitudinal Strain
Data of 22 Patients with Congenital Generalized Lipodystrophy
(CGL) and 22 Control Subjects

Segmental LV CGL Control P
Basal inferior -17.616.2 -21.613.0 <0.01*
Basal anterior -16.543.9 222448 <0.01*
Basal septal -16.55.4 -20.7+3.4 <0.01*
Basal lateral -12.547.3 -21.2445 <0.01*
Basal posterior -7.5£108 —-19.0£3.7 <0.01*
Basal anteroseptal —-16.0£3.5 -20.6+2.6 <0.01*
Mid lower —19.4+33 —22.5+28 <0.01*
Mid anterior —19.614.1 -23.237 <0.01*
Mid septal -19.1438 227436 0.02*
Mid lateral -16.7£2.7 —22.5+4.1 <0.01*
Mid posterior -16.433 ~20.0£3.5 <0.01*
Mid anteroseptal -20.543.9 -23.1124 0.01*
Apical inferior ~23.5443 ~24.1434 0.61
Apical anterior -23.6144 ~23.7+44 091
Apical septal ~24.413.7 ~24.144.1 081
Apical lateral ~233444 ~224145 0.49
Apical posterior ~24.645.1 ~242+38 0.92
Apical anteroseptal -26.0£5.9 ~243+3.6 048
Aplax (A3c) -19.1£32 -21.2423 0.01*
A2c -19.7¢33 -227+23 <0.01*
Adc -18.7£3.6 -222+29 <0.01*
GLS -19.2124 -22.1%1.7 <0.01*

Notes: Data were described as mean and standard deviation. *p<0.05 Mann-
Whitney test A.

Abbreviations: Aplax (A3c), apical 3-chamber longitudinal strain; A2c, apical 2-chamber
longitudinal strain; Adc, apical 4-chamber longitudinal strain; GLS, global longitudinal strain.
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There was a moderate correlation between GLS and
insulin levels, Alc, blood glucose and age. An inverse
correlation was also noted between leptin levels and GLS
in the 22 CGL patients (Table 4).

There was a weak correlation between HOMA-IR and
GLS, but only 13 patients were not using exogenous
insulin and included in this analysis (r =0.39, p = 0.253).

A moderate correlation was found between GLS and EF
(r=-0.49, p=0.02) but none between age and EF (r=-0.25,
p=0.2). Any correlation among these echocardiographic
parameters was observed in the control group.

Discussion

This is the first study to evaluate the heart function and
morphology of a large sample of young CGL individuals
using 2D-STE. This technique detected a high proportion
of CGL patients with abnormal systolic function which
was not detected with conventional ECHO.

Using the later we found an increased prevalence of LVH,
increased LAVI, LVDS and LVDD, and abnormal diastolic
function, but no systolic dysfunction in our CGL patients. A
cohort of 44 patients with congenital and acquired general-
ized lipodystrophy (29 CGL patients) assessed by conven-
tional ECHO showed that 54.4% (24/44) had hypertrophic
cardiomyopathy, and 13.6% (6/44) presented characteristics
of dilated cardiomyopathy.*® Other cross-sectional study of
22 asymptomatic Brazilian patients with CGL observed the
high prevalence of cardiovascular abnormalities also using
conventional ECHO-concentric LVH, excentric LVH and
abnormal LV geometry, and diastolic dysfunction.’

Some of our patients presented valvar regurgitation
with normal cusps associated with enlarged cardiac cham-
bers suggesting that these abnormalities may be secondary
to dilatation of the chambers. Cardiac dilatation but with

Table 4 Correlation Between Clinical and Metabolic Variables
and Global Longitudinal Strain (GLS) in 22 Patients with
Congenital Generalized Lipodystrophy

Metabolic Variables Rho P
Insulin (mU/mL) 0.69* 0.024*
Alc (%) 0.57* 0.005*
Leptin (ng/mL) -051* 0.005*
Blood glucose (mg/dl) 0.50* 0.018*
Age (years) 045 0.03*
Triglycerides (mg/dl) 036 0.098
Total cholesterol (mg/dl) 035 0.107
HDL-c (mg/dl) 031 0.147

Note: *p<0.05 Spearman correlation test.

normal valve morphology was previously described in an
autopsy study of CGL patients.’’

Using 2D-STE we detected precocious left ventricular
systolic dysfunction in a high proportion of CGL patients
with normal systolic function when evaluated by conven-
tional ECHO. The higher sensitivity of 2D-STE allows the
detection of early abnormalities, due to the objective and
quantitative assessment of global and regional myocardial
function in all spatial directions. This imaging analysis
through the frame-by-frame tracking of natural acoustic
markers (speckles) has been shown clinical utility in sev-
eral pathological conditions.” "'

Pathophysiological mechanisms of cardiomyopathy in
lipodystrophies are not defined yet.>*3%” Metabolic dis-
orders, such as severe insulin resistance, high levels of
triglycerides, diabetes mellitus and hypoleptinemia would
be possible explanations. Our results support this hypoth-
esis, based on the positive correlation of GLS with Alc,
blood glucose and insulin, and the negative correlation
with leptin levels.

Insulin resistance has been described as a cause of
increased LV mass and heart growth."® Insulin acts on insu-
lin-like growth factor (IGF-1) receptors stimulating the
stretching of myocardial fibers, causing changes in mass,
diameters and, consequently, ventricular contraction.*®*’
CGL patients usually present severe and early insulin resis-
tance, as we found in our patients. The weak correlation
between HOMA-IR and GLS may be explained due to the
small number of non-insulinized patients.

In addition to the effect of insulin on cardiac fibers,
high levels of serum triglycerides can lead to its accumu-
lation in the heart, a condition referred to as “cardiac
steatosis™.** > Hypertriglyceridemia was observed in
86.4% of our patients and in 93.3% of patients with altered
GLS. This condition may lead to increased cardiac dia-
meters, mass and volumes and LV dysfunction.**** Using
magnetic resonance imaging Nelson et al showed a three-
fold accumulation of triglycerides in the myocardial cells
of CGL patients compared to a control group, thus sug-
gesting that cardiac impairment may also be caused by the
deposition of triglycerides.”

We also found a direct correlation between lower leptin
levels and worse GLS in CGL patients. Leptin appears to
influence the metabolism of triglycerides in myocytes. An
experimental study demonstrated that leptin, acting at the
central level, regulates TG cardiac deposition in adult rats
with normal leptin sensitivity, increasing lipolysis and
reducing lipogenesis.* Thus, hypoleptinemia could lead
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to TG accumulation in myocardial cells and may partially
explain the changes in cardiac morphology and ventricular
function.

In addition to other metabolic disturbances that affect
CGL patients, diabetes mellitus is one of the major risk
factors for cardiovascular disorders, increasing the risk of
coronary artery disease, cardiac autonomic neuropathy,
diabetic cardiomyopathy and heart failure, accounting for
2/3 of deaths in diabetic patients.** Hyperglycemia accent-
uates oxidative stress and leads to the interstitial collagen
deposition, fibrosis and apoptosis, which may result in

and diastolic iy

ventricular  systolic dysfunction.
Asymptomatic patients with metabolic syndrome and
type 2 diabetes presented altered longitudinal strain,
which might be an early finding of LV remodeling and
subclinical cardiovascular disease.**’ Diabetes mellitus
was presented in 68.2% (15/22) of our CGL patients,
where 73.3% of them presented altered GLS, versus 57%
in the group of CGL patients without diabetes.

Diabetes and dyslipidemia are risk factors for atherosclero-
sis, which also triggers LV systolic and diastolic dysfunction.
Postmortem findings in CGL patients including atheromatous
plaques with stenosis grade of 20% in left and right coronary
arteries were previously described.*® Autopsy studies also
revealed mild thickening of small intramural coronary arteries
in affected patients.’' A 17-year-old CGL girl with acute
myocardial infarction and angiographically normal coronary
arteries was reported.'> Although this study did not directly
assess coronary circulation, our patients have several risk
factors for early coronary atherosclerosis. Thus, we may spec-
ulate that subclinical coronary disease may be involved in
these abnormalities detected by 2D-STE.

In our study we found impairment of the longitudinal strain
in basal and mid-cavity segments of LV, but not in apical
segments in CGL patients compared to the control group. A
plausible hypothesis for these findings is the higher amount of
longitudinal myocardial fibers in the apical segments, which
favors cardiac contraction and the delay of the involvement of
this region.”> Our findings were similar to described by
Phellan et al,”> who showed early impairment of the long-
itudinal strain of the mid-cavity and basal segments in relation
to the apical segments in patients with cardiac amyloidosis, a
deposit disease.>*

We observed a higher prevalence of subclinical systolic
dysfunction in CGL2 patients (83.3%) compared to CGL1
(50.0%) using 2D-STE. These findings are in accordance
with previous studies that showed a high prevalence of
cardiac impairment in CGL2.*3%¢ This subtype has more

pronounced metabolic abnormalities than CGL1 due to a
more intense loss of functional adipocytes.'’

This is the first study to detect cardiac alterations using
2D-STE in patients with this rare disease. However, the
relatively small number of patients and the wide range of
age attenuate the strength of our findings. Nevertheless,
our series is one of the largest of CGL in Brazil. This is
also a cross-sectional study, which carried out at one time
point and gives no indication of the time sequence of
between exposure and outcome.

Conclusion

The 2D-STE revealed precocious left ventricular systolic
dysfunction, even with a normal systolic function when
evaluated by conventional ECHO in a young population
with CGL. Early exposure to hypoleptinemia and/or insu-
lin resistance even before hyperglycemia must be involved
in the myocardial damage in these patients.

Early detection of cardiac abnormalities in young CGL
patients using 2D-STE may support a more effective treat-
ment to prevent the high morbidity and mortality usually
found in this disorder.

Abbreviations

2C, apical 2-chamber longitudinal strain; 2D-STE, Two-
dimensional speckle-tracking echocardiography; 3C, api-
cal 3-chamber longitudinal strain; 4C, apical 4-chamber
longitudinal strain; Alc, glycohemoglobin Alc; A, Pulsed-
wave Doppler of later mitral filling; AGPAT2, 1-acylgly-
cerol-3-phosphate  O-acyltransferase  2; BRAZLIPO,
Brazilian Group for the Study of Inherited and Acquired
Lipodystrophies; BSA, body surface area; BSCL2,
Bernardinelli-Seip congenital lipodystrophy type 2 pro-
tein; CGLI, congenital generalized lipodystrophy type 1;
CGL2, congenital generalized lipodystrophy type 2; CGL,
Congenital generalized lipodystrophy; DTI, pulsed-wave
Doppler tissue imaging; E/A, ratio of E to A waves; E,
Pulsed-wave Doppler of early mitral filling; E’, mean of
Tissue Doppler of lateral mitral annulus velocity and
Tissue Doppler of septal mitral annulus velocity; ECHO,
standard conventional echocardiography; EF, ejection frac-
tion; El, Tissue Doppler of lateral mitral annulus velocity;
Es, Tissue Doppler of septal mitral annulus velocity; GLS,
global longitudinal strain; HOMA-IR, homeostasis model
IGF-1, insulin-like
growth factor; LAVI, left atrial volume index; LV, left
ventricle; LVDD, left ventricular diastolic diameter;
LVDS, left ventricular systolic diameter; LVEF, Left

assessment of insulin resistance;
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ventricle ejection fraction; LVH, left ventricular hypertro-
phy; LVMI, LV mass index; PW, Pulsed-wave Doppler;
SPSS, Statistical Package for the Social Sciences;
STROBE, Strengthening the Reporting of Observational
Studies in Epidemiology.
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Abstract: Type | diabetes mellitus (T1DM) results from the immune cell-mediated destruc-
tion of functional pancreatic p-cells. In the presymptomatic period, TIDM is characterized by
the presence of two or more autoantibodies against the islet cells in patients without glycemic
decompensation. Therapeutic strategies that can modify the autoimmune process could slow
the progression of TIDM. Dipeptidyl peptidase-4 (DPP-4) or CD26, a multifunctional serine

hiad

protease with a dual function (regulatory p and ing protein), can modulate inflam-
mation and immune cell-mediated f-cell destruction. CD26 is involved in T-cell co-

stimulation, migration, memory development, thymic maturation, and emigration patterns.
DPP-4 degrades the peptide hormones GLP-1 and GIP. In addition to regulating glucose
metabolism, DPP-4 exerts anti-apoptotic, regenerative, and proliferative effects to promote p-
cell mass expansion. GLP-1 receptor signaling may regulate murine lymphocyte proliferation
and maintenance of peripheral regulatory T-cells. In patients with TIDM, the serum DPP-4
activity is upregulated. Several studies have suggested that the upregulated DPP-4 activity is
correlated with TIDM pathophysiology. DPP-4, which is preferentially expressed on the Thl
surface, can promote the polarization of Th1 immunity, a prerequisite for TIDM development.
CD26 inhibition can suppress T-cell proliferation and Thl cytokine production and stimulate
tumor growth factor beta-1 (TGF-B1) secretion, which plays an important role in the regulation
of autoimmunity in TIDM. Studies on humans or animal models of TIDM have suggested that
DPP-4 inhibitors can improve P-cell function and attenuate autoimmunity in addition to
decreasing insulin depend izes the emerging roles of DPP-4 inhibitors

This review

in potentially delaying the progression of TIDM.
Keywords: CD26, type | diabetes mellitus, autoimmunity, autoantibodies, therapeutic
targets, prevention

Introduction

Type 1 diabetes mellitus (TIDM), a chronic disease, results from the immune-
mediated destruction of functional pancreatic f-cell mass." Insulitis is characterized
by an inflammatory response that mainly involves CD8+ T-cells, CD68+ macro-
phages, CD4+ T-cells, CD20+ B lymphocytes, and CDI138 plasma cells. The
imbalance among the effector regulatory T-cells contributes to the development of
insulitis.> Consequently, insulitis leads to the enhanced production of cytokines,
such as interferon-gamma (IFN-y) and tumor necrosis factor-alpha (TNFa) along
with the activation of innate immunity and the secretion of other inflammatory
factors, such as interleukin 1 beta (IL-1pB), induce B-cell death.?
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Insulitis was first reported in the 1960s.* The correla-
tion of T-cell abnormalities and some human leukocyte
antigen alleles with juvenile-onset diabetes was identified
in the 1970s. This led to the hypothesis that autoimmunity
is the pathophysiological mechanism underlying the devel-
opment of diabetes in a subgroup of patients.’

The identification of islet cell antibody (ICA) provided
the first evidence for this hypothesis.” Subsequently, the
concept of a “prediabetic™ stage was proposed according
to which the production of antibodies precedes the onset of
diabetes by several years.*’ Various islet autoantibodies,
such as insulin autoantibodies (IAA), glutamic acid dec-
arboxylase antibodies (GADA) and islet autoantigens,
such as tyrosine phosphatase-like insulinoma antigen
(IA-2), and zinc transporter 8 (ZnT8) increase the risk of
developing clinical type 1 diabetes. Previous studies have
reported that most children with multiple islet autoantibo-
dies develop clinical diabetes.'"""

The measurement of islet autoantibodies has enabled
the prediction of TIDM risk. Clinical trials on the indivi-
duals in the prediabetic stage have enabled the identifica-
tion and quantification of the risk of developing symptoms
and the characterization of TIDM into well-defined
stages.'” Stage 1, a presymptomatic stage, is defined as
autoimmunity against B-cells (two or more islet autoanti-
bodies) with normoglycemia. The 5-year and 10-year risks
of developing the symptomatic disease are approximately
44% and 70% in these patients, respectively.'® Stage 2 is
a presymptomatic stage that is characterized by autoim-
munity against p-cells and dysglycemia. The S-year risk of
developing the symptomatic disease at this stage is
approximately 75%, while the lifetime risk approaches
100%."* Stage 3 is the onset of symptomatic disease.'”

Recent findings on the cellular and molecular basis of
immune-mediated diabetes progression and the character-
ization of TIDM stages have increased the number of
trials that aim to intervene in the early stages of TIDM
to prevent or delay progression to the symptomatic
stage.'™'® Additionally, various therapeutic interventions
that can potentially modulate the autoimmune process in
T1DM have been examined. Dipeptidyl peptidase-4 (DPP-
4 or CD26) inhibitors (iDPP-4s), which are widely used to
treat patients with type 2 diabetes mellitus (T2DM), are
a potential therapeutic for TIDM. In addition to down-
regulating the degradation of incretin hormones, such as
glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP),'” DPP-4 is reported to
modulate inflammation and immune-mediated p-cell

destruction.'™'” CD26 plays a central role in T-cell co-
stimulation, migration, memory development, thymic
maturation, and emigration patterns.”’

TIDM, which is a progressive disease with a high
incidence, is associated with high morbidity and mortality.
However, the current therapeutic modality for TIDM,
which lacks a curative therapy, is the administration of
exogenous insulin. Various studies have demonstrated that
the strategies to optimally manage diabetes, such as gly-
cemic adjustment, adequate nutrition, and adherence to
physical activity have a limited patient compliance.”'*

The use of drugs with the potential to prolong the
presymptomatic period can reduce the long-term impact
of TIDM. iDPP-4s are reported to exert immunomodula-
tory effects and can potentially delay the progression of
TIDM. Thus, there is a need to evaluate the ability of
iDPP-4s to prevent, delay, or cure TIDM.

Immunomodulatory Effect of DPP-4

(CD26) in TIDM

Type II transmembrane glycoprotein CD26 or DPP-4 is
a multifunctional serine protease that functions as
a regulatory protease and a binding protein. DPP-4 is
involved in the metabolism of peptide hormones and
T-cell immune responses and T-cell activation and prolif-
eration. Both soluble (DPP-4) and membrane-bound forms
(CD26) are active in the dimer form.***

DPP-4 is a member of the prolyl oligopeptidase family,
which comprises atypical serine proteinases that can
hydrolyze the prolyl bond.**® The levels of DPP-4 are
high in the seminal fluid, moderate in the plasma, and low
in the cerebrospinal fluid.>” DPP-4 cleaves X-proline or
X-alanine dipeptides from the N-terminus of polypeptides
and consequently inactivates several chemokines, growth
factors, neuropeptides, and peptide hormones.>***

The peptide hormones GLP-1 and GIP contain an
alanine at position 2, which is a substrate for DPP-
4-mediated degradation.”’ GLP-1 and GIP, which are
secreted from the intestine after ingestion of meals, are
involved in glucose metabolism. Incretin hormones pro-
mote glucose-dependent insulin secretion from the pan-
creatic B-cells and suppress excessive glucagon secretion
from the a-cells. Additionally, animal and in vitro studies
have revealed that GLP-1 and GIP exert anti-apoptotic,
regenerative, and proliferative effects to promote p-cell
mass expansion.’’ Hadjiyanni et al demonstrated that
GLP-1 receptor (GLP-1R) signaling may regulate murine
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lymphocyte proliferation and maintain the pool of periph-
eral regulatory T-cells.*' The inhibition of DPP-4 activity
can downregulate the degradation of GLP-1 and GIP and
consequently enhance their therapeutic efficacy.

The enhanced activity of DPP-4 did not result in sys-
temic immune activation. However, enhanced DPP-4
activity was associated with hepatic T-cell activation
under various clinical conditions, such as patients with
human immunodeficiency virus and hepatitis C virus co-
infections exhibiting hepatotoxicity after highly active
antiretroviral therapy.” Previous studies have reported
that the serum DPP-4 levels were upregulated in some
autoimmune  diseases, such as Graves’ disease,
Hashimoto thyroiditis, multiple sclerosis, and primary bili-
ary cholangitis. In contrast, the serum DPP-4 levels were
downregulated in systemic lupus erythematosus and anti-
neutrophil cytoplasmic antibody-associated vasculitis.****

One study evaluated the serum DPP-4 activity in 48
patients with TIDM (mean TIDM duration: 13.4 + 9.76
years) and 50 healthy individuals. The fasting serum DPP-
4 activity was upregulated in patients with TIDM inde-
pendent of the presence of the ICA and GADA.*® Another
study involving 76 young Japanese patients with TIDM
and 22 healthy volunteers demonstrated that the serum
DPP-4 activity was significantly upregulated in patients
with TIDM.?” Iwabuchi et al examining 43 Japanese chil-
dren with TIDM and 26 age- and sex-matched healthy
volunteers also reported that DPP-4 activity was signifi-
cantly upregulated in the TIDM group without correlation
with glycated hemoglobin (HbAlc), blood glucose,
GADA status, or diabetes duration, but with an inverse
correlation with insulin sensitivity.**

Duvnjak et al compared the serum DPP-4 activity
within 19 latent autoimmune diabetes of the adult
(LADA), 21 TIDM, 26 T2DM and 13 healthy controls
patients, demonstrating that individuals with LADA
express higher DPP-4 activity than the ones with TIDM
and T2DM (mean duration of diabetes 20.3 + 11.3 years
for 3 groups).’w Once the strong correlation among serum
DPP-4 activity, anthropometric parameters and insulin
resistance (IR) has been showed,’"’"“ the higher DPP-4
activity in LADA patients could be justified by their sig-
nificantly higher waist circumference than TIDM patients
and also by a probably higher IR (represented by a higher
insulin dose) than T2DM patients.*”

The mechanisms underlying the upregulated DPP-4
activity in TIDM and LADA have not been elucidated.
Some studies have suggested that hyperglycemia can

upregulate DPP-4 activity. Sustained hyperglycemia is
reported to enhance the levels of advanced glycation end
products (AGEs), which consequently affect the release of
DPP-4 from the cell surface and upregulate DPP-4 in
TIDM.* In patients with T2DM, the serum levels of
DPP-4 are correlated with those of AGEs.*!' It was
shown earlier that iDPP-4s suppress atherosclerotic vascu-
lar injury in diabetic animals by inhibiting the deleterious
effects of AGEs.*"**™* The use of teneligliptin in TIDM
patients as well as in streptozotocin-induced TIDM mice
may inhibit foam cell formation and oxidized low-density
lipoprotein (ox-LDL) uptake of macrophages via suppres-
sion of CD36 and acyl-coenzyme A: cholesterol acyltrans-
ferase-1 (ACAT-1) gene expression. Thus, the harmful
effects of AGEs are attenuated. In mice, teneligliptin
reduced all the damaging effects of AGEs in THP-1 cells
and macrophages.*® The exposure of human glomerular
endothelial cells to enhanced glucose level resulted in the
upregulation of messenger RNA expression and activity of
DPP-4.*7 Similar findings have been reported in the human
hepatocyte line HepG2 cells.

However, some studies have suggested that the upre-
gulated activity of DPP-4 is associated with TIDM patho-
physiology as it is involved in T-cell immune responses.
DPP-4 can modulate in vitro T-cell proliferation and
enhance T-cell transendothelial migration.”*** The mem-
bers of the chemokine family are the common DPP-4
substrates for immune function.

CD4+ T-cells can be subclassified into T-helper 1
(Th1) and T-helper 2 (Th2) cells. The Thl cells predomi-
nantly produce IL-2, IFN-y, and TNF-B. The Th2 cells
secrete  cytokines, IL-4, IL-5, and IL-10.%
A consequence of DPP-4-mediated cleavage of chemo-
kines inhibits the stimulation of Th2 immune responses.
Additionally, DPP-4, which is predominantly expressed in
the Thl cells, can shift the chemokine activity toward the
stimulation and attraction of Thl cells. DPP-4 cleaves
regulated on activation, normal T-cell expressed and
secreted, eotaxin, monocyte-derived chemokine, stromal-
derived factor (SDF)-1a, and SDF-1p. The cleavage pro-
ducts of these chemokines trigger Thl-specific chemokine
receptors but not Th2-specific chemokine receptors.®™" In
contrast, the inhibition of DPP-4 increases Th2 cytokine
secretion.”

Studies on the humans and diabetic animal models
have reported that the functional polarization of Th lym-
phocyte subsets is a potential risk factor for TIDM. The
impairment of Th2 function and Thl immunity are the
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prerequisite for disease development.™* Studies on chil-
dren with a recent diagnosis of TIDM and high-risk (ICA
> 20) first-degree relatives of patients with TIDM have
revealed that the cellular responses against the islet cell
antigen glutamic acid decarboxylase 65 involve the Thl
phenotype.*** Similar results have been reported in the
diabetic animal models. Polarized Th function is asso-
ciated with disease development in non-obese diabetic
(NOD) mice and BioBreeding rats. >’

The ability of DPP-4 to modulate the activities of
neuropeptides, such as substance P, neuropeptide Y, and
endomorphin-2 may contribute to the regulation of inter-
actions between the nervous and immune systems.>’

Membrane-bound CD26 is expressed in various cells
and tissues, such as the T-cells, B-cells, and natural killer
cells, melanocytes, epithelia of the renal tubule, endothe-
lial cells, and colonic mucosa. CD26 is critical for the
T-cell immune responses as it can modulate T-cell prolif-
eration in vitro and deliver a costimulatory signal for
T-cell activation. The resting lymphocytes exhibit minimal
levels of CD26. In contrast, the activation of lymphocytes
upregulates the expression of CD26. The stimulated
T-cells exhibit enhanced expression levels of CD26,
which were equivalent to those in the epithelial cells.”2*
Moreover, the depletion of CD26, a thymic maturation
marker, affects the lymphocyte composition, memory
T-cell generation, and thymic emigration patterns.*®

CD26, which serves as a receptor for adenosine dea-
minase (ADA) on the T-cell surface,”” can modulate the
concentration of local extracellular and intracellular ADA
levels.**° The expression levels of ADA inversely regu-
late cellular proliferation and apoptosis. The binding of
ADA to CD26/DPP-4 on the surface of T-cells promotes
IL-2 production and secretion.®"%?

In the antigen-presenting cells, caveolin-1 ligates the
CD26 dimers on the T-cell surface, which results in the
recruitment of lipid rafts to the plasma membrane and
CARMAL to the cytosolic portion of CD26. This leads to
the activation of nuclear factor-kB, T-cell proliferation, and
IL-2 production."3 Furthermore, CD26, regulates adhesion,
cytoplasmic dissemination, and migration of T-cells in the
intra-plasma membrane by promoting the interaction of che-
mokine receptors with thrombospondin-1 and CD91.*

The inhibition of CD26 is reported to suppress T-cell
proliferation and Thl cytokine production and stimulate
tumor growth factor beta-1 (TGF-B1) secretion, which
plays an important role in the regulation of autoimmunity
in TIDM.® TGF-B1 mediates the function of regulatory

T-cells and regulates the expansion of Foxp3-expressing
CD4+ CD25+ regulatory T-cells.*® Regulatory T-cells can
suppress effector T-cell migration, accumulation, and pro-
liferation in draining lymph nodes and inflamed tissues.
Additionally, regulatory T-cells are involved in the main-
tenance of self-tolerance and the prevention of autoim-
mune diseases.” The CD26-deficient rats are reported to
exhibit an enhanced number of regulatory T-cells and
a decreased number of memory T-cells.™

The upregulation of CD4+ CD25+ Foxp3 regulatory
T-cells in the pancreatic lymph nodes ameliorated autoim-
munity in NOD mice. Cyclophosphamide-induced exacer-
bation of diabetes in NOD mice was associated with
a decreased pool of CD4+ CD25+ Foxp3 regulatory
T-cells.”**’

There are contradictory findings on CD26 expression
in TIDM. A trial involving 48 patients with TIDM and 50
healthy individuals revealed an upregulated serum DPP-4
activity and a significantly downregulated expression of
lymphocyte membrane-bound CD26 without any correla-
tion between serum DPP-4 enzymatic activity and CD26
expression in patients with TIDM.?” This altered activity
of serum DPP-4 and expression of CD26 can be attributed
to the secondary change in the entero-insular axis and
might be a novel part of the T-lymphocyte regulatory
dysfunction observed in TIDM. Caveolin-1 can be
a potential downstream target in CD26 signaling and
T-cell co-stimulation.**”"

Matteucci et al analyzed the proportions of naive (N),
central memory (CM), effector memory, and terminally
differentiated effector memory (TEMRA) subsets among
CD4+ and CD8+ T-cells expressing CD26 in the periph-
eral blood of 55 patients with TIDM and 20 healthy
volunteers. The authors demonstrated that the TIDM
group was associated with decreased proportions and
absolute numbers of CM and N cells and increased pro-
portions and absolute numbers of TEMRA cells. The
ability of accumulated TEMRA cells in patients with
TIDM to elicit life-long upon stimulation by protracted
antigen exposure (such as viruses or residual self-antigens)
or a homeostatic defect in the regulation/contraction of
immune responses is not clear.”’

Experimental and Clinical Studies
with iDPP-4

Several clinical trials have evaluated the safety and effi-
cacy of iDPP-4 in TIDM.”""? In vitro, human, and animal
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studies have suggested that iDPP-4s could enhance p-cell
function and attenuate autoimmunity in TIDM. In 2010,
we investigated the ability of iDPP-4 to alleviate new-
onset diabetes in NOD mice, modulate the inflammatory
response, and stimulate B-cell regeneration. After the diag-
nosis of new-onset diabetes (non-fasting blood glucose
level >250 mg/dL on at least two consecutive measure-
ments), the mice were orally treated with iDPP-4 for 2, 4,
or 6 weeks along with insulin if the blood glucose level
was >200 mg/dL. Compared with that in the insulin treat-
ment group, diabetes was mitigated (blood glucose levels
consistently remaining <200 mg/dL) in 57, 74, and 73% of
mice after 2, 4, and 6 weeks of treatment with iDPP-4,
respectively. However, long-term remission could not be
induced. In NOD mice treated with iDPP-4 for 2 weeks,
the mean blood glucose level increased in most mice after
discontinuing iDPP-4. Treatment with iDPP-4 for 4 and 6
weeks markedly mitigated new-onset diabetes but could
not induce long-term remission. The symptoms of diabetes
gradually reemerged after stopping treatment. The disease
relapse after stopping the treatment is associated with the
reduction in the regulatory T-cell pool. The analysis of rats
in remission revealed a marked reduction in insulitis and
an enhanced proportion of CD4+ CD25+ Foxp3+ regula-
tory T-cells among the total CD4+ T-cells. The plasma
TGF-B1 and GLP-1 levels were significantly upregulated
in the rats in remission. Additionally, the insulin content
and the number of insulin and bromodeoxyuridine-positive
cells (representing replicated B-cells) in the pancreas sig-
nificantly increased in the rats in remission. These findings
suggest that immune regulation plays a critical role in
alleviating new-onset diabetes in iDPP-4-treated NOD
mice."®

Another study analyzed the effect of sitagliptin treat-
ment for 30 and 90 days in a streptozotocin-induced
TIDM experimental animal model. Diabetic mice treated
with iDPP-4 exhibited significantly downregulated blood
glucose levels, attenuated glycemic response to oral glu-
cose tolerance test, and significantly upregulated GLP-1
serum levels. After 90 days of treatment, iDPP-4-treated
diabetic animals exhibited significantly upregulated serum
insulin concentrations. Additionally, some mice exhibited
a non-significant increase in the number of small pancrea-
tic islets. Furthermore, iDPP-4-treated mice exhibited
a decreased proportion of CD4+CD26+ T-cells and an
increased proportion of CD4+CD25hiFoxp3+ T-cells in
the spleen. iDPP-4 modulated the pancreatic inflammatory
profile. Pancreatic lymph nodes from iDPP-4-treated mice

exhibited a decreased proportion of CDI1b+ cells and
decreased levels of inflammatory cytokines in the pan-
creas, especially IFN-y.”

A previous study reported that two young women with
TIDM achieved clinical remission for 4 years after treat-
ment with sitagliptin and vitamin D3. One patient used the
oral drugs for approximately 1 month after TIDM diag-
nosis, while the second patient used them after 10 months.
In addition to clinical remission, the two patients exhibited
stable C-peptide (CP) levels during this period with early
and significantly downregulated GADA levels. However,
both patients had factors associated with better outcomes
in immunological intervention studies, such as the absence
of ketoacidosis at diagnosis, age of more than 14 years,
and positive fasting CP levels at the onset of TIDM.™
Similarly, Lima-Martinez et al described a case of a 19-
year-old male who started using sitagliptin (100 mg/day)
three days after TIDM diagnosis. The patient exhibited
ketoacidosis at the time of TIDM diagnosis and entered
remission eight weeks after diagnosis. Additionally, the
patient was in remission until the time of the publication
(15 months of sitagliptin treatment).”

In 2009, a study reported two patients who remained
insulin-free for 47 and 43 months after treatment with
autologous non-myeloablative hematopoietic stem cell
transplants and returned to insulin use. After 4 and 2
months of insulin resumption, 100 mg/day sitagliptin was
prescribed. The two patients were insulin-free after 2
months and 1 month of using iDPP-4 for another 5 and 6
months, respectively. Additionally, the patients exhibited
upregulated levels of CP.®

Recently, a trial conducted by Kumar et al randomized
18 newly diagnosed TIDM cases into the following three
groups: group 1, treated with insulin; group 2, treated with
insulin and exenatide (5 mg subcutaneously administered
twice daily for one month and subsequently 10 mg twice
daily); group 3, treated with insulin and sitagliptin
(100 mg daily). The insulin requirement of all groups
decreased after 12 months of treatment. Compared with
that in group I, the decrease in insulin requirement was
higher in groups 2 and 3.7

Another study enrolled 20 adults with long-term
TIDM and treated them with sitagliptin (100 mg/day), or
placebo along with insulin for 4 weeks and then the sub-
jects were crossed over. Sitagliptin significantly improved
the parameters of overall glucose control, including post-
prandial and 24-h glucose levels, and significantly
decreased prandial insulin requirements.”™
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A meta-analysis assessed the therapeutic effects of
iDPP-4 on TIDM and included patients with both newly
diagnosed and long-term disease. The use of iDPP-4 was
associated with a reduction in the daily dose of insulin
(units/day). The medication was well tolerated. Among the
six studies included in the analysis, two patients exhibited
self-limited nausea, one patient reported a rash, and one
patient had abdominal pain. None of the patients in the six
studies developed ketoacidosis. Additionally, the incidence
of severe hypoglycemia was not affected.””

Another meta-analysis published in 2018 including 253
participants (only 120 CP positive patients) from 5 rando-
mized controlled trials (RCTs) revealed that the addition of
iDPP-4 to insulin therapy resulted in a greater, but not
significant, reduction in HbAlc levels. A small decrease in
postprandial glucose and insulin dose were also noted.
Regarding the function of p-cell, from 120 patients with
positive CP, the increase in fasting CP (FCP) level could
not be showed in the group treated with iDPP-4. However,
it is important to note that none of the 5 RCTs have
assessed immunological indicators.*

Zhao et al evaluated the use of sitagliptin (100 mg/day)
in patients with a recent diagnosis (three years or less) of
LADA and exhibiting FCP level of >200 pmol/L or
a 2-h postprandial CP level of >400 pmol/L. Thirty
patients were randomized into groups treated with insulin
with or without sitagliptin 100 mg daily for 12 months. In
the sitagliptin group, the 2-h postprandial CP and delta CP
levels after 12 months were similar to those at the base-
line. However, the levels of 2-h post-prandial CP and delta
CP were significantly downregulated in the insulin group.
After 12 months of treatment, the GADA titers, insulin
dosage, fasting glucose, 2-hour postprandial glucose, and
HbAlc levels were not significantly different from that at
baseline and after 3, 6, 9, and 12 months of treatment."’

Another study comparatively analyzed CP levels in
patients with LADA who were treated with linagliptin or
glimepiride. Linagliptin preserved p-cell function in
patients with LADA during the 2-year study period.
The FCP levels increased at weeks 28, 52, and 104
when compared with those at baseline in linagliptin-
treated patients but decreased in glimepiride-treated
patients. Mean HbAlc levels was similar in both
groups.®’ These results suggest that iDPP-4 may have
attenuated the rate of decline in CP levels in patients
with LADA. These findings also indicated that changes
in glucose levels may affect p-cell function.*> However,
glycemic control was similar between groups in both

studies. Therefore, the loss of B-cell secretion in iDPP-
4-treated patients was not dependent on the glucose
levels and the decreased glucotoxicity was not responsi-
ble for B-cell preservation.

Regarding general adverse events, iDPP-4 are gener-
ally well tolerated. Controversial data has historically
associated the use of iDPP-4 with an increased risk of
pancreatitis and pancreatic cancer.***” However, an up
to date meta-analysis including 165 trials performed on
T2DM, with duration > 24 weeks, revealed no association
between the use of iDPP-4 and an increased risk of pan-
creatitis or pancreatic cancer without significant differ-
ences across individual molecules in the class.*® Another
meta-analysis that included only T1DM showed no serious
side effects clearly related to the iDPP-4 including ketoa-
cidosis and pancreatitis.* Furthermore, several metana-
lyses have shown no differences between iDPP-4 and

5 ; ; 89-92
placebo concerning major cardiovascular events.

Conclusion

TIDM, as well as LADA, which are progressive diseases
with a high incidence, are associated with high morbidity
and mortality. The major therapeutic modality for both,
which has no curative therapy, is the administration of
exogenous insulin. TIDM and LADA can be effectively
managed using iDPP-4s. To the best of our knowledge,
this is the first study to review the pathophysiological
mechanism underlying the rational use of iDPP-4s, which
have the potential to slow the progression of TIDM and
LADA. However, this study was limited to a literature
review. Among the reviewed studies, some studies had
small sample sizes with inadequate reporting of raw parti-
cipant data and/or standard deviations. Additionally, this
review included studies that used different iDPP-4s,
dosages, and treatment durations (ranging from weeks to
months). However, this study reviewed interesting data
that should be considered to design therapeutic strategies
for both TIDM and LADA to prevent or delay the onset of
symptoms.
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Abstract

Congenital Generalized Lipodystrophy (CGL) is a rare autosomal recessive disease characterized by near
complete absence of functional adipose tissue from birth. CGL diagnosis can be based on clinical data
including acromegaloid features, acanthosis nigricans, reduction of total body fat, muscular hypertrophy,
and protrusion of the umbilical scar. The identification and knowledge of CGL by the health care
professionals is crucial once it is associated with severe and precocious cardiometabolic complications
and poor outcome. Image processing by deep learning algorithms have been implemented in medicine
and the application into routine clinical practice is feasible. Therefore, the aim of this study was to
identify congenital generalized lipodystrophy phenotype using deep learning. A deep learning approach
model using convolutional neural network was presented as a detailed experiment with evaluation steps
undertaken to test the effectiveness. These experiments were based on CGL patient’s photography
database. The dataset consists of two main categories (training and testing) and three subcategories
containing photos of patients with CGL, individuals with malnutrition and eutrophic individuals with
athletic build. A total of 337 images of individuals of different ages, children and adults were carefully
chosen from internet open access database and photographic records of stored images of medical
records of a reference center for inherited lipodystrophies. For validation, the dataset was partitioned into
four parts, keeping the same proportion of the three subcategories in each part. The 4-fold cross-
validation technique was applied, using 75% (3 parts) of the data as training and 25% (1 part) as a test.
Following the technique, 4 tests were performed, changing the parts that were used as training and
testing until each part was used exactly once as validation data. As a result, a mean accuracy, sensitivity,
and specificity were obtained with values of [90.85% + 2.20%], [90.63% + 3.53%] and [91.41% + 1.10%),
respectively. In conclusion, this study presented for the first time a deep learning model able to identify
congenital generalized lipodystrophy phenotype with excellent accuracy, sensitivity and specificity,
possibly being a strategic tool for detecting this disease.

Introduction

Congenital Generalized Lipodystrophy (CGL) is a rare autosomal recessive disease characterized by near
complete absence of functional adipose tissue from birth. That reduction of energy deposition
culminates to ectopic lipid accumulation in tissues such as muscle, liver, heart and arterial wall.
Consequently, there is a severe and early insulin resistance, diabetes mellitus, hepatic steatosis and
premature atherosclerotic disease, which may lead to early death [1, 2].

CGL diagnosis can be based on clinical data including acromegaloid features, acanthosis nigricans,
reduction of total body fat, muscular hypertrophy and protrusion of the umbilical scar. Also, laboratory
data and imaging tests can show other important health information. The identification and knowledge
of CGL by the health care professionals is crucial once it is associated with severe and precocious
cardiometabolic complications and poor outcome. Although CGL patient phenotype be quite
characteristic, the rarity of this disease and its misdiagnosis with common conditions like undernutrition
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and athletic shape make difficult an early detection of cases, which may significantly improve the
prognosis of these patients [3].

Image processing may be crucial in phenotyping, diagnosis, and even the identification of rare new
diseases [5]. Artificial intelligence (Al), mainly through machine learning, provides algorithms capable of
learning from data. Images are one of the types of data that Al, namely deep learning, is more fruitful at
analyzing [5]. Convolutional neural networks (CNNs) automatically detect patterns of interest in images
and have demonstrated image classification performance above the level of humans, [4]. Deep learning
algorithms have been implemented in medicine and the application into routine clinical practice is
feasible [6], thus it is an interesting strategy to assist the health professional in the diagnosis for the
proper management of patients with rare diseases. Therefore, the aim of this study was to identify
congenital generalized lipodystrophy phenotype using deep learning.

Materials And Methods

A deep learning approach model was presented as a detailed experiment with evaluation steps
undertaken to test the effectiveness. These experiments were based on CGL patient's photography
database. To build and train the convolutional neural network model, it was used Python 3 and some
libraries to help, such as Numpy v1.17.4 and Tensorflow v1.15. All experiments were run on a standard
PC without a GPU card and a i5-4210u processor.

This study was performed in accordance with the Declaration of Helsinki and was approved by the
University Hospital Walter Cantidio Ethics Committee, Fortaleza, Ceara, Brazil (n°® 5.364.464). All the
patients and their families gave formal consent to participate in the study by signing the free informed
consent form prior to their inclusion.

The dataset consists of two main categories (training and testing) and three subcategories containing
photos of patients with CGL, individuals with malnutrition and eutrophic individuals with athletic build. A
total of 337 images of individuals of different ages, children and adults were carefully chosen from
internet open access database and photographic records of stored images of medical records of a
reference center for inherited lipodystrophies. In the search for photographic records published on open
access platforms, a literature review was carried out. The searches were carried out in the Lilacs, PubMed
and Scielo databases. Descriptors and their combinations in Portuguese and English were used with
Boolean operators: “Congenital Generalized Lipodystrophy” OR "Berardinelli-Seip Syndrome" AND
“physiopathological mechanisms” OR “phonotype” OR “clinical characteristics”; “Malnutrition” AND
“physiopathological mechanisms” OR “phonotype” OR “clinical characteristics”.

There was no standardization for the acquisition or selection of photographic images of the patients. The
clinical history of the 22 patients followed up at the outpatient referral clinic, whose images were included
in the analysis, was assessed through medical records.

Page 3/11



92

Several data augmentation methods were employed to artificially increase the size and quality of the
dataset. This process helps in solving overfitting problems and enhances the model’s generalization
ability during training.

In order to carry out the data augmentation process, geometric transformation techniques were used.
Some images were rotated and zoomed using angles arbitrarily chosen by the author. In total, 8
processes were chosen, 6 of which consisted of rotating 45, 90, 180°, -90, -50 or -45 degrees. And the
other 2 consist of zooming the image and rotating 18° or 114°. At the end of the process, a database was
obtained with a total of 896 images.

The architecture of the proposed CNN model consists of two major phases: the feature extraction and the
classification (Fig. 1). However, before images are sent to the network, it is necessary to make
transformations to the images. These consist of converting to grayscale, resizing and normalization.
After carrying out these transformations, it is necessary to concatenate each transformed image in a
large matrix, which is sent to the first layer of CNN. In this work, the feature extraction phase consists of
using two pooling layers with a 2x2 filter and two convolutional layers with the ReLu function to increase
the non-linearity of the output and each layer of the attribute extraction phase receives information from
the previous layer, the data in the output layer, in turn, is passed as input to the subsequent layer. At the
end of the first phase, and with the model already trained, the classification of patients with or without
CGL is made by the fully connected network, and for this work we used three hidden layers with 1024
artificial neurons at each.

The hyperparameters used to configure the CNN are shown in Table 1. In this, it is possible to identify that
the amounts of convolution and hidden layers are smaller than the amounts of neurons per layers. This
motivation was due to the fact that the computational cost increases exponentially when increasing the
number of layers. Another hyperparameter that can be highlighted is the activation function, which is
present in all neurons, except those present in the output layer, which use the sigmoidal function.
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Table 1
- Model Hyperparameters

Number of convolutional layers 2

Filter feature order [2x2]
Number of pooling layers 2
Leaming rate 0,001

Number of neurons per layer 1024
Tum-off neurons percentage 0,2

Activation Function RelLu
Maximum Number of Epochs 600
Number of hidden layer 5

For validation, the dataset was partitioned into four parts, keeping the same proportion of the three
subcategories in each part. The 4-fold cross-validation technique was applied, using 75% (3 parts) of the
data as training and 25% (1 part) as a test. Following the technique, 4 tests were performed, changing the
parts that were used as training and testing until each part was used exactly once as validation data (Fig.
2).

Results

In addition to the images extracted from open access platforms, photographic records of 22 CGL patients
followed in a referral clinic were used. The mean age was 14.6 + 10.7 years, 68.2% (15/22) were younger
than 18 years old, and 59% (13/22) were women. The mean age of participants in the group < 18 years
was 8.3+ 4.7 years, and in the group = 18 years was 28.0 + 6.2 years. The mean age at CGL diagnosis
was 7.4+ 11.1 years, ranging from one month to 38 years of age. All the patients had hypoleptinemia,
95.4% (21/22) had low HDL-c, 86.4% (19/22) had hypertriglyceridemia, 68.2% (15/22) diabetes, 50%
(11/22) hepatic steatosis, 41% (9/22) insulin resistance, 41% (9/22) hypercholesterolemia, and 18.2%
(4/22) hypertension. Genetic analysis was performed in only 45.4% (10/22) of the patients. AGPAT2 and
BSCL2 gene mutations were identified in 40% (4/10) and 60% (6/10) of them, respectively.

After applying cross-validation, the results associated with each of the four subgroups were composed.
Initially, confusion matrices were used to visualize the true positives (TP) and negatives (TN), as well as
the false positives (FP) and negatives (FN). With these values, which are shown in Fig. 3, it is possible to
raise the capacity that the model generated by the CNN network has in classifying patients with or
without CGL. In Fig. 3, in all four subgroups, true positives and negatives have a predominance in relation
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to false positives and negatives, which is an initial indication showing the good generalization capacity
of the chosen model.

With the data obtained from each confusion matrix, other indicators of the model's performance can be
measured, such as accuracy, sensitivity, and specificity. The first is indicative of true positive and negative
with respect to all cases evaluated. Sensitivity and specificity, which are illustrated respectively, are
similar indicatives. The first is the model's ability to correctly predict when the patient does not have CGL,
whereas with specificity it is able to correctly predict patients who have CGL.

The mean accuracy, specificity, and sensitivity were obtained with values of [90.85% + 2.20%], [90.63% +
3.53%) and [91.41% + 1.10%), respectively. Regarding the ability to correctly identify patients with CGL,
although the test with subset D did not obtain a result above 80%, on sensitivity, it still had a good
classification capacity. In terms of specificity, all subsets obtained a rate above 90%, this is a result that
coincides with the reality of the data set, since there is a certain level of control in the images of patients
without LGC (Table 2). Finally, it is also noted that the computational cost measured in the training stage
is also similar for each of the subsets, and this is a relatively low time compared to models with many
hidden layers and neurons by layers.

Table 2
Results from k-fold CV.
Training Test Accuracy  Specificity Sensitivity Computational costs
(minutes)

AB,C D 89.29% 93.75% 78.13% 25.40
AB,D (] 92.86% 93.75% 90.63% 26.00
ACD B 89.29% 88.13% 92.19% 25.10
B,C,D A 92.41% 93.13% 90.63% 27.00

Mean 90.85% 90.63% 91.41% 25.88

Standard deviation 2.21% 3.53% 1.10% 0.8382

Discussion

It is estimated that there are more than 7000 rare diseases worldwide, 80% of which are of genetic origin
and approximately 75% affect children [7, 8]. Although individually rare, collectively, these diseases affect
about 350 million people [9, 10]. The lack of knowledge about the true frequency of the disease and
about specific diagnostic criteria, as well as the lack of official clinical guidelines and the small number
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of geographically dispersed patients, hinder the clinical diagnosis and recruitment of these patients for
clinical research [11, 12].

Images, one of the types of data that artificial intelligence is more productive in analysis, can be used in
phenotyping, diagnosis and even in the identification of rare new diseases [13]. This is the first study to

present a deep leamning model for the analysis of photographic image of CGL patients and identification
of phenotypic characteristics.

CGL is a low prevalence condition, affecting 1: 10,000,000 live births, but it is believed that of every four
existing cases, only one is reported. Between 300 and 500 patients affected by LGC have already been
reported in the medical literature [14], with a greater concentration of cases in Lebanon, Brazil, Portugal,
Scandinavia, as well as in families with African ancestors [15, 16].

The phenotype of the CGL patients is quite characteristic and appear early, in the first years of life,
however the rarity of this disease and the lack of knowledge of health professionals make it difficult to
identify the clinical manifestations. Many features of the syndrome can be identified through close
observation during clinical evaluation. The scarcity of subcutaneous adipose tissue gives patients a
characteristic muscular appearance (muscular pseudohypertrophy) with prominence of superficial
subcutaneous veins. acromegalic facies, large hands and feet, acanthosis nigricans and umbilical
protrusion can also be observed [14].

Other diseases or disorders in nutritional status may have similar clinical manifestations and physical
characteristics. Thus, the development of technologies that involve machine learning can assist clinical
evaluation, especially in conditions where remote assistance may be necessary.

LipoDDx® is a free mobile application for the identification of different subtypes of lipodystrophies,
which is effective in approximately 80% of cases in this first validation process. This is the first app to
allow identification of a set of heterogenous rare diseases, however, a sequence of responses is
requested, with no photographic analysis as strategy for identifying diseases, as proposed in the present
study [17]. Gurovich Y et al (2019) presented a facial analysis framework for genetic syndrome
classification called DeepGestalt [18]. This framework leverages deeplearning technology and learns
facial representation from a largescale face-recognition dataset, followed by knowledge transfer to the
genetic syndrome domain through fine-tuning.

The proposed method presents more insights in the applicability of deep learning methods for detection
of phenotype in rare disease. In future work we intend to evaluate a algorithm for automatic detection of
a genotype-phenotype correlation.

In conclusion, this study presented for the first time a deep learning model able to identify congenital
generalized lipodystrophy phenotype with good accuracy and sensitivity, above 90%, even when using
tests with confusing images, with similar characteristics. These deep learning algorithms can be
implemented into routine clinical practice, assisting health professionals in the diagnosis of patients with
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this rare disease. The use of this tool through cell phone applications will facilitate access to this
technology, reaching health services in the most remote regions and transforming patient care.
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Figure 1

Proposed model for CNN
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4-fold cross validation
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Confusion Matrices for each fold
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